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Abstract

The first part of thesis reports the first effective orthogonal
B-mannosylation method by adopting an optimized inverse-addition
procedure. This new glycosylation procedure enables the development of
sequential strategy for synthesis of trisaccharide core of N-linked
glycoproteins, Man-$(1,4)-GIcNAc-B(1,4)-GIcNAc and trisaccharide unit
of bacterial capsule in Salmonella bacteria, Man-B(1,4)-Rha-o(1,3)-Gal.

The second part of thesis describes a practical and -efficient
o-selective aromatic glycosylation. The method employs easily available
per-O-acetyl glycopyranosyl imidate donors and tedious protecting group
manipulations are not required. It is particularly effective for
L-fucopyranosyl and 2-azido-2-deoxy-D-galatosamine donors,
glycosylations with which produce exclusive o-selectivity. Practical
utilities of this method were demonstrated in: (1) stereoselective synthesis
of biological relevant 4-methylumbelliferyl o-T-antigen; (2) efficient
synthesis of small libraries of aryl a-L-fucopyranosides and their
subsequent use for elucidation of reaction mechanisms of human

L-fucosidase.
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1) NIS/TfOH 2) NIS/TfOH
BnO _OBn Bno ~OBn

g& o Ho\é&o—gg
BnO o Q
OH %&@/STOI LevO AcO OR
NHTroc NHTroc
(RRV = 1.2 x 10%) (RRV = 0)

STol
PQZBBn
OBn

BnO

couple of hours, 44%

BnOOBn

O

OBn

o OAc BnO_-OBn
0O (@) (0] o (0]
OBn NHTroc LevO AcO OR
BnO 07 on NHTroc
n
OBnN

BnO R = (CH5)sCO,Me

mARE s R A- 2 F BERERERTMF RS S

PRI A LA R R b A B

A #pERE 2-OH -~ 3-OH ~ 4-OH ~ 6-OH =% » B 4F = 7 o 2k
BRI IR ] RS P S SR A R

isvd NREF-HCF R EFPENETEBHEIRAY  UF B3
FURAAF BPEEA 3 F LB AY S PBAY > T h kS
BB SR AP TR LT APRRE iR TR o
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Tl PR e 42 5E 4 2 (regioselectivity) o

B. Orthogonal glycosylation strategy

—_ 0O activator 1oy S activator
(1OR)D%/3\ . Ho*\//\ selective for -F n( OR)"T—— —_ 0 selective for -SPh
n —
SPh — - E——
(RO?), RO SPh 1 o=——0
n \,\/\F
(RO
1 D/O -0 1 —O0
n(OR) %* -0 HO< n( OR)ix/Q\O -0
v =
0 (RO% u\
o="—" n 0
RO, - 20
"o %F ROGTNN g
n

(RO%HO
\ 4
(RO

MART v - ST L BPEMETCF L AR B

1994 # Takahashi Z# 7 By » #4101 - 4Hi = HIE > E D
# 17 Phytoalexin elicitor eh-~ & pER 2 4 (nde= ) - MHF» 1 prgy
6-OH - & ® & RAEE Ifl e EF g R % 2 b Sfie
MeOTF i i FEM » i a fr I B A i oM f & (P2 2 F i ~ 38

R A ABPEHEAREF RFE A R M R SRE o b
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omBz 1. AgOTf
MBzO (o} 2 MeOTf
MZB20§S q 4. HICp2CI/AGOTS  ouTST
MBzO '
Br Bn o&o /\ HO
(1.16 equiv) HO— SEt MBzO BnO
3 MeOTf zO MBzO o A/SPh OH
BnO (1.10 equiv) (1.10 equiv) BZO ACO——\ -0
BnO— o (1.00 equiv) AcO
6.DMTST OAC
BnO OMe
PiVO BBCn)O o (1.25 equiv)
: n
(1.80 equiv) Bn&/sph
PivO
(6.00 equiv)
24%
OMBz
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MBzO
BnO
BnO
OoP MBZO
MBzO
MBzO &
BnO
Bgoo O A/O
n
PivO BZO
AcO—=_-O
AcO
OAcC OMe
Takahashi's one-pot synthesis of phytoalexin
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strategy) ° 4t 2 ¥ 00w BE ¢ B £ 2 )gJe > Danishefsky’s glycal
methodology - ™Gin’s dehydrative glycosylation ~ [MYamago

selenoglycosylation with bromine ~ Crich’s thioglycosylation

—
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C.lterative glycosylation strategy
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o 1) Pre-activate 2) RO? nSPh ~—~0 ot
n(loR)%/\ n(lOR)*N\/j(@ (RO%) 2(*OR) ——\ — 5 1) Pre-activate
SPh oj\&\
ROYT HOT2
2) (RO )nSP
(6]
(ORI (ORI
s /\\ N/O 1) Pre-activate »\/\\
(RO ) y\/\SPh ° (RO )n y\/\ — o
(RO%), oR@ (RO}HO A
2 (RO%, (RO,

AR - RICZ BT RESREC

Fl* pARE S MR AR LA F A REENY TR
o LR ELHRHTEFE S HEIHME G S
4 4p e anomeric 32 A B - v £ REFIALB DL SH I

—hiiERET > B P A2 RN PR S pE .

2001 & Huang et al.® % # < g% » 2 i & ) £ (stoichiometric

amount)$=+#] AgOTf ~ p-ToISCI k4% & ¥ 3= p-toluenesulfenyl
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triflate » } — $ B FH 1 B4 0 BT IR LS disarmed pES R is 0 £
‘v armed BEX M TR A E RS H IS A BT RN S EH

AR AP (i) o B

Ia TolSClI @

TolSCI (0.9 equiv) (0.9 equiv) (1.1equiv) BzO__0OBz
l 0 OBn
BzO 9]
A y O
—I | 5min‘15 min |15 min | 5min| 5min |15 min‘ BZO Bno PhthN ¢
(1.0 equiv)
BnO o
-60°C RT -60°C RT BnO
54% BnO
OPentyl
A BzO OBz OH
(0]
BnO
STol &/51—0' Bn(&lﬁ
PhthN

OPentyl

AR~ KR C- i 2 FEREERFCF EE S

fPBEmETtF e r K 2@ BPRBEL T ZTELR

armed-disarmed H pE§8 K41 > F1F BE MR K0 1A 4 s A%t

v

-k

N LR L CLERE Y ¥ P IR

Mo E R REARE S P2 AN T £

N

¢

H@w i g b TR AT F B n e 3R EPET

CE AT EB B F R B B 8 S LPERE

aglycon transfer &l & J& gt 4 o

14



BRI Y S R o AR AR - SR LA

T T T L SISy ST IS N P

ot

EHME AL CF O RRBET G BE S F Gy T ERE G A
B GFERPEMPET A R A F R R FE S P e

%M"%}E%m%ﬁ;z —-r °

1.5 B%%—%}'i’é B2 ERAESRT AL

1988 # David Crich # 3 B35 1 - B-F G PR F Ik & =
o M AR LOH 46 3 AR 1 4t Pl Ak F AR g A
Bhivggd ot 4L 0 0 TF,O - DTBMP ~ BSP & AgOTf ~ DTBMP %
A PR AR E T ARAG I H RS W A AW A
4 a-glycosyl triflate ® 4815 > R FFf b4 »FEX R R & T EFF
FRP(SNOFETF e~ en EF RS ERM L HEMBEN
(Az= ) o B3 R B-2 M FI M et #-H ZpEt 4-OH & 6-OH
2 benzylidene acetal H& F s AF LA - @ HF EPEH 2k
(conformation)>t * & iE 2.7 ¥ = >+ CCIP (close contact ion pairs) ®
FA AR METREEFTH ot - KL F P8 BEM MY

win (£ - ) o 18

— N\

15



-~ Crich B-H@mpTF ke~

Ph—Y0 0\ §Me
o) Tf,0, DTBMP or

MeO Wﬁ, DTBMP

,STol
o)
P8 O%E agorr, oTEMP Ph™YC e
MeO I MeO — p-mannoside
Br oTf formation
Ph—Y0 0\ FMe
0
MeO
STol PhSOTf, DTBMP
Entry Glycosyl donor Glycosyl acceptor  Yield(%) o/p ratio
OMe
1 ph/%o Ogn "o O% 95 >1/25
Bn&‘ﬁ %
STol ><°
2 o 95 >1/25
Ph—0\ O8N 7<o o
O\ \‘ \
BnO \(O
STol O¥
Ph—x-0\ 9Bn Ph—-0\ OH
3 020 o2 [0 07 1/18
BnO BnO
STol OMe
4 Ph—X-0 OBn OBnC\) 85 1/51
0 0 5
BnO
STol OH N3

5 Ph/%(@ogmﬂs o @Qﬁ 80 1/10
BnO o
SEt KO

PB-HRBERET A RS SR YR RE RS AE A

v ¢ A2 S 2T F 3 F 4~ (electrophilic side products) ~
e 1-OH A Frit 3pd Fao AZ HEXW > X ERHAl¢ 22 A0
v #& 45 % & & 4 (aglycon transfer side product) -

5E{4% 2000 # Richard R. Schmidt 7§ BIf; 7t * Crich ¢

16



4,6-O-benzylidene acetal s14 & = i > #-34 7 ¥ pE4g#- 1-OH =% # %
= 1-O-trichloroacetimidate &2 £ > 2 i it & ehpt % 1 & (Lewis acid)
TMSOTS £ & g pe < R A2 MU T 38 {7 35 4o = (inverse addition) g% &

FRES en BEEB-HABERNIEAS (o) W

|k

¥ ;& it trichloroacetimidate 32 78 ~ & B*73 R ® -~ F 97 g @ *

EHBA S > REPETEF bR R g

= ~SChmidtB-H BRERET F k& =

HOR (2 equiv)
DTBMP (2 equiv)
Tf,0 (1 i HOR OB
Ph/%%oi] _7;0(0Cequw) Ph/%%%ﬁ“ TMSOTF (cat) Ph/vc”)M
AllO _— ¢ 3 | ~E— A
S(O)Et 5 OR O(NH)CCly
Entry  Glycosyl Donor Glycosyl acceptor  Yield (%) o/ ratio
1 P10\ 08" R'=71 1/36
AllO OBn
RM? Eﬁ&@poms R2=18 1/2.7
R =0(C=NH)CCl, NDMM
R?= (S=O)Et
2 o R'=59 B only
Ph/%%og” 7<o g
Alo—=—= Qo R*=59 B only
Rl
0\
Ph—1-0\ O8N HO' N\ o 1_
3 Aﬁ& Ao R'=72 B only
I‘?l'z ACOL 10
4 o R'=88 1/2.1
ph—-0—\ OBn OH
Allo——=) \ R°=36 1/36
RY2 Lo
Ph—v-0\ O8N NHZ 1
HO, = =
5 Pl R'=71 1/8

| 7ACOZMe
Rl, 2

17



cat TMSOTf

Ph G2 A 7 emmmmmnennas activation of imidate donor
AllO y )
OR'\
R'= C(=NH)CCl3 O !
inverse addition ClgC)J\NHTMS :
of donor !
/V =
ot + N E {
AIIO ol p- anomenc '
oxocarbenium ion mixture
R-OH Hea--mmmmme- >
Ph™ o2 \ ,
sSSP =—= A" 208” B-anomer

ccip OTF

R4~ Schmidt i34 S pEF & & F Z@%}‘&ﬁ_

Schmidt = 2 chig F H 4 S PFEF F B HECrEL )p
1-O-trichloroacetimidate  #& p¥ = #A4L e i- £ 2 g % L gt TMSOTS
(cat)it {7 7% f* {¢ @ A) = oxocarbenium ion H# ZpEe B4 > &m &
triflate anion £ 25 = closed contact ion-pair(CCIP) ~ solvent separated
ion-pair (SSIP) » 71t A2 2 HEpE? FHMLEBIMEFHETF

Bé& = F BT E 2 o F 5 (acidic proton) Al € #71

(Fi‘

)“/':E'

—

L

Th

CEET R PERT R BEERY o i R S s SR
1-O-trichloroacetimidate 4 @ p% = 48+ 1 |7 1k i % = oxocarbenium ion

f,;f‘f%g%ﬂ BE RN 1&_? T IR RS LRSI SRS A

18



&_%q 2_ triflate anion i# ¥ oxocarbenium ion ﬁ’f%ﬁ%v‘ [ 1 RPN
CCIP # RFgf% SSIP ¥ P48 > &7 B 4| Go/p anomer ;& & il 4
= > #% % B-anomer EpERE EF o

2000 +# Yukishige Ito 77 3 BIFR B % 7 — B-H & préais & =02 > &
+ N pEAe A& @R & = (intramolecular aglycon delivery) i #-3f % p 48
2-OH 2 &7 = PMB-pt #f acetal e sc 28> £ 12 DDQ & {73 i* & Ji -

S M4 B 2-O-F it AW > £ gt b L MeOTf 22 DTBMP

5y

|

BI A N EL P RERABLES N A REP-H R PR

%

EAp(nmt) @ o my BpiTEL RERF LR

=

|

2-O-acetal 2. F it 2L > " TR M S L Rk P oo

OMe OBn
0 OMe
HO/§§;§;/OMP

Azt S Ito B-FBIEMTF B L S

2008 & Peter H. Seeberger #= 3 B Ff 7~ 3 % 7 12 1-O-carboxy
benzyl 44 s ¢ THO ~ DTBMP * B T it 7 A PEPER F b > &

EEP-TRMMSLE AP -

19



P& R E A1 THO % i 1-O-carboxy benzyl 1& > fE < #8453
3t 1-O-carboxy benzyl F it £ F > FFEEL W B-w 274 F N E
ﬁé._u.%« ﬁ;p,Lng\, 473;7]4«;”\ F\ﬁ%ﬁi'\'g%L» NE(£=)o

[21]

S RAMTE AL S

Ph/VO% C"g” Nucleophile
BnO— Tf,0 (1 equiv) ph/vo&ogi
DTBMP (2 equiv) BﬁO Nu
-60°C~rt
Donor CO,H
Entry Nucleophile Yield(%) o/ ratio
OH
Ph—X-0 o)
1 oo 81 B only
OAll
AcO
2 (820 85 1/10
BnO0Mme
HO
(0]
3 '_Ago&\\LO(CHZ)g,CH:CHZ 82 1/4.5
NHZ

Kwan Soo Kim # 3 B[} 2006 & 74 % 7 — B-H % prads & =
2 (mArLt - ) A& F# 1-OH 34 & 4-pentenoate 2 & » 14
PhSeOTT % 7 1% 5pd» #-4 & pE4Y 1-O-pentenoate 75 it > & #-pk < 48
FEE M4 ~ F s? @ pE e 1-0-OTf pE= #° AP F@T 4
$F o ien EEP-HAMREIZEAS (L) P

20



Fw o Kim B BT F AL S

OBn
Ph—X-0
o 0
BnO

PhSeOTf, TTBP

OBn
2 ~.  Ph—X\O
OM +ROH "78%10 0°C Boo@&m
n
o)
Entry Glycosyl acceptor Yield(%) o/P
OH
1 Phﬁ%& 90 1/17
BnO
OMe
B0
2 %ﬁOA/%VOTBDMS 87 B only
3
BnO" "\
3 o N— 85 onl
Bn%y\ﬂ B y
e
HO
o
4 BnO_ — 89 B only
BnOOMe
vYO OH
5 ;E 82 B only
HO OBn
o
6 BIO" 89 B only
OMe
BzO OBz
o
7 Fé?o@ﬁ 87 B only
OMe
HO OBz
o
8 BZB?O@ﬁ 90 B only
OMe
OBn OBn
Ph/%o g Ph/%o&gj
BnO PhSeOTf BnO \ +
-
OM TTBP OWQSeph
o OU oTf
\V\\>ASePh
o0 B e oS o 0w
- 0~ O
i =
oTf oTf

At -~ Kim B-H AR 6 S F AisiE

21



FIR BREEH

2.1 - BT F &L+ N-linked v = BER 2 #73

2.1.1 Sulfoxide -~ thioglycoside pEt8 33 A&7 - it = &

WL SF 2@

TR EPE R Py 0T PP B S MR " -

él%TL " g é\;

AAARESRE(RE) -~ 20 B ke T FPEL - B P

BES R 4R

i

FIIR> 5 PaB H B PEARR > TR Y ik it 5 Crich

PEREF &Y 5 p &1 v B &2y

B ok BT

2> U84 pp = 0 TTBPPE » sz 2 # =+ 4 (deprotonation base)

B THO MA RN EET M Rhe r R FET R o 4 2

BBt PR B GEM A S o

5T
o)
LJo
O
go N
Io
0
T
o)
T
05
>
(@]
I
Z

o o
@ NHAC  Sop |
OH on
OH AcHN
HO Q o HO
HO 0 o} ~
HO
NHAC

We D PR B
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HABALSUEN > F LMEI L A L2 A
BEBERMAN (R T ) AI" §F P FpET B LREF B2 P F PG
—78°C ™ 4 u|4 » DTBMP & TTBP & DPSO it {7 /& i @ & 2 -OTf 4
Bpry B £ PR M2 BT PAA S B 6] PRI R 5t 33
P Ao FBRHARTE RSN F AT RS BT ER
WILREHRE2F A 4-d 2T FHREEY T § 4or
TTBP £ DPSO % (5> ¢ 3 +cB-H & Bt 3 ch M # 1r 3
RO HESF R 40

AR RS AL AR RBPETE SR BF(L2) 0 o

L

DPSO ~ DBZSO ~ DNDPSO ~ TMU % % #ri- 4= Z &) » Hﬁ LR B
AP RT IO RS ERLT EREP M EHM I £
AR ERE fde » DPSO § £t ZH|pFP-= M o T
B inF RIEE o
d (BZ ~ =) Sulfoxide &2 DPSO { & F i* F sy - wp 7

BMuP-HEBEEEASF DL L L FRT -~ woPFALIEF aglycon
transfer % F 4 > REY FHRAC A HRREEES X W
arm-disarm 7 = & K 4 0 F 4117 2k & 7 aglycon transfer & F &4 (R

_:)o

23



23 PEBHAMUBEF ke +ET

OBn
—— OBn . 1.0 equiv
Ph %%& Tf,O(1.2 equiv), DTBMP or TTBP, FAOO Q STol a
C
PMBO | DPSO, DCM (50mM), 4A MS TrocHN 2
~ STol _78°C, 10min
1.2 equiv O DCM (0.25 M), -78°C~-40°C
1 1-6h
S TSR < )
PMBO O QO +  PMBO
AcO STol STol
TrocHN
3 4

DTBMP = 2,6-di-tert-butyl-4-methylpyridine
TTBP = 2,6-di-tert-butylpyridine
DPSO = diphenyl sulfoxide

DTBMP (equiv) TTBP (equiv) DPSO(equiv) 3,4 Yield(%) o/p*

2.4 3=50,4=20 1/4
- 2.4 3=554=10 1/6
- 2.4 1.2 3=50,4=10 1/10
- 2.4 3.6 3=50,4=10 Ponly

a : o/P anomer ratio define with HPLC
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# = ~ Sulfoxide molecules 2 P-4t 55 F ZPHEMPET & & +E

Tf,0 (1.5 equiv)
TTBP (3.0 equiv)
sulfoxide agent (4.5 equiv)

PO oBn ‘ P00 8" o
PMBO 78°C v -78°C  -78~40°C  pySo

S(O)Tol i i o) O

(9)) 10 min 30 min T 6h ~o STol
1 1.5 equiv OBn 3 TrocHN

DPSO = diphenyl sulfoxide Hocﬁ&sm

DBZSO = dibenzoyl! sulfoxide Ac TrocHN

DPNPSO = dinitro-diphenyl sulfoxide )

TMU = N,N,N,N-tetra-methylurea 2 1.0 equiv

Sulfoxide 3, Yield(%) o/p* Sulfoxide 3, Yield(%) o/p*

agent agent

nil 55 1/6 DNDPSO n.d. n.d.
DPSO 55 Bonly TMU n.d. n.d.
DBZSO 25 B only e _ __

a : o/ anomer ratio define with HPLC
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S )
m‘ o} o)

S-0
/
Tol
g-OTf
/
Tol
~OTf
ot low temp. 0] N
U - Nu
oTf
R2
\—0 |
\/ﬁ SN2-||ke
R1 STol
\—Q 0
BO: \/ﬁ N \u
+ STol
STol & B-form product
aglycon transfer product oO—.
R2

W1 -~ Sulfoxide P-4t BPHAEET 2 F BB H#

2
-S-OTf -
Q FC7R oTf
m‘ o o)
Lo vﬁ
Tol” ﬁ“/s,ow
Tol g-OTf
/
Tol
o /—\_ \ )
=2 N \\:ﬁ " ot ph
<O\ /Ph — O\ O/S\
B-form product S, low temp. N

Sulfonium ion

B> ~DPSO P-4t 2 HBBMMET 2 5 Eibi
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armed _
+ OTf

B disarmed
s Lo

R? Tol
\’\\/ﬁ \A\;/i \
Ph armed
Sulfonium ion \//\ \/OW
Tol— _OTf V ﬁ
S
C STol

1 O“/l
R

\/O disarmed

+
& STol
armed - disarmed

+ OTf

R2 B + Tols\ﬁj

F= ~ bR A 2 F RS

K RF CEFT AT IS We (armed) ~ Frit e B AT F
pE+ 48 d (disarmed) ~TTBP 2 H+dza> © 2 &7 ¥ b & f%igéﬁfﬁ ’
#ptw fE L F R & 1S (pre-mixture) 0 A BT R BRI AP TR TE AL
TR % BEFIRREBRREAAEYFT RFFTFRE (HPLC retention
time) ~ 4 #h #k3 fck 3 TR A BAE 1S 0 H-T8°C T E 4 r THO
MR EFFT  F BI04 B RREPAITRIESTR
o EEFERE T HPLC #idy (ALt = ) o d o3 SRS
LR TSCIERT R THO TS Fia b » il o FRfh ¥ 578

R T ER R YD R e R Y
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A - B B S F o

OBnN OAC
0
o) O
®Bn0 sTol  A%95 __STol
OBn OAc
c d
premix injected to HPLC  Tf,0 a=TTBP, b = Toluene
A
all b 10min
i HPLC Detector
cl d

.78°c  activated-premix injected to HPLC

HPLC analysis (Mightysil normal phase column 4.6-250; Elution mixture:
hexane/EtOAc from 90/10 to 80/20 over 30 min at 1.0 mLmin_l.

b Retention Time E
Area Percent
600 | . 600
[ Pre-mixture
A ‘ c -
\
400 | | F 400
2 a | d 2
£ | =
] b | . ]
| [l
200 o k200
= e I
E = b= P
s
|
\TR =1 ~
o] W = - - y Fo
T T T T T
0 5 10 15 20 25 30
Minutes
1000 1000
750 | I 750
. .
b d Activated-Premix
= 500 - | | | s00 >
| E
|
|
|
250 A I I 250
Y ¢ |
Wl |
ol UL — - - - o
o 5 10 15 2‘0 25 30

Uv Area Ratio (%) a/e/d=75/5/95

ARt =~ - et pEH 2. HPLC-UV £ 47 #cd5
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o OBn
BHOﬁ 4 0
_—STol BnO
BnO BN BnO _—STol
OBn
c d
premix injected to HPLC Tf,0 a=TTBP, b = Toluene

a

B

<

da

HPLC analysis (Mightysil normal phase column 4.6-250; Elution mixture:

10min HPLC Detector

-78°C

activated-premix injected to HPLC

hexane/EtOAc from 90/10 to 80/20 over 30 min at 1.0 mLmin'1

2000

— 2000
1500 — 1500
d
\ Pre-mixture
% 1000 - a b 1000 E
\ |\
500 | | C I 500
|
II. I \
o4 || - " - L a
o 5' 1‘[) 1'5 2'[) 2'5 30
Minutes
2000 2000
1500 - ' . . t 1500
Activated-Premix
b
2 1000 a \ p1ooo 2
| d
500 ‘ | / £ t 500
N | ¢
(WL N
0+ At — Fo
s

15 20 25 30
Minutes

Uv Area Ratio, a/e/d (%) =79/6/27

mAEL = - - 41 pER 2 HPLC-UV A 45 #cdh
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PRTRIT - F% > g AR F AT ATFTET M
(armed) ~ Fiit 4 ¥ 7 JH § pES % d (armed) ~ TTBP 2 B+ 4k a > ¥
TETFb RS Rpr o Bpr et EPREE LT F R
FRIEAITRHR EFFREFTRRAPAITRETRER &k
Sk TR A T EIR S 0 2 -T8°C T R b » THO W BRdr i (T
FRI0A&EEFIRRAIPAITRIES TR EEFZCRE
s HPLC #c#p (GiAeL = ) o d ot 7 B s s » 78 CIER T ¢
* THO WSy & (750 > Bt P37 ARG FH A ¢ 5857 k>

LLL“%% 57T .;'E,i’- I fﬁ@ﬁﬁ“ ;}L;,, ZEL"W% R ,»;L)J.ﬁ%—_,gg‘,m_ %,L Z

L SR B - TR s Y2 R

Bigr AFEBAFLSEWED > §F PmBEIHI -t FEE2 e R

‘U

TEEE WS Lo EEHEERACGHE ) f1* § P
R 13 F ez P 3-78°C & %4 » THO ~ TTBP ~ DPSO
AFHL e M B EEPEH2EE BRSO PRI B
BRABIO60CKMI ~C fpd 54z WS 104482 (81 4
» THO ~DPSO » & {7 P-4ttt & Jis 16 /) FF » #-F 123 K334k @ fo
FRWABALREP RS EHETERES M RE 20%5 4 F &

ﬁ.:_ﬁ%’gg6°
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OBn

Ph/vo%(g‘ & OBn
o)
PMBO HO O
ACO STol 'g(r?oé@/O(CHz)eu

STol
1.2 equiv o TrocHN N3

1 2 1.0 equiv 5 1.5 equiv

Tf,0 (1.2 equiv) ,
TTBP (2.4 equiv) | 2 5 Tf20 (1.2equiv)
DPSO (3.6 equiv) DPSO (1.2 equiv)

,T , 10 min 6 hr llo min \ 16 hr

-78°C -60°C
OBn
Ph—v-0\ 78" OBn
o o} o}
PMBO AcO 0) (o)
TrocHN BnO O(CHy)eCl

6, 20% over two steps

T A SR MY L BN T

B ghi & R EHERR P ST Wong 2k B TR 0 AR R 40
- 4 it % pE % & = "(Programmable One-Pot Oligosaccharide
Synthesis) » [P1# 42 %713 er g A+ B B 4p & 45 %k (HPLC) i
TR GFE Ak (UV) ) 2ad 2 EpiipH s
JeE . (RRVs) > § 7 f2 & sppEt s 2 icdpts » 80 03 & sEpag o
BAMEAPREE S E - B F R o

AL XEED > F AT R 8 L pe
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EW P ZBEBAHCGHELT ) IF F T M TREF

2 { B BA 578°C T A 4 » THO ~ TTBP » DPSO 4 {7 7% 1t
oo rEH B LT LRSS 1 LR RER S F 2-60°C P4
NE ML X9 310 A 42 (5 1 4o » THO ~DPSO » & Foa-4a ks

AAAREP S BB R

F s 16 /] pF > BF Eridsek? fo~ 3 )

K52 70 0 17 30%4A K = pEAE 10 o

STol FC
OBn
Ph—X-0O O O
o 0 HOW X
BnO Q o o
,STol ﬁ/ HO o_~_Cl
O OBn
7 1.2 equiv 8 1.0 equiv 9 1.5 equiv
Tf,0 (1.2 equiv)
TTBP (2.4 equiv) 3 9 Tf,0 (1.2 equiv)
DPSO (3.6 equiv) DPSO (1.2 equiv)
1 10 min l 1hr 110 min \ 16 h
7 ' ! ' 10
Ph
[0} (0}
-78°C -60°C o
@]
Q cl
O O\/\/

OBn
Ph—X"O OBn
BnO

Q O 10, 30%, over two steps

AR T - R PEMAHEL &

dOTIE T - I PERT R T AR R (R 20% = PERE 6 ~ 30%=
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¥
=
™
o
W
T

FEAE 10> F %7 AP R * Crich B-H & pps
i~ = § TTBP ~THO ~DPSO & m A2 4 < £ 7 F MoalF BP
(electeophile side products) = B2 58 A& F R Fl2. - ~ @ 2 4 FEflAe -4

&4 8 F &4 (aglycon transfers side products) & #2582 5 R F]2. = o

2.1.2 Trichloroacetimidate ~ 2,6-dimethylthiophenyl p% 8 3

FACF- B ZEHBET LA R Er

2006 # J. C. Gildersleeve ## 7 B [}3 £ — 2k pEfe A& 3 &

fis (aglycon transfer side products) i & = = ;2 (ingg L = ) » 24

GBI F ALY ¢ (2,6-dimethylthiophenyl) 3 &F % fE <

AgOTH,
Ph DTBMP OAc Ph
OAC _OAc %o DCM, HO OH
f0) O -60 to 0°C ACO HO OH
AcO + o o
Ns g HO SDMP SDMP
OBz OH
OAC
OAC —OAc OBz o
OH
o) o TMSOTH, ether AcO .
AcO N + BzO -20 t0 0°C opn3 o oupMe Me
’ O0- | -
O\”/CC|3 BZO  gpup 0
BzO
BzO  gpvp

mfeL 2« DMTPFiiv 434 AP o MR - ARS

F1-OH =% F > fU* 3pd Ao PBRENEFLA L PER-AES S
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FRe »m Wiy &% 7 pb— EayE o i34 0 SRR "3 ghit g
FRsz2 pEx A o

F* Schmidt <7 & =72 GL# J1 1-O-trichloroacetimidate ¥ # p% =
£ 11 22318 * 2,6-dimethylthiophenyl &2 A G & g7 L it § 5 prie
FES R 1204 =) 0 Au 3 Al 2 52 b 1 TMSOTS *+-70°C =
EEBHRMMETF BE S A EEERN 130 4 PSS Fad
"LEH e TMSOTf B > 734 FABL- Wi EH M

Pprs 3 2zl ERA - AEH 3 F P Ed 4 oo

Lo BRIIEERVID-HAMRSLL AT

TMSOTf , CH,Cl,,
4AMS-AW

Bno -70°C, 1~2h Ph/TO OB”
+ OBn BnO DMTP
HO 2 ome
BnO N DMTP = 2,6-d|methylth|ophenyl

3

12
TMSOTf DCM Recovered 13, Yield a/p?
(equiv) (Mm) acceptor (%) (%)
0.1 80 15 65 1/1.2
1.0 10 10 35 1/6.7
1.0 80 5 75 1/5.5
2.5 80 5 70 1/5

a : o/P anomer ratio define with HPLC
Mgk g SRS F e KRR EY A I BT A
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Bt Gzt =) FASF AT M 11 2§ Fpepty 12
~70°C TR 10 A4s o L4 22pES A 11 £ mole BB 2B b L
TMSOTS(1.5 equiv) » *>t-70°C T F & | 5 > 4tk ¥ £ 4~ §

FPORpELHS N METRY A KR IR P AICERETF

EETP-PERAE S A BT S F RA S 45% Z pEAE 14 -
o g o o
o) HO O
0 DMTP Hoéw
Bn(&g BnO Ny BnO ¥ O(CHy)6Cl
o(c=0)ccl 3
1 (C=0)CCl3 12 5
1.5 equiv 1.0 equiv 1.2 equiv
TMSOTf 5
(1.5 equiv)
14
11 + 12 25 min 2h 10 min 4h

TMSOTT (1.5eq)
NIS (1.5eq)
DCM/MeCN/EtCN (1:2:1, 10mM)

OBn
Ph/v&‘ éw
n BnO O(CH»)sCl

N3

14  45%, over two steps

ALt =~ TMSOTf R E#HFI2 - hi =BT F Bé&+E

W10 £k RPN R Y 5 & TMSOTE #4184 % phét s
SREEDE - AR AT AR RENAH 1115 32-70°C 4
~ TMSOTS (1.5 equiv)i& A P-4 F e 1 /] PEts » 3240 C ™ 4 » B
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B A4 9 £ 4 » TMSOTS (1.5 equiv) ~ NIS(1.2 equiv) » &g &2 3

F1-20°C (To-dE F b | P #F riiag? fos F BARARE

(;,ﬁﬁg-l- ,\) o

Ph
OBn
Ph— X0 DMTP Qo
o) O o)
BnO HO Q o
O(C=NH)CClI o HO O(CHy)sCl
o OETE g, 7<) g OBn
l'sequiv 10 equiV 9 12 equiv
-70°C -70°C -40°C -20°C
11 + 15 10 min ‘ 1h 10min 4h
TMSOTf ( 1.5 equiv) TMSOTTf (1.5 equiv)

Ph NIS ( 1.5 equiv)

10 35%, over two steps

A~ TMSOTfRE 412 - i = EHETF BE 282
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2000 # Richard R. Schmidt # 7 ® f} =

HABRT &y
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SREEAB-HAMMBTF R EE R MERLNTAME

PERMHZP-MERL” LTS W r B F A A G o
(4 ~)
Ao BFELARAZHVP-HEERUBTRS
P 2 "
PMBO *O(C=NH)CCl;
OBn inverse Ph/V
HO 0] addition
Aco‘éﬁsm + TMSOTS (cat PMEO Acoéﬁsm
2 NHTroc -50°C, CH,Cl, NHTroc
PP\ _q 4 R=a-STol
PMBO 17 R = B-NH(C=0)CCl3
R
Addition rate of 3,Yield (%),  4,Yield 17, Yield
0.25Mof 16
mLmin! a/p* (%) (%)
NAP 438.1/2 20 0
0.2° 65, 1/9.5 5 10
0.07 47,1/4.5 20 10
0.035 40, 1/4.5 20 10

a: o/P-anomeric ratios were determined by HPLC analysis
b: Conventional addition procedure was adopted.
c: Glycosylation experiment was repeated twice and same o/} anomeric

ratios were obtained.
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A d - s EBLMAY 18 - ABEBLHM AT 19
HRPEEPES WAY 11 gl S5 X2 70-H BPRERTF bt

B(34) ' d 2T 9% 5T amEESHAH 18 it

L
G

R FRERHLET PR AP AEREN20 A - s

24 > @F G ARAEZEVP-HEERMBETRS

OBn
OBn Ph/%O:. E 0 Ph/%o Oan OBn
HO O BnO Mn BnO e O
BnO 0:? BnO
BnOOMe 11R= (C—NH)CC 3 20 BnOgpe
18 inverse
or addition or

+ TMSOTTf (cat)

o0 _OH P50 oBn
>( o -50°C, CH,Cl, 26 o o
oéﬂ 0
o) Oifzi
19 \fo 21 /k

Addition rate of Glycosyl Disaccharide yield
0.25Mof 11 mLmin" acceptor (%), a/B*
NA" 18 20 =88, 1/2
0.2 18 20 =285, 1/10
0.07 18 20=285,1/8
NA" 18 20 =88, 1/2
0.4 19 19=92,1/2.3
0.14 19 19=87,1/2.3
NA" 19 19 =50, 2/1

a: o/p-anomeric ratios were determined by HPLC analysis
b: Conventional addition procedure was adopted.

c: BF3.Et;O (1 mol equiv) was used for activating imidate donor 10.
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PMBO A0 STol BnO O(CH,)6Cl

O(C=NH)CCl3 NHTroc
16 1.5 equiv 2 1.0 equiv 51. 2 equw
16
0.2 mLmin? 00% AcOM
inverse-addition o 0 (aq)
2 work upy " 20°C~rt, CH,Cl, . 60°C, 1h

and dry 22

+ TMSOTf (Cat) _ SOOC, CH2C|2

TMSOTTf (ca.) NIS (1.2 equiv)
CH,Cl, (50 mM)

HO—\ ©Bn OBn

yraNC oBn

PMBO o Q

22 0 0

AcO

40%, over three steps TrocHN BnO O(CH»)6Cl
N3
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BoF a? B Aer ¥ EYRERES 4 50 55-20°C T 4c » TMSOTS (cat.) ~
NIS (1.2 equiv)it (7P-pERMAE L @ EF = A 13> £ 3547 4o - i
ﬁbiﬁUMMMMﬁww\ﬁﬁ%ﬂﬁﬁ%$\iiﬁﬁ§’#ﬁ

’§9mﬁﬁﬁﬁ*$ﬁ“§“<ﬂﬁé’%@E%%iﬂﬁﬂ&hﬁ
g P BRiAp kAt # L (MPLO) 2 (738 v A 3 > B = H F i 40%

A= pEE 22 0

b i F e AR S e MR £ S B3 R A

REEEA 23 (R4Es L) F A 26 7 As (DMTP) & 3 i
(L-rhamanopyranoside) % 8 15 & g it & 2_§% % 1 & TMSOTS (cat.) >t
~50°C T "8 10 A 45> ™ 0.4 mLmin™ & & Fd) A ~ %f?gﬁ‘%% 11
S50 CTE Bl PRS0 11334k P foiE R A + & (molecular sieve) ~
AR F PRk BT Aok s 0 0 ? Rk AR 47§ HL(MPLO)E 7
B g EE 90% A SRR 23 o

Ph—X~0 Og”
0

BnO 11
1.5 equiv O(C=0)CClg
DMTP
DMTP
HO Q 0.4 mLmin’ Ph—\-0 Ogn
0 inverse-addition O (0] Q
@] BnO g
ﬁ/ O
_ - 50°C, CH,ClI, (50mM) ﬁ/

15 1.0 equiv 23, 90%
+ TMSOTTf (ca.)

mAEs L s FHEFH SRR EERETF BE S
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PP rliE F e RARR £ A FEY Ao ST ZPEREI0 & XK
PRS- ) FAK26 BV AR RSP IS ikt 2

B % 1t TMSOTf(ca. )*+-50°C © %48 10 A 45 > £ ™ 0.4 mLmin’

DMTP Ph
OB 0 0
Ph—X~0O O” HO 0
o 0 0
BnO 0o HO O _~_Cl
O(C=NH)CCl, OBn
11 1.2 equiv 15 1.0 equiv 9 1.2 equiv
11
0.4 mLmint

inverse-addition 9

l - 20°C, CH,Cl,
15 + TMSOTTf (cat)

- 50°C, CH,Cl, ( T
work up and
Ph dry under vacuo TMSOTT (caf)
NIS ( 1.2 equiv)
O CH,Cl, (50 mM)

o)
0
h—xo—\ (2" 0 o«
P OBn
Oﬂo Q
BnO

O

ﬁ/o 10, 70%, over two steps

ART - s - B ZBWETF RS S AT

W F e » FEMES M1 3-50°C T F - ] PERS 0 U SSag
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¢ R > i@ 22 triflate anion £ A5 = closed comtact ion-pair(CCIP) -
slovent separated ion-pair(SSIP ) £2 a-mannosyl triflate 775 i* & 2 2. %
BPEY ML EESEFRTF B S F R EA S iy
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3.1 General experimental

Chemicals used in this investigation were purchased as ACS reagent
grade from commercial venders and used without further purification.
CH,Cl, (from Mallinckrodt), MeOH and CH;CN (from J.T. Baker) were
distilled over calcium hydride. Anhydrous DMF (100 mL from J.T. Baker)
was treated with activated molecular sieves before use. Addition rate of
mannosyl imidate donor was controlled by syringe pump from SAGE
instruments model 341B. Progress of reaction was monitored with
thin-layer chromatography (TLC) on silica gel F-254 plate and visualized
with UV (254 nm) illumination and/or by staining with p-anisaldehyde
staining reagent. Optical rotations of compounds were measured by
JASCO DIP-1000 polarimeter at 27°C. Flash column chromatography
was performed on either 70-230 mesh size or 230-400 silica gel obtained
from E. Merck. Elution over 230-400 silica gel was done with medium

pressure liquid chromatography (MPLC) driven by BUCHI 688 model

pump. Iy and 13 C NMR spectra were recorded with respective 300 MHz
and 75 MHz spectrometers by either Briiker or Varian Unity-300 NMR

spectroscopy. Chemical shift (6 ppm) was calibrated against the residual

proton signal and the 3¢ signal of deuterated chloroform (CDCl,).

Coupling constant(s) in hertz (Hz) were calculated from differences in

chemical shifts derived from 'H NMR spectra. o/B-Anomer ratios of

glycosylation isomers were determined by HPLC analysis, which was
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performed on Mightysil Si 60 250-4.6 normal phase column with
EtOAc/CH,Cy/hexane gradient elution. HPLC elution was achieved by
Hitachi L-2130 gradient pump at 0.8 mL/min and eluted compounds were
detected with Hitachi L-2300 UV detector.

3.2 Experimental
3.2.1 General procedure
3.2.1.1 A. B-Mannoslyation with additive of DPSO using

sulfoxide donor

To the solution of sulfoxide donor 1 (102 mg, 0.20 mmol), TTBP
(102 mg, 0.41 mmol), DPSO (124 mg, 0.61 mmol) and Tf,0 (33 uL, 0.2
mmol) were dissolved in CH,Cl, (4 mL) under N, at -78°C stirred 10 min,
and then was added slowly the solution of glycoside accepoter 2 (100 mg,
0.17 mmol) in CH,Cl, (1mL), at -78 to -60°C under N, stirred 1 to 6 h.
Upon completion of f-mannosylation as judged by TLC, the reaction was
quenched with addition of few drops of satd. NaHCOs;, The resulting
solution was then filtered through celite, and filtrate was washed with
water (20 mL x 2), brine (20 mL x 1), dried (MgSQO,), filtered, and then
concentrated for column chromatography purification (Elution:
EtOAc/hexane = 1:4) furnishing tolyl 3-O-acetyl-6-O-benzyl-2-
deoxy-4-0-(2-O-benzyl-4,6-O-benzylidene-3-O-p-methoxybenzyl-D-man
nopyranosyl)-2-(trichloroethyloxycarbamyl)-1-thio-p-D-glucopyranoside
3 (90 mg, 50%), tolyl 2-O-benzyl-4,6-O-benzylidene-3-O-p-
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methoxybenzyl-1-thio-a-D-mannopyranoside 4 (10 mg, 10%).

3.2.1.2 B. One-pot glycosylation of trisaccharide with

addition of DPSO using sulfoxide donor

To the solution of sulfoxide donor 1 (102 mg, 0.20 mmol) or 7 (220
mg, 0.38 mmol), TTBP (102 mg, 0.41 mmol for 1; 190 mg, 0.77 mmol
for 7), DPSO (124 mg, 0.61 mmol for 1; 233 mg, 1.15 mmol for 7) and
T£,0 (33 pL, 0.2 mmol for 1; 63 uL, 0.38 mmol for 7) were dissolved in
CH,Cl, (4 mL for 1; 8 mL for 7, 50 mM) under N, at -78°C stirred 10
min, and then was added slowly the solution of glycoside accepoter 2
(100 mg, 0.17 mmol) or 8 (100 mg, 0.32 mmol) in CH,Cl, (1mL for 2; 2
mL for 8), at -78 to -60°C under N, stirred 1 to 6 h. and then were added

acceptor 5 (130 mg, 0.26 mmol) or 9 (210 mg, 0.48 mmol) ~ DPSO (40

mg, 0.2 mmol for 1; 78 mg, 0.38 mmol for 7) and T£,0 (33 pL, 0.2 mmol
for 1; 63 uL, 0.38 mmol for 7) at -60°C stirred 16 h.Upon completion of
glycosylation as judged by TLC, the reaction was quenched with addition
of few drops of satd. NaHCOQOj;, The resulting solution was then filtered
through celite, and filtrate was washed with water (20 mL x 2), brine (20
mL x 1), dried (MgSQO,), filtered, and then concentrated for purification
with medium pressure liquid chromatography over silica gel (230-400
mesh) (Elution: EtOAc/hexane = 1:4) to furnishing 6-chlorohexyl
3,6-di-O-benzyl-2-azido-2-deoxy-4-0-[3-O-acetyl-6-O-benzyl-2-(trichlor

oethyloxycarbamyl)-4-O-(2-O-benzyl-4,6-O-benzylidene-3-O-p-methoxy
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benzyl-B-D-mannopyranosyl)-B-D-glucopyranosyl]-B-D-glucopyranoside
6 (50 mg, 20% over two steps) or (3-chloropropyl) 2-O-benzyl-4,6-O-

benzylidene-[2,3-O-isopropylidene-4-O-(2,3-di-O-benzyl-4,6-O-benzylid
ene-B-D-mannopyranosyl)-o-L-rhamnopyranosyl]-B-D-galactopyranoside

10 (104 mg, 30% over two steps).

3.2.1.3 C. [B-Mannoslyation with molar equivalent of

TMSOTT using trichloroacetimidate donor

To the solution of mannosyl imidate 11 (178 mg, 0.3 mmol) and
acceptor 12 (100 mg, 0.2 mmol)were dissolved in CH,Cl, (4 mL) at
-70°C under N, stirred 10 min, and then was added TMSOTTf (5 uL, 0.03
mmol) stirred 2 h. Upon completion of B-mannosylation as judged by
TLC, the reaction was quenched with addition of few drops of satd.
NaHCO;, The resulting solution was then filtered through celite, and
filtrate was washed with water (20 mL x 2), brine (20 mL x 1), dried
(MgSQ,), filtered, and then concentrated for column chromatography
purification (Elution: EtOAc/hexane = 1:8) furnishing
(2,6-dimethylphenyl) 2-azido-3,6-di-O-benzyl-2-deoxy-4-0-(2,3-di-O-
benzyl-4,6-0O-benzylidene-D-mannopyranosyl)-1-thio-B-D-glucopyranosi
de 13 (140 mg, 75% o/ = 1: 6).
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3.2.1.4 D. One-pot glycosylation of trisaccharide with

equivalent of TMSOTT using trichloroacetimidate donor

To the solution of mannosyl imidate 11 (178 mg, 0.3 mmol for 12;
264 mg, 0.46 mmol for 15) and acceptor 12 (100 mg, 0.2 mmol) or
acceptor 15 (100 mg, 0.31 mmol) were dissolved in CH,Cl, (4 mL) at
-70°C under N, stirred 10 min, and then was added TMSOTT (5 pL, 0.03
mmol) stirred 1 to 2 h, and then were added acceptor 5 (121 mg, 0.24
mmol, using procedure E) or acceptor 9 (162 mg, 0.37 mmol), TMSOTf
(5 uL, 0.03 mmol) and NIS (68 mg, 0.3 mmol) at -40 to -20°C stirred 4 h.
Upon completion of glycosylation as judged by TLC, the reaction was
quenched by addition of few drops of satd. NaHCO; and small pieces of
solid Na,S,0; followed by vigorously stirring for ca. 30 min. The
resulting solution was then filtered through celite, and filtrate was washed
with water (20 mL x 2), brine (20 mL x 1), dried (MgSQO,), filtered, and
then concentrated for purification with medium pressure liquid
chromatography over silica gel (230-400 mesh) Elution: EtOAc/hexane =
1:4 or 1:8) furnishing (1-chlorohexyl) 2-azido-3,6-di-O-benzyl-2-
deoxy-4-0-[2-azido-3,6-di-O-(2,3-di-O-benzyl-2-deoxy-4-O-(2,3-di-O-b
enzyl-4,6-0O-benzylidene-D-mannopyranosyl)--D-glucopyranosyl]-B-D-g
lucopyranoside 14 (117 mg, 45% over two steps) or (3-chloropropyl)
2-0-benzyl-4,6-O-benzylidene-[2,3-O-isopropylidene-4-O-(2,3-di-O-ben
zyl-4,6-O-benzylidene-B-D-mannopyranosyl)-a-L-rhamnopyranosyl]--D

-galactopyranoside 10 (114 mg, 35% over two steps).

50



3.2.1.5 E. Low concentration 1,2-trans (-selective

glycosylation

To the solution of thioglycoside donor (1.0 mol equiv) and acceptor
(2.0 mol equiv) were dissolved in CH,Cl,/MeCN/EtCN (1:2:1, 10 mM),
and suspended 4 AMS (500 mg) into the solution of mixture under N, at
-70°C after stirred 10 min, were added NIS (1.2 mol equiv) and TMSOTf
(0.15 mol equiv) stirred 4 h. Upon completion of glycosylation as judged
by TLC, the reaction was quenched by addition of few drops of satd.
NaHCO; and small pieces of solid Na,S,0; followed by vigorously
stirring for ca. 30 min. The resulting solution was then filtered through
celite, and filtrate was washed with water (20 mL x 2), brine (20 mL x 1),
dried (MgSQ,), filtered, and then concentrated for purification with

chromatography to obtain products

3.2.1.6 F. Rate dependent inverse-addition procedure for

preparation of disaccharide thioglycoside

Mixture of acceptor (1.0 mol equiv) and 4 A MS-AW (300 mg) in
CH,Cl, (50 mM) were stirred in 50 mL pear-shaped RB flask (flask A) for
10 min at bath temperature -50 °C under N,, which was followed by
treatment with trimethlsilyl trifluoromethanesulfonate (TMSOTY) (0.1
mol equiv). After then, D-mannosyl imidate donor (1.5 mol equiv)

dissolved in CH,Cl, (0.25 M) was injected to flask A at 0.2, 0.07 or 0.035
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(for 2 or 18); 0.4 or 0.14 (for 19, 15) mLmin ™. Upon completion of
glycosylation, the reaction was quenched with addition of few drops of
Et;N. The resulting mixture was filtered over celite, and the filtrate was
then concentrated for medium pressure liquid chromatography
purification over silica gel (230-400 mesh ) (Elution: EtOAc/hexane + %

CH,Cl,) to yield disaccharide 3, 20, 21 or 23.

3.2.1.7 G. Preparation of trisaccharide with sequential

glycosylation approach

Mixture of acceptor (1.0 mol equiv) and 4 A MS-AW (300 mg) in
CH,Cl, (50 mM) was stirred in 50 mL of pear-shaped RB flask for 10
min at -50 °C under N,, to which was added TMSOTT (0.1 mol equiv). To
the mixture of acceptor and TMSOTT, 0.25 M of D-mannosyl imidate
donor (1.5 mol equiv) was added via calibrated syringe pump at 0.2 (for 2)
or 0.4 (for 15) mLmin™'. Upon completion of glycosylation, the reaction
was quenched with addition of few drops of Et;N, and the mixture was
filtered through celite. The filtrate was then washed with water (20 mL x
1), brine (20 mL x 1), dried over MgSQ,, filtered, and concentrated to
give crude disaccharide. After drying under vacuo for couple of hours,
crude disaccharide, was dissolved in CH,Cl, (50 mM), to which were
added acceptor 5 or 15 (1.2 mol equiv) and 4 A MS-AW (500 mg) at
-20°C for 10 min under N,. After then, the mixture was treated with NIS
(1.2 mol equiv) and TMSOT{ (0.1 mol equiv), the resulting mixture was

stirred from -40°C to rt for 16 h under N,. Upon completion of
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glycosylation, the reaction was quenched by addition of few drops of satd.
NaHCO; and small pieces of Na,S,0s. Followed by vigorous stirring for
ca. 30 min, the mixture was filtered through celite, and the filtrate was
concentrated to purification with medium pressure liquid chromatography
purification over silica gel (230-400 mesh) (Elution: EtOAc/hexane + %

CH,Cl,) to yield trisaccharide 6 or 10
3.2.1.8 H. Deacetalation procedure

Crude residue 6 was treated with 90% aqueous acetic acid (1.0 mL)
and stirring at 60°C for 1 h to remove the acetal function. After then, the
mixture was concentrated for medium pressure liquid chromatography
purification over silica gel (230-400 mesh) (Elution: EtOAc/hexane 1:1 +
1% MeOH) furnishing the target trisaccharide diol 22 (90 mg, 40% over

three steps from 2).

3.2.2 Construction of building blocks and di-, tri-saccharide

Preparation of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-2-

(trichloroethyloxycarbamyl)-1-thio-B-D-glucopyranoside 2:

OBn

0
i\(g&/ STol

NHTroc
2
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GlcNAc acceptor 2 was prepared according to literature procedure and
was obtained as white glassy solid.!""! For compound 2, R; = 0.25 (TLC
developing solution: EtOAc/hexane = 1/2); 'H NMR (300 MHz, CDCl):
o= "7.48-7.30 (m, 7H), 7.08 (d, J = 7.9 Hz, 2H), 5.44 (d, J = 9.5 Hz, 1H;
NH), 5.06 (dd, J=10.0, 9.3 Hz, 1H), 4.83 (d, J = 12.1 Hz, 1H; CH,CCl;),
472 (d, J = 12.1 Hz, 1H; CH,CCly), 4.68 (d, J = 10.5 Hz, 1H; H-1),
4.58 (dd, J = 12.1, 2.4 Hz, 1H; benzyl-CH,), 3.81 (d, J = 4.6 Hz, 2H),
3.78-3.63 (m, 2H), 3.56 (dt, J = 9.2, 4.4 Hz, 1H), 3.17 (br, 1H; OH), 2.33
(s, 3H; ArCHs), 2.08 (s, 3H; CH;CO); >C NMR (75 MHz, CDCly): §=
172.2 (C=0), 154.6 (OC=0), 138.7, 138.0, 133.5, 130.1, 129.0, 128.9,
128.3, 128.2, 128.1, 95.9 (CCl;), 87.6 (C-1), 78.6, 77.6, 76.6, 74.9, 74.1,
70.8,70.5, 55.1, 21.5 (CH;), 21.3 (CH,).

Preparation of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-4-O-
(2-O-benzyl-4,6-O-benzylidene-3-O-p-methoxybenzyl-D-man
nopyranosyl)-2-(trichloroethyloxycarbamyl)-1-thio-B-D-gluc

opyranoside 3:

P10 O_g” OBn
PMBO —0 O
AcO STol
. NHTroc

Disaccharide 3 was prepared according to procedure A (90 mg,
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50%) or procedure F (105 mg, 60%) and was obtained as white glassy
solid. For B-anomer of disaccharide thioglycoside 3, Ry = 0.22 (TLC
developing solution: EtOAc/hexane = 1:4); [a]”p = -30.7 (¢ = 0.63,
CHCl;); '"H NMR (500 MHz, CDCls): 6= 7.50 (d, J = 7.2 Hz, 2H), 7.44
(d, J=7.8 Hz, 2H), 7.42—-7.22 (m, 15H), 7.09 (d, /= 7.9 Hz, 2H), 6.86 (d,
J=8.3 Hz, 2H), 5.58 (s, 1H; benzylidene-CH), 5.35 (d, /= 9.3 Hz, 1H),
5.17 (t, J = 9.5 Hz, 1H), 4.84 (d, J = 12.0 Hz, 1H), 4.79—4.62 (m, 5H),
4.56 (dd, J=22.9, 11.9 Hz, 2H), 4.42 (d, J = 12.0 Hz, 2H), 4.28 (dd, J =
10.1, 4.5 Hz, 1H), 4.09 (t, J = 9.5 Hz, 1H), 3.89 (t, J = 9.2 Hz, 1H),
3.84-3.77 (m, 4H), 3.72 (d, J = 9.8 Hz, 1H), 3.67 (d, J = 8.4 Hz, 2H),
3.54 (d, J=10.9 Hz, 1H), 3.44 (d, J= 7.1 Hz, 1H), 3.18 (d, J = 4.2 Hz,
1H; H’-5),°% 2.33 (s, 3H; ArCH3), 2.01 (s, 3H; CH;C=0); °C NMR (125
MHz, CDCl;): 6= 171.3 (C=0), 159.5 (COCH;), 154.6 (OC=0), 138.8,
138.7, 138.0, 137.8, 134.0, 130.8, 130.1, 129.5, 129.3, 128.9, 128.9,
128.6, 128.5, 128.4, 128.2, 128.0, 126.4, 114.1, 102.4 ('Jcy = 158.6 Hz;
C-17), 101.8 (benzylidene-CH), 95.9 (CCly), 87.3 (‘Jen = 158.4 Hz; C-1),
79.1, 78.9, 78.0, 77.7, 76.9, 76.3, 75.1, 74.9, 74.4, 73.9, 72.6, 68.9, 68.8,
67.8, 55.6, 55.3, 21.6 (CHj3), 21.4 (CH3); HRMS (Bio-ToFII): calcd for
Cs3Hs6CI3NO3SNa requires 1074.2436; found: m/z = 1074.2430 [M
+ Na]".

Preparation of tolyl 2-O-benzyl-4,6-O-benzylidene-3-O-p-

methoxybenzyl-1-thio-o-D-mannopyranoside 4:
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OBn
Ph—X O o
0 _

PMBO
STol

Thioglycoside side product 4 was prepared according to procedure

A and obtained as a colorless oil. (10 mg, 10%). For compound 4, R; =
0.75 (TLC developing solution: EtOAc/hexane = 1:4); '"H NMR (300
MHz, CDCl3): 6= 7.63 (dd, J = 7.6, 1.8 Hz, 2H), 7.54-7.37 (m, 12H),
719 (d, J = 8.1 Hz, 2H), 7.01-6.93 (m, 2H), 5.73 (s, 1H;
benzylidene-CH), 5.54 (d, J = 0.9 Hz, 1H; H-1), 4.88-4.77 (m, 3H), 4.68
(d,J=11.8 Hz, 1H), 4.45-4.27 (m, 3H), 4.14-4.04 (m, 2H), 4.02-3.91 (m,
1H), 3.87 (s, 3H; CH;0), 2.41 (s, 3H; ArCH;); °C NMR (75 MHz,
CDCls): 6 = 159.7 (COCH,3), 138.4, 138.3, 138.1, 132.8, 130.9, 130.4,
130.3, 129.8, 129.3, 128.9, 128.6, 128.5, 128.3, 126.6, 114.2, 101.9
(benzylidene-CH), 87.9 (C-1), 79.5, 78.4, 76.2, 73.4, 73.1, 69.0, 65.9,
55.7 (COCH3;), 21.6 (CH;3); HRMS (Bio-ToFII): calcd for C35H3,04SNa
requires 608.2209; found: m/z = 608.2203 [M + Na]".

Preparation of (6-chlorohexyl) 2-azido-3,6-di-O-benzyl-2-
deoxy-B-D-glucospyranoside 5:

OBn

HO O
Bn(ﬁwo\/\/\/\g
N3
5

GlcNAc acceptor 5 was prepared according to literature procedure
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and obtained as a colorless 0il.”"' For GIcNAc acceptor 5, R = 0.6 (TLC
developing solution: EtOAc/hexane = 1:4); [a]’'b =-32.28 (¢ = 0.3,
CHCl5); '"H NMR (300 MHz, CDCl3): 6 = 7.43-7.29 (m, 10H), 4.96 (d, J
= 11.4 Hz, 1H; benzyl-CH,), 4.81 (d, J= 11.4 Hz, 1H; benzyl-CH,), 4.65
(dd, J = 12.0, 4.8 Hz, 2H; benzyl-CH,), 4.31 (d, J = 7.8 Hz, 1H; H-1),
3.98-3.90 (m, 1H), 3.76 (d, J= 6.6 Hz, 1H), 3.68-3.52 (m, 4H), 3.46-3.29
(m, 2H), 3.26 (t, J = 9.0 Hz, 1H), 2.72 (br, 1H), 1.83-1.76 (m, 2H; CH,),
1.72-1.64 (m, 2H; CH,), 1.51-1.43 (m, 4H; CH,); °C NMR (75 MHz,
CDCls): o= 138.5, 138.0, 129.0, 128.8, 128.5, 128.4, 128.2, 128.1, 102.6
(C-1), 82.8,75.4,74.3,74.1,72.4, 70., 70.4, 66.1 (CH,0) , 45.4 (CH,-Cl),
32.9, 29.7, 27.0, 25.6; HRMS-FAB: calcd for C,sH;5CIN;O5 requires
504.2260; found: m/z = 504.2260 [M + H]".

Preparation of 6-chlorohexyl 3,6-di-O-benzyl-2-azido-2-

deoxy-4-O-[3-O-acetyl-6-O-benzyl-2-(trichloroethyloxycarba
myl)-4-0O-(2-O-benzyl-4,6-O-benzylidene-3-O-p-methoxybenz
yl-B-D-mannopyranosyl)-B-D-glucopyranosyl]-3-D-glucopyra

noside 6:
OBn
PMBO o&& ©OBn
AcO —0 _0
6 N3

Trisaccharide 6 was prepared according to procedure B (50 mg, 20%

over two steps) or procedure G (300 mg, 70% over two steps), obtained
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as a colorless oil. The crude trisaccharide 6: Ry = 0.25 (TLC developing
solution: EtOAc/Hexane = 1/4 + 2% MeOH); [a]*’p = -37.2 (¢ = 0.11,
CHCl5); '"H NMR (300 MHz, CDCl;): = 7.66-7.22 (m, 27H), 6.86 (d, J
= 8.7 Hz, 2H), 5.58 (s, 1H), 5.04 (d, /= 11.7 Hz, 1H), 4.91-4.57 (m, 8H),
449 (d, J = 11.9 Hz, 1H), 442 (d, J = 12.2 Hz, 1H), 4.36 (s, 1H),
4.33-4.18 (m, 3H), 4.15 (d, J = 12.4 Hz, 2H), 4.07 (t, J = 9.4 Hz, 1H),
3.99-3.82 (m, 4H), 3.80 (s, 3H), 3.78-3.70 (m, 1H), 3.68-3.47 (m, 6H),
3.40-3.06 (m, 3H), 2.02 (s, 3H), 1.86-1.72 (m, 4H), 1.71-1.57 (m, 2H),
1.51-1.44 (m, 4H).

Preparation of tolyl 2,3-O-isopropylidene-1-thio-o-
L-rhamnopyranoside 8:

STol

Thioglycoside 8 was prepared according to literature procedure and
was obtained as white glassy solid."* For thioglycoside 7: Ry = 0. 35
(TLC developing solution: EtOAc/Hexane = 1/6); '"H NMR (300 MHz,

CDCLy): 5= 737 (d, J = 8.1 Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 5.67 (s,

1H), 4.34 (d, J = 5.5 Hz, 1H), 4.16-4.03 (m, 2H), 3.45 (ddd, ] = 9.8, 7.6,
3.9 Hz, 1H), 2.62 (d, J = 3.9 Hz, 1H), 2.33 (s, 3H), 1.53 (s, 3H), 1.37 (s,

3H), 1.24 (d, J = 6.2 Hz, 3H); *C NMR (75 MHz, CDCl;): 6= 137.8,
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132.5, 129.8, 129.4, 109.6, 84.0, 78.3, 76.4, 75.1, 66.8, 28.1, 26.3, 21.1,
17.0.

Preparation of (3-chloropropyl) 2-O-benzyl-4,6-O-

benzylidene-B-D-galactopyranoside 9:

OBz
BzO BzO OBz HO OH
O _Q _0
BzO BzO O(CHy)sCl HO _O(CHp)3Cl ——~
BzOg, OBz OH
perbenzoyl a-D- (3-chloropropyl) per-O-benzoyl- (3-chloropropyl)
galactopyranosy! bromide B-D-galactopyranoside B-D-galactopyranoside
Ph Ph Ph
T — /
0 . o) %0
Q _O(CHy)sCl O _0(CHy)5Cl
PMBO (CHy)3 PMBO (CH2)3 Ho =2 o(CH,)sCl
OH OBn oBn
3-chloropropyl 3-chloropropyl )
4,6-0O-benzylidene-3-O- 2-0O-benzyl-4,6-O-benzylidene- :;-(C)rllt?er?z);f-aylei-o-benzylidene-
(p-methoxybenzyl)- 3-0O-(p-methoxybenzyl)- B-D-galactop)‘/ranoside °
B-D-galactopyranoside -D-galactopyranoside

Perbenzoyl galactopyranosyl bromide™ (4.7 g, 7.0 mmol),
3-chloropropanol (3.1 mL, 36 mmol), 4 A MS-AW (10g) were suspended
in CH,Cl, (50.0 mL) under N, at -20°C. After stirring for 10 min, AgOTf
(2.2 g, 8.56 mmol) was added to the mixture, and followed by stirring
from -20°C to rt for 2.5 h. Upon completion of glycosylation, the mixture
was filtered over celite and the filtrate was washed with satd. NaHCO;
(100 mL x 2), water (100 mL x 1), brine (100 mL x 1), dried (MgSQy,),
filtered, and then concentrated for column chromatography purification
(Elution: EtOAc/hexane = 1:2) to yield (3-chloropropyl) per-O-benzoyl
-B-D-galactopyranoside (4.1 g, 85%). To a solution of (3-chloropropyl)
galactopyranoside (4.1 g, 6.07 mmol) in MeOH (30.0 mL, 0.2 M) was
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added freshly cut Na(, (14.0 mg, 0.61 mmol) and the solution was stirred
under N, at rt for 1 h. Upon completion of debenozylation, the mxiture
was neutralized with IR-120 H' resin, which was subsequently removed
by filtration. The resulting filtrate was concentrated to give unprotected
(3-chloropropyl) B-D-galactopyranoside (1.5 g, 95%). To a mixture of
(3-chloropropyl) [B-D-galactopyranoside (1.5 g, 5.80 mmol) and
CsHsCH(OMe), (1.7 mL, 11.5 mmol) in CH;CN (30 mL), TsOH (220 mg,
1.20 mmol) was added. The mixture was stirred at rt under N, for 1 hr.
Upon completion of acetal formation, reaction was quenched with
addition of few drops of Et;N, and the mixture was then concentrated for
precipitation in EtOAc/hexane mixture to obtain 3-chloropropyl
4,6-0O-benzylidene protected a-D-galacto pyranoside (1.57 g, 80%). To a
solution of 4,6-O-benzylidene-1-B-D-galactopyranoside (1.57 g, 4.55
mmol) in benzene (23 mL), Bu,SnO (1.7 g, 6.80 mmol) was added. The
mixture was refluxed for 10 h with Dean—Stark trap at bath temperature
of 105°C. After then, the temperature was adjusted to 70°C, and PMBCI
(930 pL, 6.80 mmol) and TBAI (2.5 g, 6.80 mmol) were added to the
mixture, which was stirred at 70°C for 6 h. Upon completion of alkylation,
the mixture was diluted with EtOAc, which was sequentially washed with
satd. NaHCO; (100 mL x 1), satd. Na,S,0; (100 mL x 1), water (100 mL
x 1), brine (100 mL x 1), dried (MgSQ,), filtered through sea sand to
remove tin derived byproducts, and then concentrated for column
chromatography purification (Elution: EtOAc/hexane = 1:2) yielding
3-chloropropyl 4,6-O-benzylidene-3-0-p-methoxybenzyl--D-
galactopyranoside (1.58 g, 75%). To a solution of 3-chloropropyl-
4,6-0O-benzylidene-3-0O-p-methoxybenzyl-f-D-galactopyranoside (1.58 g,
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3.40 mmol) in CH3CN (17.0 mL), benzyl bromide (608 pL, 5.12 mmol)
was added at bath temperature of 0°C and the mixture was stirred for 10
min. After then, 60% NaH (205 mg, 5.12 mmol) was added and the
mixture was stirred from 0°C to rt for 1.5 h. Upon completion of
alkylation, the mixture was diluted with EtOAc and washed with water
(100 mL x 2), brine (100 mL x 1), dried (MgSQ,) filtered, and then
concentrated for column chromatography purification (Elution:
EtOAc/hexane = 1:6) to give 3-chloropropyl 2-O-benzyl-4,6-O-
benzylidene-3-0-p-methoxybenzyl-B-D-galactopyranoside (1.7 g, 90%).
To a solution of 3-chloropropyl 2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-f-D-galactopyranoside (1.7 g, 3.07 mmol) in 19:1
CH,Cl/H,O (15 mL), dichlorodicyano quinone (DDQ) (1.05 g, 4.60
mmol) was added at bath temperature of 0°C and the mixture was stirred
for 30 min. Upon complete removal of PMB function, the mixture was
washed with satd. NaHCO; (100 mL x 1), Na,S,03 (100 mL x 1), water
(100 mL x 1), brine (100 mL x 1), dried (MgSQ,) filtered, and then
concentrated for column chromatography purification (Elution:
EtOAc/hexane = 1:2) to yield target 3-chloro propyl 2-O-benzyl-4,6
-O-benzylidene-B-D-galactopyranoside 9 as white amorphous solid (935
mg, 70%). For galactopyranoside 9, Ry = 0.3 (TLC developing solution:
EtOAc/hexane = 1:2); [a]’ b= +3.8 (¢ = 0.20, CHCL;); '"H NMR (300
MHz, CDCl;): 6 = 7.59-7.50 (m, 2H), 7.45-7.29 (m, 8H), 5.57 (s, 1H;
benzylidene-CH), 4.95 (d, J = 11.2 Hz, 1H), 4.75 (d, J = 11.2 Hz, 1H),
442 (d,J=17.6 Hz, 1H; H-1), 4.34 (dd, J = 12.4, 1.4 Hz, 1H), 4.24-4.19
(m, 1H), 4.16-4.04 (m, 2H), 3.84-3.59 (m, 5H), 3.44 (d, J = 1.0 Hz, 1H),
2.60 (d, J = 6.4 Hz, 1H; OH), 2.31-1.97 (m, 2H; CH,); °C NMR (75
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MHz, CDCl;): 6= 138.8, 137.9, 129.6, 128.8, 128.6, 128.3, 128.1, 126.8,
103.9 (IJCH = 155.2 Hz; C-1), 101.7 (benzylidene-CH), 79.7, 75.9, 75.3,
72.8, 69.5, 66.9, 66.7, 42.2, 33.1; HRMS (Bio-ToFII): calcd for
C»3H,,ClO¢Na requires 457.1394; found: m/z = 457.1388 [M + Na]".

Preparation of (3-chloropropyl) 2-O-benzyl-4,6-O-
benzylidene-[2,3-O-isopropylidene-4-O-(2,3-di-O-benzyl-4,6-
O-benzylidene-B-D-mannopyranosyl)-o-L-rhamnopyranosyl]

-B-D-galactopyranoside 10:

Ph
~
N0
O
O
o) O o
BnO O O/
)<
10

Trisaccharide 10 was prepared according to procedure B (50 mg,
20% over two steps), procedure D (114 mg, 35% over two steps) or
procedure G (272 mg, 70% over two steps) and obtained as a colorless oil.
For trisaccharide 17, Ry = 0.20 (TLC developing solution: EtOAc/hexane
= 1:4 + 20% CH,CL); [a]*'b= -3.33 (c = 0.30, CHCL); '"H NMR (300

MHz, CDCL;): 8= 7.54-7.19 (m, 25H), 5.71-5.48 (m, 2H), 5.25 (s, 1H;
H”-1), 5.01 (s, 1H; H’-1), 4.95-4.81 (m, 3H), 4.75-4.67 (m, 2H), 4.63 (d,

J=9.1 Hz, 1H), 447 (d, J = 7.2 Hz, 1H; H-1), 4.35 (t, J = 8.3 Hz, 2H),
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4.32-4.19 (m, 3H), 4.18-4.06 (m, 3H), 4.02-3.91 (m, 3H), 3.85-3.59 (m,

7H), 3.46 (d, J=8.1 Hz, 1H), 3.33 (td, J = 9.8, 4.9 Hz, 1H), 2.28-2.01 (m,

2H; CH,), 1.52 (s, 3H; CH;), 1.34 (s, 6H; CH;); °C NMR (75 MHz,
CDCly): § = 138.9, 138.8, 138.7, 138.1, 137.9, 129.5, 129.2, 128.88,
128.81, 128.7, 128.65, 128.60, 128.5, 128.4, 128.3, 128.28, 128.23, 128.1,
127.9, 127.8, 126.69, 126.65, 126.5, 126.4, 109.6 (C(CHs),), 104.0 (‘Jcy
= 156.5 Hz; C-1), 101.8 (benzylidene-CH), 101.7 (benzylidene-CH),
100.6 ("Jey = 157.5 Hz; C-17), 100.5 ("Joy = 167.9 Hz; C-17), 81.6, 79.0,
78.5, 78.3, 78.2, 77.67, 76.65, 76.5, 76.4, 75.7, 75.2, 72.4, 69.6, 69.0,
68.0, 66.7, 66.6, 65.2, 42.2, 33.1, 28.2, 26.8, 18.2; HRMS (Bio-ToFII):
calcd for CsoHg7C1O;sNa requires 1073.4066; found: m/z = 1073.4061 [M
+ Na]".

Preparation of 2,3-di-O-benzyl-4,6-O-benzylidene-D-
mannopyranosyl trichloroacetimidate (mannosyl imidate

donor) 11:

OBn
Ph—X-O o
o) .
BnO
11 O?NH
CClg

Mannosyl imidate donor 11 was prepared according to literature
procedure and was obtained as a colorless syrup.”" For a-anomer of
compound 11, R; = 0.7 (TLC developing solution: EtOAc/hexane = 1:4);
'H NMR (300 MHz, CDCly): 5= 8.65 (s, 1H; imidate-H), 7.66-7.56 (m,
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2H), 7.53-7.29 (m, 13H), 6.36 (d, J = 1.6 Hz, 1H; H-1), 5.73 (s, 1H;
benzylidene-CH), 4.89 (dt, J = 17.9, 8.1 Hz, 3H), 4.74 (d, J = 12.2 Hz,
1H), 4.48-4.34 (m, 2H), 4.08 (ddd, J = 14.8, 7.5, 3.8 Hz, 2H), 4.01-3.88
(m, 2H); °C NMR (75 MHz, CDCly): 6= 160.7 (C=NH), 138.6, 138.1,
137.8, 129.3, 128.9, 128.8, 128.7, 128.6, 128.5, 128.3, 128.3, 128.1,
126.4, 101.9 (benzylidene-CH), 96.9 (C-1), 91.2, 78.8, 75.6, 75.6, 74.0,
73.7,68.9, 67.3.

Preparation of (2,6-dimethylphenyl) 2-azido-3,6-di-
O-benzyl-2-deoxy-1-thio-B-D-glucopyranoside 12:

AcO e AcO o 0]
AcO ACO A __DMTP
N3 OAc N3 N3
Cl
per-O-acetyl- ) i
2-azdio-2-deoxy- 3,4,6-tri-O-acetyl- 22;166(ﬂr:1§f2i1§h|e_nyl)
p-glucospyranoside 2-azdio-2-deoxy-1-chloro-o- T Y )
b-glucospyranoside 2-azd|o-2-deoxy-.1-th|o-B-
D-glucospyranoside
OH
Ph—X O
HO&DMTP 0O N2
HO HO _—DMTP
N3 N3
(2,6-di-methylphenyl) (2,6-di-methylphenyl)
2-azdio-2-deoxy-1-thio-pB- 2-azdio-4,6-0O-benzylidene-
p-glucospyranoside 2-deoxy-1-thio-B-
D-glucospyranoside
e NS
N3 N3
12

(2,6-di-methylphenyl) .
2-azdio-3-O-benzyl-4,6- (2,6-di-methylphenyl)
O-benzylidene- ' 2-azdio-3,6-di-O-benzyl-
2-deoxy-1-thio-p- 2-deoxy-1-thio-B-
p-glucospyranoside D-glucospyranoside

To a solution of per-O-acetyl-2-azido-2-deoxy-glucospyranoside™
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(100 mg, 0.27 mmol) in DMF (2.0 mL), Upon further addition of
H4N,.HOAc (2.2 g, 23.9 mmole), the mixture was stirred at room
temperature under N, for 1h. Upon completion of reacation. The reacting
mixture was diluted with EtOAc (20 mL) and washed with IN HCl,q, (10
mL x 1), sat. Na,HCO; (10 mL x 2), water (10 mL x 1), brine (20 mL x
1), dried over MgSQO,, filtered and concentrated to obtained crude
3,4,6-0-acetyl-2-azido-2-deoxy-D-glucopyranoside. To a solution of TCT
(60 mg, 0.32 mmole) and DMF (0.83 mL, 1.1 mmole), the mixture was
stirred at room temperature under N, for 30 mins, upon further added
3,4,6-0-acetyl-2-azido-2-deoxy-D-glucopyranoside (89 mg, 0.27 mmol)
dissolved in DCE (1.0 mL), and the mixture stirred at 60°C for 3h under

N,. Upon completion of reacation. The reacting mixture was diluted with
EtOAc (20 mL) and washed with sat. Na,CO; (10 mL x 2), water (10 mL
x 1), brine (20 mL x 1), dried over MgSQ,, filtered and concentrated for
column chromatography over silica gel to obtained 3,4,6-O-acetyl-2-

azido-1-chloro-2-deoxy-a-D-glucopyranoside (73 mg. 76%). To a
solution of 3,4,6-O-acetyl-2-azido-1-chloro-2-deoxy-a-D-glucopyrano
side (80 mg, 0.23 mmole), TBAH (8 mg, 0.02 mmole), IN Nay,COj (59
(1.2 mL, 1.14 mmole), and 2,6-DMTP (0.37 mL, 0.28 mmole) were

dissolved in EtOAc (2.0 mL), and the mixture stirred at 40°C for 5h.
Upon completion of reacation. The reacting mixture was diluted with
EtOAc (20 mL) and washed with water (10 mL x 2), brine (20 mL x 1),
dried over MgSO,, filtered and concentrated for column chromatography
over silica gel to obtained (2,6-di-methylphenyl) 3,4,6-O-acetyl-2-
azido-2-deoxy-1-thio-B-D-glucopyranoside (90 mg. 87%).
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(2,6-Dimethylphenyl) 3,4,6-O-acetyl-2-azido-2-deoxy-1-thio-B-D-gluco
pyranoside (1.2 g, 2.6 mmol) was dissolved in MeOH (10 mL) at 0°C
under N,, which was followed by the addition of a piece of freshly cut
sodium (cat. 6 mg). The mixture was stirred from 0°C to rt for 1 h and
then neutralized with IR-120 H'. After filtration removal of resin and
removal of solvent by rotary evaporator, the crude deacetylated product
was dissolved in MeCN (10 mL), were added Bn(OMe), (0.6 mL, 3.9
mmole), and TSOH (49 mg, 0.26 mmole) stirred at room temperature for
2h, And then neutralized with Et;N (excess 2 mL) under ice bath and

concentrated. The crude benzylidene product was dissolved in DMF

(10mL) stirred at 0°C for 30 min under N,, and then was added 60%

NaH) in oil (208 mg, 5.2 mmole) stirred 30 min, and added Bn-Br (0.6
mL, 5.2 mmole) stirred 2h. Upon completion of reacation. The reacting
mixture was qunched with MeOH (5 mL),and diluted with EtOAc (100
mL) and washed with water (100 mL x 2), brine (100 mL x 1), dried over
MgSO,, filtered and concentrated for crystallation (EtOAc/Hexane 1:20)
to obtained (2,6-di-methylphenyl) 2-azdio-3-O-benzyl-4,6-O-benzylidene
-2-deoxy-1-thio-B-D-glucopyranoside (1.1 g, 80%, over 3 steps). To a
solution of (2,6-di-methylphenyl) 2-azdio-3-O-benzyl-4,6-O-benzylidene
-2-deoxy-1-thio-B-D-glucopyranoside (200 mg, 0.4 mmole), Et;SiH (0.3
mL, 2.0 mmole) and 4A MS-AW in CH,Cl, (4 mL), and stirred at -10°C

under N,, after 30 min was added TFA (0.2 mL, 2.4 mmole) stirred 1h.
Upon completion of reacation. The reacting mixture was diluted with
EtOAc (20 mL) and washed with sat. NaHCO; (10 mL x 2), water (10
mL x 1), brine (20 mL x 1), dried over MgSQ,, filtered and concentrated
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for column chromatography over silica gel to obtained
(2,6-di-methylphenyl) 2-azido-3,6-O-benzyl-2-deoxy-1-thio-B-D-
glucopyranoside as  colorless oil (172 mg, 85%). For
(2,6-di-methylphenyl) 3,6-di-O-benzyl-2-azido-2-deoxy-4-O-1-B-D-
thioglucopyrano side 12: [@]*'p= + 2.42 (¢ = 2.1, CHCl;); 'H NMR (300
MHz, CDCL,): 67.41-7.31 (m, 10H; ArH), 7.24-7.15 (m, 3H; ArH), 4.99
(dd, J=11.1, 16.8 Hz, 2H), 4.06 (dd, J = 3.6, 12.0 Hz, 2H), 4.28 (d, J =
10.2 Hz, 1H), 3.75-3.70 (m, 3H), 3.50 (t, /= 9.3 Hz, 1H), 3.37-3.25 (m,
2H), 2.84 (br, 1H), 2.64 (2 x CHs, 6H; CH;C=0); °C NMR (75 MHz,
CDCls) 6 144.7, 138.4, 138.1, 131.3, 129.7, 129.0, 128.9, 128.7, 128.6,
128.5, 128.2, 128.1, 89.5, 85.2, 78.1, 75.8, 74.1, 72.3, 70.8, 66.5, 22.9;
HRMS-ESI: calcd for CygH;N304SNa requires 528.1927; found: m/z =
528.1928 [M + Na]".

Preparation of (2,6-dimethylphenyl) 2-azido-3,6-di-O-
benzyl-4-O-(2,3-di-O-benzyl-4,6-O-benzylidene-D-mannopyr
anosyl)-1-thio-B-D-glucospyranoside 13

RN
Bn& ﬁ

Disaccharide 13 was prepared according to procedure C (140 mg,
75%, a/P = 1:6) obtained as a colorless oil. For (2,6-dimethylphenyl)
2-azido-3,6-di-O-benzyl-4-0-(2,3-di-O-benzyl-4,6-O-benzylidene-3-D-

mannopyranosyl)-1-thio-B-D-glucospyranoside 13, Ry = 0.45 (TLC
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developing solution: EtOAc/hexane = 1:4); [a]"p = —4.95 (¢ = 2.00,
CHCl;); 'H NMR (300 MHz, CDCl;): § = 7.60-7.26 (m, 28H), 5.58 (s,
1H), 5.20 (d, J = 10.2 Hz, 1H), 4.96-4.80 (m, 2H), 4.75-4.57 (m, 5H),
4.45-4.35 (m, 1H), 4.24-3.93 (m, 4H), 3.81 (d, J = 2.9 Hz, 1H),
3.60-3.44 (m, 6H), 3.29-3.11 (m, 2H), 2.66 (s, 6H); °C NMR (75 MHz,
CDCI3): 5= 144.8, 138.9, 138.8, 138.7, 138.1, 138.0, 131.1, 129.6, 129.2,
128.9, 128.7, 128.67, 128.61, 128.5, 128.3, 128.1, 128.0, 127.8, 126.4,
101.8, 101.7 ("Jey = 159.0 Hz; C-1"), 88.8 (‘Jey = 157.0 Hz; C-1), 84.1,
79.17, 79.13, 78.7, 77.3, 77.2, 75.8, 75.5, 74.0, 73.0, 69.0, 68.8, 67.8,
66.2, 22.9; LRMS—ESI: calcd for CssHs7N3;O9SNa requires 958.37; found:
m/z=958.31 [M + Na]",

Preparation of (1-chlorohexyl) 2-azido-3,6-di-O-benzyl-2-
deoxy-4-0O-|2-azido-3,6-di-O-benzyl-4-0O-(2,3-di-O-benzyl-4,6
-O-benzylidene-B-D-mannopyranosyl)-B-D-glucospyranosyl]
-B-D-glucospyranoside 14:

OBn
Ph O OBn
/% O OBn

0O O
BnO Bn&»o/ﬁ

N3
14

Trisaccharide 14 was prepared according to procedure D (117 mg,
45% over two steps) obtained as a colorless oil. For trisaccharide 14, Ry =
0.25 (TLC developing solution: EtOAc/hexane = 1:4); [a]*p= —45.09 (c
= 0.35, CHCl;); '"H NMR (300 MHz, CDCl;): § = 7.54-7.14 (m, 35H),
5.54 (s, 1H), 5.15 (d, J=10.3 Hz, 1H), 5.04 (d, J=11.4 Hz, 1H), 4.87 (d,
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J =29 Hz, 2H), 4.75 (dd, J = 17.5, 12.4 Hz, 3H), 4.66-4.52 (m, 3H),
4.49-4.39 (m, 2H), 4.30 (dd, J = 21.3, 7.8 Hz, 1H), 4.21-4.01 (m, 6H),
3.83 (d, J=10.2 Hz, 1H), 3.73 (d, J = 2.8 Hz, 1H), 3.57-3.50 (m, 4H),
3.49-3.39 (m, 6H), 3.20 (t, J = 9.3 Hz, 1H), 3.11-2.99 (m, 2H),
1.89-1.76 (m, 2H), 1.75-1.58 (m, 4H), 1.49—1.39 (m, 4H); °C NMR (75
MHz, CDCI3): 5= 138.92, 138.8, 138.4, 138.07, 138.01, 129.2, 128.97,
128.91, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,
127.9, 127.8, 127.7, 126.4, 102.5 ("Joy = 158.4 Hz; C-1), 101.7 (‘"Jey =
159.0 Hz; C-1", 101.2 ("Jey = 162.3 Hz; C-1"), 82.0, 81.4, 79.0, 78.6,
77.7,71.6,77.3, 76.9, 75.5, 75.5, 75.4, 75.1, 74.8, 73.8, 73.7, 72.9, 70.3,
68.9, 68.8, 68.4, 67.7, 66.5, 66.4, 45.4, 32.9, 29.7, 27.0, 25.6; HRMS
(Bio-ToFII): caled for C13HgiCINgO4Na requires 1323.5397; found: m/z
=1323.5392 [M + Na]".

Preparation of (2,6-dimethylphenyl)

2,3-O-isopropylidene-thio-a-L-rhamnopyranoside 15:

Unprotected  (2,6-dimethylphenyl) 1-thio-L-rhamnopyranoside®®’

(8.5 g, 20 mmol), 2,2-dimethoxypropane (7.3 mL, 30 mmol) and
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toluenesulfonic acid monohydrate (TSOH) (850 mg, 4.5 mmol) were
dissolved in CH3CN (225 mL), and stirred from 0°C to rt for 1.5 h. Upon
completion of acetal formation, the mixture was diluted with EtOAc,
followed by washing with satd. NaHCO; (200 mL x 2), water (200 mL x
1), brine (200 mL x 1), dried (MgSQO,) filtered, and then concentrated for
column chromatography purification (Elution: EtOAc/hexane = 1:8) to
yield thiorhamnoside 15. 15 was further precipitated in EtOAc/hexane
mixture to furnish white needle-like solid (8.7 g, 90%, o/ = 2:1). For
a-anomer of thiorhamnoside 15 Ry = 0.5 (TLC developing solution:
EtOAc/hexane = 1:4); [a] b= —192.9 (¢ = 0.15, CHCL;); '"H NMR (300
MHz, CDCl): 6=7.21-7.09 (m, 3H), 5.47 (s, 1H; H-1), 4.45 (dd, J= 5.4,
0.7 Hz, 1H), 4.17 (dd, J= 7.5, 5.5 Hz, 1H), 4.09-3.95 (m, 1H), 3.56-3.35
(m, 1H), 2.55 (d, J = 5.6 Hz, 6H; ArCH;), 2.42 (d, J = 3.7 Hz, 1H; OH),
1.54 (s, 3H; CH3), 1.40 (s, 3H; CH3), 1.22 (d, J = 6.2 Hz, 3H; CH;); °C
NMR (75 MHz, CDCls): 6= 143.4, 131.8, 129.2, 128.7, 110.0 (C(CHs;),),
84.6 (‘Jen = 165.0 Hz; C-1), 78.7, 75.4, 68.3, 28.5, 26.8, 22.5, 17.4;
HRMS (Bio-ToFIl): calcd for C,;H,40,SNa requires 347.1293; found:
m/z =347.1288 [M + Na]".

Preparation of 2-O-benzyl-4,6-O-benzylidene-3-O-p-methoxy

benzyl-a-D-mannopyranosyl trichloroacetimidate 16:
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Ph/%O/\/Og Ph0 ol Ph—x-0\ 98"

O]
HO | PMBO PMBO
STol STol STol
4,6-O-benzylidene 3-O-p-methoxybenzyl- 3-O-p-methoxybenzyl-2-O-
thiomannoside!™! 4,6-O-benzyidene benzyl-4,6-O-benzyidene
thiomannoside thiomannoside
Ph—-0—\ OBn ph—x-0—\ PBN
E— O — O — O — O
PMBO OH PMBO
3-0-p-methoxybenzyl- O(C=NH)CCl3
2-O-benzyl-4,6-0- mannosyl
benzyidene mannose imidate donor 16

To a solution of 4,6-O-benzylidene thiomannoside®® (3.0 g, 8.01
mmol) in benzene (CgHg) (55 mL, 0.15 M), dibutyltin oxide (Bu,SnO)
(2.99 g, 12.0 mmol) was added, and the mixture was stirred under reflux
with dean-stark trap at 105°C bath temperature for 10 h. Subsequently,
the bath temperature was brought to 70°C, to which p-methoxybenzyl
chloride (PMB-Cl) (1.6 mL, 12.0 mmol) and tetrabutylammonium
chloride (TBAI) (4.4 g, 12.0 mmol) were added. The resulting mixture
was stirred for additional 6 h and was then concentrated to a syrup
residue, which was suspended in EtOAc. The EtOAc solution was
washed with satd. NaHCO; (100 mL x 1), satd. Na,S,03 (100 mL x 1),
water (100 mL x 1), brine (100 mL x 1), dried (MgSO,) and filtered over
sea sand (to remove tin derived side-products). The resulting filtrate was
concentrated for column chromatography purification (Elution:
EtOAc/hexane = 1:2) furnishing 3-O-p-methoxybenzyl-4,6-O-
benzylidene thiomannoside (2.97 g, 75%). To a mixture of
3-O-p-methoxybenzyl-4, 6-O-benzylidene thiomannoside (2.97 g, 6.01
mmol) and benzyl bromide (1.07 mL, 9.01 mmol) in CH;CN (30.0 mL)
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was added 60% sodium hydride (NaH) (360 mg, 9.01 mmol), and the
mixture was stirred at 0°C for 10 min and then stirred at rt for additional 1
h. Upon completion of alkylation as judged by TLC, the mixture was
diluted with EtOAc and washed with water (100 mL x 2), brine (100 mL
x 1), dried (MgSO,), filtered, and then concentrated for column
chromatography purification (Elution: EtOAc/hexane = 1:6) furnishing
2-0-benzyl-4,6-0O-benzyidene-3-O-p-methoxybenzyl thiomannoside (3.2
g, 90%). A solution of thiomannoside obtained from the preceding
step (2.8 g, 4.78 mmol) and N-bromosuccinimide (NBS) (3.4 g, 19.11
mmol) in 20:1 acetone/H,O mixture (95.0 mL, 0.05 M) was stirred at
bath temperature -5°C for 30 min. Upon completion of deprotection, a
few drops of satd. NaHCOj; and small pieces of solid Na,S,0; were added
to the mixture, followed by vigorous stirring for ca. 10 min. The resulting
mixture was washed with water (100 mL x 2), brine (100 mL x 1), dried
(MgSQ,), filtered and then concentrated for column chromatography
purification  (Elution: = EtOAc/hexane = 1:4) to  furnish
3-O-p-methoxybenzyl-2-O-benzyl-4,6-O-benzylidene mannose (1.95 g,
85%). The mannose obtained was then dissolved in CH,Cl, (20 mL, 0.2
M), to which were added trichloroacetonitrile (CCI3CN) (1.6 mL, 16.2
mmol) and 1,8-diazabicyclo[5.4.0] undec-7-ene (DBU) (122 uL, 0.81
mmol). The mixture was stirred at -5°C for 1 h under N,. Upon
completion of imidate formation, the reaction mixture was washed with
satd. NaHCO; (100 mL x 1), water (100 mL x 2), brine (100 mL x 1),
dried (MgSQO,), filtered, and then concentrated for column
chromatography purification over pre-neutralized silica gel (pre-flushed

with 3% Et;N in eluting solvent) with elution of 1:8 EtOAc/hexane
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mixture giving 2-O-benzyl-4,6-O-benzylidene-3-O-p-methoxybenzyl-
D-mannopyranosyl trichloroacetimidate (mannosyl imidate donor) 16 as a
colorless syrup (2.14 g, 85%, a:3 = 5:1). For a-anomer of 16, Ry = 0.3
(TLC developing solution: EtOAc/hexane = 1/8); [a]’’p = +15.2 (¢ =
14.50, CHCl;); "H NMR (300 MHz, CDCl3): 5= 8.62 (s, 1H; imidate-H),
7.61-7.53 (m, 2H), 7.41 (m, 8H), 7.32-7.25 (m, 2H), 6.92-6.81 (m, 2H),
6.31 (d, J = 1.6 Hz, 1H; H-1), 5.70 (s, 1H; benzylidene-CH), 4.90-4.78
(m, 3H), 4.64 (dd, J=10.7, 4.3 Hz, 1H), 4.43-4.29 (m, 2H), 4.03 (dt, J =
3.8, 9.6 Hz, 2H), 3.97-3.86 (m, 2H), 3.83 (s, 3H; CH;0); °C NMR (75
MHz, CDCl): 6 = 160.2 (C=NH), 159.2 (COCH3;), 137.6, 137.3, 130.1,
129.5, 128.8, 128.3, 128.18, 128.13, 128.0, 127.8, 125.9, 113.6, 101.3
(benzylidene-CH), 96.4 (C-1), 90.7, 78.2, 75.1, 74.5, 73.5, 72.8, 68.4,
66.8, 55.1 (COCH;); HRMS (Bio-ToFII): calcd for C;yH;,Cl;NO;Na
requires 644.0986; found: m/z = 644.0980 [M + Na]".

Preparation of N-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-1-3-D-mannopyranosyl)-trichloroacetamide

17:

OBn
PMBO N\fo
17 CCls

Monosaccharide 17 was prepared according to procedure F (10 mg,

10%) obtained as a colorless oil. For compound 17, Ry = 0.65 (TLC
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developing solution: EtOAc/hexane = 1:4); [a]'p = +17.3 (¢ = 0.75,
CHCl;); 'H NMR (300 MHz, CDCly): & = 7.60-7.48 (m, 3H), 7.48-7.30
(m, 10H), 6.98-6.89 (m, 2H), 5.67 (s, 1H; benzylidene-CH), 5.22 (dd, J =
9.2, 1.35 Hz, 1H; H-1), 5.15 (d, J = 11.5 Hz, 1H), 4.93 (d, J = 11.7 Hz,
1H), 4.75 (d, J=11.4 Hz, 2H), 4.36 (dd, /= 10.4, 49 Hz, 1H), 4.22 (t, J
=9.6 Hz, 1H), 3.97-3.90 (m, 1H), 3.89-3.79 (m, 5H), 3.52 (td, /=9.8, 4.9
Hz, 1H); ”C NMR (75 MHz, CDCL): §= 161.7 (C=0), 159.8 (COCH,),
137.7, 137.6, 130.4, 129.9, 129.4, 129.3, 128.9, 128.6, 126.4, 114.3,
101.9 (benzylidene-CH), 92.3 (CCls), 79.4 (‘Jou = 160.7 Hz), 78.98, 77.9,
77.4, 77.0, 76.7, 75.9, 73.9, 69.4, 68.7, 55.7 (COCH;); HRMS-FAB:
caled for C30H30NO,Cl; requires 621.1088; found: m/z = 621.1085 [M]".

Rate dependent inverse-addition procedure for preparation
of disaccharides 20 and 21:
Ph—-0\ ©Bn OBn o 0 07 =0
0 O _ ONY
Bno&h 0 BnO | I

—O0
BnO O

20 B"%ve 21 7LO

2,3,6-tri-O-benzyl-4-0-(2,3-di-O-benzyl-D-mannopyranosyl)-a-D-gl
ucopyranoside 20 and 1,2,3,4-di-O-isopropylidene-6-O-(2,3-di-O-
benzyl-4,6-benzylidene-D-mannopyranosyl)-a-D-galactopyranoside 21
was prepared according to procedure F (173 mg, 90%, o/ = 1/10 for 20;
244 mg, 92%, o/f = 1/2.3 for 21) obtained as a colorless oil. For
B-anomer of disaccharide 20, Ry = 0.30 (TLC developing solution:
EtOAc/hexane = 1/3); '"H NMR (300 MHz, CDCL,): §= 7.50 (dt, J = 8.0,

74



4.3 Hz, 4H), 7.46-7.23 (m, 26H), 5.55 (s, 1H; benzylidene-CH), 5.08 (d, J
= 10.7 Hz, 1H), 4.87-4.73 (m, 5H), 4.72-4.57 (m, 5H), 4.39 (s, 1H), 4.31
(d, J=12.1 Hz, 1H), 4.15-4.03 (m, 2H), 3.96-3.84 (m, 2H), 3.67 (d, J =

2.9 Hz, 1H), 3.62 (dd, J = 8.0, 4.8 Hz, 1H), 3.58-3.52 (m, 1H), 3.49 (dd, J

=11.1, 2.7 Hz, 1H), 3.43 (s, 3H; CH;0), 3.36 (dd, J = 10.0, 2.9 Hz, 2H),
3.08-3.01 (m, 1H); °C NMR (75 MHz, CDCl;): 5= 139.8, 139.0, 138.9,
138.7, 138.0, 137.9, 129.2, 128.9, 128.8, 128.7, 128.6, 128.5, 1284,
128.2, 128.1, 127.96, 127.91, 127.7, 127.6, 126.5, 101.9, 101.7, 98.8
(C-1°), 80.6, 79.3, 79.1, 78.6, 78.0, 77.6, 75.7, 75.4, 74.0, 73.9, 72.9, 70.0,
68.9, 68.7, 67.6, 55.7 (CH3O).[58] For B-anomer of disaccharide 21, R; =
0.35 (TLC developing solution: EtOAc/hexane = 1/4); '"H NMR (300

MHz, CDCly): 6=7.56-7.47 (m, SH), 7.45-7.28 (m, 10H), 5.63 (s, 1H;
benzylidene-CH), 5.61 (d, J = 5.0 Hz, 1H), 4.97 (dd, J = 32.7, 12.1 Hz,

2H), 4.68-4.53 (m, 4H), 4.37 (dd, /= 5.0, 2.5 Hz, 1H), 4.32 (dd, /= 10.4,

4.9 Hz, 1H), 4.22 (ddd, J = 13.4, 8.6, 2.2 Hz, 3H), 4.14-4.08 (m, 1H),
4.07 (d, J= 3.1 Hz, 1H), 3.94 (t, J = 10.3 Hz, 1H), 3.67 (dd, J=10.7, 8.2
Hz, 1H), 3.59 (dd, J = 9.9, 3.1 Hz, 1H), 3.41-3.29 (m, 1H), 1.53 (s, 3H;
CH,), 1.48 (s, 3H; CH3), 1.36 (d, J = 3.6 Hz, 6H; CH;); °C NMR (75
MHz, CDCly): § = 138.6, 138.5, 137.9, 129.3, 129.2, 128.7, 128.66,
128.61, 128.0, 127.9, 126.4, 110.0 (C(CHs),), 109.9 (C(CHs),), 109.2
(C(CHs),), 103.2 (C-17), 101.8 (benzylidene-CH), 96.7 (C-17), 78.8, 77.6,
75.5,75.1,72.5,71.9, 71.1, 70.8, 70.4, 68.9, 68.3, 67.9, 26.4 (CH3), 26.3
(CH3), 25.4 (CH3), 24.7 (CH;).P”
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Preparation of trisaccharide cores of N-linked glycan 22

with sequential glycosylation approach:

HO OBn OBn
Ho&& OBn
PMBO o O
AcO o) O
TrocHN BnO O(CHz)eCl
N3
22

6-chlorohexyl 3,6-di-O-benzyl-2-azido-2-deoxy4-0-[3-O-acetyl
-6-0O-benzyl-2-(trichloroethyloxycarbamyl)-4-O-(2-O-benzyl-3-O-p-meth
oxybenzyl-B-D-mannopyranosyl)-B-D-glucopyranosyl]-B-D-glucopyranos
ide 22 was prepared according to procedure G and procedure H (90 mg,
40% over three steps from 2), obtained as a colorless oil. For
trisaccharide diol 22, Ry = 0.30 (TLC developing solution: EtOAc/hexane
= 1:1 + 1% MeOH); [a]’’b= —45.9 (¢ = 0.20, CHCl;); 'H NMR (300

MHz, CDCLy): & = 7.52-7.22 (m, 17H), 6.94-6.82 (m, 2H), 5.02 (d, J =
11.6 Hz, 1H), 4.90-4.54 (m, 6H), 4.46-4.11 (m, 8H), 3.90 (ddd, J = 19.8,
11.3, 6.9 Hz, 4H), 3.81 (s, 3H; CH;0), 3.78-3.59 (m, 4H), 3.56 (t, J= 6.7
Hz, 3H), 3.43-3.23 (m, 4H), 3.19 (dd, J = 6.3, 3.0 Hz, 1H), 3.07 (dd, J =
9.4, 2.8 Hz, 1H), 2.04 (s, 3H; CH;C=0), 1.86-1.74 (m, 4H; CH.,),

1.72-1.59 (m, 2H; CH,), 1.55-1.38 (m, 4H; CH,); °C NMR (75 MHz,

CDCly): = 171.0 (C=0), 159.8 (COCH3), 154.5 (OC=0), 139.1, 138.9,
138.0, 137.6, 129.9, 129.7, 129.6, 129.4, 129.3, 128.9, 128.7, 128.6,
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128.55, 128.52, 128.3, 128.2, 128.1, 128.05, 128.00, 127.7, 114.3, 102.5
(‘Jen = 158.2 Hz; C-1), 101.2 ("Joy = 158.6 Hz), 101.1 ('Joy = 160.8 Hz),
96.0 (CCly), 81.6, 81.4, 77.6, 76.4,75.7,75.5, 74.9, 74.8, 74.6, 74.5, 74.1,
74.0, 73.8, 73.0, 71.1, 70.4, 69.3, 67.6, 67.5, 66.5, 63.4, 56.7, 55.7, 45.4,
329, 29.7, 269, 25.6, 21.2; HRMS (Bio-ToFIl): caled for
CesH7oCI4N4OgNa requires 1366.4041; found: m/z = 1366.4036 [M
+ Na]".

Rate dependent inverse-addition procedure for preparation

of disaccharide 23:

OBnN DMTP
Ph—X-0O o
O : o O
BnO /

C o

\
23{

(2,6-dimethylphenyl) 2,3-O-isopropylidene-4-O-(2,3-di-O-benzyl-
4,6-0O-benzylidene-B-D-mannopyranosyl)-1-thio-a-L-rhamnopyranoside
23 was prepared according to procedure F (210 mg, 90%), obtained as a
colorless oil. For compound 23, Ry = 0.35 (TLC developing solution:
EtOAc/hexane = 1:8; [a]*'pb= —140.4 (¢ = 0.77, CHCL;); '"H NMR (300

MHz, CDCl;): 5= 7.54 (m, 4H), 7.47-7.29 (m, 12H), 7.24-7.11 (m, 2H),

5.67 (s, 1H; benzylidene-CH), 5.47 (s, 1H; H’-1), 5.06 (s, 1H, H-1), 4.95
(q, J=12.2 Hz, 2H), 4.72 (q, J = 12.6 Hz, 2H), 4.44 (d, J = 5.3 Hz, 1H),

427 (ddd, J = 15.4, 11.8, 5.3 Hz, 3H), 4.10-3.94 (m, 3H), 3.73 (ddd, J =

12.9,9.9, 5.4 Hz, 2H), 3.37 (dt, J= 9.8, 4.9 Hz, 1H), 2.60 (s, 6H; ArCH,),
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1.53 (s, 3H; CH3), 1.40 (s, 3H; CH;), 1.30 (d, J = 6.2 Hz, 3H; CH;); °C
NMR (75 MHz, CDCly): § = 143.4, 139.0, 138.8, 138.0, 131.9, 129.3,
129.2, 128.9, 128.8, 128.7, 128.6, 128.5, 128.3, 128.2, 128.1, 128.04,
128.00, 127.9, 126.4, 109.9 (C(CHs),), 101.8 (benzylidene-CH), 100.4
("Jon = 158.2 Hz; C-17), 84.9 (‘Jey = 164.6 Hz; C-17), 79.1, 78.5, 78.4,
78.2, 78.1, 76.8, 75.3, 72.6, 69.0, 68.1, 67.4, 28.2, 27.0, 22.6, 18.0;
HRMS (Bio-ToFII): calcd for CyHs0O9SNa requires 777.3073; found:
m/z=777.3068 [M + Na]".
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411 0L PR oL PR FREFL R R

a-L- 3 ﬁfﬁﬁ%ﬁ”*ﬁ’ﬁﬁﬁfm aﬁﬁlfﬁﬁi’\ SPENTKIRRER % 29 RoE2
~ (CAZy Family GH-29) » EABEL 2 Spafms Pl
S F NG AN @;@] dm e N R R g S 2 A AL TR
WA o SAPET KGR S - oAl (Bxo) pEkjapEE o 2
BRELSFDNARR chi iz ? o 4o - A S5 2
sfidede o P A RGeS 7 LR R A NRPE B
S B %&mﬁ% Rbe B E L 7 R ol R
HokfEps i - £ FLEOTR R L £ & 4 F o

L-EERE L - 2 2§ X 58 (6-deoxy-L-galactose)’ ¥ AL I

g g4 (N-linked) # % 42 (O-linked) #77) = (hpE s Fi/n
(Antigens of Golbo-H, KH-1)+ (B ~) - Pg a-1,2~0-1,3~0-1,6
P E e SUE (Galactose) & N-¢ figd F A=
(N-acetyl glucosamine) } o 7% fRFT 7 M — o-L-2 FepEd 4 8 p 2 4

PEMZATHRZTERETZ - o
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OH
H° HO OH

AcHN HO| on
- %prepudmmm

o-L-Fucoside

Antigen of Globo-H

a-L-Fucoside

o-L-Fucoside

OH
0 "(!)0 Peptide/Protein
o
OH

OH

Antigen of KH-1

o-L-Fucoside

B~ - Globo-H + KH-1 BE3g 5

< IMipenx RP P 7 PE A4 (glycosidic linkages) fis #f
(phenols) » 4r: 14 % ¥ + # % (antibiotic Vancomycin)ﬁ’#uﬁj%}?ﬁ:ffa 3~
(anti-diabetic phlorizin) &7 4 + %% 4 © B g 5 5 48 e = (phenyl

aglycons ) 3 L4 L3t — & & & hd gl oo B
13 I F & R & = I 4 48 (chromogenic) ¥ - 4 £ pE 4

(O-aryl glycosides)#" ¥ £ #8pEfiz - £k (fluorogenic glycons)Z Ak B+

(&

AEEdd By japd g 1879 B 1 4 gk gE
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% O-Aryl glycoside & = = j2: (1)dg i & T o 3 B~ 5 (SN,
substitution under basic conditions) ~ B (2)# * ¢ fig1* (acetates ) #% &
% it 7 Helferich glycosylation~"* (3) Koenigs-Knorr i * #]% (halides)
it 7 glycosylation” 22 (4)Mitsunobu reaction 1 * hemiacetals £

Pl 3 o 5

phenol & {73 it ﬂﬁr ¥ J& (oxidation condensation)
R g N 0E G R M a0 Blde: iF 2 5 e 7] 0 Helfrich
glycosylation % it & aryl glycosidic bonds 75 & ~ P4 k45 i ¢ 3
1 % aryl glycosdic bonds ~ 5 7 3 4c & F @ & * £ 7phenol ° [3¢€]
AFH®REHET T Schmidt = F ¢ figg Rt PFpEs&32d gt &
A ¢ s TMSOT 52 B 13 dea—# iz st (ndes L 2): (1)
¢ * acetates Wi A PpES WM FEHE A B ]l\'fﬁr.\i’r- B~ (2)
% £33 F TMSOTE Be b Lpa i dvo-£ n B SmATAS
(3) WHETHELEGFG PFAMEFEFTF R HPE T ED 1,2-
M o-L-E REAT AR AP - (DR E R E RN

4-methylumbelliferyl aglycon (4-MU) & = F o (37]
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R1 OAr

TMSOTTf (1 mol equiv) AcO—-—~
/\ - > O
AcO//Q7HH + AVFOR ooec V\;

OAc
AcO HO OH HO OH
o
AcO - H05£§;gx/055é:§%
N3 RI
3 OH AcHNO o o
R! = O(C=NH)CCl, 24 4(MU) a-T-antigen P

AR L o L-BERBATLETCF RS S

43 o-L-B FPEH KRR KRR BB 4
1987 # White % #7 § BIF: & A #0075 o-L- # % i 3 -k f2 o4 ip]
F st Plo-L- e PR H K fEpE A g 1 7 18 4 (retention of
anomeric configuration)* — # 4] X i& {7 fF AL B eIt oK fZ o e 2
frZ 5 % 5 AApE L P w2 AR JL (general acid/base, catalytic
nucleophile) » @ 11 B~ % F &= ;% (double displacement)it 7 it (s
2z Lw)o
F A oL A T B - R 0L Rk R
£ PR IRF ¥ - IR AR R L o SRR AL A
(general acid/base)d f& A ¥t o-L-# JepE A 7+ g d A s g+
(protonation)# 4% o-L-# BepEA T 5 T A E T4 > M FF oL
B RpEH -k fapy b ¥ - L 4% 3 B)(catalytic nucleophile) B ¥ F
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OH

Fucosylation é-R Fucosylation

6?|\

O Step1

Fucosyl-enzyme

TS-l (oxocarbenium ion) intermidiate

Defucosylation l Step 2

a-Fucoside TS-ll (oxocarbenium ion)

nAEs tw s e-L-B RFEH KRR BT

tapd Lo g BT F v MBS F B (inversion) > § oK f#fs
MR UE B o-L-E R A TSP SRR a-L-H A
TRl Eagd 28 - F o2 fE Y itz BL-# EpE—k
fapxr® B A8 (fucosyl-enzyme intermediate) ; 2 ¢ FF 48R d -KfEfs + e

ABH - SRE LTI dk A (general base)it (7% = H AL HEME F

3

(defucosylation) > ¢ — L E M sk AR H -k & F i FLFF 0
(deprotonation)i¢ -k 4~ + #& % 5 — My~ + OH &/ s P T4 BB
AFHEEY SRR RS 35S h ol-EEEATIR

2 ST PEAT (retaining glycosubstrate) » @ fpt & ¥ 2 B pE AL
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Feap-kfpe g uF & T 7§ pEtdS (TS VIL oxocarbenium ion)

_Edii’ 2 o [39]

Q4 0-L-E FMmE R ERATLET O F e &4

SRR S A T RSV R RS L RN A
oo W A FE M pH E Y 4060 z B oeb
p-nitrophenyl-a-L-fucopyranoside # p-methylumbelliferyl-o-L-
fucopyranoside f# 78 B K& (7 pE-RfRpede 4 EE L T Y o

% % 1956 & Westphal £ 77 7 Bz ¢ » ?}‘va‘ th d A - a-L- 2
BPELL e 1234 @izt en-OH AiEi7e A%k 4 (acetyl
protecting) 2 {6 » £ & * ZnClp J* 5 % L pes@ A prple 2 fiy pl R

&3 &P 2 p-nitrophenol M 4e #4125 C g7 ik o3t 5 A4

## 3| p-nitrophenyl-a-L-fucopyranoside % p& & & & 4 (ind2= - T )X

PNP, ZnCl,,
OH OA HOAc/Ac,0 OPNP
. c o )
Ac,0, pyridine 125°C, 5min 0O
Lon LW L onc QL onc
c
Ho M AcO”AC AcO
L-Fucose a-L-fcoside

PNP : p-Nitrophenol

AT LT CREESA LB REAT LT F
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-L-fucopyranoside # pE A B A 4~ > e gt — fH X Peig chd = K2 fx
FIORPA) RF - FE LY R ERENRER A - R
BEo (2 hitFad BEABE BT R 4 E D da-z R e pE
AEAY - G FHREFTZaRP R

EITAE bo-L-2 P2 H g inpEREcopE F it £ % (glycosylation)
ERZZETY v HRFALESDZY L R AP it H A
%8 (glycosyl halides) FEF i & /% » B 5% & 1879 & 5 LAk ig * Ho

A eni F oy F it VGrgs Lo s L)W

Br OAc o Oéﬁ
c
WOBn + AcO O EtyNBr, CH,Cly, MS o
OBnN AcO 0 OAc
BnO H OAC o o

Br OMe @ z
CO@# + Bnow Hg(CN),, CH3CN, MS O oOBn
A0 onc OH oen @z

BnO

OBn
e} OMe + Et4NBr, CH2C|2/DMF &S%Me
MS nO
Br Bno ~Me BnO, BnO _OMe z
O HO 0]
BnO o) OMe i Me
OACACHN OAcAc

JAES s oL RPEZ # PEA T2 Koenigs-Konrr p i

F s
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F Cp,HfCl,-AgClO, O-Ar

CH,Cl,, MS
Meo@z + ArOH MeO@#
MeO

MeO OMe OMe

OTIPS 5 OTIPS

o) O
F OTIPS OTIPS X e} o
O="9 HO 0 OX___
PQiOBn + X o) @) SnCl,/AgCIlO, e}
-~ @) P> ’
OBn

BnO OH Q/ oBn

BnoOBn

AR L=~ a-L-# EpEZ H A T2 Koenigs-Konrr & i

F R

@ 7 1901 # pFd Koenigs 2 Konrr & =t 8 7ig— Hre 2 g *
BEEF 1 F & > WKoenigs-Konrr & Ji i & £ pEdyit 45 12 pE
< %8 (glycosyl acceptors)i® * 4Lit & 4 pL 55 RE 5 L pe g (FPER L F &
2w Bgd» (promoter)dm & FTRFEF L F i o H F BAIT L 5 S A
B 5 22354p 42 5 (heterogeneous process) & — B4 &+ 425 (bimolecular
process)®_11 # ;A 421 4~ W47 (insoluble silver [1] salts)¥t =" &5 &
EREEY PR R FHT MR B REEL HEF
w 3 ¥ (inversion)* 85 1479 wpla 73] 1,2-3% 7% (1,2-trans) pEfE A

F (A £ r) e
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AQy--mrommm
// 7 / 1,2-Trans linkage

Hetrogeneous/bimolecular process

+
O o] 0]
o v SR o R e e
AcQO -AgBr AcO o) ACO
Br AcO /
Oxocarbenium ion * 1,2-trans linkage

Acetoxonium ion

A= -+ N~ Koenigs-Konrr & 2. 1,2 535 pEF I & iy

#]

M 540 42 & (homogeneous process) » — ¥ 4 + 42 & (unimolecular
process) £_11 ¥ ;% 42(soluble silver [1))# =3 - = 5 B
Gl R AR R A A D T T
(oxocarbenium ion)® %4 > FES K4 2-OAc 3% R+ = 13 3 &
A T3 CEMEs Y MRS Y - R BRA RS
PR KEpEY R BERX L W AN R e ®E A BT 1,2-

HREHAY -
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1975 # Lemieux B 3 7 w&]i* fE - 4 1t (halide catalytic)2. 1,2-
NG F s A AR GidEs 2 4) - Mg A 2-0Bn b
it pE - f(disarmed) > 5 d B b LE D SRy SV EES BB vk R

Fom ARt R ¥t RS By P B R (containing ion pair

intermediated, CIP) > )&= %2 2-OBn 7 & 5 #8A s> X5 1Vt &
BRSNS R RN fASE IR R

(6-Ring boat form)® F# > L L EFPEF L F K> @ F3] 1,2-
WE SN EER 1Y A 4 0 Lemieux #7R g end) it pES R R 1,208 N AR T

Flrl 205 pcF 25824 Hgbhr (22243

Br-

. O Br- +
E : o - O/~
Br- Br- —
BnO
BnO OBN
I\ /
Y
Containing ion ROH
pair intermediate
+ +
=2 H+ 0 -Br- Q Br-
N \
1,2-cis linkage BnO5r t%ROH <\ ROH
Bno BnO

A L4 s S B 1290F N F A
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v
!
e
Fi
B
34
el
%
H
Tk

% 1989 & Keisuke %77 7 BFf~ 104 550
MR S PES AR * F e ch CpHICL-AgOCl, 0 BB 4 i (7 BE 7 Mk 77

LEREE Gafpz L) - Wlad dagp vz (1) 8 s

FEFERPGET ~(2) B Bk S BRd o LA IRV M (F o 07
= Ry
MPERAT ALY o
OBn
OBn 0
BuyNBr, CuBr, o)
WOSPI\I/\I/IeB WOH CH,Cl,, DMF o?\
+ O
a\ Q/ oBn
BnoOBn
R OH
ACOW * BnO o) CH2C|2 MS
AcO BnO —_— o
OAc OBn
BnOOMe OBN +
R= SePh/SEt (1:1) OAC
ACO OAC 91%
82%
Cl
Cl TMSOTT, NIS
o-7-SEt CH,Cl, o NO2
OAc |, Ho NO2 0
TBSOOTBS pris OAc
TBSO
a/f=7:1

mAEE L ca-L-BREZEBATZACSES MBET AR

Frit 35 48 (thioglycosyl donor)& =& =z » My s m s 4

’7

R

a-L- £ EpEE H 3§ u/ﬁ}?%@'mﬁ?—?ﬁ'ﬁ}; B (Gnfr= L) o EENE

A FRR WA e n BRI A S P PEX e 120050~ 1,235 304
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% (1,2-cis ~ 1,2-trans linkages) = (7idg= - - ) 298 5\ 4 % pE F

FIEESR APV EBA = 2-OBn £#i it 5= %8 (armed) £ 5d BT

+
K\E+-Nu- CE e 5

SR — — > SR
+ \
X0 X0 XO

ROH
X =Bn

0]
1,2-Cis processvﬁ X=Bz RIOH
B”OORl X = Bn

o
N—U0R!  R'OH ; ol =
BzO 0 BnO |

1
1,2-trans process Ph/+ OR

oxocarbenium ion

1,2-cis process

ALZ Lo PR WL R Rt H

FADHRFECEIM I ORMRFIEA RIS F T F Y
P A > F]PES A 2-OBn 7 & G ARASCR TN AKX E LA
ATRAEES M o X ARRFRETE vt S AL
SRS S F et 0 B B F] L2OENEE A o 12-0 e

PEE L FBES AL T SR A = 2-OBz £ it 4 - 48 (Disarmed) » £

‘:L.
%

LR F AT SIS e RS pd A F 1
FOpmEMAS P TR FIpES Y 2-OBz £ 7 AREOR o T ApES

8 2-0Bz A3 A+t HR T L HF T R F LM Y T
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AR - TR E G AR Y B S

Bl F e rz A B 12- 5N EE ALY o

1977 # Sinay & % — =#-% i $ pE - $8(Imidate donor)/i * % fE
FitsaF b o Wi g 5o YA 4 1986 & Schmidt i =48 B 1
BRpAIME 2 e iz o) Wakm g 2 Mz § o fipg &
it £~ g%+ %8 (trichloroacetimidate donor) > ¥ :B & * ** Koenigs-Konrr
WS e o@m Pt &3 ¥ 4 A armed -~ disarmed
@A Al L2050 S S A o LR 3§ A (e
B & % B%4 0 4o 5 BF; - EbO ~ TMSOTE & 2t g g frie & L

Eé fé\-lflj o

HN

>LCC|3 Ph/%o o

o] Ph—XO o TMSOTH, Et,0 0 OTBS
0 O r.t., 85% N
OBn + HO OTBS o 3

OBn N3 OBn

BnO

BnoOBn
AcO BnO
0 0 TMSO;I’f, CH,Cl, AcO BnO
AO + HO ogn It 93% \ o \ o
0 OBn AcO ) OBn
>=NH AcO OBn
Cl;C
HN
)/cus | .
CH,Cl, C
7 ® OB r.t, 86% 07-0-P-OBn
Q * HO-pCOBN ——— OBn “oBn
OBn OBn BnGOBN
OBnN n
BnO

FARZ S s oL RPEL 2 A RE S0 F T MAET
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3
4
el
i
*n
\\Sﬁ‘"
-l
e
-gg'

51 @1# o-L-EEBEATET L7 B2 33

AR B ATER Y PER T & 202 4 p > Schmidt 7 & B eh= & ¢ i
FR P e W py st o2 EATEMDL D
Pod L-BRESZBHIESBH I D= § 2 fpg L5 H
26 B LR {s(GnAr= - =) o £ ¥ p-nitrophenol fE X R A W] iR (T 4~
0.05~0.5 2 1.0 ¥ 2 £ (mol equiv)TMSOTS i % < % 5543+ -40C -
20C~0C# 25C L BB RERTRABEFESF 5o 4 (£12)%F

%A% % T2 E 1.0 mol equiv TMSOTf **-20C R T+ & 4

a-L-# Fe A FpEira- 24 o

OH Ref.32¢c o OR
L on [ onc
HOOH 90% Aco OAC
L-fucopyranose
25 R=Ac

1. NyHg.AcOH
». DBU, CCI3CN

L+~ 26 R=C(=NH)CCl3

mAe= L = ~ ®] & per-O-acetyl L-fucopyranosyl imidate 26
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# -+ ~ PNP £ fucopyranosyl imidate 26 f# & & = & Ji% it

TMSOTf OPNP
R 2 h, CH,Cl, o 0-7—OPNP
WF‘O Ac +  p-nitrophenol A OAc  + ﬁz\OAC
(PNP) o-"¢ AcO
ACOOAC Ac
26 a-anomer 27a B-anomer 27b
R = -O(C=NH)CClz
Entry TMSOTTf T(C) 27a" (%) 27b* (%)
(mol equiv)
1 0.05 -20 40 30
2 0.5 -20 22 30
3 1.0 -20 56 0
4 1.0 -40 54 0
5 1.0 0 26 26
6 1.0 25 22 22
a : Isolated yield.
AP Y- A R TAMERESMEY 2XAE (10

mol equiv) TMSOTF *+-20'C # T (TpERF & & & Jig» 4 &+ 12 1,2-08 N
o-L-# F AT A S 3844 (£ + - ) o it & 24-dinitrophenol -
2-nitro-4-chlorophenol - 2-nitrophenol # £ 5 2-B~& > 4 & 4
(Aryl 2-substituent) pE =< %8 > fr@ iz ) iE R T RE BiE- HEF A

Booo APBIATE 2P AE AL AP ARMBIER T AR -

AP~ F i AM > B2 2-pl B~ % (2-Nitrophenol) 7} = A F P & 42

i* % 4 (intramolecular H-bonding) (B4 ) > '@ "% X7 & £ 3% 5
AR REFEFMEFEETE R >AF K o
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% -+ - ~ 4] % L-fucopyranosides aryl-substrates

O(C=NH)CCl; TMSOTf OR’
— 7 _2N°
Lol g TS o
OAc ACOOAC
AcO 26 28-37 38-44
~n N on o ~n
F S 0.__0O
R' = P
N02 NOZ
CN NO, NO,
28/38 29/39 30/40 31/41 32/42 33/43
\ Ann ~vh
i NO, NO,  anka
'
NO, cl
34/44 35 36 37
Entry Acceptor Product Yield (%),
(1.2 mol equiv) o/’
1 28 38 53, o only
2 29 39 31, o only
3 30 40 75, o only
4 31 41 60, o only
5 32 42 35, o only
6 33 43 48, a only
7 34 44 82,5/4
8 35 -- n.d.
9 36 -- n.d.
10 37 -- n.d.

a: Compound 26, TMSOTT (1.0 mol equiv), 4A MS, CH,Cl,, -20C, 0.5 to 2 h.
b: Isolated yield.
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m1o to"

+ |
N\\
0 N

A 2B A G Ep A B e

5.2 PNP £ per-O-acetyl glycosyl imidates p& 5 & = ~ &
e hF & 5o PRk A 2§ F M (D-glucose) ~ F F 4R
(D-glucosamine) ~ £ 5t 4= (D-galactose) ~ & 5 & %%(D-galactosamine)
H #% # (D-mannose)£? & % #% (L-thamanose) ¥ H pE@ & = = & ¢ fie
Fai @S s> 1233 (1.0 mol equiv)TMSOTS *+-20°C i%
BTRERT 6 S F BEFERRAS S1IS57(2 42 ) c RS EFR
FE5 4 45b - 46b 22 ATb R FRET A S F i T OE ok IE B PR
FOpERE A & A P o0 2 §_F] 5 # 48 %_B-O-trichloroaceteimidate %3

lg ]gﬁg:?ﬁ_bé‘ﬁ}@; —1 él'« ﬁ;"’l 'gfl45 46},':347‘5_{1@3-_?—?];\);

,:L

i PIEFou-ZEEFMRTERE A TFENAS > » - 1 48 -

4991 50 e FRET L S F i Bo e S § A i A o
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# -+ = ~ PNP £ Per-O-acetyl glycosyl imidates p& 5 & = &~ J&

Entry  Glycosyl imidate Product® Yield (%), ref
R =-O(C=NH)CCl, o/p’
1 OAc OAc
A/goo‘ég\“ A}i?oéom
7T OAOR 45 ORCOPNP 51 52,3.4/1 63,64
2 OAc
AcO O
Ac(;%ﬁ
OR 452 51 50, 3.4/1
3 OAc
AR SOR
OAc  45b 51 20, 3.8/1
4 OAc
PN .
N3 OR A0 S
a/fp=18/1 46 N5 OPNP 57 49, 4.5/1
5 OAC
AcO O
AcO_éNN‘
30R 46a 52 50, 4.8/1
6 OAcC
Aﬁg&é&OR
N3  46b 52 15,4.5/1
7 AcO OAC
Acoé:‘o Aco OAC
OACOR go
a/Bf=3.6/1 47 AcO OACOPNP 54 60. 5.4/1 64
8 AcO OAc
o
AcO A
OR  47a 54 62,5.0/1
9 Aco [OAC
Acoég/OR
OAc  47b 54 30, 5.6/1
10 Aco O poo O
ACO%OR heo N3
N3 48 OPNP 55 60, o, only
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11

12

OR OPNP
AcO Q AcO L=~ ‘
A0 onc 49 A one 56 45,0 0nly 65
OAC OAC
OAC Oéc
ive 8 A/C%g&“
OR 30 OPNP 57 55,aonly 66

a: PNP(1.2 mol equiv), TMSOTTf (1.0 mol equiv), CH,Cl,, 4 A—MS, -20°C,0.5to 2 h.
b: a:p Anomeric ratio was determined by HPLC analysis of crude anomeric mixture
(Elution with 7:3 Hexane:EtOAc at 1.2 mL/min over Mightysil Si 60 250-4.6). c:
Anomeric mixture 52 was deacetylated to give a-anomer 53 for NMR
characterization.

5.3 4-MU a-T-antigen 2. fEH & = F B2 %

E 4-MU o-T-antigen v 1 537 7 NP arE 3 0 g =

i% it ¥to-aryl glycosidic linkages e * 14 - i7Hp Kiso % % < /]?f ¢y

, 36dl i 4

5’z Mitsunobu condensation & = j# #-+ € ¢ 4-MU #¢
4,6-O-di-(t-butylsilylidene) £ F st ¥ FpES BT F g EF K
AFE a/f=9/1 NEREWAES -

*rEH%RFEY 2332 F (1.0 mol equiv) TMSOTS #-4-MU 33 &2

PE AL 48 020C TRFREN & K BGRAEZ L w) 0 BE T0%

o-anomer of aryl glycoside 58 ¥ - 2 4= » 43 & = [I?% ® Lemieux
AR A K 33% ZEo/ff = 9/1 chpERE 48 it &5 0 NMR k39 =%
(o-anomer of 58: 'H, &= 5.70, 3\]1,2 = 3.6 Hz; °C, 6= 97.4; B-anomer

of 58: H, 6=5.02, *J,,=7.8Hz; °C, §=100.5) "z 7 %% o ¥
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f T4 o fgit & & (deacetylation)®® benzylidenation * & s E 7 ¥
ke 59> L B pES R 47 i ¢ £ (0.1 mol equiv)TMSOTS *+-20C
EERERTESF B &EA S 75% B-anomer of 4-MU T-antigen

60 vi- FEREREAY - £ NG e B REAREF BARA SEEAS
40% 1 4-MU o-T-antigen 24 > *F 2% & =2 22iF 3 © v s 5 2 4p
CpC(DSES SR RIRAF G ERE S (DRA

a—anomer of aryl glycoside £ $# M M A = ~ (3)H 40 7 B ¥ FERY A 4

A% o
0. .0 OH 1 mol equiv TMSOTH, ACO OAc
48, CH,Cl,, —20 °C o
AcO
70% a-anomer only N
3
33 58 OAf
Ph Ph
() Na, MeOH, CH,Cl, Qo %
(b) CgHsCH(OMe),, o) 47, cat. TMSOTH, ACO OAC OO
cat. TSOH, CH3CN o CH,Cl,, —20 °C ¢ o o
70% HO AcO @]
0 N 75% B-anomer only
3 OAr OAc N3 oA
59 60 r
(a) Pd/C, 1 atm H,, MeOH
(b) Ac,0, pyr.
OH OH
(c) Na(s), MeOH/CH,Cl, HO HO 0.0 5{
d) 90% AcOH(aq), 60 °C O] O _
(d) 90% AcOH(aq) o o Ar =
40% OH AcHN OAr

24

mAgz 2 ~ 4-MU o-T-antigen 2. fEF & = F Ji
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54 & }%ﬁﬁﬁ_#ﬁ.;ﬁ

I F % &% A P4k o-anomatic glycosylation(7riAz= + 7 )¥
BT R B AR Y XX B E (molar equiv) TMSOTS i#
it glycosyl imidate FE= %8735 oxocarbenium ion {& > £ ¥ triflate
conunter ion ;= oxocarbenium triflate ion pair ¢ B %8 o & X I
C2-acetyl funtion #% & »% J& (neighboring-group participation) 22 58 |
oxocarbenium ¢ FF §8i& 7 L #73) = acetoxonium ion ¥ 48 > §
acetoxonium ion © ¥ 8% T 5E < R B 5 (4 P JE 8 B-glycoside o #X
fOMLPr 4 B33 hps 4 (phenol) B W F_ A ¥ R Y E RT3 OA
(electron-withdrawing group) = 5g #4750 4 { 33 > By - RBE 4
% oxocarbenium triflate ion pair ® B %8 @ 2} = o-22 B-glycosyl oxonium
PRFREIR & 40§ X T anomeric effect B2 5 FF A = a-glycosyl oxonium
P { 48 =305 = B-glycosyl oxonium o ¥ #F > d FES 8 26 ~ 47 -~ 48
BEES WM AS 46 pT VR FKREE 0 REAET AN F BRSPS 1
26 ~ 47 -~ 48 &£ 1¥ B a-selectivity » axially C-4 acetyl function ¥ ring
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6.1 Experimental
6.1.1 General experimental

Chemicals used in experiments were purchased as ACS reagent
grade and used without further purification. Hexane and EtOAc for
HPLC elution were purchased as HPLC reagent grade and degassed by
ultrasonication before use. Molecular sieve MS-4A was activated by
microwave irradiation and flame dried intermediately before use. ACS
reagent grade CH,Cl, were distillated over calcium hydride under No.
Amberlite IR-120 H™ was washed sequentially with deionized H,O and
MeOH, followed by drying under vacuo for 18 h before use. Normal
phase and reverse phase flash column chromatography were performed
on silica gel 60 (70-230 mesh) and 75 uM RP-C18 silica gel respectively.
'H and *C NMR spectra of the prepared compounds were recorded with
either Bruker 300 MHz and 75 MHz or with Inova 500 MHz and 125
MHz spectrocopies. Chemical shift (6 ppm) was measured against TMS,
generated from the residual CHCI; lock signal at 6 7.26 ppm against the
residual proton signal of deuterated chloroform and the *C resonance
signal is calibrated against the *C signal of deuterated chloroform.
HPLC analysis was performed with gradient pump of Hitachi L-2130 and
UV-detector L-2400.
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6.1.2 General procedure
Procedure A:

To a solution of  2,3,4-O-triacetyl L-fucopyranosyl
trichloroacetimidate 3! (100 mg, 0.23 mmol) in CH.Cl, (2.0 mL),
p-nitrophenol (PNP) or phenol 28-37 (1.2 mol equiv) and MS-4A (300
mg) were added. Upon further addition of TMSOTT (40 uL, 0.23 mmol),
the mixture was stirred at —20 °C under N,. Complete glycosylation was
assessed by TLC and the reacting mixture was diluted with CH,Cl, (10
mL). After filtration removal of MS-4A, the CH,CI, solution was washed
with sat. NaHCO;3; (20 mL x 2), water (20 mL x 1), brine (20 mL x 1),
dried over MgSQy, filtered and concentrated for column chromatography
over silica gel to furnish 2,3,4-O-triacetyl L-fucopyranoside substrates 27

and 38-44.

Procedure B.

To a solution of per-O-acetyl glycopyranosyl trichloroacetimidate
45-50"" (100 mg, 1.0 mol equiv) in CH,Cl, (2.0 mL), p-nitrophenol
(PNP) (1.2 mol equiv) and MS-4A (300 mg) were added at —20 °C.
Upon addition of TMSOTTf (1.0 mol equiv), the mixture was stirred at —20
°C under N, for 0.5-2 h and progress of reaction was monitored by TLC.
Upon complete glycosylation, CH,CI, (10 mL) was added to the mixture,
and the organic phase was washed with sat. NaHCO; (20 mL x 2), water
(20 mL x 1), brine (20 mL x 1), dried over MgSQ,, filtered, and

concentrated for column chromatography purification over silica gel.
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Elution with EtOAc/hexane mixture afforded the respective o- and
B-anomers of the titled p-nitrophenyl per-O-acetyl glycopyranosides 51,
54-57. Crude anoermic mixture of glycoside 52 (50 mg, 0.11 mmol)
was dissolved in MeOH (2.0 mL) at 0 °C, which was followed by the
addition of a piece of freshly cut sodium (ca 20 mg). The mixture was
stirred from 0 °C to rt for 2 h and then neutralized with IR-120 H*.
After filtration removal of resin and removal of solvent by rotary
evaporator, the crude deacetylated product was purified by column
chromatography over silica gel with 1:20 v/v MeOH/CH,CI, elution to

give a-anomer 53 as white amorphous solid (29.0 mg, 80%).
6.2 Phenyl 2,3,4-O-triacetyl-L-fucopyranoside 27, 38—44

R
R = /g%Ac
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(p-Nitrophenyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside 27a was
prepared according to procedure A was obtained as white glassy
solid..For compound 27a (53.0 mg, 56%): *"H NMR (300 MHz, CDCls):
= 8.22-8.19 (m, 2H), 7.17-7.13 (m, 2H), 5.86 (d, J = 4.0 Hz, 1H), 5.58
(dd, J = 6.0, 12.0 Hz, 1H), 5.37 (ddd, J = 6.0, 6.0, 12.0 Hz, 2H), 4.29 (q, J
= 7.0, 14.0 Hz, 1H), 2.19 (s, 3H), 2.05 (s, 3H), 2.01 (s, 3H), 1.21 (d, J =
7.0 Hz, 3H); *C NMR (75 MHz, CDCl,): 6 = 170.67, 170.65, 170.3,
161.3, 143.0, 126.1, 116.5, 94.9, 70.7, 67.8, 67.6, 66.3, 20.9, 20.9, 20.8,
16.0; HRMS-FAB: calcd for C1gH,;NO4 requires 412.1244; found m/z =
412.1245 [M + H]".

(m-Nitrophenyl)  2,3,4-tri-O-acetyl-a-L-fucopyranoside 38 was
prepared according to procedure A was obtained as colorless oil. For
compound 38 (50.0 mg, 53%): *H NMR (300 MHz, CDCly): 6 =
7.95-7.90 (m, 2H), 7.52-7.44 (m, 1H), 7.42-7.36 (m, 1H), 5.83 (d, J =
3.6 Hz, 1H), 557 (dd, J = 10.9, 3.3 Hz, 1H), 5.40-5.35 (m, 1H),
5.34-5.27 (m, 1H), 4.23 (g, J = 6.3 Hz, 1H), 2.21 (s, 3H), 2.08 (s, 3H),
2.04 (s, 3H), 1.14 (d, J = 6.5 Hz, 3H); *C NMR (75 MHz, CDCI3): 6 =
170.5,170.4, 170.1, 156.9, 149.5, 130.3, 122.7, 117.6, 114.6, 111.6, 95.2,
70.7, 67.7, 67.6, 66.0, 20.8, 20.7, 20.6, 15.9; HRMS-FAB: calcd for
C1sH21NOyg requires 412.1244; found m/z = 412.1246 [M + H]".
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(p-Cyanophenyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside 39 was
prepared according to procedure A was obtained as colorless oil. For
compound 39 (28.0 mg, 31%): 'H NMR (300 MHz, CDCly): J =
7.63-7.59 (m, 2H), 7.16-7.11 (m, 3H), 5.81 (d, J = 3.6 Hz, 1H), 5.57 (dd,
J=3.3,11.1 Hz, 1H), 5.36 (d, J = 3.3 Hz, 1H), 5.31 (dd, J = 3.3, 11.1 Hz,
1H), 4.21 (g, J = 6.0, 12.9 Hz, 1H), 2.18 (s, 3H), 2.01 (s, 3H), 1.98 (s,
3H), 1.17 (d, J = 6.0 Hz, 3H); **C NMR (75 MHz, CDCI3): § = 170.5,
170.4, 170.1, 159.6, 134.1, 117.0, 106.1, 94.6, 70.6, 67.7, 67.5, 66.0, 20.8,
20.74, 20.6, 15.9; HRMS-FAB: calcd for C1gH,,NOg requires 392.1345;
found m/z = 392.1335 [M + HJ".

(Phenyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside 40 was prepared
according to procedure A was obtained as white glassy solid. For
compound 40 (63.0 mg, 75%): ‘H NMR (300 MHz, CDCly): J =
7.33-7.21 (m, 2H), 7.07-7.02 (m, 3H), 5.74 (d, J = 3.6 Hz, 1H), 5.61 (dd,
J =3.6,11.1 Hz, 1H), 5.37 (d, J = 3.3 Hz, 1H), 5.30 (dd, J = 3.6, 11.1 Hz,
1H), 4.31 (g, J = 5.4, 12.6 Hz, 1H), 2.20 (s, 3H), 2.07 (s, 3H), 2.01 (s,
3H), 1.25 (d, J = 6.6 Hz, 3H); °C NMR (75 MHz, CDCI3): ¢ = 170.6,
170.5, 170.2, 156.6, 129.6, 122.7, 116.5, 94.8, 71.0, 68.0, 67.9, 65.4, 20.8,
20.7, 20.7, 15.9; HRMS-FAB: calcd for C.gH,3NOg requires 367.1393;
found m/z = 367.1393 [M + H]".
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(2-Fluoro-4-nitrophenyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside 41
was prepared according to procedure A was obtained as colorless oil. For
compound 41 (59.0 mg, 60%): ‘H NMR (300 MHz, CDCly): J =
8.08-8.02 (m, 2H), 7.34-7.28 (m, 1H), 5.89 (d, J = 3.6 Hz, 1H), 5.60 (dd,
J=3.6,10.8 Hz, 1H), 5.42 (d, J = 2.4 Hz, 1H), 5.33 (dd, J = 3.6, 10.8 Hz,
1H) 4.33 (g, J = 6.3, 12.6 Hz, 1H), 2.21 (s, 3H), 2.08 (s, 3H), 2.03 (s, 3H),
1.18 (d, J = 6.6 Hz, 3H); *C NMR (75 MHz, CDCI3): 6 = 171.0, 170.7,
170.3, 150.4, 150.2, 121.1, 117.6, 113.4, 113.1, 96.7, 70.8, 67.9, 67.8,
66.8, 21.1, 21.09, 21.00, 16.2; HRMS-FAB: calcd for CigH,FNOyg
requires 429.1071; found m/z = 429.1075 [M + H]".

(3,4-Dinitrophenyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside 42 was
prepared according to procedure A was obtained as colorless oil. For
compound 42 (37.0 mg, 35%): *H NMR (300 MHz, CDCl,): 6 = 8.05 (d,
1H), 7.47 (d, 1H), 7.37 (dd, 1H), 5.88 (d, J = 3.6 Hz, 1H, H-1), 5.54 (dd,
J=3.6, 11.1 Hz, 1H), 5.37-5.29 (m, 2H), 4.15 (q, J = 6.6, 11.1 Hz, 1H),
2.20 (s, 3H), 2.07 (s, 3H), 2.04 (s, 3H), 1.16 (d, J = 6.6 Hz, 3H); ©°C
NMR (75 MHz, CDCI3): ¢ = 170.7, 170.5, 170.4, 160.3, 145.6, 137.0,
119.4, 113.1, 95.9, 70.6, 67.7, 67.5, 67.2, 21.1, 21.0, 20.9, 16.2;
HRMS-TOF: calcd for C;gH20N,01,Na requires 479.0914; found m/z =
479.0920 [M + Na]".

(4-Methylumbelliferyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside 43

was prepared according to procedure A was obtained as white glassy
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solid. For compound 43 (50.0 mg, 48%): '"H NMR (300 MHz, CDCl,): §
= 7.55 (d, 1H), 7.06-6.99 (m, 2H), 6.19 (d, 1H), 5.81 (d, J = 3.6 Hz, 1H),
5.59 (dd, J = 3.6, 11.1 Hz, 1H), 5.37 (d, J = 5.4 Hz, 1H), 5.32 (dd, J = 3.6,
10.8 Hz, 1H), 4.22 (g, J = 7.0, 13.2 Hz, 1H), 2.41 (s, 3H), 2.20 (s, 3H),
2.10 (s, 3H), 2.03 (s, 3H), 1.14 (d, J = 6.3 Hz, 3H); *C NMR (75 MHz,
CDCI3): 6 =170.5, 170.4, 170.1, 161.0, 159.2, 155.0, 152.2, 125.8, 115.2,
113.4, 113.0, 104.3, 95.0, 70.7, 67.8, 67.6, 65.9, 20.79, 20.76, 20.6, 18.7,
15.9; HRMS-TOF: calcd for CygH,1NOy requires 449.1448; found m/z =
449.1438 [M + H]".

(2-Naphthyl) 2,3,4-tri-O-acetyl-L-fucopyranoside 44 was prepared
according to procedure A was obtained as white glassy solid (50.0 mg,
82%, o/p = 5/4). For a-anomer fucopyranoside 44: *H NMR (300 MHz,
CDCly): § = 7.81-7.75 (m, 3H), 7.45-7.36 (m, 3H), 7.23-7.19 (m, 1H),
5.58 (dd, J = 8.1, 10.5 Hz, 1H), 5.35 (d, J = 3.3 Hz, 1H), 5.21-5.14 (m,
2H), 4.06 (q, J = 6.3, 12.6 Hz, 1H), 2.23 (s, 3H), 2.08 (s, 3H), 2.04 (s,
3H), 1.33 (d, J = 6.3 Hz, 3H); *C NMR (75 MHz, CDCI3): § = 171.1,
170.6, 169.9, 155.3, 134.9, 131.0, 130.0, 128.1, 127.5, 126.9, 125.0,
119.2, 111.6, 100.0, 71.6, 70.4, 69.9, 68.7, 21.2, 21.1, 21.0, 16.6;
HRMS-EI: calcd for C,H»,Og requires 416.1471; found m/z = 416.1467
[M]".
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6.3 p-Nitrophenyl per-O-acetyl-glycopyranosides 51,
54-57

(p-Nitrophenyl) 2,3,4,6-tetra-O-acetyl-a-L-glucopyranoside 51a was
prepared according to procedure B was obtained as colorless oil. For
compound 51a (36.0 mg, 38%): '"H NMR (300 MHz, CDCls): ¢ =
8.24-8.20 (m, 2H), 7.22-7.19 (m, 2H), 5.85 (d, J = 3.6 Hz, 1H), 5.72 (t, J
= 9.9 Hz, 1H), 5.20 (t, J = 10.2 Hz, 1H), 5.09 (dd, J = 3.6, 10.2 Hz, 1H),
4.26 (dd, J = 4.5, 12.3 Hz, 1H), 4.05-4.00 (m, 2H), 2.07 (s, 3H), 2.06 (s,
3H), 2.04 (s, 3H), 2.03 (s, 3H); **C NMR (75 MHz, CDCls): § = 170.3,
170.07, 170.03, 169.4, 143.0, 125.7, 116.4, 94.0, 69.9, 69.5, 68.5, 67.8,
61.2, 20.58, 20.54, 20.50, 20.4; HRMS-ES: calcd for CyHy3NO;;
requires 470.1299; found m/z = 470.1308 [M + H]".

(p-Nitrophenyl) 2,3,4,6-tetra-O-acetyl-B-L-glucopyranoside 51b was
prepared according to procedure B was obtained as colorless oil. For
compound 51b (12.0 mg, 13%): 'H NMR (300 MHz, CDCls): ¢ =
8.24-8.19 (m, 2H), 7.26-7.04 (m, 2H), 5.47-5.07 (m, 3H), 4.31-3.90 (m,
4H), 2.09 (s, 3H), 2.07 (s, 3H), 2.06 (s, 3H), 2.01 (s, 3H); *C NMR (75
MHz, CDCly): 6 = 170.3, 170.1, 169.3, 169.1, 143.2, 125.7, 116.5, 97.9,
72.4,72.3,70.8,67.9,61.7, 20.6, 20.59, 20.55, 20.52.

(p-Nitrophenyl) 2-azido-2-deoxy-a-D-glucopyranoside 53 was
prepared according to procedure B was obtained as colorless oil. For

compound 53 (29.0 mg, 80%): *H NMR (300 MHz, CDCls): § = 8.24 (dd,
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2H), 7.31 (dd, 2H), 5.76 (d, J = 3.6 Hz, 1H), 4.05 (dd, J = 8.4, 10.2 Hz,
1H), 3.72-3.68 (m, 2H), 3.64-3.61 (m, 1H), 3.56-3.55 (m, 1H),
3.41-3.35 (m, 2H); **C NMR (75 MHz, CDCl,): § = 161.8, 143.1, 125.7,
116.9, 97.3, 74.4, 71.7, 70.4, 63.2, 61.0; HRMS-ES: calcd for
C1,H14N,0;Na requires 349.0760; found m/z = 349.0760 [M + Na]".

(p-Nitrophenyl) 2,3,4,6-tetra-O-acetyl-o-D-galactopyranoside 54a
was prepared according to procedure B was obtained as colorless oil.[*?
For compound 54a (49.0 mg, 51%): *H NMR (300 MHz, CDCly): 6 =
8.25-8.19 (m, 2H), 7.20-7.15 (m, 2H), 5.89 (d, J = 3.6 Hz, 1H),
5.58-5.51 (m, 2H), 5.33 (dd, J = 3.6, 10.2 Hz, 1H), 5.27 (t, J = 6.0 Hz,
1H), 4.14-4.02 (m, 2H), 2.17 (s, 3H), 2.08 (s, 3H), 2.02 (s, 3H), 1.93 (s,
3H); *C NMR (75 MHz, CDCl,): 6 = 170.4, 170.3, 170.2, 170.1, 160.8,
143.0, 125.8, 116.5, 94.6, 67.7, 67.5, 67.3, 67.1, 61.3, 20.68, 20.63, 20.59,
20.54.

(p-Nitrophenyl) 2,3,4,6-tetra-O-acetyl-B-D-galactopyranoside 54b
was prepared according to procedure B was obtained as colorless oil. [*2
For compound 54b (8.0 mg, 9%): *H NMR (300 MHz, CDCly): ¢ =
8.24-8.21 (m, 2H), 7.15-7.08 (m, 2H), 5.50 (d, J = 3.6 Hz, 1H), 5.20 (d,
J = 8.1 Hz, 1H), 5.16 (dd, 1H), 4.23-4.11 (m, 4H), 2.20 (s, 3H, AcO),

2.08 (s, 6H, AcO), 1.94 (s, 3H, AcO).

(p-Nitrophenyl) 3,4,6-tetra-O-acetyl-2-azido-2-deoxy-a.-D-
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galactopyranoside 55 was prepared according to procedure B was
obtained as colorless oil. For compound 55 (55.0 mg, 60%): 'H NMR
(300 MHz, CDCl,): 6 = 8.25-8.20 (m, 2H), 7.26-7.18 (m, 2H), 5.73 (d, J
= 3.6 Hz, 1H), 5.58-5.51 (m, 2H), 5.26 (t, J = 6.6 Hz, 1H), 4.12-4.06 (m,
2H), 3.93 (dd, J = 3.6, 10.8 Hz, 1H), 2.19 (s, 3H), 2.15 (s, 3H), 1.94 (s,
3H); *C NMR (75 MHz, CDCl,): 6 = 170.5, 170.2, 170.1, 161.0, 143.7,
126.2, 117.2, 97.2, 68.6, 68.4, 67.4, 61.6, 57.5, 21.0, 20.97, 20.93;
HRMS-ES: calcd for CigHoN4Oy9 requires 452.1179; found m/z =
452.1195 [M]*.

(p-Nitrophenyl) 2,3,4-tri-O-acetyl-a-L-rhamnopyranoside 56 was
prepared according to procedure B was obtained as colorless oil. For
compound 56 (43.0 mg, 45%): '"H NMR (300 MHz, CDCl3): § =
8.21-8.16 (m, 2H), 7.18-7.13 (m, 2H), 5.55 (d, J = 3.6 Hz, 1H),
5.54-5.41 (m, 2H), 5.18 (t, J = 9.9 Hz, 1H), 3.90-3.85 (m, 1H), 2.20 (s,
3H), 2.06 (s, 3H), 1.97 (s, 3H), 1.19 (d, J = 6.3 Hz, 3H); **C NMR (75
MHz, CDCly): 6 = 170.0, 169.9, 169.7, 160.3, 142.8, 125.7, 116.2, 95.4,
70.4, 69.4, 69.1, 68.4, 20.7, 20.64, 20.60, 17.3; HRMS-ES: calcd for
C1sH,1NOy requires 411.1165; found m/z = 411.1168 [M]".

(p-Nitrophenyl) 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside 57 was
prepared according to procedure B was obtained as colorless oil. For
compound 57 (52.0 mg, 55%): 'H NMR (300 MHz, CDCly): & =
8.25-8.19 (m, 2H), 7.25-7.17 (m, 2H), 5.62 (d, J = 3.6 Hz, 1H), 5.55 (dd,
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J =3.3,9.9 Hz, 1H), 5.46 (dd, J = 3.6, 9.9 Hz, 1H), 5.38 (t, J = 9.9 Hz,
1H), 4.30 (dd, J = 5.4, 12.0 Hz, 1H), 4.12-3.97 (m, 2H), 2.24 (s, 3H),
2.04 (s, 3H), 2.03 (s, 3H), 1.99 (s, 3H); **C NMR (75 MHz, CDCls): 6 =
170.3, 169.9, 169.6, 160.0, 143.0, 125.8, 116.4, 95.6, 69.7, 68.8, 68.4,
65.5, 61.8, 20.8, 20.7, 20.63, 20.60; HRMS-ES: calcd for CyH,sNO1
requires 470.1299; found m/z = 470.1301 [M + H]".

6.4 Methylumbelliferyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy
-a-D-galactopyranoside 58

To a mixture of per-O-acetyl-D-galactopyranosyl
trichloroacetimidate 48 (600 mg, 1.26 mmol), 4-methylumbelliferone 33
(270 mg, 1.51 mmol), and MS-4A (1.20 g) in CH.Cl, (5.0 mL), TMSOTf
(220 pL, 1.26 mmol) was added. Upon stirring at —20 °C for 8 h under
N,, the reaction mixture was diluted with CH,CIl, (10 mL). The
resulting CH,ClI; solution was washed with sat. NaHCO; (20 mL x 2),
water (20 mL x 1), brine (20 mL x 1), dried over MgSQ,, filtered and
then concentrated for column chromatography purification over silica gel.
Elution with 1:6 v/v EtOAc/hexane mixture provided compound 58 as a
yellowish oily liquor (430 mg, 70%): 'H NMR (300 MHz, CDCly): 6 =
7.56 (d, 1H), 7.11 (s, 1H), 7.04 (d, 1H), 6.19 (s, 1H), 5.70 (d, J = 3.6 Hz,
1H), 5.57-5.41 (m, 2H), 4.30 (t, J = 3.6 Hz, 1H), 4.12-4.05 (m, 2H), 3.90
(dd, J = 8.7, 10.8 Hz, 1H), 2.47 (s, 3H), 2.19 (s, 3H), 2.11 (s, 3H), 1.94 (s,
3H); *C NMR (75 MHz, CDCls): 6 = 170.7, 170.3, 170.2, 161.2, 159.0,
155.2, 152.7, 126.2, 115.9, 114.3, 113.5, 104.7, 97.4, 68.5, 68.2, 67.5,
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61.6, 57.5, 21.0, 20.98, 20.9, 19.0.

6.5 4-Methylumbelliferyl 2-azido-4,6-O-benzylidene-2-
deoxy-a-D-galactopyranoside 59

To a MeOH solution (2.0 mL) of 58 (100 mg, 0.20 mmol), a piece
of freshly cut sodium was added and the mixture was stirred initially at O
°C before being gradually brought up to room temperature. Upon
complete deacetylation as assessed by TLC (ca 2 h), the reaction mixture
was neutralized with IR-120 H*, which was subsequently removed by
filtration. After removal of MeOH by rotary evaporator and drying
under vacuo for couple of hours, the crude product was re-suspended in
CH3CN (2.0 mL), to which benzaldehyde dimethyl acetal (45 pL, 0.3
mmol) and p-toluenesulfonic acid monohydrate (TsOH) (4.0 mg, 0.02
mmol) were added. After stirring at rt for 4 h, the mixture was diluted
with CH,CI, (6.0 mL), and the resulting solution was washed with sat.
NaHCO; (10 mL x 2), water (10 mL x 1), brine (10 mL x 1), dried over
MgSO,, filtered and concentrated for column chromatography
purification over silica gel. Elution with 1:1 v/v EtOAc/hexane mixture
afforded compound 59 as white amorphous powder (68.0 mg, 70% over
two steps): *H NMR (300 MHz, CDCly): 6 = 7.56-7.51 (m, 3H, ArH),
7.41-7.38 (m, 3H, ArH), 7.11-7.05 (m, 2H, ArH), 6.19 (s, 1H, C=CH),
5.76 (d, J = 3.6 Hz, 1H, H-1), 5.62 (s, 1H), 4.42-4.39 (m, 2H, H-4, H-5),
4.28 (d, J=12.6 Hz, 1H, H-6), 4.09 (d, J = 12.9 Hz, 1H, H-6'), 3.85-3.81
(m, 2H, H-2, H-3), 2.41 (s, 3H, CH3); *C NMR (75 MHz, CDCl,): 6 =
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161.3, 159.3, 155.2, 152.7, 137.4, 129.8, 128.7, 126.6, 126.2, 115.7,
113.6, 113.4, 104.7, 101.6, 97.8, 75.5, 69.3, 67.8, 64.3, 60.5, 53.8, 19.1;
HRMS-ES: calcd for CyH,iN3O; requires 452.1458; found m/z =
452.1452 [M + H]".

6.6 4-Methylumbelliferyl 2-azido-4,6-di-O-benzylidene-2-
deoxy-3-(2’,3’,4’,6’-tetra-O-acetyl-B-D-galactopyranosyl)-a-
D-galactopyranoside 60

To a mixture of per-O-acetyl D-galactosyl trichloroacetimidate 47
(108.0 mg, 0.22 mmol), (4-MU) 2-azido-4,6-0O-benzylidene-2-deoxy-a
-D-galactopyranoside 59 (50 mg, 0.11 mmol) and MS-4A (300 mg) in
CH,CI, (2.0 mL), TMSOTf (4.0 pL, 0.022 mmol) was added and the
mixture was stirred at —20 °C for 2 h. The reaction mixture was then
diluted with CH,Cl, (6.0 mL), which was washed with sat. NaHCO; (10
mL x 2), water (10 mL x 1), brine (10 mL x 1), dried over MgSOQs,,
filtered and concentrated for column chromatography purification over
silica gel. Elution with 1:1 v/v EtOAc/hexane elution afforded the titled
compound 60 as white amorphous powder (65.0 mg, 75%): '"H NMR
(300 MHz, CDCLy): 6 = 7.57-7.54 (m, 3H), 7.40-7.38 (m, 3H), 7.10-7.07
(m, 2H), 6.19 (s, 1H), 5.80 (d, J = 3.6 Hz, 1H), 5.60 (s, 1H), 5.44-5.30 (m,
2H), 5.10 (dd, J = 3.0, 10.2 Hz, 1H), 4.91 (d, J = 7.8 Hz, 1H), 4.50 (br,
1H), 4.35-3.99 (m, 7H), 3.79 (br, 1H), 2.41 (s, 3H), 2.16 (s, 3H), 2.09 (s,
3H), 2.03 (s, 3H), 1.97 (s, 3H); **C NMR (75 MHz, CDCl,): § = 170.7,
170.6, 170.50, 169.8, 161.2, 159.3, 155.3, 152.5, 137.7, 129.4, 128.6,
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126.4, 126.3, 115.8, 113.5, 113.3, 105.0, 102.9, 101.0, 98.0, 76.2, 75.8,
71.4,71.3, 69.3, 69.0, 67.3, 64.6, 61.7, 58.8, 21.15, 21.10, 20.97, 20.90,
19.0; HRMS-ES: calcd for Cs7H39N304¢ requires 781.2330; found m/z =
781.2299 [M]".

6.7 4-Methylumbelliferyl (4-MU) 2-acetamido-2-deoxy-3-
(B-D-galactopyranosyl)-a-D-galactopyranoside 24

A mixture of 60 (36.0 mg, 0.046 mmol) and 5% Pd/C (36.0 mg) in
MeOH (2.0 mL) was stirred at rt under 1 atm H, for 2 h. The reaction
mixture was then filtered through celite and the filtrate was concentrated
by rotary evaporator. The crude residue was re-suspended in a mixture
of pyridine (1.0 mL) and Ac,O (1.0 mL), and then stirred at rt for 1 h.
Excess solvent and reagent were removed by rotary evaporator, and the
residue was dissolved in MeOH (2.0 mL), to which a piece of freshly cut
sodium (ca 20 mg) was added. The resulting mixture was stirred for 2 h
from 0 °C to rt and followed by neutralization with IR-120 H" resin.
After filtration removal of resin, MeOH was reduced by rotary evaporator.
The crude residue was then re-suspended in 90% aqueous acetic acid (1.0
mL) and stirring at 60 °C for 1 h. Upon complete deacetalation as
assessed by TLC, the solution was concentrated with rotary evaporator
for column chromatography purification over reversed phase RP-C18
silica gel with MeOH/H,0O mixture elution (gradient from 25% to 30%
MeOH) to afford the 4-MU «o-T-antigen 24 (10 mg, 40% over four steps)
as white glassy solid: *H NMR (300 MHz, CD;0D): ¢ = 7.79 (d, 1H),
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7.26-7.20 (m, 2H), 6.26 (d, 1H), 5.73 (d, J = 3.6 Hz, 1H), 4.71 (dd, J =
3.6, 11.1 Hz, 1H), 4.61 (d, J = 6.9 Hz, 1H), 4.33 (d, J = 2.4 Hz, 1H), 4.25
(dd, J = 3.0, 11.1 Hz, 1H), 3.99 (t, J = 5.7, 11.1 Hz, 1H), 3.93 (d, J = 3.0
Hz, 1H) 3.83-3.79 (m, 3H), 3.74-3.70 (m, 2H), 3.60-3.56 (M, 2H), 2.50
(d, 3H), 2.06 (s, 3H); °C NMR (75 MHz, CD;OD): ¢ = 174.2, 163.2,
161.4, 156.0, 155.4, 127.3, 116.2, 115.0, 112.9, 106.4, 105.5, 98.3, 78.4,
76.8, 74.7,73.5,72.5,71.4,70.3, 69.7, 62.6, 62.4, 22.7, 18.6; HRMS-ES:
calcd for CyH3;NO13Na requires 564.1693; found m/z = 564.1689 [M +
Na]".
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'H NMR spectrum of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-2-
(trichloroethyloxycarbamyl)-1-thio--D-glucopyranoside 2
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C NMR spectrum of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-2-
(trichloroethyloxycarbamyl)-1-thio-f-D-glucopyranoside 2
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'H NMR spectrum of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-4-O-(2-O-
benzyl-4,6-0O-benzylidene-3-0O-p-methoxybenzyl--D-mannopyranosyl)-

2-(trichloroethyloxycarbamyl)-1-thio-B-D-glucopyranoside 3
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C NMR spectrum of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-4-O-(2-O-
benzyl-4,6-0O-benzylidene-3-0-p-methoxybenzyl--D-mannopyranosyl)-
2-(trichloroethyloxycarbamyl)-1-thio-B-D-glucopyranoside 3
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HMQC NMR spectrum of tolyl 3-O-acetyl-6-O-benzyl-2-deoxy-4-O-
(2-O-benzyl-4,6-0O-benzylidene-3-O-p-methoxybenzyl--D-mannopyrano
syl)-2-(trichloroethyloxycarbamyl)-1-thio--D-glucopyranoside 3
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Gated decoupling °C NMR spectrum of tolyl 3-O-acetyl-6-O-benzyl-
2-deoxy-4-0O-(2-O-benzyl-4,6-O-benzylidene-3-0O-p-methoxybenzyl-f-D-
mannopyranosyl)-2-(trichloroethyloxycarbamyl)-1-thio-B-D-glucopyrano
side 3
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'H NMR spectrum of tolyl 2-O-benzyl-4,6-O-benzylidene-3-O-p-

methoxybenzyl-1-thio-a-D-mannopyranoside 4
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C NMR spectrum of tolyl 2-O-benzyl-4,6-O-benzylidene-3-0-p-
methoxybenzyl-1-thio-a-D-mannopyranoside 4
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'H NMR spectrum of 6-chlorohexyl 2-azido-3,6-di-O-benzyl-2-
deoxy-B-D-glucopyranoside 5
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PC NMR spectrum of 6-chlorohexyl 2-azido-3,6-di-O-benzyl-2-
deoxy-B-D-glucopyranoside 5
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'H NMR spectrum of 6-chlorohexyl 3,6-di-O-benzyl-2-azido-2-deoxy
4-0-[3-0-acetyl-6-0O-benzyl-2-(trichloroethyloxycarbamyl)-4-O-(2-O-be
nzyl-4,6-O-benzylidene-3-0-p-methoxybenzyl-f-D-mannopyranosyl)-3-
D-glucopyranosyl]-B-D-glucopyranoside 6
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'H NMR spectrum of tolyl 2,3-O-isopropylidene-1-thio-o.-

L-rhamnopyranoside 8

CETTT —~—_

£5T°T— T
898" T —
CO T e | S—
TES°T =
6L T —
L
TEE'T -
51978 —_ .
828°7 N
L““.
H.I
B99°S =
“
-
b
)
©
—
@ O
LXK
@]

HO

A

/

! J

l\,

138

ppm

(=1
=1
=1
-




PC NMR spectrum of tolyl 2,3-O-isopropylidene-1-thio-a.-

L-rhamnopyranoside 8
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'H NMR spectrum of 3-chloropropyl 2-O-benzyl-4,6-O-benzylidene-f-
D-galactopyranoside 9

pom

0.0

e e

89z z

o 6¥5 0

L A Jw'L_/L___
‘-JO

_D
-
§ —— ' w —SvoT
—_— L
\ —_—— 99E 5
} _D
5 —_— * T xere
N —— =T5%0°T
N —_— —sLot
5 ———— w “Tezo T
| *
\ TS0t
\ | @ T iT0°T

v =000°T

6818

- __920°Z

[

140



C NMR spectrum of 3-chloropropyl 2-O-benzyl-4,6-O-benzylidene-f-
D-galactopyranoside 9
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COSY NMR spectrum of 3-chloropropyl 2-O-benzyl-4,6-O-benzylidene-
B-D-galactopyranoside 9
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HMQC NMR spectrum of 3-chloropropyl 2-O-benzyl-4,6-O-benzylidene
-B-D-galactopyranoside 9
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Non-decupling >C NMR spectrum of 3-chloropropyl 2-O-benzyl-4,6-O-
benzylidene-B-D-galactopyranoside 9
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'H NMR spectrum of (3-chloropropyl) 2-O-benzyl-4,6-O-benzylidene-3-
0-[2,3-O-1sopropylidene-4-0O-(2,3-di-O-benzyl-4,6-O-benzylidene-f3-D-
mannopyranosyl)-a-L-rhamnopyranoside]-B-D-galactopyranoside 10
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PC NMR spectrum of (3-chloropropyl) 2-O-benzyl-4,6-O-benzylidene-3-
0-[2,3-O-1sopropylidene-4-0-(2,3-di-O-benzyl-4,6-O-benzylidene-p-D-
mannopyranosyl)-a-L-rhamnopyranoside]--D-galactopyranoside 10
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COSY NMR spectrum of (3-chloropropyl) 2-O-benzyl-4,6-O-
benzylidene-3-0-[2,3-O-isopropylidene-4-0-(2,3-di-O-benzyl-4,6-O-ben
zylidene-B-D-mannopyranosyl)-a-L-rhamnopyranoside]-3-D-galactopyra
noside 10
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HMQC NMR spectrum of (3-chloropropyl) 2-O-benzyl-4,6-O-
benzylidene-3-0-[2,3-O-isopropylidene-4-0-(2,3-di-O-benzyl-4,6-O-ben
zylidene-B-D-mannopyranosyl)-a-L-rhamnopyranoside]-3-D-galactopyra
noside 10

~10
10
20
30
~40
L50
60
L70
-80
90
~100
~110
120
130
140
150

1.0

1.5

3.0

35

4.0

45
(ppm)

(wdd) 14

L}
5.0

1L
20
95
100
-105
L110
L}
]
55

4.0

4.5
]
70 65

f
]
5.0
(ppm)
OQD
7.5

:
5.5

85

9.0

148



Gated decoupling C"> NMR spectrum of (3-chloropropyl) 2-O-benzyl-
4,6-0O-benzylidene-3-0-2,3-0O-isopropylidene-4-O-(2,3-di-O-benzyl-4,6-
O-benzylidene-B-D-mannopyranosyl)-a-L-rhamnopyranoside]-B-D-galact
opyranoside 10
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'H NMR spectrum of 2,3-di-O-benzyl-4,6-O-benzylidene-o.-D-
mannopyranosyl trichloroacetimidate 11
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C NMR spectrum of 2,3-di-O-benzyl-4,6-O-benzylidene-a-D-
mannopyranosyl trichloroacetimidate 11
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'H NMR spectrum of (2,6-dimethylphenyl) 2-azido-3,6-di-O-benzyl
-2-deoxy-1-thio-B-D-glucopyranoside 12
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PC NMR spectrum of (2,6-dimethylphenyl) 2-azido-3,6-di-O-benzyl
-2-deoxy-1-thio-B-D-glucopyranoside 12
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'H NMR spectrum of (2,6-dimethylphenyl) 2-azido-3,6-di-O-benzyl-4-O-
(2,3-di-O-benzyl-4,6-O-benzylidene-D-mannopyranosyl)-1-thio-B-D-gluc
ospyranoside 13
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C NMR spectrum of (2,6-dimethylphenyl) 2-azido-3,6-di-O-benzyl-4-
0-(2,3-di-O-benzyl-4,6-O-benzylidene-D-mannopyranosyl)-1-thio-B-D-gl
ucospyranoside 13
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Non-decoupling >C NMR spectrum of (2,6-dimethylphenyl) 2-azido-3,6-
di-O-benzyl-4-0-(2,3-di-O-benzyl-4,6-O-benzylidene-D-mannopyranosyl
)-1-thio-B-D-glucospyranoside 13
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'H NMR spectrum of (1-chlorohexyl) 2-azido-3,6-di-O-benzyl-2-deoxy
-4-0-[2-azido-3,6-di-O-benzyl-4-O-(2,3-di-O-benzyl-4,6-O-benzylidene-
-D-mannopyranosyl)-f-D-glucospyranosyl] -B-D-glucospyranoside 14
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C NMR spectrum of (1-chlorohexyl) 2-azido-3,6-di-O-benzyl-2-deoxy
-4-0-[2-azido-3,6-di-O-benzyl-4-O-(2,3-di-O-benzyl-4,6-O-benzylidene-
-D-mannopyranosyl)-f-D-glucospyranosyl] -B-D-glucospyranoside 14
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HMQC "C NMR spectrum of (1-chlorohexyl) 2-azido-3,6-di-O-benzyl
-2-deoxy-4-0-[2-azido-3,6-di-O-benzyl-4-O-(2,3-di-O-benzyl-4,6-O-ben
zylidene-B-D-mannopyranosyl)-p-D-glucospyranosyl] --D-
glucospyranoside 14
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Non-decoupling ?C NMR spectrum of (1-chlorohexyl) 2-azido-3,6-di-O-
benzyl-2-deoxy-4-0-[2-azido-3,6-di-O-benzyl-4-0O-(2,3-di-O-benzyl-4,6-
O-benzylidene-B-D-mannopyranosyl)-f-D-glucospyranosyl] -B-D-
glucospyranoside 14
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'H NMR spectrum of (2,6-dimethylphenyl)-2,3-O-(isopropylidene)-o.-L-
rhamnopyranoside 15
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PC NMR spectrum of (2,6-dimethylphenyl)-2,3-O-(isopropylidene)-o.-L-
rhamnopyranoside 15
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HMQC NMR spectrum of (2,6-di-methylphenyl)-2,3-O-(isopropylidene)
-a-L-rhamnopyranoside 15
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Gated decoupling °C NMR spectrum of (2,6-di-methylphenyl)-2,3-O-
(isopro pylidene)-a-L-rhamnopyranoside 15
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'H NMR spectrum of 2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-a-D-mannopyranosyl trichloroacetimidate 16
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C NMR spectrum of 2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-a-D-mannopyranosyl trichloroacetimidate 16
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HMQC NMR spectrum of 2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-a-D-mannopyranosyl trichloroacetimidate 16
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'H NMR spectrum of N-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl- 1-B-D-mannopyranosyl)-trichloroacetamide 17
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C NMR spectrum of N-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl- 1-B-D-mannopyranosyl)-trichloroacetamide 17
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COSY NMR spectrum of N-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl- 1-B-D-mannopyranosyl)-trichloroacetamide 17
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HMQC NMR spectrum of N-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl- 1-B-D-mannopyranosyl)-trichloroacetamide 17
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Gated decoupling >C NMR spectrum of N-(2-O-benzyl-4,6-O-
benzylidene-3-0-p-methoxybenzyl-1-B-D-mannopyranosyl)-trichloroacet

amide 17
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'H NMR spectrum of methyl 2,3,6-tri-O-benzyl-4-O-(2,3-di-O-benzyl-p-
D-mannopyranosyl)-a-D-glucopyranoside 20
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PC NMR spectrum of methyl 2,3,6-tri-O-benzyl-4-O-(2,3-di-O-benzyl-p-
D-mannopyranosyl)-o-D-glucopyranoside 20
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'H NMR spectrum of 1,2,3,4-di-O-isopropylidene-6-0-(2,3-di-O-benzyl
-4,6-benzylidene-f-D-mannopyranosyl)-a-D-galactopyranoside 21
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PC NMR spectrum of 1,2,3,4-di-O-isopropylidene-6-O-(2,3-di-O-benzyl

-4,6-benzylidene-f-D-mannopyranosyl)-a-D-galactopyranoside 21
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'H NMR spectrum of 6-chlorohexyl 3,6-di-O-benzyl-2-azido-2-deoxy 4-
O-[3-0-acetyl-6-O-benzyl-2-(trichloroethyloxycarbamyl)-4-O-(2-O-benz
yl-3-O-p-methoxybenzyl-B-D-mannopyranosyl)-p-D-glucopyranosyl]-3-D
-glucopyranoside 22
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PC NMR spectrum of 6-chlorohexyl 3,6-di-O-benzyl-2-azido-2-deoxy 4-
O-[3-0-acetyl-6-O-benzyl-2-(trichloroethyloxycarbamyl)-4-O-(2-O-benz
yl-3-O-p-methoxybenzyl-B-D-mannopyranosyl)-p-D-glucopyranosyl]-3-D
-glucopyranoside 22

Fe
Le
=
Lo
et re Fw
B35 - I
S66° T = |4
PRLTEE — — Esg
Fm
067 F B
Le
F=
564 5¥

50

99

Lol L m&h { I T L‘ ‘ HH

| =]
BETITOT = | S
052 10T - e |
SIS EOT —— (5] I
/ 4
{ [ o
A | ]
Yy |
v i
{ 4
N\ F
| =]
/ e
{ B
{ F
N\ |
/ :
o Fa
Fa
[
(= .
m O =
o
o] e
e -
Of 7
m L
L3
=]
2651 jé Fe
=]
=
=
=]
£
690°TLT -
=]
@
~
=
@
-

178



HMQC NMR spectrum of 6-chlorohexyl 3,6-di-O-benzyl-2-azido-2-
Deoxy-4-0-[3-0O-acetyl-6-O-benzyl-2-(trichloroethyloxycarbamyl)-4-O-(
2-0-benzyl-3-0-p-methoxybenzyl--D-mannopyranosyl)-B-D-glucopyran
osyl]-B-D-glucopyranoside 22
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Gated decoupling >C NMR spectrum of 6-chlorohexyl 3,6-di-O-benzyl
-2-azido-2-Deoxy-4-0-[3-O-acetyl-6-O-benzyl-2-(trichloroethyloxycarba
myl)-4-O-(2-O-benzyl-3-0O-p-methoxybenzyl-f-D-mannopyranosyl)-3-D-
glucopyranosyl]--D-glucopyranoside 22
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'H NMR spectrum of (2,6-dimethylphenyl) 2,3-O-isopropylidene-4-O-
(2,3-di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-1-thio-a-L-rh
amnopyranoside 23
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PC NMR spectrum of (2,6-dimethylphenyl) 2,3-O-isopropylidene-4-O-
(2,3-di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-1-thio-a.-L-rh
amnopyranoside 23
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COSY NMR spectrum of (2,6-dimethylphenyl) 2,3-O-isopropylidene-4
-0-(2,3-di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-1-thio-o-L
-rthamnopyranoside 23
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HMQC NMR spectrum of (2,6-dimethylphenyl) 2,3-O-isopropylidene-4
-0-(2,3-di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-1-thio-o-L
-rthamnopyranoside 23
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Gated decoupling C"> NMR spectrum of (2,6-dimethylphenyl) 2,3-O-
isopropylidene-4-0-(2,3-di-O-benzyl-4,6-O-benzylidene-3-D-mannopyra
nosyl)-1-thio-o-L-rhamnopyranoside 23
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'H NMR spectrum of (p-nitrophenyl) 2,3,4-tri-O-acetyl-a-L-

fucopyranoside 27a

ST 0= ——

=
=
T
betrr - \ —=
ToT S
ssz‘s—\
: B
- \ ————
§——m 3 ____}
A *-—"‘-._J
\ .
PET L=
ps1 L —== “, —
OLT L= =
o4
o
=
SET" B = _ 4 -
(1 ——= A b =
ST E—"

o-‘;\,_;f-
OAc

7

7
A coOAc

L

186

[

[

o
a

-

0L6°0

-

oo | [y
|

e ‘ {u{

ollo

-
o

aL

[

h

{=1




C NMR spectrum of (p-nitrophenyl) 2,3,4-tri-O-acetyl-o.-L-

fucopyranoside 27a

03091
£68°07 —

036707 —

ES0EFT —

=)
=
N/ &
{3
o \
{\O
\ o
]
<

187

e

180 170 160 150 140 130 120 110 100

190



'H NMR spectrum of (p-nitrophenyl) 2,3,4-tri-O-acetyl-p-L-

fucopyranoside 27b

FRO"L

80 L

%

L
960°L
0% L

FEL'E —

18—
s

I.‘”';:\,-« NO,

/

OAc

—T~0;

Ac OOAc

rr
d

— s

188

A

1

T LEE'E

(5}

-

S “oere

“ -
—.0BE £
BT

(5}

I

o

[aa]

(5}

"

o —

. BFL T

-

(5}

-«

(=]

v 8880
—0f£ 1T
= F90°T

(5}

. 000°T

o

w

L5}

¢

o —_—

- Ti0°z

(5}

N

(=]

o
~ Bzo'z

u

@

o



C NMR spectrum of (p-nitrophenyl) 2,3,4-tri-O-acetyl-B-L-
fucopyranoside 27b
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'H NMR spectrum of (m-nitrophenyl) 2,3,4-tri-O-acetyl-o-L-
fucopyranoside 38
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C NMR spectrum of (m-nitrophenyl) 2.3,4-tri-O-acetyl-a-L-

fucopyranoside 38
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'H MR spectrum of (p-cyanophenyl) 2,3,4-tri-O-acetyl-a-L-

fucopyranoside 39
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C NMR spectrum of (p-cyanophenyl) 2,3,4-tri-O-acetyl-a-L-
fucopyranoside 39
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'H MR spectrum of phenyl 2,3,4-tri-O-acetyl-a-L-fucopyranoside 40
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PC MR spectrum of phenyl 2,3,4-tri-O-acetyl-a-L-fucopyranoside 40
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'H NMR spectrum of (2-fluoro-4-nitrophenyl) 2,3,4-tri-O-acetyl-a-L-
fucopyranoside 41
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C NMR spectrum of
fucopyranoside 41

(2-fluoro-4-nitrophenyl) 2,3,4-tri-O-acetyl-a-L-
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'H NMR spectrum of (3,4-dinitrophenyl) 2,3,4-tri-O-acetyl-o-L-
fucopyranoside 42
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PC NMR spectrum of  (3,4-dinitrophenyl) 2,3,4-tri-O-acetyl-g-L-
fucopyranoside 42
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'H NMR spectrum of (4-methylumbelliferyl) 2,3 ,4-tri-O-acetyl-a-L-
fucopyranoside 43
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PH NMR spectrum of (4-methylumbelliferyl) 2,3 ,4-tri-O-acetyl-o-L-
fucopyranoside 43
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'H NMR spectrum of (2-naphthyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside
44
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C NMR spectrum of (2-naphthyl) 2,3,4-tri-O-acetyl-a-L-fucopyranoside
44
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'H NMR spectrum of p-nitrophenyl 2,3,4,6-tetra-O-acetyl-a-D-
glucopyranoside 51a
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C NMR spectrum of p-nitrophenyl 2,3.4,6-tetra-O-acetyl-o-D-
glucopyranoside 51a
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'H NMR spectrum of (p-nitrophenyl) 2,3,4,6-tetra-O-acetyl-3-D-
glucopyranoside 513
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C NMR spectrum of (p-nitrophenyl) 2,3,4,6-tetra-O-acetyl-/5-D-

glucopyranoside 513
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'H NMR spectrum of (p-nitrophenyl) 2-azido-2-deoxy-a-D-
galactopyranoside 53
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PC NMR spectrum of (p-nitrophenyl) 2-azido-2-deoxy-a-D-
galactopyranoside 53
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'H NMR spectrum of (p-nitrophenyl) 2,3,4,6-tetra-O-acetyl-a-D-
galactopyranoside 54a
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C NMR spectrum of (p-nitrophenyl) 2,3.4,6-tetra-O-acetyl-a-D-

galactopyranoside 54a
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'H NMR spectrum of (p-nitrophenyl) 2,3,4,6-tetra-O-acetyl-a-D-
galactopyranoside 543
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'H NMR spectrum of (p-nitrophenyl) 3.4,6-tetra-O-acetyl-2-azido-2-
deoxy-a-D-galactopyranoside 55

=

[N

[sH

o

— [=]

u

PEE 0 -, -

63870 1), =
REN
LZ'.".H\\\\
T02°T o) N

9027 T A L=

917.._: A 4

=

> =B08 "¢
co8°z
=3950°¢

|

I

(

aom
R
LEE-Y

el ol el ol ol ol o e o ed el e o o e o
L L \

[

/

5

-
™
=]
o

£
I
=
o
=3
—

/A

||
e
]
=]
o

R EE
qﬂ’lz, T
v
Jl J)L ,4 1JJJLMI . UML_
T T
5.0 4.5
|

N o
R=2t]
£z 8 —560°2
1628 — — 560
8[72'3—’/-

u

[ @
o
o

213



C NMR spectrum of (p-nitrophenyl) 3,4,6-tetra-O-acetyl-2-azido-2-
deoxy-a-D-galactopyranoside 55
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'H NMR spectrum of (p-nitrophenyl) 2,3,4-tri-O-acetyl-a-L-
rhamnopyranoside 56
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C NMR spectrum of (p-nitrophenyl) 2,3,4-tri-O-acetyl-a-L-
rhamnopyranoside 56
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'H NMR spectrum of (p-nitrophenyl) 2,3,4,6-tetra-O-acetyl-a-D-

mannopyranoside 57
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C NMR spectrum of (p-nitrophenyl) 2,3.4,6-tetra-O-acetyl-a-D-
mannopyranoside 57
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'H NMR spectrum of (4-methylumbelliferyl) 3,4,6-tri-O-acetyl-2-azido-
2-deoxy-a-L-galactopyranoside 58
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C NMR spectrum of (4-methylumbelliferyl) 3,4,6-tri-O-acetyl-2-azido-
2-deoxy-a-L-galactopyranoside 58
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'H NMR spectrum of (4-methylumbelliferyl)-2-azido-4,6-di-O-
benzylidene-2-deoxy-3-0-hydroxyl-a-D-galactopyranoside 59
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C NMR spectrum of (4-methylumbelliferyl)-2-azido-4,6-di-O-
benzylidene-2-deoxy-3-0-hydroxyl-a-D-galactopyranoside 59
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COSY NMR spectrum of (4-methylumbelliferyl)-2-azido-4,6-di-O-
benzylidene-2-deoxy-3-0-hydroxyl-a-D-galactopyranoside 59
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'H NMR spectrum of (4-methylumbelliferyl)-2-azido-4,6-di-O-

benzylidene-2-deoxy (2°,3°,4°,6’-tetra-O-acetyl- f-D-galactopyranosyl)-

a-D-galactopyranoside 60
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PC NMR spectrum of (4-methylumbelliferyl)-2-azido-4,6-di-O-
benzylidene-2-deoxy (2°,3°,4°,6’-tetra-O-acetyl- #-D-galactopyranosyl)-
a-D-galactopyranoside 60
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'H NMR spectrum of (4-methylumbelliferyl)-2-acetamido-2-deoxy-3-
(f-D-galactopyranosyl)-a-D-galactopyranoside 24
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C NMR spectrum of (4-methylumbelliferyl)-2-acetamido-2-deoxy-3-
(f-D-galactopyranosyl)-a-D-galactopyranoside 24
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