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Abstract

Among four major classes of macro-biomolecules-nucleic acids, proteins,
lipids, and carbohydrates-carbohydrates are the least studied and understood.
Carbohydrates and their conjugates are abundantly expressed on the out-surfaces of
prokaryotic and eukaryotic cells and involved in various biological event. Especially,
the surface of cancer cells frequently display glycans at different levels or with
fundamentally different structures in comparison with that of normal cells, including
the progression of tumor cell metastasis:

Dimeric Lewis X and KH-1 are two.tumor-associated antigens. These antigens

-
——

are considered as the marker for malignaﬁéy and pre‘malignancies involving colonic
adenocarcinoma. Lewis X dimmer and KH-1 tur.l:lor associated antigens can be used
to develop carbohydrate-based anticancer vaccines and carbohydrate microarray in
diagnosis. However, the structure identification and isolation of homogeneous
carbohydrate-based tumor antigen is very difficult, organic synthesis play an
important role in glycobiology research. Finally, one-pot strategy was successfully
developed to synthesis Lewis X monomer, Lewis X dimer hexasaccharide and KH-1

heptasaccharide analogues.
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( The central dogma of molecular biology deals with the detailed residue-by-
residue transfer of sequential information. It states that such information cannot
be transferred from protein to either protein or nucleic acid. ) [P # % 3 F— &
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Molecular Recognition Involves Cell-Surface Carbohydrates

Bacterium

Cancer Cell a "

Hormone

Glycoprotein
Glycolipid

€S, Antibody
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CAREL Fwe b o S EAMNTF T AL F e P PR (R N) -

Globo-series

HO _oH HO _oH

&O QO
) o

Mucin-core HO  oH

HO OH AcHN O coo HO OH Ho _OH
0 0 o o
HO HO Y HO o
AcHN4 HO OH AcHN
0
HO OR
AcHN
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Tn sTn TF
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¥ pET IR F A R e R E Hw

S E e 7 s £ 4 (glycoconjugate) o ELpLPLehi 0 R4 RE A

H & #48 (monoclonal antibodies) ~ 4 + £ &-(probe) 7 & ¥ (Mass spectrometry)

¥ 2 £ = (Nuclear magnetic resonance) sk 3 & Fjr K77 7 ip - 7

¥ epE it
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30, 31

;40 B crpd oK 14 & 4 FLR (tumor associated carbohydrate antigens)™ " ©

v iz FLR
Melanoma GM2, GD2, GD3
Neuroblastoma GM2, GD2, GD3, PSA
Skin GM2, GD2, GD3

Small cell Lung cancer
breast

Prostate

Ovary

Colon

Stomach

Pancreas

GM2_FueGM1, Globo H, PSA, sLe?, di-Le*, KH-1
GM2 GloboH TF, (s)Tn, PSA, sLe”
GM2, (52'1‘11 TF Globo H, Le”

. 2 GM£ Globo H sTn TF Le”
GM2; Globe H, (s)Tn, TF, Le?, sLe?, di-Le*, KH-1
GM2, L¢e’, (s)Le”

GM2, Globo H, sTn, Le’, sLe?, sLe*, PSA

- - UEREwmEida

X FEARGBPRTCEFIRLF 30, 31
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& 1986 +# - d Hakomori #c#2 % £ % Fufl fad 4 “,_,f‘%‘% it 84 ¢ (immuno-
histological Staining * IHC)# I+ % &%= 5 FHpwie i o * £ 25 1L X =
1
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» 4 R8s + (biomarker) » 8- A K3 B in R Ao iRk E o
W2 - BT EIR AR iR s AR ELEF B 5 H A
% pE(lipopolysaccharide)sg > F] b hoim 5 fie — ke if F i ® K BEE L £ F B
&ﬁ%ﬁ&&%&Pwmh@%qummﬁA{?%ﬁ%?ﬁ&%iﬁ%
R RE o Lt PR A S AR R F e Y DB AT T LR e
S EF VAR E PRSI A §RERE S Ft e T RLL A X
BT IS I PR A S g 4 F L H(self-tolerance) 4 F & i B e
gp;@@%ﬁmi%@ﬁzﬁfﬁ@ﬁ{%@@ﬂ&%imw@ﬁ
(homogeneous)fwfi = + L FIE 48 & o e R4 d o d PR S L X 2R
g ¢ KH-1 » 5 %*%awﬁ?ﬁ%9+fa’ﬂwF N BE
SELERETEREE SN ﬁﬁ£g% N S

482 X 4B f D HE

(0]
OH

oH HO HO _OH L
ﬁ é& S0 K50 oo Mo
HO O\/Y\/CBHN
NHAc NHAc OH OH
~;;i ?;i of

Dimeric Lewis X antigen

kf;" . . %
H C15H31
\/\‘/\/CHHN

OH
HO OH , NHAc NHAc

KH-1 antigen
(M-+1) B2 L X R KH-1fuh A 5 B3
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2 B2 imidates 17 3 ig (F[3H243)E H £ A KD A pEA (R L)Y
bl N TP EF OE PGS TREARELF BiBiEY § 4
2R AY 8(10%) > = BAFHHL BERASFDF L F AT L @ D]

B EEHEGAcE T g o

K. C. Nicolaou B Ff #1990 # = 2% 4 4 X HA4 5| = FA 45 |ch> & &
1ES R Ao A PRARE R E 2 e Yo d 2 L1 4 Hm

(glycosyl fluoride) - §& % 21 & (LLewis aci.c_i) G5 10 T RE (T[34243] ik R K

oo B0 B 4 SN0 [T Rt o o o £ g 10 5 g

(galactose) } C,ed § 44> 'Eﬁr-?-v‘ﬁt‘lb Cs '—’ﬂi FAR AN RERAY

(regioselective) f. Cs #7118 ¥ et | xr mﬁ f@ I, At & 19 5 FEH M K

HEEC L4201 BB £ 44 1E:f‘fﬁ9"l F }ﬁ?— & 38 M (regioselective)

IR E 13 PR A > PR PRI g#w 21 -

Schmidt F % % % 1994 & 4| * & i p 7 B % 3 Kk imidate e9> ;2 X & S B
PLX i3l F o #7005 4 X H 48 (monomer) ¥ » B 48 (tetramer) 4 +
(W= +-) 5t L X - RS EHI > @ PR r diles £]3+3+2]e0iE
HER IR o2 ORI EF S ORI EF 6 ET K
P F REI A O AR L P 9 R R RS BER
L FEFE S A imidate 07558 (1C S 4 10) B fs R BT S 1B FAREN F RE T
CEF L2 APES S o i A 12 R R R LR R T R L Rk
T F R F AT .

B 1999 & Sinayj B Fx & =825 2 X = B ainz £ % 2 P (thio-

glycoside)it 7 [3+2+3])i% # & = ;2 (= L+ =) - A e S A E e
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Ef 2885 3BEFRE F R S E # M (regioselective) 2 = AT & e
1=>3 et Wit 6P 4. PEEREE > ApEFEe ™o A%
fz (benzaldehyde dimethyl acetal) * & » :E M FE A H g L 3 ch Cy &2
Colcha 3 A& > WIMEF S it EF SEMFNIFRIAZ N KNG
BCrha FARF EFEY CGANC FPtEFSE R 2EAR
CE g EREECPa F AF o En TR DAFELSF N EF 60
Boons =@ Ff & 20000 & 41| * i3 4% i %k ¥ #Hiq B & # ( Methoxypoly
(ethylene glycol), MPEG )£ #f in FAp i 1* & et 4540 o fs P 94k % ehE [3+3]
B LAy L AT AR E LR 2N pEs S 8 (WS L
w) o HFAREF LR T R G kSR RS 2 pEeOpER S Al (glycosyl
donor) it &4 125 L &7 B & 4ot it F A Q33 E - F o 1 17 TR

34 BRE A pEA S o L

! i

Takahashi 7% 2005 & fi|#* w nF“ ;?Eé?irrul 2 M (orthogonal)- 4% i & &> fie

: ﬂ

LR E SRR é%ﬂ{:_f% qslsv&%;'é {ile: U EEF RO TEY
$ 38 6iE (7B A BT B Phregioselective)iE 1 F 9 I 1 £ - 8
ET REFA el 2 (orthogonal)fg i F 17 I v BEepEIR S $8(glycosyl
donor)i* £ 2 % - - 4it kP o (t L 2B 3L R FEREBBLE
P75 B ¥ (regioselective)fE i F BEiE I £ 108 B fs L 2FA 0
(orthogonal)pg i* & B iF & cnEpEL F M &5 1

BiT o 22007 #d FEES A GBI F At VB F- 4
FEICF Jpo 4 Pk ® chies B[34342]hive R @ BlE 2 4 X = B A S (W
I R)e s B E RS - g1 4 22 fodd E B M (regioselective)
g2 N kEEa fE = pEA F chpEdR T f(glycosyl donor)it £ 4 5826 - A% =
S it AR F AR B Y 4 aE et N (A [343412]F daehpE 1t F

B AR L X D RAA S
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' o)
P NPhth  BnO BnO
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(Fl= L)Ogawa 2% & S50 2 1 - BMavaseim ™
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4
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OAc
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"
HO o) O oR ‘l
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BUtOCO Bu Ocloo OCOtBU d

CIACO"0COBu

OBz
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; g X PhthN ButocoBUu'OCO OCO'Bu
{_ﬂ*'_-\. OAC 19
¥ 1 AcO_OAC le
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Mo~ oA © © oo OR
° PhthN Butoco Bu'‘OCO 0CO'BU
OAc 20
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21

(Fl= + - )K.C.Nicolaou 53 & 252 1 X - B fm>

(a) AgClO; (2.5eq), SnCl; (2.5¢q), 4-A M.S., CH,Cl,, 0°C (72%) (b) HyRu(PPhs)s,
EtOH, 95 °C, TsOH, MeOH (86%) (¢) AgClO4 (2.5eq), SnCl, (2.5¢eq), 4-A M.S.,
Et,0, -30 °C (87%) (d) AgOTf (2eq), HfCp,Cl, (2eq), 4-A M.S.,CH,Cl,,-25 °C
(91%) (e) thiourea (5eq), 2,6-lutidine (5eq), MeOH:CH,Cl,(1:1) (f) AgOTf (8eq),
HfCp,Cl; (8eq), 4-A M.S., CH,Cl,, 0 °C (84%)
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ccl OBn
o~ O oTbs

NH  ph—x0 o a
o * o) OTDS
OBn HO y 0 OBn
3
BnOOBn 1 2

0
AcO
¢ ACRO_NH
5
CCly
Ph
<o
AcO OBn OBn o) oBn
0 0 0 o
AcO oZ OR HO og oTDS
OAc N3 OH N3
7 0Bn 07 oBn
Bn0OBn - BncOBn 6
d,: -
8 R=CNHCCl,
0
AcO _0OB
O” OBp Ol 7 N .
AcO Ooé&-o \ O&OR
OAc Ng= == | |0Ac/O No
WOBM i) ﬁoian
BnO 2" || BB
QR=IDS
= :
10 R=CNHCCl3
BnO _OBn OBn
0
9| HO o) O oBn
Bno B0,
1
AcO OBn
gi e o o
0
% L
OAc OAc 3 B >y
0
OBn O OBn
OBn
BnO BnoOBn 12

(=~ -)Schmidt #5%% & 85 L X - B#ernsefi |

(a) (1)) TMSOT( (0.1eq), Et,O (85%) (ii)NaCNBHj3;, HCI (80%) (b) TMSOTf
(0.1eq),Et,0 (89%) (¢) (1)) TMSOTT (0.1eq), Et,O (85%) (i))NaOMe, MeOH;
PhCH(OMe),, p-TsOH (89%) (d) TBAF; CCI;CN, DBU (e) TMSOTTf (0.2¢q),
CH;CN (80%) (f) TBAF; CCI;CN, DBU (g) TMSOTT (0.2eq), CH3CN (74%)
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BzO OBz

HO _OBn
é& /é&SPh

NPhth BNnO BnO

OBn
3
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OBz
BZOg HO _OBn
OSE
o NPhth BnO B”O
OBn
\b

OBn
HO o OBn
NPhth Bio BNe oBn
OBnN

OSE
O

o BT |
= TN
Rl HE"‘

BzO OBz 4o _OBn
0] O OBn
BzO o
OBz ) OSE
OBn

07 o NPhth OHO Nphth 8RO BnO
% OBn OBn

BnO
6

(M= ~=)Sinay M & 2822 X - B im

(a) NIS, TfOH, CH,Cl,, 4-A M.S. (b) NaOMe, MeOH (c) NIS, TfOH, CH,Cl,,

4-AM.S.
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TrocNH SEt

0
HO o} HO
Fmoc(;éﬂ + \_Q o OMPEG
o}
2

%{—J

-

1

1 °s Q/ i
o)
0 + HO o@ )J\O
SEt FmocO o
DElPsogw o

OBz
4

3

la

AcO ~OBz

OBz OBn o
SEt DEIPSO (0]
Q O/%/
AcOO c NHTroc
7

OBz OBn

DEIPSO%\OO/&OR

AcO

OBz NHTroc
Q OBn
OAc

AcO

e l:, 10 R= p-hydroxylbenzyl

. 11 R=H
l:>12 R= C(NH)CCl,

5 R=Fmoc
b
R ¢ k-
B

=3 || oez

OBn o
[ _ (o) 0]
i S W
11 AcO J0Bz - NHTroc

I !
- WOBn
' : ACOOAC
8 R=DEIPS
c
N

\g

OBz OBn
DEIPSO 0 0 OBz OBn 0
o G o o o)
AcO OBz TrocNH o @O
97 0B AcO “OBz NHTroc
A OOAC Q OBn
c
AcOOAC
13

(Fl= - =)Boon BF & 255 1 X = RFMcrunsefm™®

(a) NIS, TMSOTT, 4-A M.S., 0 °C, DCM (b) Et;N, DCM (c) TBAF, AcOH, THF
(d) H,0,, Et;N, THF (e) DDQ, DCM, H,0 (f) CCI;CN, DBU, DCM

(2) TMSOTY, 3-A M.S.
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(Bl= -+ 7 ) Takahashi B & =8 2 1 X = B8 42 /3 B 39

Ph Ph
OBn <o <o

o
HO&&/SPh d ézo oBn 9
Ho 3 NPhth ClACOA— O&&/o 2 _F
z0 NPhth ~ BzO
Ph @Qiosn
& OBn

o7 BnO 2
O, a
Q7 =SPh
cmw% Ph c ?\zaan
6 Br Lo BneOBN 5
o)
o h
HO
7 BZO OBn
cmogS/
CIAcO%& é& _— H()&S/
B2o HO NPhtiPh BzO NPhth  BzO

(a) 6.(1.2 eq.), AgOTH(1.5 eq.), CH,Cl,, 4-A M.S., -40 °C, 92% ; (b) 7.(1.0 eq.),

DMTST(1.5 eq.), CH,Cl,, 4-A M.S., 0°C, 85% ; (¢) 5.(2.0 eq.), DMTST(2.5 eq.),

CH,Clp, 4-AM.S., 0 °C, 96%

OBn
CIACO %/
Phth BzO
WOBn
OBn

BnO J B
,QEg_ o
o | |
a HS&?RH :
3 NPhtho |

Ph M 3 | -';

h
<o |
5 Sol
OBn
o
cmog&oo/é& % o /éS/

BzO NPhth 7 'BzO Phtiph
d L7 oBn 44 :

OBn

BnO
\ BnO gOBn
Bno/éS/
BnO
OPiv
éph Ph
o7 %o
o OBn OBn BnO _OBn oBn
CIACO o o Q e} o
o (e} (@] o o le)
OBn

BzO HO
NPhth  BzO NPhth Bno BNO oPi
Q7 oBn 11 iv
Bno”B" O/ =SPh
c OBn
B OBn
Ph

Ph no
%o R
OB OBn BnO _0OBn OBn
CIAcO /éﬁ/ /&/ g:o o
(@]
OBn

n
BzO
NPhth BzO BnO
NPhth BnO
o OPiv
?\205“ ﬁ&ioan
BnO

(a) 3.(1.0 eq.), HFCp,CL/2AgOTf (2.0 eq.), CH2Cly, 4-A M.S., -40°C, 99% ; (b)
4.(1.2 eq.), NIS(1.5eq), TFOH(0.1 eq.), CH,Cl,, 4-A M.S., -0°C, 75% ; (c) 5.
(2.0 eq.), NIS(2.5 eq.), TFOH(0.1 eq.), CH,Cl,, 4-A M.S., -0°C, 87%
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Ph ?QZ\STOI
OB
$O OBn n

(0) BnO
o 4
RO STol B2

2R=Bz OR
3 R=Lev
Ph
%O
o OBn
RO 0 Q_sTol
orR ©
NPhth
Q7 oBn
BnoOBn
5R=Bz
’: 6 R= Lev
7R=H

o o oBn @ OBn BnO OBn OBn
3
OBCZ) NPhth OH NPhth BnO BnO e ~
OBn Q OBn
OBn OBn

(F-+2) FoEMBEAE L X - Ry m”
(a) AgOTf (4 eq.), p-TolSCl, -78 °C, 10 min; then B1, TTBP, 20 min; (b) B2,
p-TolSCI, TTBP, -78 °C - 0°C in45 min;
(1)compound1:3:4=1.4:1.0:1.2 (eq.)

compound 1:2:4=1.1:1.0:1.1(eq.)
(2)compound 5:7:8=1.1:1.0: 0.7 (eq.)
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X

¥ KH-1E%#E&~>vE

KH-1 & @A 3 ané = > &% 2 4 1997 #d Schmidt 22 Danishefsky @
P & W)@ 4 3% Tetrahedron Letters ¥2 Nature #p 7] + o

Schnidt B Ff end = = 2 § A% & 9875 ehimidates % & = KH-1 » &
(= L) e R as @i b 4 X - B- # R g2 ®
FEEEHM Y FEOF B 0 ARE D B o LR R L 5 kE(galactose) F C;
1Z F L0 FRis i £ EpE(fucose)iE TEE Y F R I KH-1 4 A 3 -

Danishefsky @ fx ]2 4] % & i B4 I K englycal = 58 > &k & & KH-1
AF e B A e FRIT 0 ¥ - AR T E 1997 # 3 £ A Nature # 7] F 0
E(WZ M) E g AT RS E - R 2 B R MY
= (fucose unit) ° % = FiR4E L £ 2005 & ’? % wJ. Org. Chem.5h=> > (Bl= =+

)7 4 R[4 A e # A MR T L E S S

LY e s ﬂﬁ@ﬁ“KHlﬂf@&‘Ladwmm)
b | B - 2 J ] ;

FI* B & 2% k & RE L R \——rﬁSeeberger’ %2004 &5 &
T PR HEEEOFPE S R S P S KHL A (W2 )Y e e
Rl ehiEfer § & & FhE A A 3 (building blocks)fr & 4 4 ehd iR (e

FReiniffey £d B4 g - Al s a@izt i end 4o
ERRHREET PSSR SEORRT LR OEA T Ly

A SRR T L S KH- FuR A 3 anpu e g b LY

i

()

Herm pEA 3 £ BRI P e sl § okeryEn] KH- 20 L
Y &+ 4 B o 504 > Boons B} & 2005 £ ] * imidates 77 3k & = KH-1
S EEA T A (W2 L)Y - HF R nE - 1 Botl iR it D R

A KH-1 FuRcni 84 S b L YRR A S cho L 18 o
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BnO BnOOBn
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i Pﬁiosn
OBn
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BnOOBn =
o) OBn
OBn BnO OBn OBn
@%ﬁo évv &W
0 OBn OH=-“ BnO
ﬁ\i OPiv
OBn :
BnO BnO OBn

(W= - =) Schmidt 3 % £ &% KH-124 5tk 7z | *
(h) (1) NaOAc, MeOH (qu) (ii) Acetone,; p=TsOH (89%) (i) TMSOTT (94%)
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NHso,ph HO BnO
\f
HO _OBn

AL RN
Ho TESO ﬁu

NHSO,P NHso,Ph HO BnO

~0-7TF
)%\Qzasn
[ Bn |1 y

:BZO':'

g
BzO OBn

o) OBn

OBn HO OB" “on HO O8N
S o ’%O S
TESO
076 “oBn NHSOZPh e NHSO,ph HO BNO
0
p\iosn PQZOB”
OBn

BzO BZOOBn

(= -+ ~) Danishefsky ¥ % % & # KH-1 & & donfefj ® *

(a) (i) DMDO, CH,Cl,, (ii) ZnCl,, THF (65%); (b) TESOTT, Et;N, CH,Cl, (92%)
(ii) I(coll),C104, PhSO,NH,, 4-A M.S. > 90% (iii) LHMDS, EtSH, DMF > 90%; (c)
Ac,0, Et;N, DMAP, CH,Cl, (95%); (ii) 1(coll),C104, PASO,NH,, 4-A M.S. > 90%
(iii) LHMDS, EtSH, DMF (iv) Ac,0, Et;N, DMAP, CH,Cl, (85%); (d) K,CO;3,
MeOH (80%); (e) MeOTT, di-z-butylpyridine, Et,;O : CH,Cly(2:1), 4-A M.S. (55%),
(i1) K»CO3, MeOH (85%); (f) (i) MeOT{, di-t-butylpyridine, Et,O : CH,Cly(2:1),
4-A M.S. (60%) (ii) Ac,0, Py, DMAP, CH,Cl, (95%) (iii) TBAF/AcOH (93%) (g)
Sn(OTY),, toluene: THF (10:1), 4-A M.S. (60%).
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(W= - 1) Danishefsky & 5% % 1| * [4+3] *ﬁ‘i“‘ % KH-1 4 5 s fz i |
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O _OBn
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T2 o S e
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BnO %\2 NHTCA  OPiv Q NHTCA PivO BnO—"\ o
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OBn
OPiv OP|v

PivO

OBn O OB BnO _0OBn o OBn (”)
LevO P’ u I _
FmocO O™\ oBuy Fmocogﬁ/o p-OBu Fmogcn)oég/o/%;e’u
NHTCA OPIV OBu OPiv u
o 2
BnO
ogn ,5 OBu o-P-OBU
Q OBu
BnO OBu OBn
OFmoc OPiv
PivO
6 5

HO 7. |
O\WO 1 Y Monosaccharide

building blocks
2-6

iy ) o
o . J o
W

J cleavage and purification

product 1

1)2a 1)3,¢c 1)4,d 1)5e 1)4,d 1)5,e  1)6,g 1)5 e
2)b 2)b 2)b 2)f 2)b 2)f 2)b 2)h

7

(F1= L) Seeberger ¥ % 2 41* F4p & & KH-1 # 3 iz m*

(a) 2. (5.0eq.), TMSOTT (5.0eq.), repeated 2 times for 15 min each; (b) 20%
piperidine in DMF (2.2 mL), repeated 3 times for 10 min each; (¢) 3. (5.0eq.),
TMSOTT (5.0eq.), repeated 3 times for 15 min each; (d) 4. (3.5 eq.), TMSOTf
(3.5eq.), repeated 3 times for 15 min each; (e) 5. (5.0eq.), TMSOTTf (5.0eq.),
repeated 2 times for 15 min each; (f) 10% N,H4 in DMF (2.5 mL), repeated 5
times for 15 min each; (g) 6. (5.0eq.), TMSOTT (5.0eq.), repeated 2 times for 15
min each; (h) NaOMe (10 eq.) in MeOH/CH,Cl,, repeated 4 times for 90 min each.
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BnO

OBn
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OBz

Q7 ~SEt
c OBn
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OBz OBn
O o

OBn
Q7 oBn
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6 OBz
OR! OBn
BnO (@) (0] o
0 R0
BnO “OBn TrocHN
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9 R!=Lev, R%= Fmoc
10 Rl= Lev, R=H

11R*=H,R%=H

OBz

(@) SEt
d OBn
ACOOAC 5
AcOOAC
0] OBn

BnO 0 (0]
%\ géwo
BnO “OBn TrocHN
Q OBn
OAC

AcO
12 OBz

OBz OBn
(0]
WOO/&\/O\/\/NHCM
BnO “OBn TrocHN
Q/ oBn
OAcC OAC

AcO

~)Boons ¥ % % & & KH-1 &~ 3 hiniz @ *
(a) p-benzoyl-benzyl alcohol, NIS, TESOT{, CH,Cl,,
(b) CH,Cl/Et3N (5:1) (95%); (¢) NIS, TESOTT, CH,Cl,,

0 °C (86%);
0 °C (74%); (d) NIS,

°C; () CH,CL/EGN (5:1) (95%); (f) NoHy-AcOH, MeOH,

CH,ClL, (87%); (g) NIS, TBSOTS, CH,Cl,, -30 °C (60%)
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¥ RBRIILXZDEREKH-12#H5E24547

Aawm2 AP ERE I -t R ks AR E L X - B
prs & 2 KH-1 60 pri 3 0 27 RAEp A PR F 2 FHEF 447 o

ALX RO @ELI(BEL A FAEZRBE AL -
pE H ~ (fucose unit) (B) ~ N-fg =5 pE H ~ (N-lactosamine unit) (C)£2 :& J &4 e
Z FEH ~(reducingunit)y (D) > 1 * p = BE AL F ek BiFEHALRE > kEF-
Bt LAk P B R BE AT - ARt L A E R .

it KH-1 255 2 X Rz =2 HER= -2 A)Z 5 &>
KH-1 sh2b38 o = b eh 2t 5 i (galactose)Cact <ha § A ke b L X = Al % -
%mkﬁ%%ﬁﬁﬁﬁmﬁw’ﬂﬂﬁﬁﬁwﬁﬁﬁﬁﬁﬂaéﬁﬁm

| ¥ uﬂT | # #Ep;.mb =N ~kb =) 4. KHJ = ﬁ%;,\_,u °
T s
a2 = pE 4 (glycosidie borrd)ig %ﬁ n“ ra~(conﬁgurat10n) befrd] o a e

gl dd o LB P % i (Kinetic anome*rlc effect) Kipdl B i Bl E A *
3 %22 57 s (neighboring group part1c1pat10n effect) o Bt o R Ep Lt Ciehd
F AP AR OEELH B PpERE ]t Cond ¥ AR g A BB fy #F(ester)
2 Vfiy (carbamate) s iR A KB T IR o - LPEL A EFPETF B §
o BRI & AfbaniRiE g [t 1% = 2 E(benzyl ether)$? 5 (acetal)] »
B arbrF BRHEEETF i § APEFHEEOREL [t
¥ ¥ fig(benzoyl-)# v -fk ~ fig(levulinoyl-)]> §1 % 7 Feend (R iE 2 v i F
R IR F hd F A B MR- SV E S H AR F K

~(E)(F)(G)£0) -
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w v
/ H N

PO _OP oP
LT ° % &,
dp 1 STol oP,
PO o
B OP;
OP D

PO
Fucosyl unit Monohydroxyl bridging unit Reducing end unit
Ph
Q7 =STol Bno (©5" 0Bn %0
o o o~E0 s o
B PO 082" NiTroc HO % OR
E F OH NHTroc
ﬁ&iosn
2 BnoOBn G
W=z-2) ﬁ»;aw X = ﬁuﬂ" i & 5
{
HO ™ i

07 =STol PQ op Ho = 0 o or
op  OP: S o O_sTol 0N
PO PO HO 3

B | PO D
Fucosyl unit Dihydroxyl bridging unit Reducing end unit
éPh
OBn O
ARLE Bno%&/ g?y 0 0Bn
n
STol O
Bno " L vy Fo N Troc HO Ooégvor?
OH NHTroc
@Qiosn
Bn OOBn

(=L =) KH-1 35 & & 245
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528 RILX-DERSEKH-12 &304

OH TrocCl

OH OAc
HO O NaHCOs 0 AceO Acog&w
HO OH H,0, 0°C to r.t HSO OH pyridine,0°Ctort. ~Aco OAc
® NH3CI© NHTroc  80.3% Two steps NHTroc
2 3
1
OAcC HOWN3 OAcC
HBr in AcOH (33% I, DD
( ) A,%\(go/ﬁ' - ? Aco/g&o\/\/\/ N3
CH,Cl,, -10°C TrocHN|  CHsCN, AW-300,r.t  ACOZ = A
4 Br 71.296 Two steps 5
OH benzaldehyde Ph—x-0
dimethyl acetal
ﬂ’ Hﬁo/ﬁ/o\/\/\/ N3 Y o So/ﬁ/o\/\/\/'\l?’
MeOH, r.t CSA, CH3CN, 40 °C
’ TrocHN s
6 91.3% two steps TrocHN 7
Levulinic acid Triethylsilane
EDCI, DMAP Ph/VOO 0 4 3 ; TEA, TFAA
R
CHyCly, 1.t LevOT HN CHsCl,, 0°Ctor.t
87.8% roc 8 88.6%
aln
Bngﬁ/ Hydrazine/AeOH/pyridine/ BnO o
HO O\/\/\/N (V/\/I 0.3:£:9:2.6) HO O\/\/\/N
LevO 3— Wi % t “HO 8
TrocHN pyr_Idlne, rt | ] TrocHN
9 A\ 147199 || 10

GAAE-) §EBIIEE A RS Hig S i

B R M M RT AL B 4F (glucosamine hydroxychloride) 1 1% & & Jichds
hede o SRR E ARBREFY foF B RIS AR T A~ F Y BR-222-F0 4
¢ fi(2,2,2- trichloroethoxycarbonyl chloride) Jy| Z| ##42F & ts € 3 & ¢ F4f47
B B e ¢ PR et AR RBEES > RS ¢ B 52T T
a2 A 30T S A 2 hra(pyridine) it 5 3 AT 8 AL T
(acetyl anhydride):& {7 ¢ fpit F B #E ] o it &4 3 %-10°C T £ & 4.fk (hydro-
bromic acid)ig 741t » F BEFle ¢ BRIt 25 40 o mT kv 24 42 -
g% & f3(1-azido-pentanol)i& {7 it F Jis o ik A2 4 3% YR S A S
it £ 44 1-fp§ & A fRI3 3N 2 9 (acetonitrile)® 0 R A F IR T )

PR gk o B BHE R £ b 4 BBk § A fEH o T (5 e
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Brr o B Ee 1-fp g & NERR e Y ok Rig#e B B 7 Pigenit
EF 43 E- ke P 03 GE g & NERahRF BIELY 0 2 T A F
(iodine)#2 = % = § # % pR(2,3-dichloro-5,6-dicyanobenzoquinone > DDQ) i % i§
TRREFELF B RFES p )2 AT R EIEERE et £F 5
(J12=8.04H2) A 5 5 T1% o ¥-1* &% 5> @ kK7 fgv Giit € 7 fRép
(sodium methoxide) { s f3 1 ¥ # | &4 6 HF AR PIEET » L £5 6
¢ = 7 Jk ¥ 45 (benzaldehyde dimethyl acetal) & s » v Sgfgcha) 34 8 3% 14 3k
Cor Coteha F A BRI EF T EF THRBN DL F 240 & 1-3-=
Y& AP FR)-3-2 A - I e F kB (1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide, EDCI) i® 5 %t -k &[22 % & § 0 2-= 7 L § v+ (N,N-dimethylamino
pyridine) i+ T fr o -fit ~ A& (levulinic aéid)ij;i.f? fa i F > @3 874
FI* §F A i 4 (Sodium cyanobqrohydnde) e irt T EAERPRAFE
RER FFa S ERAE ﬂ#mrw& s mm%sﬁfv SRR RiEEA
R SRR ﬁq(lactone.)rmﬂﬁﬂj\%ﬁ—i ,:.% 2 3§ R AS e 9 KiE
587 I B R A iRl BOE R A ¥ 2o B % (riethylsilane) it iF 8 T
TR RAEEE TERSREIRS D P ¢ R AR R o F R E
E4 90 it &4 9 B g (hydrazine)eni® % T E H 4 #-v -fiF ~ A (levulinoyl-)

2 @IR R A5 10- §ERARIEE A4S o (RAE-)
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OAc Thiocresol OAc OH
mvxgﬁw J%SE;.vagﬁle-iEMi+ iéﬁi/
ACO OAc AGO STo 120 STol

NHTroc Cl;%C:;%/ rt NHTroc MeOH, r.t TrocHN
. 0

3 11 12
benzaldehyde Levulinic acid
dimethyl acetal Ph/%O 0 EDCI, DMAP Ph—-0 o

STol o STol
CSA, CHZCN, 40 °C CH,Cly, r.t LevO
89.3% two steps TrocHN 93.3% TrocHN
13 14

Triethylsilane

TFA TFAA Bro\_o
CH,Cl,, 0°C to r.t QSO&WSTO'

90.8% TrocHN
15

(ML) §HPRIE 20 5 ook &g

W
=

5 ﬁwﬁaééﬁga@ﬁg%w’ﬂ%J@mwg%3ﬁ
AACALY 0 BRRE A2 4 f'; /F&;g.ﬁ%, (Boron trifluoride ethylether complex)

— % T aH-? AR (thio:c.*esorﬁ-}’T J& (L3175 3 P (thioglycoside) » 5 %%
&@@ﬂﬁ%%%ﬁw@é%h»ﬂg%HL@@ﬂF@\ﬁﬁ%ﬁmgﬁﬁ

(ERHCIF e § A R W &8

Tk
@)
i
N
@)
(o)}
l-r'
‘«3\
haay
v
et
..
¥

14 £ 14> etz 2T % = ¢ A @ Z(triethylsilane) i E H B R F &
@ 5] Coakl 2 fi cnd § 9 Cot enE § A1t % A f(benzyl ether)en) 3% i#3E

Grit & g 15 0 (AR )
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AcO _OAc

TBAB

AcO _-OAc
ACO —~OAc HBr in ACOH (33%) ° EtOH o
AcO 2 OAc CHzClz o°c AcO 2,6-Lutidine, r.t AcO
OAC ' ACOBr 83.4% two steps OO
OEt
16 17 18
HO ~OH BnO —OBN ) MeOH/H,O/TFA
& BnBr, NaH 0 VIV 8:1:1) rt
e HOA— DMF,0°Ctort o0 — § )
MeOH, r.t o) ’ or. o) ii)Ac,0
O 87.5% two steps O pyridine, 0°C to r.t
OEt OEt 88.4% two steps
19 20
BnO _-OBn Thiocresol BnO _OBn BnO _-OBn
(0] BF5 OEt. K,CO
Bnog$wOAC—>3 Z 5 Og&sm o Bnog&STol
(o]
OAc  CHaClp, -10°C n e MeOH, 45 °C on
21 90.2% 98.8%
27 o 23
Levulinic acid BnO -OBn :
EDCI, DMAP ') ) .4
STol St Ty
CH2C|2, r.t BnO —_—
93.3% Oleviy || ==
28 -, 5 i\
BnO OB !
BzClI o)
STol
pyridine, 0°Ctort BnO OBz
0,
97.6% 25

Grifez) T BELLIF L & Ay 1249
v B- 2 ¢ fiift & 5L 4(B-D-galactose pentaacetate) it £ 4+ 16 1% % A24nde 0
0°C ™ £ & ;8.f (hydrobromic acid)i& {741t £ L@ 3¢ & FRGhit &4 17 -
BT OO 54 1735 2,6-2 7 Aetex(2,6,-lutidine) ¥ 4 » Eok e B B
B AT R TR 83 R Ay (orthoester) i & 47 18 o i & 3 18 fmifik 47 &2
AR B0 93] Cl 2 C2 2 R i (orthoester) ) A i Ae & eh
F #%(galactose) f* & = 19 » m Jf ¥ 1 » F&F v & 1t 4h(sodium hydride) & i+ &

19 2 & 3 2} h[7 5 (proton)i& {7 fhdg @ fris 4c » i1 = (benzyl bromide):& {7

Williamson it & F i » B3]t &4 20 -
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v &4 20 tds fh-ki3 iR et 2T 5 8- fh fin (orthoester) 3 A& e i 2L 2 iR
6 > { &y ph pH(acetyl anhydride)i& 17 2 fpft & @ 211 £ 40 21 « e F -1 £
P21 b L —= & e B (Boron trifluoride ethylether complex) — 1% #
T 4" A ¥ e (thiocresol) & i 18 T AR 4 pE(thioglycoside) it & £+ 22 0 At
HIOF R R ER | - B4 0°C i 27 (7t 5 5o i TLC & i
BiF PRI E AL F S B AF 0 (8 K41 3 [k (acetone) & Fk B H-F iR B E
T-10°C & £ M= & it e pY(BE; - OEL)iF » & » & TLC ® # BiF &>
v Ok 4R & F ek o "B 418 31 AR H pE(thioglycoside) it & 4 220 1 £ 4 22
e B i 47 (Potassium carbonate)2 ¥ g T e 41 3 45°C 2 (AR f3F 0 (93] Cy

SARBEE F A 230 Bi o i & $ 23 & w22 o -fik A e (levulinic acid)

% 7 % § (benzoyl chloride)ie 7 iz (-5 i + BF| 1 & 4» 24 8114 & 4 25 o

(nA2=) P [
(=53] Ph
OAc H il benzaldehyde
AcO o NaOMe 7 HO PO || [ dimethy! acetal %O
AcO STol  MeOH, rt . HO STol“ CSA, CH,CN, 40 °C gzo
OAc 7 SOHT T 926% twosteps MO o STol
26 & 28
Ph
Levulinic acid (0]
EDCI, DMAP 0
0
e ™ Levo STol
= OLev
29
(hfzw) LRBE AL I & Lnm?
o Rt eEr R FURET £ 260 SRS ER £ 27 ApEIR

7T " R ¥ 45fE (benzaldehyde dimethyl acetal) & J&s - iE #1253k Ci 22 Co
s migg é’f” l"‘@#’;” 280&%; ’%—Cz.‘fi’ C3E’ﬁ§§£‘\? '}f—ﬁ}%f\‘ﬁ?{(levulinic
acid)ie g 1 F s iRdAs & » I £ 4 29 - (GRfzE)
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OAc  Thiocresol STol

OH Ac,O :
@QZHOH : @QZBAC BFOFt, pQZSAC K2CO;3
OH pyridine, 0 °C to r.t OAc CH,Cl,, r.t OAc MeOH, r.t

AcO 87.4% two steps AcO
30 31

32

STol  BnBr, NaH

L on T
[¢] n
OH DMF, 0 °C tor.t JBn

70.2% two steps BnO
33 34

((H“ﬂ__l ) % &%E A F mb = Inhﬁg_

" L-# EpE(L-fucose) i & # 30 f i Azdptr o7 e iRt F BE D &4
31 2218 fe & /e BY(BE; - OEL) (T#* T &2 %t-7 A % i fis (thiocresol) ¥ J&
Ila ~ B4 p: H(diastereomer) E9Fx %f fiE(thioglycoside) i & 47 32 o 1| * gl ik
g Y R S 4 32 T A IEAE 0 TRENE 24 335 2181t T (benzyl
bromide)it {7 fit & o S ““g%/é}i‘r S E T B SELH PE(B -

,,.i”
thioglycoside)i* & 3 34 - (m~ﬂ_n|) il
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BnO OBn OBn NIS / TFOH

BnO OBn OBn
Bro o= STol *+ HO O _STol CH,Clp, AW-300, o o
LevO 45°Ct0-35°C  BnO o) STol

OBz NHTroc LevO
42.7% BzO
24 14 0 35 NHTroc
Hydrazine hydrate/AcOH/pyridine BnO _-OBn OBn
(v/v 0.3:1.9:2.6) e) o
BnO ?40 STol
ridine, r.t
pyggls% BzO 36 NHTroc
BnO OBn OBnNn NIS / TfOH BnO OBn OBn
& + Ho/&/ CH,Cl,, AW-300, o
Bno§$/STOI LevO STol AE Ot .25 0~ BnO O Q. _sTol
oLev NHTroc 45 °C to -35 °C LevO
40.8% LevO NHTroc
23 14 37

Hydrazine hydrate/AcOH/pyridine

BnO »-OBn.
(VIV 0.3:1.9:2.6) ’éw
&/ STol

pyridine, r.t

wmqummﬁﬁﬁammMmEMemmag$mﬁ
.‘E_ :

$¥ o wd FRAE SRR 52002 EF A - s S ALY

Fl A5 mv}’%c‘ AL 3TV 38 i s 2 A2 FHAE N

it &4 24221 £ 140 1 N-g 2 gL7a fx I “(N-iodosuccinimide, NIS)¥* = &

" A fé(triflic acid, TFOH) /% i ix 2 T 2 (7t F i B3] £ 4 35> EH
'Fiﬁi—v-ﬁ—‘il% ~ ﬁ% FE EEP L 36 (/":ﬁ_’-) °
AR B EIOE F AR A0% 2 0 B R hA T AR o F

R4z 1% TLC 5 3 Bigt & B8 MI|pE# = 48 (glycosyl donor) £ pi < 44
(glycosyl acceptor) —fg wARKE R 0 Fp L B ER S pER S $(glycosyl donor)
81 N-# (R ZhTA ik & R(NIS)ehd B 8o @ H|en % L0+ | # £ enpide T M r

FHH12%nAF o a kG FE Ay LHREERME AL § 4R -
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RFEIV R A E 35 3Tt V8 1423 224 R § 0 A KT
TEEAZRIE £ 4 352 37 i F LA (L E(RRV) > L2 prap i £
38 crfp i EE L 54 142223 % 143 1 .

PR Y AP A TLC BBt F R aE T o8 P pER S 1 (glycosyl

'

B e

l.
i

donor) £ pE = # (glycosyl acceptor)® § 2. —fRit 5 & = o a4 iF
FREEURAFOE M AP AP HEEL (FzLe)?: FLECH DS
THEr I 11§ £ pE#S B(glycosyl donor) it & 4+ 23 s ot fE X 4

(glycosyl acceptor) i* & 4+ 14 % 71 14 12 *» F|pt A gL Z BB+ L 2 23 eh
F Rk ot fope o L B8 ehE gad 5 2 B AR 3 (sulonium cation) %
= 451 3t (oxocarbenium cation)tnA F iF F 0 RSB BXAME RS AL A
Fooo FEE A pERE S Y B F R
A2 E A 0 pe AR A R S B A S A ST M 3

2R R F e | ==

@
K, : E % K 0
O — 20 el = peol__
PGOJ =~ SR PGO \N/S~R \‘) —
@  9dlycosyl donor intermedium A intermedium B 4p> product

E
@
PGO PGO E PGO
— K2 o) ka 0

glycosyl acceptor intermedium C intermedium D

(Rztw) #®LF REF
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£ AR Rz PEAT LS4 39 F T — 4t (one-pot) £ H iE |3
(regioselective) e v & & A (iRAR— ) o

BAOUARHRHEDCCuiRBE T F AP LS 10 i pEL A
(glycosyl acceptor)£2 pE 3+ 48 (glycosyl donor) it & F= 29 {rig /& it chi + &R
£ bk R :}%f#;“f Koo FRISTEIR 2 40 °C (8 4e » B R N-7L R phTa e Iy
#¢(N-iodosuccinimide, NIS) ¥ = & ¥ g & (triflic acid, TfOH) i* % - = p& it
F s> ded TLC ¥ i iiF oenieim » £V &4 29 F o2 158 5 -50°C » 4¢
» # FEpEF S A8 (fucosyl donor) » £ 4v » & it ] N-7L % 7534 ik €7 #%(N-iodo-
succinimide, NIS)¥? = & ¥ g fé(triflic acid, TTOH)i& 7 % = =< pEi* & & > F 1
TLC HEBE B F B hie Sa R AT H L2 EFI £4 39

LT H - R E B BT S S0 A (5T B £ 46 10 b ch
G Gyt ehi § ARERIE by Shfs PILAATH B 1F D] f-1>4-42%
E54»}ﬁ$mwwamw4ﬁ%§f‘:k%ﬂﬁﬁﬁ’d“%wxw
(glycosyl acceptor) F C3 ¥ C4 PlrvLJ 3? %:Ii l‘ﬁ%ﬁp AR e o AT B R pE R

8 (fucosyl donor) ¥ ¢ # LERELH R a‘%’«‘&(N-protected glucosamine)?8 4 + C;

Sk

i F AT R ACihE § A ot Vs b cha B TR eh= B A B 39
Bois o B30 EP L ELF(NMR)A F 25 o B8 758 ek g
-(1—4)- 5 % #& =4 ¥ (galactose- 3 -1, 4-glucosamine linkage)(Jya 1,2 = 8.22 Hz)
soaf; N el EpE-(1—3)-9 § 4 %=4E % (fucose- @ -1, 3-glucosamine linkage)
(Juc12=2.88Hz) o & F 1 £ 39 S EF MR- PHgd FBELB IR R

¥AeFE -t LAt 4 X - BAE KH-1 A4 3 chiB Rafehis &4 40
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O STol
v/ A OBn
B n

34
Ph
(@]
(0]
o) yield: 40~47%
LevO STol
29 OlLev
Ph
<o
@] 5 0Bn
" 4 NHTroc
L 0B ;
OBny i o' N3
BnO =39
Il M
Ph Ph
o]

(0] G
1) OBn Hydrazine/AcOH/pyridine Q OBn
LevO ooé&o (v/v,0.3:1.9:2:6) HO o 4 é@v

OLev NHTroc pyridine, r.t OH NHTF
97 o 88.6% o
{ OBn
OBn OBn

3

(nfe=) — Rt &3 XER

(a) 10 (1.0eq), 29 (1.4eq), NIS(1.6eq) / TFOH (0.16eq), CH>Cls, 4-A M.S.,-40 °C

(b) 34 (1.2eq), NIS(1.2eq) / TfOH (0.12¢q) ,-50 °C

>

N3
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B % 45 e EpEE < (fucose unit) i & F 34 -N-figiest pE € = ( N-lacto-
samine unit) i* & 4~ 36 2 38 H:R Rz L F i £ 4 40 {8 o ﬁ.}‘u? R iR
Fodpit Lt L X2 RHMEKH-1 F BGrfe B4 ) e 7 b 4 X =
FA Ao KH-1 - 4% & 2 F o AP gr E [1H2403]& [1x(Q)+2+3] e &
LAY - s o

PR ¥ prenif 0 B-T8°C TR TI E 38 H I L5 M F

P

*E o BRek 3 ‘?5'3 J_F %EpEH ~ (fucose unit) £ & 1+ & N-k 1 7830 fi 7 v

(NIS)F ith@l At « E#ERN L RAG  FH R PAF BN 7 6

H

- §Y i+ iE $ M4 (stereoselective) # & >

|+

A e
BEFREAFPRPGEEHEAITA G S R R BT AR

\'

EREIC RO S S A g O % ?—@mﬁ'ﬁ FIEER#FS D-45°C o &
B2 Feppan 48 e 38 Sia A \,Fvézih ‘?;2-2 il 3 B % pEHE < (fucose unit) £ &
A Pl A R 0 T mﬁw Gl e 368 L34t
PEic F EpE > d gt F&?ﬁf”éﬁFfrJﬁﬂ #5- ﬂ*“iﬁ%'r K- it &= g it
7o LipI bEk —%i’éte’ﬂé)f%'_’ rn;ﬁiz L g T FU A EpEE ~
BERMHE AL DRAF R e g REDERMS -

NFEPF ERFEL A PR FL-HEIRF L XD R
2 KH-1 2 F g & o - B4nH#-2 % pEHE < (fucose unit) i* & $ 34 4 w2 N-fig
bieyt pE B < (N-lactosamine unit)i* & &7 % - =it ¥ &> 5d TLC # i
BRIL i £ 4 344078 1+ F i+ b B RSB PZ PEA T I £ 4 40 foi 1 A N-
g aa e T e(NIS)® = & " B (triflic acid, TFOH) » #% 5 < 8 1 25°C it
FE B F B S TLC PHEBE B b LA F A0 F BB LR

- HEEFE AT A FRENRELX - R EAS T E KH-1 - A

4

o
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BEAL DT A% - pEtF BBy £ R Y D 2EH ¥ (regio
-selective)enk Jis | iR g = A 5 1Y & F 40 ch2 §U ik (galactose)FR 4 0 o
W Cind FARMEBE I Ciend F AL T EEARF RPFE LER
%> MR ShE § 587 pE 4(glycosidic bond) A & F s 0 fie £ pERT B
(glycosyl donor) }  C, e7%%fi5 (carbamate) %2 AL & d 28 7L %22 T (neighboring
group participation effect) » & S "B F 3] B-13-4EF A o F o

FI* - G BT EAEDE S >R T T RS L SR Rk A g (T
oD A EEC T X AR AT R e ARy o
G A £ = E T p e S S chgF i iE & 2 (regioselective)pE it F R { -
MG AT G kTS K1 -t WA ERB LTI EF 40
FIREF S - K- it A s 4 X_;.'%‘Jﬁ'fﬁ? KH-1 4~ 3 > #FRiEAEA X ¥

15~17% > = 7% 8 3] 7 R i dr o2 % o At FrN-fg =5t pE 8 ~ ( N-lactosamine

.I'

unit) it & 4= 35 fv 37 A 5 (@1}_? o IV ES 24 87 23 fcit £ 98
7 EEiL K g N-fprsst ﬁ%(I\T lactosam:l.ne umt)ﬁ A A 70%0 oo

ook L sl e S (galactose bulldlng block)zz = H 5 253 cgp 2 K >
171 2 M (orthogona)fE i & Jis » 3% 5 € PR A & & N-fief gl ~ o

-+ (N-lactosamine unit)* & 3 35 fv 37 & 5 7 & <R 42 |

AR BN - it B R E DS 4 X - B KH-1 fepe b L
X HA#-EE AL G 7 LB H 6 S 0k e dn B pERUR A -

e RSt T T
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o ®) NHTro;/;
E;ZBB” yield: 41.1% Q7 oBn

Ph
BnO _OBn OBn %0

le) OBn
BnO o3 O g:

OBz

NHTroc NHTroc
Q OBn
BnO

(nfE~) — it &g s 4 X-‘ﬁ‘d‘é =
(2) 36 (1.0eq), 34 (1.1eq) NIS(ls leq)/TfOH (0. lleq) CH,Cl,, 4-A M.S..-45 °C
(b) 40 (0.8¢q), CH:Cl, &-KM'S.25¢C /

: ’i; .
BnO _OBn OBn_:'- 11
Bnog&;gcﬁé&/sm 1

OH NHTroc s

e

LR g
BnOOBn

yield: 36.2%

Ph
$&§Wn

% 7 && a/ OBn
BnO OBn NHTroc NHTroc
ds Q OBn

BnO

(RAEd) - 1 & S KH-1
(2) 38 (1.0eq), 34 (2.2eq), NIS(2.2eq) / TfOH (0.22eq), CH,Cly, 4-A M.S.,-45 °C
(b) 40 (0.6eq), CHCls, 4-A M.S.,-25 °C
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T X
5-azidopentyl 3,4,6-O-triacetyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)

-f-D-glucopyranose (5).
OAc

Acoé&
AcO O\/\/\/ N3

NHTroc
P~ 5-azidopentanol (2.1g, 16.17 mmol)£2 575 it {8 ek &+ &R & 73 3 CH3CN (40

mL)’» AZFTHEE3 ] B*wﬁiﬁ“/f ke Beit £ 4 4(7.0g, 1294 mmol) 58 E 7 % b
WACE I & F 0 47 CHCN (40 mL)#-iv & 4 4 i3 & > 4o 1% K 18 <
5-azidoPentanol * J&¥g® » % F4c » Todine (4.9 g, 19.41 mmol)¥2 DDQ (4.4 g, 19.41
mmol) e g F HFEFETEEAFRFE e L P 5 TLC PEHF & §
L &P 4 F e ts e > NapS)O3 aqy® ik & )F& ot celite #-4 + eﬂ:‘ﬁﬁﬁl/ﬁ"f—i fé >
Bl ife 38 A 1 gk =) R AR f FIMkp gt 4o » < £ EA {755
Bog #1501 MgSOs off K [ 2K(is Y "ﬁi/}a Seikdas o A A 47 1 (EA
Hexane=1:1)fs # 3|#H M /éz;l*#wia’#w 5@54g é? 71.2%) °
[#£3% % 7 : CH:CN ﬁxa»fﬁa#ﬁﬂ:g.\: tt:?%ﬁi_%zt‘ R RTI Y X LR
CHCN # — %8 £ % Nay$i0s qyfudt £ T+ AR F 5 (3 1) ¢ - Azt d= % o
FEew ch} BBAEHRY EA A AR CHCL 7 5 F e anpalia g
LA St R R
'H NMR (600 MHz, CDCls) : 6 5.33(t, 1H, J = 9.9 Hz; H-3), 5.15 (d, 1H, J = 8.2 Hz;
carbamate-NH), 5.09 (t, 1H, J = 9.6 Hz; H-4), 4.75 (dd, 2H, J = 11.9, 57.8 Hz;
carbamate-CH,), 4.66 (d, 1H, J = 8.04 Hz; H-1), 4.30 (dd, 1H, J=4.74, 12.24 Hz; H-6),
4.17 (dd, 1H, J = 1.86, 12.2 Hz; H-6), 3.92 (dt, 1H, J = 6.3, 9.54 Hz; aglycon-CH),
3.72 (d, 1H, J= 7.7 Hz; H-5), 3.63 (dd, 1H, J= 8.7, 19.1 Hz; H-2), 3.50-3.24 (dt, 1H, J
= 9.5, 6.6 Hz; aglycon-CH,), 3.28-3.30 (t, 2H, J = 6.8 Hz; aglycon-CH,), 2.11 (s, 6H;
CH;C=0), 2.05 (s, 6H; CH3C=0 x2), 1.58-1.67 (m, 4H; aglycon-CH,), 1.41-1.50 (m,

2H; aglycon-CH,) ; >C NMR (150 MHz, CDCLs) : 6 170.70, 170.64, 169.48, 153.97,
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100.78, 95.46, 74.47, 71.84, 69.81, 68.69, 62.09, 56.38, 51.29, 28.97, 28.53, 23.15,

20.77, 20.66, 20.64
Bio TOF II M.S. : CyHyoCi3sN4Op ; [MJrNa]+ m/z . calculated 613.0841 ; found

613.0819

5-azidopentyl 4,6-O-benzylidene-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonyl-

amino)-f$-D-glucopyranose (7).

(0]
o) (0]
Q/VHO/&VO\/\/\/NS

NHTroc

it &4 54~ it £ S NaOMe () >* &k W MeOH ¥ & (7§ j# 5 Ji » 5 TLC

i BF & (MeOH:CHCL=1:9)> & lﬁ%ﬁéfﬁé * IR-120 FelbAra @ & F fts o

ey i 15 Bl iR F0 A 1 R jﬁliza‘ﬂvm IR 60 G- AT

TREFE o Rt &4 633 CHCN (20 m,L)r‘ B TUCSA #-% i e dk E 23 7 4

#R {¢ 4 » benzaldehyde dimethyl acetal (2- mL 13.8 mimol)’ % 40 °C * £ Jigo %5 TLC

PAEBS o g Akt 6 F },E?;?u_fg f“ » Eth(l.O -mL)v‘ L SRS Y L

¢ SE A4S Y (EA:Hexane =1: 1 )ufs ,E»’E' J5v 6 ¢ Bkt £4 7(3.90

g A F:91.3%) -

'H NMR (600 MHz, CDCl;) :

PC NMR (150 MHz, CDCl;) :

Bio TOF II M.S. :
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5-azidopentyl 4,6-O-benzylidene-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonyl-
amino)-3-O-levulinoyl-5-D-glucopyranose (8).

{\ ;7’ \-O
0 (0]
Lev()/k/o\/\/\/'\js

NHTroc

B~it &4 7 (2.28 g, 4.1 mmol);3 >+ CH,Cl, (10 mL)*® > 4c » EDCI (1.57 g, 8.2

mmol)# levulinic acid ( 0.72 mL, 6.2 mmol);? i® 341 > £ 4 » DMAP (1.00 g, 8.2
mmol) 4t # 2 FE T F 5 12 /] B o 4c » CHoCl, (90 mL)* -k(20mL)% IN &
HC aq)3& 7 573~ > B 48 K 55 MgSO4 "5 -k i > ek s ko iz > (S F L #
it (EA:Hexane=1:1) 8o ¢ FHit £ 8(2.34g> A F:87.8%) -
[ZRFE 1 d A frd 2 TLC B+ 3T - 2o 4% TLC % 2% F
R b A T L ﬁﬁlé’ﬁDMAP KB FRBR ]
"H NMR (600 MHz, CDCls) : 0 7.3347.47 (rﬂ, SH; aromatic), 5.56 (d, 1H, J=9.1 Hz;
carbamate-NH), 5.50 (s, 1H; benzylide'r.l,e.)"‘,_d_S_._3'_.9..(‘[, 1H, J=10.0 Hz; H-3), 4.76 (dd, 2H,
J=12.1, 32.7 Hz; carbamate-CH,), 4.51 ((i::lH, . = 8.28_ Hz; H-1),4.29 (dd, 1H, J=4.9,
10.44 Hz; H-6), 3.73-3.77 (m, 2H; ag'l;/con-CH.z, _?I—.6), 3.645-3.69 (m, 2H; H-2, H-4),
3.52 (dt, 1H, J = 5.0, 9.8 Hz; H-5), 3.38 (dt, 1H,J = 6.5, 9.36 Hz; aglycon-CH,), 3.26
(dt, 2H, J = 1.68, 6.96 Hz; aglycon-CHy), 2.72-2.74 (m, 2H; lev-CH,), 2.55-2.64 (m, 2H;
lev-CH,), 2.14 (s, 3H; CH3C=0), 1.54-1.61 (m, 4H; aglycon-CH;),1.36-1.46 (m, 2H;
aglycon-CH,) ; *C NMR (150 MHz, CDCL) : § 206.09, 172.84, 154.32, 128.95,
128.20, 126.04, 125.82, 123.89, 102.03, 101.14, 95.61, 78.76, 74.51, 71.46, 69.93,
68.50, 65.98, 56.80, 51.25, 37.87, 29.75, 29.01, 28.52, 27.92, 27.50

Bio TOF II M.S. : C56H33C13N400 ; [M+Na]"™ m/z: calculated 673.1205 ; found 673.1169
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5-azidopentyl 6-O-benzyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)-3-O-
levulinoyl-5-D-glucopyranose (9).
OBn

HO O o) N
\/\/\/
LGV&/ 3

NHTroc
Bt & 5 8(2.34 g, 3.6 mmol);3 > & -k CH,Cly (25 mL ) *® > 4c » Triethyl silane

(3.5mL,22.0 mmol)> "4 ;8 2 0°C T 4 » TFA anhydride ( 0.4 mL, 2.82 mmol)#§+~ 5

A gB TS o BB - TFA (1.08 mL, 14.1 mmol) » F Jg5g® 2 0°CE g 4% TF B 1]

BFiawd 208 F ) STLC HEBF B 4 8F =144 » CHyCly (75

mL )22 & fo i NaHCO3 o) 18 F Jls 0 RIS T 5 B o Bog 8K > 40 » MgSO,4 “ﬁ% Kk

fs 14 ’iﬁ/&‘{ﬁ@;#ér ¥ 58 B A 17(EA: Hexane = 1: 1+ 10% MeOH )4 it {7 3%

Pkt &4 9(208g° & F:886%)

"H NMR (600 MHz, CDCl3) -6 7.3047.39 (rﬁ, SH;aromatic), 5.15 (d, 1H, J = 8.3 Hz;
carbamate-NH), 5.12 (t, IH, J=10.5 Hz, H 3) 476 (dd 2H, J=12.0, 27.0 Hz; benzyl),

4.63 (dd, 2H, J = 12.1, 19.68 Hz; carbamate CHZ) 455 (d, 1H, J = 8.22 Hz; H-1),

3.90-3.93 (m, 1H; aglycon-CHy), -’3‘.78'~3.85 (m, 2H, H-6), 3.76 (dd, 1H, J= 2.3, 9.1 Hz;
H-4), 3.64 (dd, 1H, J=9.5, 19.0 Hz;. H-2), 3.58 (dt, 1H, J=4.5, 9.2 Hz; H-5), 3.54 (t,
2H, J = 6.7 Hz; aglycon-CH,), 3.48-3.51 (m,1H; aglycon-CH,), 3.30(b, 1H; OH),
1.59-1.65 (m, 4H; aglycon-CH,),1.47-1.54 (m, 2H; aglycon-CHy),; °*C NMR (150 MHz,
CDCl) @ 6207.59, 173.32, 154.22, 137.79, 128.48, 128.37, 127.84, 127.74, 101.14,
95.59, 75.42,74.49, 74.28, 73.73, 70.53, 69.96, 69.58, 55.88, 44.94, 38.43, 29.79, 28.78,
28.21,23.33,23.17

Bio TOF I M.S. : Co¢H35C13N4O9 ; [M+Na]”™ m/z: calculated 675.1362; found 675.1317
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5-azidopentyl 6-O-benzyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)-£-D-
glucopyranose (10).
OBn

HO O N
Ho/k/o\/\/\/ 3

NHTroc

Bt £ % 9 (1.95 g, 3.0 mmol) > ;3 ** pyridine ( SmL)*® > 4 » fie @+t pyridine
# e NoHy - HOAc (IM) (SmL) &ZE T F B3 B Mgk iz £
1% toluene £ A3 52(£4F 3 %) o 4t » EA w3 (5 > * /R IN e HCl (4q)i8 7 5
P Bg 8K 5 MgSOy % kis b *@ﬁéfﬁ’ﬁfi;}é] §00 5 ¥4k $7(EA: Hexane=2:1)
HiviEDe d HEICEF10(1.45g, A F:81.7%) -
"H NMR (600 MHz, CDCls) : ¢ 7.29-7.36 (m, 5H; aromatic), 5.40 (d, 1H, J= 7.1 Hz;
carbamate-NH), 4.76 (s, 2H, benzyl),4.63 (dd_,_ 2H,J = 12.1, 27.4 Hz; carbamate-CHy),
4.50 (d, 1H, J="7.9 Hz; H-1), 3.90(dtelH, J = 6.4,-9.5 Hz; aglycon-CH>), 3.76-3.82 (m,
4H; H-3, H-6, OH), 3.59 (t, IH, J = 9.1 Hz; HCA)| 3.4723.53 (m, 3H, aglycon-CH, H-5),
3.37 (dd, 1H, J = 7.3, 14.0 Hz;'2=H), 3P;8(t,3H, J__= 6.8 Hz; aglycon-CH,, OH),
1.57-1.62 (m, 4H; aglycon—CHg),1.4O-51i44 (m, ZH;:_aglycon—CHz) : PC NMR (150 MHz,
CDCl3): 6 154.99, 137.71, 128.53, 128.37, 127.'92,- 127.79, 100.60, 95.38, 74.70, 74.30,
74.06, 73.74, 72.59, 70.19, 69.49, 60.43, 58.12, 51.30, 29.71, 29.03, 28.55

Bio TOF II M.S. : C;1H9C3N4O7; [M+Na]+ m/z : calculated 577.0994 ; found 577.0951
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p-Tolyl 2-O-benzoyl-3,4,6-O-tribenzyl-5-D-galactopyranosyl-(1—4)-[3-O-
levulinoyl-6-O-benzyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)] -f-D-

glucopyranoside (35).

BnO _OBn OBn
Q o O sTol
BnO LevO
BzO NHTroc

B~ it £ 4 15 (647mg, | mmol )% £ 4 25 ( 858mg, 1.3 mmol)£# (i it i chs F
G530 CHClL (25 mL) % > 28 2 g f 7 #4E5 ] PR gk o %5 i8R
3 -45°C & » 4¢ » NIS (293mg, 1.3 mmol)#+£ 5 4 4 ¢4 4= » TFOH (0.5M in ether)
(260uL, 0.13 mmol) 7 J28ts <8 3-35°C » 5 TLC HiEHF &> F 5 1.5/ pF
ts 4v » &7 fr NaHCO3 (aq) 27 NaSy03 (ag) 2. ak F J& o 35 celite ¥4 + & mis » Pim
RERA® CH)Cly #27k e (7 585 3 F g R ETA o MgSO4 % K 16 1 % O 55

ic 0 Bt I F Ak 47 A HR(BA S Hexane-= 1'\2)@ it #3]d 4 FREL &4 35

1

(505mg > A& 3:42.7%) o

=] j-.i gs

'H NMR (600 MHz, CDCl) 2.6 _7.020;7.9'21" (ml 51 aromatic). 5.47 (dd, 1H, J = 7.9,
10.0 Hz; Hy-2), 5.20 (d, 1H, J=9.4 Hz; carbamaté:—NH), 5.04 (t, 1H, J = 9.5 Hz; H,-3),
4.97 (d, 1H, J = 11.4 Hz; benzyl), 4.79 (dd, 2H, J = 12.1, 73.8Hz; carbamate-CHy),
4.51-4.57 (m, 6H; H,-1, Hyp-1, benzyl), 4.46 (d, 1H, J = 12.5 Hz; benzyl), 4.33 (d, 1H, J
= 11.9 Hz; benzyl), 3.90 (t, 1H, J = 9.2 Hz; H,-4), 4.02 (d, 1H, J = 2.4 Hz, Hy-4),
3.66-3.74 (m, 2H; H,-2, Hy-6), 3.58-3.62 (m, 2H; H,-6), 3.50-3.56(m, 3H; Hy-3, Hy-5,
Hy-6), 3.35 (bd, 1H, J = 8.0 Hz; H,-5), 2.37-2.52 (m, 4H, lev-CH,x2), 2.29(s, 3H;
p-methyl), 2.00 (s, 3H; CH;C=0) ; >C NMR (150 MHz, CDCL;) : § 206.59, 172.55,
164.87, 154.14, 138.59, 138.21, 138.03, 137.77, 137.61, 133.06, 129.89, 129.81, 129.60,
129.02, 128.87, 128.57, 128.40, 128.37, 128.33, 128.28, 128.07, 128.04, 127.98, 127.76,
127.72, 127.69, 127.59, 100.51, 95.57, 87.30, 79.80, 78.76, 74.64, 74.61, 73.94, 73.91,

73.57,73.35,73.29,72.41,72.21, 71.51, 67.96, 67.93, 55.09, 37.80, 29.68, 27.95, 21.11
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Bio TOF II M.S. : CeHesCi3sNO14S ; [MJrNa]+ m/z : calculated 1208.2995 ; found

1208.2830

p-Tolyl 2-O-benzoyl-3,4,6-O-tribenzyl-$-D-galactopyranosyl-(1—4)- 6-O-benzyl-

2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)] -$-D-glucopyranoside (36).

BnO _OBn OBn

S ﬁ%&
(@] STol
Bno% HO

OBz NHTroc

B~it & % 35(355mg, 0.3mmol ) ;% ** pyridine ( ImL)*® > 4c » fie ®] % pyridine
¢ ANoHy - HOAC (IM) (1 mL) &2 8T F 53 [ PFis » ek iRt £
F1#* toluene % i* 4 52(E£ 48 3 %) o 4r » EA w3 {8 » * AR 22 IN e HCI (4938 i7 3
BB 5 R 5 MgSOy “ﬁ’r kfs 4 "@zk‘ﬁlﬁ#ﬂv §52%% 41 & 47( EA : Hexane=1:2)
BivE e 4 B &P 36 (320mg—A 5:98.3%) ¢
'H NMR (600 MHz, CDCL3) : *6 699—8(%(m, 25H), 5.67 (dd, 1H, J= 8.2, 10.0 Hz),
5.17 (d, 1H, J = 7.44 Hz; carbérr_;ate-ﬁH)j.%_ (d, 1H; J=11.7 Hz), 4.87 (d, 1H, J =
11.8 Hz), 4.62 (d, 2H, J = 11.8 Hz); 4.58 (d,_lH,-J; 8.0 Hz; Hy-1), 4.56 (d, 2H, J=11.7,
129.2 Hz; carbamate-CH2), 4.51 (d, 1H, J = 4.3 Hz), 4.49 (d, 1H, J = 3.7 Hz), 4.12 (d,
1H, J=11.9 Hz), 4.07 (d, 1H, J=11.9 Hz), 3.96 (d, 1H, J=2.6 Hz), 3.81 (t, 1H,J=9.2
Hz), 3.65-3.71 (m, 2H), 3.64 (d, 1H, J=9.2 Hz), 3.58 (t, 1H, J= 7.7 Hz), 3.51(t, 2H),
3.42-3.46 (b, 3H), 2.30 (s, 3H) ; °C NMR (150 MHz, CDCl3) : & 165.06, 154.08,
138.48, 138.00, 137.91, 137.37, 137.32, 133.39, 130.02, 129.73, 129.61, 129.07, 128.55,
128.46, 128.39, 128.22, 128.05, 127.93, 127.89, 127.80, 127.41, 127.38, 102.01, 95.62,
86.53, 81.68, 79.64, 77.76, 74.61, 74.56, 74.02, 73.74, 72.84, 72.03, 71.96, 71.63, 68.48,
68.44, 56.35,21.14
Bio TOF II M.S. : Cs;HssCisNOj»S ; [M+Na]”™ m/z : calculated 1110.2665 ; found

1110.3108
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5-Azidopentyl (4,6-O-benzylidene-2,3-di-O-levulinoyl-5-D-galactopyranosyl)-
(1—4)-[(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-(1—3)]-6-O-benzyl-2-deoxy-2-(2,2,2

-tri-chloroethoxycarbonylamino) -$-D-glucopyranose (39).

(@)
O OBn

0 o)
LevO OO O~ N3

OLev NHTroc
Q/ oBn
OBn

BnO
Peit £ 4 29 (239mg, 0.42 mmol) 2 i+ & F 10 ( 166mg, 0.3mmol )£ 5 7% i s

=+ éﬁv’ /E ; N CH2C12 ( 3mL )“:l

>

5_%?& _?Z" T3 EISTE R 345 °C o 4
»~ NIS ( 95mg, 0.42 mmol)#4= 5 %48 ¢ 1 %, THOH (0.5M in ether) ( 84pL, 0.042
mmol){s =8 3 -40 °C & Jix o 5 TLC| ; 0 &;,}\)?}f% CETC L 10 F B2 i5EE D50
°C {8 e » i* £ $+ 34 (195mg, 0.36:mmol )*t’ NIS (80mg, 0.36 mmol) > &+ 3 ~ 45
#= > TfOH (0.5M in ether) (70|,LI;,'0.0=35 mmol)ig- ﬁ B e 5 TLC P EBF B> % 1
£ A 34 FRE T RS e~ e e NaHC03 g Nag$0; ) ® 1 F Jls o /& celite 34 +
Filigts > PogiRitA t CHyCly #-RiE (7 5B 0 Bog K 304 4e » MgSO, “f Kk
ts 14 ’iﬁ/&‘{ﬁ@;#ér §oo B fs 1" F ALK 17 & 17(EA : Hexane=1.5:1 )% it @ 3|
Wkt &4 35(200mg 0 A K 47.0%) o
'H NMR (600 MHz, CDCl;) : § 7.15-7.58 (m, 25H), 5.56 (s, 1H; benzylidene),
5.30-5.35 (m, 2H; Hy-2, H,-3), 5.05 (d, 1H; J = 2.88 Hz, Hc-1 ), 4.99 (d, 1H; J = 7.86
Hz, H,-1), 4.66-4.71 (m, 3H), 4.77-4.84 (m, 4H), 4.64 (d, 1H; J=8.22 Hz Hy-1), 4.53 (d,
1H, J = 12.1 Hz), 4.46 (d, 1H, J = 12.0 Hz), 4.32 (d, 1H, J = 11.6 Hz), 4.17-4.22 (m,
3H), 3.99-4.04 (dt, 2H, J = 8.6, 18.1 Hz), 3.95-3.95 (m, 3H), 3.89-3.93 (dt, 1H, J = 6.4,
9.5 Hz; aglycon-CH,), 3.82 (d, 1H, J=10.0 Hz), 3.51(d, 2H, J = 11.2 Hz), 3.43-3.48 (m,
2H), 3.27 (t, 2H, J = 7.0 Hz; aglycon-CH,), 3.22 (s, 1H), 3.11 (d, 1H, J = 7.4 Hz; H,-2),
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2.98 (s, 1H), 2.80-2.90 (m, 1H; lev-CH,), 2.71-2.79 (m, 4H; lev-CH,), 2.63-2.69 (m, 2H;
lev-CH,), 2.43-2.48 (m, 1H; lev-CH,), 2.24 (s, 3H; CH3C=0), 2.19 (s, 3H; CH3C=0),
1.57-1.47 (m, 4H; aglycon-CH), 1.35-1.47 (m, 2H; aglycon-CH), 1.14 (d, 3H, J=6.5
Hz; H.-6); °C NMR (150 MHz, CDCL) : § 206.48, 206.33, 172.27, 171.03, 153.43,
139.55, 139.41, 138.66, 138.09, 134.67, 128.92, 128.54, 128.48, 128.36, 128.23, 128.17,
129.94, 127.89, 127.57, 99.69, 99.38, 98.10, 95.42, 79.27, 78.88, 75.94, 74.91, 74.42,
74.24, 74.14, 73.59, 73.45, 73.41, 71.91, 71.43, 69.62, 69.05, 68.75, 67.96, 66.33, 66.21,
59.85, 51.30, 37.81, 37.70, 29.91, 29.81, 29.80, 29.00, 28.60, 28.03,27.65, 23.18

Bio TOF II M.S. : C7;Hg3Ci3N4Oy ; [MJrNa]+ m/z : calculated 1441.4554 ; found

1441.4348

5-Azidopentyl (4,6-O-benzylidene—ﬂﬁghlactopyranosyl)-(1 —4)-[(2,3,4-tri-O-
benzyl-a-L-fucopyranosyl)-(1 —»Z})]-6:-O-bé:ilzyl_-Z-deoxy-Z-(Z,2,2-tri-chlor0ethoxycar

bonylamino) -/-D-glucopyranose (40).

0 OBn
O /%/
HO&/O O N
\/\/\/
5 0 3

OH

NHTroc
Q OBn
OBn

BnO
B~it & 4 40 ( 150mg, 0.13 mmol)> ;3 ** pyridine ( ImL)® > 4r » fie ®] *¢ pyridine
# 7 NoHy - HOAc (IM) (0.5mL) 38T & Jig 3 ] Fis » vk kS5 ik 40 18
£ J1* toluene % i* 4 §o(£4F 3 ) o 4t » EA w35 » * K7 IN 7 HCl o )i 17
FEo g ¥k 55 MgSO, “f Rt gk R4 500 S5 F 1% #7( EA : Hexane =2
1) @36 ¢ BEREi &5 40 (140mg, & 5:88.6%) °
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'H NMR (600 MHz, CDCl3) : 6  7.18-7.54 (m, 25H), 5.61 (s, 1H), 5.46 (b, 1H), 5.09
(d, 1H, J = 2.9 Hz), 4.94 (d, 1H, J = 6.8 Hz), 4.85 (d, 1H, J = 11.2 Hz), 4.70-4.79 (m,
6H), 4.60 (d, 1H, J = 5.8 Hz), 4.47 (t, 2H, J = 12.1 Hz), 4.40 (d, 1H, J = 11.2 Hz), 4.30
(d, 1H, J = 12.1 Hz), 4.21 (t, 1H, J = 9.3 Hz), 4.09 (d, 1H, J = 3.8 Hz), 3.93-4.07 (m,
6H), 3.85-3.88 (m, 1H), 3.83 (dd, 1H, J = 1.9 Hz), 3.72 (d, 1H, J = 11.1 Hz), 3.66 (dt,
1H, J = 1.4, 8.0 Hz), 3.52 (d, 1H, J = 9.3 Hz), 3.43-3.49 (m, 2H), 3.35 (s, 1H), 3.27 (4,
2H, J= 7.0 Hz; aglycon-CH,), 3.12 (dd, 1H, J = 8.3 Hz), 3.03 (s, 1H), 2.80 (s, 1H), 2.52
(d, 1H, J= 8.4 Hz), 1.57-1.63 (m, 4H, aglycon-CH,), 1.35-1.46 (m, 2H; aglycon-CH,),
1.03 (d, 3H, J = 6.4 Hz); °C NMR (150 MHz, CDCL;) : § 153.52, 139.29, 139.18,
138.47, 138.20, 137.60, 129.04, 128.50, 128.43, 128.38, 128.30, 128.24, 127.99, 127.69,
127,59, 127.36, 127.29, 127.094125.76.-101:19, 10012, 99.63, 98.14, 95.46, 76.04,
75.21, 74.96, 74.81, 74.57, 74.39{ 74.29:73.17:72.805 7198, 71.61, 69.68, 69.31, 68.35,
66.58, 66.35, 59.62, 51.30, 29.00, 28.5_9; 2_5;:“[8 16.48

Bio TOF Il M.S. ¢ CoibCiNuOks §| [VEFNal| iz, calculated 1245.3813 : found

1445.3735
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5-Azidopentyl (2-O-benzoyl-3,4,6-O-tribenzyl-f-D-galactopyranosyl)-(1—4)-
[(2,3,4-tri-O-benzyl-o-L-fucopyranosyl)-(1—3)]-[6-O-benzyl-2-deoxy-2-(2,2,2-tri-
chloroethoxycarbonylamino) -$-D-glucopyranosyl]-(1—3)-(4,6-O-benzylidene-/-D-
galactopyranosyl)- (1—4)- [(2,3,4-tri-O-benzyl-o-L-fucopyranosyl)-(1—3)]-6-O-

benzyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino) -/-D-glucopyranoside

41).
Ph
BnO _-OBn OBn %O OB
o) n
B“O%Oﬂog& ooéowo
ﬁoian NHTroc ?O;Qi NHTro:/;
OBn OBn
BnO BnoOBn N;

B~it & $ 34 (47.5 mg, 0.088 mmol)% i* &3 36.(78.5mg, 0.08 mmol)¥& & + &

TR 5 S 5 R 3 -45°C o 4~ NIS

i &35 CHClL (1mL)® + &g & n—fa;;_;g_
(20mg, 0.088 mmol)#4= 5 448 &+ » TIOH!(0.5Miifl ether) (18 pL, 0.009 mmol)it
7 F o 25 TLC ¥ i BiF /b o éa@# SF e E2 58 1 35°C i 0 b n b 4 B
40 ( 72mg, 0.064 mmol )2 NIS ( 15.6mg, O..07 mmol)> # 43 4 45 (¢ 4= » TfOH (0.5M
in ether) (14pL, 0.007 mmol):& 7 ¥ J& o F & 1 /] FF S 4r » &7 fv NaHCOj; (5q) &
NayS$y0;5 (aq)® 2k & Js ° 5 celite #-4 3 iR (s » Boipieits * CHClL, &-kigis
FBo Bog A 304 4 » MgSO, “,f kiR R A 0 BT BT
1#7(EA:Hexane=1:2 )% it ¥ 5o ¢ FH it &4 41 (683mg > & F:41.1%) -

"H NMR (600 MHz, CDCl3): 6 7.10-7.91 (m, 65H), 5.58 (b, 1H, carbamate-NH), 5.51
(dd, 1H, J= 8.3, 9.8 Hz, H4-2), 5.39 (s, 1H, benzylidene), 5.30 (b, 1H, carbamate-NH),
5.06-5.10 (b, 2H, fuc H-1 J = 2.8 Hz, gluNHTroc-1), 5.02 (d, 1H, J = 3.4 Hz, fuc H-1),
491 (d, 2H, J = 10.8 Hz , gluNHTroc-1), 4.70-4.77 (m, 5H), 4.62-4.69 (m, 8H),
4.57-4.60 (m, 4H, He-1, J = 6.8 Hz), 4.54 (d, 2H, J = 11.04 Hz), 4.61-4.51 (m, 3H),

4.36-4.40 (m, 4H, Hy-1), 4.26 (d, 1H, J = 11.3 Hz), 4.14-4.21 (m, 3H), 3.99-4.05 (m,
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4H), 3.95 (dd, 2H, J=5.9, 9.4 Hz), 3.85-3.91 (m, 5H), 3.63-3.82 (m, 8H), 3.53 (d, 1H,
J=11.3 Hz), 3.49 (dd, 1H, J=2.7, 10.0 Hz), 3.38-3.44 (m, 4H), 3.29 (d, J = 1.26 Hz),
3.19-3.23 (m, 6H), 3.07-3.13 (b, 1H), 1.53-1.57 (m, 4H), 1.33-1.38 (m, 2H), 1.23 (d, 3H,
J=6.4Hz),0.91 (d, 3H, J= 6.4 Hz); >C NMR (150 MHz, CDCL;) : § 164.92, 154.14,
153.61, 139.74, 139.65, 139.42, 139.13, 138.85, 138.73, 138.24, 138.07, 137.92, 137.82,
133.35, 130.05, 129.96, 129.12, 128.99, 128.90, 128.78, 128.71, 128.66, 128.62, 128.58,
128.55, 128.44, 128.37, 128.29, 128.19, 128.10, 128.02, 101.78, 100.81, 100.15, 99.97,
99.80, 98.31, 95.67, 95.35, 81.03, 80.32, 80.27, 79.50, 78.88, 78.64, 76.49, 76.25, 75.92,
75.75, 75.26, 75.06, 74.93, 74.64, 74.30, 74.14, 73.81, 73.70, 73.48, 73.33, 73.19, 73.11,
72.33,72.20, 71.93, 71.67, 69.79, 69.70, 69.46, 68.45, 68.35, 68.00, 67.06, 66.61, 66.40,

60.08, 59.55, 51.51, 29.21, 28.79,23.38, 16.56,16.47/

-y

5-Azidopentyl 2,3,4-tri-O-benzyl-o-L-fucopyranosyl-(1—2)-(3,4,6-O-tribenzyl
-p-D-galactopyranosyl)-(1—4)-[(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-(1—3)]-[6-O
-benzyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)-$-D-glucopyranosyl]-(1—
3)-(4,6-O-benzylidene-£-D-galactopyranosyl)-(1—4)-[(2,3,4-tri-O-benzyl-o-L-fucopy
ranosyl)-(1—3)]-6-O-benzyl-2-deoxy-2-(2,2,2-tri-chloroethoxycarbonylamino)

-/;’-D-glucopyranoside 42).

&6;%
/éS/ étk’ /éli/
BnO OB” NHTroc NHTroc
WOBn

N3
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B~it & % 34 (77 mg, 0.142 mmol)% i & +» 38 ( 63.7mg, 0.065 mmol)¥& & + &
REZWCHLCL(ImL)® » &g § EFE T HIES P PFEEEEI-45°C 4 » NIS
(32 mg, 0.142 mmol)# 4= 5 4 45 {5 #= » TfOH (0.5M in ether) (28 pL, 0.014 mmol):&
AR RS TLC PEBE K & L4534 F RREDLEI35°CHE der it &4
40 (47.5 mg, 0.039 mmol )2 NIS ( 9mg, 0.04 mmol)’ $§+= 3 & 45 {s 4= » TfOH (0.5M
in ether) (8 pL, 0.004 mmol):& 7 F J& o & & 1 -] FF (s 4v » &7 fv NaHCOj; (5q) &
NayS$h05 (aq) ¥ 3k & Js ° 5 celite #-4 3 B R (s » Boipieits * CHClL, & -kigis
FBo Bog A 304 4~ MgSO, “,f R te *@i}%ﬁ"ﬁf%&‘ér §o o BRI BT A
#7(EA:Hexane=1:2 )% it 3]v ¢ FHi* &3 42 (41lmg > A F:36.2%) -

'H NMR (600 MHz, CDCl3) : 6 7.01-7.34.(m, 75H), 5.73 (b, 1H), 5.66 (d, 1H, J=3.8
Hz), 5.41 (s, 1H), 5.3 (d, 2H, J = 8.1 Hz), 5.04.'(d, _IH, J=3.2Hz),5.00 (d, IH,J=3.8
Hz), 4.92 (b, 1H), 4.90 (d, 1HsJ = 11.-3 Hz) 442-4 83 (m, 28H), 4.31-4.40 (m, 5H),

4.16-4.29 (m, 5H), 3.98-4.12 (rn, 7H) 389“396(m 5H) 3.73-3.88 (m, 8H), 3.62-3.72
(m, 5H), 3.52-3.58 (m, 4H), 347(d lH J& 89Hz) 340344(m 1H), 3.34-3.38 (m,

3H), 3.20-3.24 (m, 2H), 1.52-1.57 (m, 4H), 1.20-1.30 (m, 5H), 1.10 (d, 3H, J= 8.5 Hz),
0.96 (d, 3H, J = 6.4 Hz); °C NMR (150 MHz, CDCl;) : § 154.15, 153.61, 139.74,
139.65, 139.40, 138.92, 138.88, 138.85, 138.72, 138.59, 138.35, 138.20, 137.87, 136.64,
134.68, 133.71, 133.26, 130.34, 129.97, 129.51, 128.22, 128.98, 128.76, 128.65, 128.63,
128.56, 128.50, 128.45, 128.38, 128.34, 128.25, 128.22, 128.17, 128.10, 127.91, 127.85,
127.79, 127.76, 127.70, 100.73, 100.92, 100.63, 100.50, 100.02, 99.75, 99.30, 99.06,
98.67, 98.38, 98.14, 95.68, 95.36, 81.21, 80.50, 79.94, 79.74, 79.51, 78.89, 78.40, 78.14,
77.44,77.23,77.02, 76.27, 76.06, 76.01, 75.97, 75.84, 75.64, 75.45, 75.12, 75.01, 74.99,
74.94, 74.75, 74.64, 74.49, 74.34, 73.91, 73.73, 73.68, 73.42, 73.32, 73.23, 73.12,
72.90, 72.74, 72.72, 72.20, 72.09, 71.68, 71.34, 69.77, 69.49, 68.87, 68.22, 68.12, 67.15,

67.05, 66.69, 66.42, 60.12, 59.95, 51.51, 29.24, 28.79, 23.40, 16.70, 16.51, 16.41
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