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G gul Al T pE i 4 (glycosidic bond) | (K] 1.2) © °

B R E ALY 0 F S kg A B AE SURR
Ak o %rt TR & 4 Fren Koenigs-Knorr K g i€ chpE A &) i
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AcO
OH Ac,0 (6 equiv), acid (0.1 equiv) oL & OAc
HO&&M AcOé&M -0 OAc
HO ey RT, neat, N, AcO A OAC
1 2 OAc
D-glucose

entry Acid pKaofacid Time (h) vyield (%) pyranose 1 : furanose 22

1 TFA 2 48 0 No reaction
2 CSA -1 12 90 >95% pyranose
3 TsOH -6.5 6 95 >95% pyranose
4 H2SOs  -10 0.2 70 Not determined
5b H2S0s4  -10 0.2 94b 90:10
d P dRd e (refl6) 0 " A 0°C 4 » FrfiE (99.99%) tE B¢ o

d F SR F R Rl F B i F i Y i B R
LApRE o pKa A& ] ek iE AP~ B 2 AEM o 2d* pKa i)
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AEAPE R R BRI F R FRETHT F
& fx (p-tolyl sulfonic acid monohydrate » TSOH. H,0) &5 8Lit &) > @
il e L Al cnt R s F e OH A s bt HARE - E R

ks + 3817 2o iRt F R (£ 1.2) -

D RRGFBRZ 7 HmD- S L EE (g 858 H
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AT s b (R 130 F 5% 6) o FHceiE A SV A EBHT
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R IO 0 R e~ B e TSR AF R o
BNEGER EL F 0 Blde D X FURE s B RN BT 2L RV R
e A PRARF|TRET HY FRREFFRTEP A2 TR
BREHSF (£ 13 F % 1-5) 5 AL FBREF & 0°C Ti&fFe fig
CF o SRR RPFREE T 16 L PF > T RIER A blde
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412 12 TSOH $7 b B A + i 7 > ¢ gt RIz#

O Ac,0 (1.2 equiv per OH), O
HO e TsOH (x mol % per OH) ACOW\"OAC

OH
(l equi\/) 0°Cto 27 OC, CH3CN, N2

Product
g AcO—, OAc OAC AcO _OAc oA
Acogﬁ“ ACO&“ g:‘o ﬁ
Aco AcO O
1 OAc 5 OAcCO DA OAC
OAc
AcO [e)

%A@ ACOG OAC

QQAC ACO%OAC AcO

OAc Acoéﬁ

(0]
h O%om AcO @
OAc %\
%\BA AcoO— L0 OAc O0A
C AcO C
AcO - OAc
entry S.M. (0.59) Product TsOH (mol% CH3CN Time (h) yield (%),
per OH) (mL) o:pP

1 D-glucose 1 2 0 6 95 (71 :29)
2 D-mannose 3 2 0 5 94 (89:11)
3 L-rhamnose 4 2 0 4 92 (58:42)
4 D-lactose.H20 5 2 0 4 90 (60 : 40)
5 D-B-cyclodextrin = 6 1 1.5 10 90
6 D-melezitose 7 1 0.5 6 752

VG PRI 8.

fed 2 B (£ 11)> Apecr BARS £ i & ke

FRRL L B A b —20°C T OMEEER Al ¢ IR IR (5 0 1L s e
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70°C, 5818 ] PFisv {B1] 2% > fpit L8, H ¥
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4725 5% T EHmAY (3 13> F5% 4): M mp (2 Hi3R) n

refRit A ERAFERO(E 13 9%6)-

F 1.3, & 4E R s ke F e it FORRRE

Ac,0 (1.2 equiv per OH), AcO _0OAc OAC
e acid (0.1 equiv) g& OAC
HO "~
. OH TOC, N2
(1 equiv) 9

entry S.M.(0.5g) acid(mol% T (°C) Time  vyield (%), pyranose :

per OH) (h) furanose
1 D-galactose  TsOH, 2 0to 25 8 92,70:30
2 D-galactose  TsOH, 2 0 16 80, 89 : 11
3 D-galactose  TsOH, 5 -20 72 <20
4 D-galactose  H2SOq4, 2 -20to 0 18 92, >95: 52
5 L-fucose TsOH, 2 Oto 25 0.5 90, 74 : 26
62 L-fucose H2S0Os4, 2 -30to-20 8 93, >95: 52

&1 #-H,SO, (%4 A>99.99%, Aldrich) i3 »* CHCN 14 i 5 384 18 + .

AR E R O R R BB PR S b F L

AL G AR REA DY FRIRS FEER K L AR 2 it
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FOEWERT % (£ 14) -

F 14 V) PR NREIEIRESC R R R

Ac,0 (1.2 equiv per OH),
HOD‘;%,(WOH acid (n mol% per OH) ACOD‘;&“OAC
: T°C, N, NX
(1 equiv)
Product
OAC OAc OAc OAc
0 AcO 0 AcO 0 AcO 0
MR MR AR, MR,
10 NHTroc 11 NHTCA 12 NHAc 13 N3
AcO OAC AcO OAC
OAc OH OAc
ACAO/éoﬁA AcO: ) AcO/ )
cO OAcC AcHN (0] CO,Me AcHN O CO,Me
14  NHCbz AcO 15 AcO 16
entry S.M.(0.59) Product Acid (mol% T (°C) Time (h) yield (%),
per OH) a:pa
1 D-GIcA-Troc 10 TsOH, 2 Oto27 5 90,27 : 73 °®
2 D-GIcN-TCA 1 TsOH, 2 Oto55 5 93,77 : 23>
3 D-GlcM-Ac 12 TsOH, 2 Oto50 5 90, 61: 39
4 D-GlcN-azido 13 TsOH, 2 Oto27 4 85,23 :77°
5 D-GlcA-Z 14 TsOH, 2 Oto40 3 94,58 : 42
6 NANA methyl ester 15 TsOH, 2 Oto27 4 90, 20 : 80p
7 NANA methyl ester 16 TsOH, 2 Oto45 12 80, B only ¢
8 D-GIcA-Troc 10 I2, 9 Oto27 26 No reactionb.c
9 D-GlcM-Ac 12 l2, 5 Oto27 48 98,72 :28¢cd
10 NANA methyl ester 15 2, 6.5 Oto 27 sluggish --cd
11 NANA methyl ester 15 I2, 13 Oto27 0.3 70, -- cd
12 NANA methyl ester 16 I, 13 0to35 1 90,22 :78¢cd

T PELIRE H e e (e L4 R %04 Tablesl) I8TR Ep v bl Ok
~ig &% (05mLper05gS.M.) §et 7 dgds - Caspepss % 5k * 3~4
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I C2-"=2L 12 Troc (2,2,2-trichloroethoxycarbonyl) % & e

FHe b

BT RTE oy L pptA s> 3~5 1 ¥ 7 1] 90%

fl
R

2T ARt A4 10 (F 14 Fok1) o Ut R > NPy R
+ e C2-%=zh & w12 = & ¢ fg4k (trichloroacetamyl - TCA) ~ 2 fgfk
(acetamyl > Ac) ~ & % & (azido > N3) ~ &= ® A& * Ay (benzyl
carbamate » Cbz) & {7 3£ » £ 12 TSOH Bl3#e feit F J& o

TR F RS T R 0 G0 B ene B A TR T 8
2 EERRT > U ETSOH (£ Bk * 2mol%) 24
FEFE (FRgpARY 12 §8) Gpmp—3~5] F¥iE5 85~
98% ciipt A4 11121314 (% 14> 9% 2~-3~4-5) -

Feroh RGBS LEE Troc REF FHEIREF > REMF
B o iRl F RA{ 4 F AR O mol%  FERLETH 4 A BT
A * 348 Az B TEE2U I FEEFE BivARF (R 1459 5%
8) o @ N-AC ¥ AR5 0| > PIZH e chB B L F 5w AR T 5
mol% » &3 8 T 5iF 48 ] FFis > 73] 98%enipt Ay (& 14 F
B 9); A AP AR TSOH MLit pE i (7 ¢ fait & e 725 o

poeb Ay F iR TSOH $HrdR pe” it i 2 ¢ Rt F 0 F

ST 0L R TOH #RiT $ F BT A3 T 5By
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T AN C fEA AP 150 C2 Fenz &I d a2 R AR
WWehfg AP T F o A Te Rt k3 A AP r R A
HE (FBEgARY 2 FEBMA) SRFSRAT T LAY
80%=h 2 o fipit vki ik 160 f R A B2 ¥ pRiAL o i@ F g ARk v
Foiise fieit & P > F R R 3§ RaEEE ¥ s R
6.5 mol% eopk T % T o e it K R S AR HER o FRAE L F
A 13mol% RIAZETV E e ¢ fpfLEae 15 & 35 °C ek
BB BT E ER 2 fiit v i 16 -

§ O R R A PR R o BT R o Bl A g ies

FHRE oA F AL R A I EREEEFTE il F
B ek e X SgpE s+ 15 & 2o fpit ek ik 16 -

BFAPRIN GBS FEHEADBEHEL > LT EF I HEY
T SR E BB kT R Y - I L - i R
LS R R L

122 - & 20 i it F

Lot 2 s e 0 A E L F st ¥t 0 BT R o
E] ¥ /L»F”L ) El F —\f
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ot F RS AREE R feeh- b1 dR T S o HARAELS S

(non-amino sugar) i& {7 p3E (% 1.5) -

% 15 - it 8E > figs. 1 EIRLS Gt YA

Ac,0 (1.2 equiv per OH),
—O 2 —~0
HO ™~ acid (2mol% per OH), T °C, N M
‘N""OH ( op ). 2 AcO ‘N""STOI
(1 equiv) then, HSTol (1.5 equiv),
BF5; OEt, (2.0 equiv), CH,Cl,, O to rt, N,
Product
OAc OAc STol
AcO
ACO 0 ACO 0 Acow
AcO STol AcO ACO
17 OAc r STol 1o~ OAc
o OAc ACO§ OAd STol
0 0) (0] 0 WBAC
AcO AcO STol AcO STol OAC
oy 9 OAC 21 OAc AcO 22
entry S.M. (0.59) Product Time (h)2 vyield (%), a: B P
1c D-glucose 17 24 90, B only
2c D-mannose 18 19 81,9:1
3¢ L-rhamnose 19 1 84,6 :1
4c D-lactose 20 23 75, B only
5d.e D-galactose 21 30 68, B only
6d.e L-fucuse 22 14 75, B only

Yhooppit g pRER i pER D P AR E ISR B i A A B ania A

PR F PR Kﬁ% ~ BF;.0Et; -

HFAMFEAEELAAS 0 £ TSOH i @3> it 44

o ARBESED F Y A B R MR RS § T s R
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Mo 21830 °C THE R ¥7T Faifs (p-thiocresol - HSTol) £
Zamn-t e &P (BR.OEL) (sw Pz ReivmpitF i v
7l 90%:igt A4 17 (£ 15 F% 1) N 28R B
(mannose) ~ B % & (rhamnose) £ 5'#& (lactose) & {73 i® > & %W|E
118 5] 75~84% ¢iF2 A 4 181920 (% 15> #5% 2-3-4) - @
MERRR Bt e AR A DR RN R R G “f‘i i
B (MAFARMIREFE2) E8£A0°C T r = § 7z 8 v iH
TR Aot IR ITE o B E D] 68% ~ 7T5% g A 0 21
22(% 15> 5% 5+ 6)

??%é—%%%ﬁ%ﬁ THERBEREIREG C2-5 e HRA A
o/B-R A b o B e 3 ARE D] Bl chmi g oA B3
(deoxy sugar) H& 3 ¥ 2 F FHERIAR G BP-hE ik 5o

BFAPREA s F gk W it AR e il ek e
75 =eSF (£ 16)-

- B2 N-Troc § 3 B = (79 5% 0 o figlt F R = {8 R
LSS R L S & T % 0T B BR.OEL ) BT
WEA R F) T2% ¢ B-AnAE ALY 23 (% 1.6 sk 1) o kit A

N-TCA # 5 s 34 53] 65%:h B-Fisk 24 (% 1.6 9 5% 2) o

% 16, — 41 ®WH 2o FEitpEs &
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Ac,0 (1.2 equiv per OH), acid (2 mol% per

0 o}
HO%OH OH), T°C, N, Ao\,
- > STol
NX then, BF3 OEt, (2.0 equiv) or SnCl, (2 equiv), NX
(1 equiv) HSTol (1.5 equiv), CH,Cl,, 0 to rt, N,
Product
OAc OAc OAc
0 0
Af\gaég/sm Aﬁgo/ég/sm Aﬁ?&é&/sm
23 NHTroc 24 NHTCA o5 NHAC
AcO OAcC
ogc STol
AcO AcO:
f\co/é&w i AEHN 07 ~CO,Me
26 Ns AcO 27
entry S.M. (0.59) Product 7(°C) Time (h)  yield (%), o: B @
1 D-GlcN-Troc 23 Otort 20 72, B only
2 D-GIcA-TCA 24 Otort 32 65, B only
3 D-GlcA-Ac 25 0to40 48 ob
4e D-GlcN-Ac 25 Oto40 22 65, B only
5 D-GlcN-CbZ -- 0 8 0d
6 D-GlcN-azido 26 -20to0 8 0d
7 D-GlcN-azido 26 -20tort 72 63,3: 1¢
8 NANA methyl ester 27 Otort 20 65, B only

B il PR HA T P e S 9 - F B SNCly s i B L
Bl S 11 MR PR B L4 10 BIE S 2 it o

FH* N-AC § =i A4 P> & BFL.OEL thie* T » T i@
AFFBREARFIA0°C v ARFAEETF B SR BT ¥
Do Rty FAEIRA G 12 B AEI e § 447 & 40°C
SRR T F MEF] 65% o PSRt AEA Y 25 (3 160 7% 3-4) o

2 (6 B N-Chz § F I 7Rz LB it 24
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—GHitaE R T BRI % (£ 160 F% D) 2 {6 Ny FiEep

PR (3160 Bk 6) > F ABPLE AP

Z

R A

‘G

ﬂz,

Fene Rt A4 13 S FARR I F PE o jeT 00 T8 65% i
A 2601 F] o dx 4 C2-M8 A nf F RE T alf =3/l £ (&
16> FokT)e B S N P ER U R MY A (T4 1T B Rl F R
RIS A P AL AR TR F G KiE 8] BRI T T 65%
ch B-FidEAS F 27(% 160 F5%8) -

g E R SRR - ST WA 2 fREE A T a0
B Bt B Rk Bk ® 0 b e 0 T g 10 5o N-Troc § g R

A3 i ST ek 1T (8 5] 60 ~ 67% RIEEA 3 23 st

tG Rk TR R WE A B AEHE AREL P o

123 - thi Ak (-0 ol £ b
bl NERPEA T 1S NP 4 E R - TSOH & * 3 — ¥ ph
S AR o AL R PR A AP F Y S R PIER® %
T - kA B s SRR AT RS R iR LW i
£ @y kR pf:ﬁf**i"l,T‘uP NEFEREORR TR N2 5L R

PRr gl g huie- HF R (ifll) !
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OH ArCH(OMe),, —
HO 9] , cat. acid Ar/%O O TES, TFA  Ar HO ) '
RO SR —mM8M8™™ RO SR’ RO SR

OR DMF or CH4CN R CH,Cl, YR

BH; THF, Cu(OTf), Ar/\O Og
RO SR’
OR

e L1 HEME AR A pE T F ekt R b o

cat. acid = TsOH or CSA

F_‘~
%
1+
[
)
1 N
A
v
7
7
O
I

R LT S
g« CSA (camphor sulfonic acid) » & = ¥ %i{‘ﬁﬁé\—? (dimethyl acetal)
RS RS AN P Y RRERE A F R R R R
&0 BT VI TRIE (R LT)-

HAEAND B o RFFHAT BEFFHR T ETISH

A+ 28 2 pEs P A 4ERE (benzaldehyde dimethyl acetal) 2 & %

G
o] 8
yi

A o L4 01 FE mTSOH’fjfﬁﬁﬁ?:lLF)@; xis o B
er fpApEE e iRl R e RALTIGEELF LG AL 23
% Bl & D4 24§ B AT A S A4 0 gt b B

HEEET F e etk R R NIX TR (30 mM) 0ttt FEit PFR
Ak B R REAEZE 35 ~50 °Co dept v @5 90% eipit A4 37

(% 17> 9% 1)

+ 1.7, ﬁ*ﬁﬁgg}ft B i - gl R
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o PhCH(OMe), (1.2 equiv),
ot TsOH (0.1 equiv), CH5CN, T °C Ph—X-O
HO \/ﬁ,\,\,x ( quiv) 3 ON&?&M
Y then Ac,O (1.2 equiv per OH + 2.4 equiv), ACO S X

(1 equiv) acid (0.1 equiv), T°C, N,

X = SR, a-OMe, Glc, B-(CH,)sCl Z = OAc, NHAc, NHTroc
Y = OH, NHAc, NHTroc

OH
&ﬁ HO§OH g;/ %0
o]
HO
O(CHy)eCl STol
HO OMe 2)6 HO

HO OH HO OH
gﬁ/sm &R g& ég/sm
STol
w8 el v
‘Bu
entry S.M. Product TsOH 7 (°C) Time yield
(0.5¢9) (mol%, mM)  acetalation, acetylation  (h) (%)

1 28 37 10, 31 25,35 4 90
2 29 38 10, 31 25,40 4 81
3 30 39 10, 32 25,40 4.5 75
4 31 40 10, 32 25,40 5 77
5 32 41 10, 10 25,50 6 70
6 33 42 10, 14 50, 50 10 82
7 34 43 10, 41 25,40 4 76
8 35 44 32,19 25,40 4 70
9 36 45 10, 27 25,40 6 75
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Ph

Ph/v 38 Ph—%-0
ACO & : O&L
37 AcO STol
AcO ope O(CH2)6C| OAc
Ph

o)
o 40 Ph/VOO OAc

AcO STol AcO é&sm
OAC

41 STol
Ph—X 0 Ph/VO
AcO ACO STol
43 AcHN oMe NHTroc 45 NHTroc

B L5, S0 5 ¢ it i

BEFAPRLEERY FlBELi O-link s sug s 3 29 + s

TR P 81%eFE it A4 38 (2 170 7% 2) o 2 (S AP R UEPE

L0

pES A+ EFE o AB g B30 531 H EPE32 5

3

¥ 33 FiF 3] 70 ~ 80%:rFp i AnpEA + 39404142 (£ 1.7

% 3-~4-5+6)-

i
AN

g
E

-

S\
,dm

l;‘:] ﬁf%ﬁ%éo\—)-m ’?}&b-—__?}&z“‘#}&mg‘—\ ‘_LﬂEPJ_‘ L__
MRPE R R R LB S 0 A2 46-23-2 HEE T Bl A

AT B B2 fsen-dpit e fpit F R (hAR 1.2) o

Ph
PhCH(OMe), (1.2 equiv) 7\
OH : OH o
WO o TsOM (0.1 equiv) PN o PO o
HO Ho + 0 v 32
CHACN, 1t
32 sTol 46 STol 47 STol

SAT L2 H PR AR F R Rl F
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R FELFRIcE R ERF BERY 30mM A K3 10 mM
PR s 1P f‘%ffﬂr A2 BIALY 47> @ o fpit F P E & KF
BB AEDEIS0°C bk g% (£ 17> 25 5)-

BEAPE AL IR FRF-HCF K5 YW NAC 7 F
W 34 G A 0 F O REFIE D] 76% it AL 43 (£ 1.7 F
% 7)o 2zt N-Troc £iff §#E= 35 (75 Ji > #RFIZ At 2
Peofte BB R A BRI St Bt F o wF MRS D
A RTEs F e (T o @ TSOH eho® & » fpt &% %7/ 03 § 2
T E I T0% HEAEA P 44 (3 170 5% 8) FHHT KA Ak
% 5-Ax 7 7K-2-9 Fhifs A B (5-tertbutyl-2-methyl thiophenolyl) R+
MHFGRE AR RR 0 R G § hep Al B £ ]85
75% hAERE AL § ERA S 45 (% 17> 3% 9) -

BEAPL E % benzylidine F ot A LA A M
isopropylidine - 5 5 TSOH 7 isopropylidination-acetylation — & i* *

Rerck o B B A Y 2R A A T T it RER(R 1.8) -

fek

AR ETH LS ¥ #422-2 7 5 AF % (2,2-dimethoxyl
propane) ~ #i% % #& 30 &2 0.1 § & ¢ TSOH 2 & >80 hid i g Al
P oo@m TSOH ¢k & F1/k isopropylidine i = 4@ % & ) fc"s i

(20mM) > EFETH 10 A4 s+ TR SEEE R T S PEL E B
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N R AR (7 F 5 24 F R ASSERET F AL 0T R) £

A B F RE AT 40°C T Rl R Aot 4k (T % T 1 5| 52 %

TP FEAY 49 (£ 18> 7% 1) -

%+ 1.8. HRpE o Fp il e b i R

Me,C(OMe), (1.5 equiv), /LO
0 TsOH (0.1 equiv), acetone, T*°C N&oﬁ»\
X

~ ®)
HO s\, : ACO
Y then Ac,O (1.2 equiv per OH + 2.4 7
(1 equiv) equiv), acid (0.1 equiv), T2°C, N,
Z=0Ac, H
X =SR, OH
Y =OH, H
S.M. HO OH STO'
&/STN gN/STol HO@# 48
HO OH
Product
SToI

XX "
/&/sm — o

entry S.M. Product TsOH 71(°C), 7?(°C) Time (h) vyield (%)
(0.59) (mol%, mM)

1 30 49 10, 23 25,40 7 52

2a 31 50 10, 23 40, 40 12 70

3 48 51 5,18 25,40 4 75

BEFAPEFURL ML S 31 R Akt o - kRS

A3 teig {7 isopropylation B > 4einde 1.3 95 0 ¥ A B B e B4

1=z
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-~

52~ 53 it - Hins HEpE it A4 54 e

HO _OH Me,C(OMe), /éo O_OH o _o OMe
o TSOH o >( 0 >( 0
HO STol HO STol (o) STol o) STol
OH acetone, rt OH OH OH
31 52 53 54

oAz 1.3, L gL L 5 iE {7 isopropylidination 0¥ it A o

WA o MR AR T ERARBIEREFGFERENF

Boo FF Ia S L RE e G RATFREELF C el B4 § A
A8 5] 70% o0 34-SEEEA AL 50 (£ 18> R % 2) -

2 A AP ILERRE DR ZPEE E- kiR S5mol% o
TsOH ~ 1.5 & & 2, §ARBREMRIES T A8 5% O
pb s 8 (7 aERE AL DR ) Frdzde e 4R B 8 e~ BEBRATRLL PR
i3 &5 B BREFE P T5% rREr R A pEA G 51 (% 1.8 F5% 3) -

B o AV PSR F ML F IR R 0 - R ) B R R i

> 55 i 4 5 vhp kX ARREA + 56 (in Az 14) -

<<

N S TSOH, MeOH, 40 °C, 1 h QP o
HO: . then remove MeOH, AcO:
AcHN— Ly ~COH - A\c:wcozl\/le
Ho - then Me,C(OMe),, CH5CN, 25 °C, ACG 56
then Ac,0, 35°C
(1 equiv) 74% for 3 steps

One-Pot Process

AR LA, - Gp 1t & o eEp e X S 56 -
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BAic e fEY 101 F £ 0 TSOH iafig it & &> 40°C
THEGL~2 RS RUERITIHH 0 b r 2 R A 15§
TeN22-2 P AR AFRTNS ABRSGHEABE LB E
for i B (5§ R ARHTrER AL B5) W F Y o Al B
chif =T (35°C) ¥ B RIFE3 v fe L SEAE A+ 56 0 4oyt g -

Boit = Bl (v R G R - S H LB T (B3] TA%NA 5 -

Fd o o AFHREFSIFAEEHT FHRELT JIFEASHE
HAchighib ot 2 ke 2zt pre it F s - &
P> FEaEs BRIV IR BEEHG aek c ANPE Y e U
ARSI g & Lo QA L7 EATRF TOH 2 g &+
B* R B o 1 eh1 (T8 % 4 w8 £ & Carbohydr. Res. 2008, 343,

957-964 > ¥ Synlett 2009, 603-606 °
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1.4 7 %

R (>

T4

141 - 857 %~ 2 it

1.

FORGEROHED RFS 5 @ HRE- BB o

N~

R L L S Y RO RN AN N
12-2 § 2% NN-= 7 A9 om0 FE > a2

(Purification of Laboratory Chemicals, 4™ Edition, Perrin, D.D.;

Armarego, W.L.F. Butterworth Heinemann-1997, ISBN 7-5062-

4739-9/0.315.) 14 & it 4% (calcium hydride, CaH,) % # T 4v#

Bl BRSPS TR ARG EFRELEZ 4A L

TSOH i * m» ¥ L& 7 5 i = g (phosphorus pentoxide, P,0s)
BE TR FUR L B2 R e ERR A R AR S
99.99% (p-p Aldrich) > T3>t R 4tac 40 ® » A § § & L4
Foer oo mlb i IR-120H A % w ko2 g kY R
SRR T Ho ] PF oo BF.OEt, ~ N-gh it 7 - fgie s 2= @
FAZ L YR ROMA 98 ~ 99.5% A o %1 —20 °C 4

PooBEA T R ¥ 1 AA-AW300 A F G R 0 B ¥ R Uk



) P
MR F &ttt B pest EYELA-xxtype T8 M8 F it ® &7 > F
Bt ? a1 £ 2 npe (isopropanol) iF 5 4 3 H o
k& ¢ K ~ 147 (thin layer chromatography > TLC) # * # % 60
F254 (0.25 mm, E. Merck co.) &4g 5 s g & Ehe 2 4 454
AL B B fe 1 UV-254 % ¢k Sk id jplo ¥ 12 4-% 4 iz (p-anisaldehyde)
it e fRs R 0 2 AR & Ce(NH4)2(NOs)s &2 (NH4)6Mo070,, i
Frfi-RAR TR A Hoke ERBFHTLC F2sc~L 2 K4
CIRERAE- 3% R SRRTI-P ) NS
P-i# g 44 & 447 (flash column chromatography) # * # % 60
(70 ~ 230 mesh, E. Merck co.) & FIARE v 47 o #75 * 3t g4 d K
ATt A A o dolt R L RO g~ T F SO s 2 & T %R
RSSO RELBAL P ER T AL BEEET -
FRAEFOPRRED AFBAA U S ERE  BIR S
2RI RO
¥ gLk 47 (reverse phase column chromatography) # * C-18
%2 # % (Cosmosil 75C18-OPN) ¥ % F4ps o > 7 iz 3
B RIE S PRI EFH IV FEIT

PRk ¢ 5 - 2iFH (HNMR)~ - asz# (PCNMR)
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10.

11.

Bk E RSP % 0 ki * Varian Unity-300 (300 MHz) ~
Briiker DRX-300 (300 MHz) &« Varian UI-500 (500 MHz) :& = i i
bk PEFHBEX OB) Fppme MF EFTF o F TR F 1Y%
EITL %A e ? L@ % (tetramethyl silane, TMS) sEn 5537 &
B (5=0ppm) > &2 R “anAR 0 Bdel = & 7 2% (CHCI,,
§ = 7.26 ppm for 'H NMR; 77 ppm for ®C NMR) » i 4 p & o & 2
B & 4558 (splitting pattern, multiplicity) ez &40 s £
o H £ (singlet) »d % £ (doublet) >t %1 = &%
(triplet) > q # 7+ = £ (quartet) > quin %> 7 £ (quintet) > m
4.5t % £%% (multiplet) - % & ¥ # (coupling constant) ™ J % 7+ >
Hi~% Hz-

5% & (optical rotations) # * JASCO DIP-1000 p # *zsk i3
27°C T i ARl R o

B »eit A & 47 % (HPLC) @ * Hitachi L-2130 & % B ¥ -
Hitachi L-2300 UV # B % ~ &2 Mightysil ¢ {1 {7 5 % » * & *
XX fLRBE TR A A AT o

® f247 5% (HRMS) & 2 BioTOF Ultraflex Il (Bruker Daltonics,

Billeriaca, MA 01821, USA) & {7 4 47 (& =3 i) -
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142 i & 3 8L = 5 2 291 $ T Hcp

TsOH-catalyzed acetylation procedure for preparation of

per-O-acetyl glycosyl acetates 1, 3—7 and 10-16

O

AC
OAC AcO o
ACO écO ACA%O
AcO OAT™™ Ac0o
OAC Ac

o] (o)
> % " A0 O
AcO OAC e
AcO She AcO OA o7
AcO c OAc

OAc
&ﬁ\\ Ao b0 OAc
OAc AcO O
AcO OAC OAC
AcO WN O AC AcO (@) AcO (0]
AcO AcO AcO
OAC OAc C OAC
13 N3

4 11 NHTCA
AcO
ogc OAc - gﬁ;
o) C
' \ o': N A%oéﬁMOAC AcO i OAC A(/icc)o - /éﬁwom
5 ©¢ OAc 10 roc NHAC NHCbz
AcO OAc

ACRS Co,M Co,M
AcHN 2E AcHN 2Me

AcO

To a 0.5 g mono-, di-, tri- or hepta-saccharides was added Ac,0O (or
a mixture of Ac,0 and CH3;CN) in which catalytic amount of TsOH was
dissolved. The mixture was firstly stirred at 0 °C for 1 h and the stirred
at the specified temperature. Exact amount of reagents used and specific
reaction conditions were tabulated in Table S1. Upon complete
acetylation, the mixture was diluted with EtOAc (20 mL), which was
washed with cold satd NaHCO; (20 mLx2), water (20 mLx1), brine (20
mLx1), dried over MgSQ,, filtered, and then concentrated. Except for
melezitose and N-protected amino sugars, the crude concentrate of
peraetyl glycosyl acetates was directly characterized with NMR

spectroscopy.  For per-O-acetyl melezitose and N-protected amino
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sugars, flash chromatography purification with EtOAc/hexane elution

was performed before NMR characterization.

H2SO4-catalyzed acetylation procedure for preparation of

per-O-acetyl glycosyl acetates 8 and 9

AcO _OAc o OAc
g& WE)AC
AcO OAiOAc  AcOO
8 9

To a suspension of 0.5 g D-galactose (or L-fucose) in
Ac,0/CH;CN at —20 °C (-30 °C for L-fucose) was added H,SO, in
CH,CN solution (neat H,SO4 was diluted with CH3;CN to a 10 % v/v
solution).  Exact amount of reagents used and specific reaction
conditions were tabulated in Table S1. After stirring for 1 h at —20 °C
(30 °C for L-fucose), the reaction mixture was gradually warmed up to
the specific temperature (Table S1) and the stirring was continued till the

end of reaction. The workup procedure was processed as described

above.
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Table S1: Specific experimental conditions for preparation of

per-O-acetyl glycosyl acetates 1, 3-16

HO>/O OH cat. sﬁltf:cz)ﬁ)i}: acid Ac O>\//&N\'OAC
OH (or N-protected) OAc (or N-protected)
0.5 g saccharide (mmol) Ac0 acid catalyst temp CH3CN  ref. for
(mL, mmol)  (mg, mmol) (C) (mL) spectra
D-glucose, 2.78 1.58,16.68 53, 0.282 27 0 21,23
D-mannose, 2.78 1.58,16.68 53, 0.282 27 0 21, 23
L-rhamnose H20, 2.72 1.54,16.32 42,0.222 27 0 22
D-galactose, 2.78 1.58,16.68 27, 0.28b -20to0 0.5 23
L-fucose, 3.05 1.38,14.64 24,0.24b -30t020 0.5 24
N-Troc D-glucosamine, 1.42 0.64,6.80 22, 0.11a 27 0.5 25
N-TCA D-glucosamine, 2.26 0.70, 7.43 24,0.13a 55 0.5 26
N-Ac D-glucosamine, 2.44 1.03,10.86 34, 0.182 50 0 27
N-azido D-glucosamine, 1.60 1.11,11.71  37,0.20& 27 0.5 28
N-Cbz D-glucosamine, 1.55 0.72,7.67  24,0.13a 40 0.5 29
NANA methy!l ester, 1.55C 0.88, 9.29 29, 0.154 27 0.5 30
NANA methyl ester, 1.55d 1.46,15.48 29,0.152 45 0.5 30
D-lactose H20, 1.39 142,150  42,0.22a 27 0 31
D-g-cyclodextrin, 0.44 0.89,9.24  17,0.09a 40 15 32
D-melezitose H20, 0.96 1.09,11.49 20,0.112 30 0.5 33

aTsOH.bH2S04.CConditions for the synthesis of tetra-O-acetyl-2-3-D-NANA methyl ester acetate

15.dConditions for the synthesis of penta-O-acetyl-2-3-D-NANA methyl ester acetate 16.

-30-



One-pot TsOH-catalyzed acetylation—thioglycosidation procedure for

preparation of per-O-acetyl thioglycosides of 17-27

OAc AcO—. OAC STol ACO —OAc OAC
AcO 0 AcO 0 AcO LR O o
Aco sTol  "Aco Sy AcO 225 STol
17 OAc STol OAc OAc'
18 19 20 OAc
OAc OAc OAc AcO  OAc
o] AcO O AcO O STol
A/?\E’oég/ STol Acoéﬁ/ STol Acoéﬁ/ STol AcO: co
3 NHTroc 54 NHTCA o5 NHAC AcHN Q 2Me
AcO 27

Peracetylation procedure was performed as described above at 0.5
g sugar substrate scale. Upon complete acetylation, the reaction solvent
was removed and co-evaporated twice with equal volume of toluene by
rotary evaporator. Thiocresol (1.5 mol equiv) in CH,Cl, was added to

the crude residue at 0 °C, and was followed the addition of Lewis acid
(either 2 mol equiv for BF3Et,0O and 1.1 or mol equiv for SnClg).
Exact amount of reagents used and specific reaction conditions were
tabulated in Table S2. The mixture was stirred initially at 0 °C and then
stired at room temperature (27 °C) wunder N, except for

N-acetyl-D-glucosmine 8, which was stirred at 40 °C. Upon completion

of the reaction, the mixture was diluted with cold EtOAc (50 mL) and

sequentially washed with cold satd NaHCO3 (30 mLx2), brine (30

mLx1), dried over MgSQy, filtered, and then concentrated for flash

column chromatography to furnish the per-O-acetyl thioglycosides 17-20
and 23-27
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One-pot H,SO,-catalyzed acetylation—thioglycosidation procedure for

preparation of per-O-acetyl thioglycosides 21 and 22

AcO —OAc 0—7—STol
go WBAC
AcO STol
A C)OAc

21 OAc ¢ 7

The peracetylation procedure of D-galactose (or L-fucose) was
performed as described above at 0.5 g scale. Upon complete acetylation,
1.2 equiv of MeOH was added to the mixture and stirred for 1 h at 0 °C;
subsequent addition of thiocresol (2.0 mol equiv) in CH,Cl, and BF; £t,0
were followed. The mixture was stirred initially at 0 °C and then stirred
at room temperature (27 °C) under N,. Exact amount of reagents used
and specific reaction conditions were tabulated in Table S2. Upon
completion of the reaction, the mixture was diluted with cold EtOAc (50
mL) and washed with cold satd NaHCO; (30 mLx2), brine (30 mLx1),
dried over MgSQ,, filtered, and then concentrated for flash column

chromatography to furnish the per-O-acetyl thioglycosides 21 and 22.
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Table S2: Specific experimental

per-O-acetyl thioglycosides 17-27

NO
HO/\/SM OH
OH (or N-protected)

One’pot [Ac,0, cat. sulfonic acid >/O
+ Tol-SH, Lewis acid] AcO

conditions for

preparation of

STol

OAc (or N-protected)

0.5 g saccharide Lewisacid  Tol-SH CH2CI2  temp.a  reaction ref. for
(mmol) (mL, mmol) (g, mmol) (mL) (°c) time (h)  spectra
D-glucose, 2.78 0.70, 5.5b 052,42 15 0to27 24 34
D-mannose, 2.78 0.70, 5.5D 0.52,4.2 15 Oto27 19 35
L-rhamnose H20, 2.72 0.68, 5.4b 0.51,4.1 1.5 0to27 11 36, 23
D-galactose, 2.78 1.40,11.1b 069,56 3 0to27 30 34
L-fucose, 3.05 152,122b  0.76,6.1 3 0to27 14 34
N-Troc-D-glucosamine,

1.42 0.36, 2.8D 026,21 15 0to27 20 35
N-TCA-D-glucosamine,2.26  0.80, 6.2b 0.29, 2.3 15 0to27 32 37
N-Ac-D-glucosamine,2.44 0.57, 4.5C 0.42,3.4 5 Oto40 22 38
D-NANA methyl ester, 1.55  0.39, 3.1b 029,23 15 0to27 20 39
D-lactose H20, 1.39 0.35, 2.8b 0.26, 2.1 15 0to27 23 40

aReferring to thioglycosidation temperature.bBF3 Et20 was used.CSnClg was used.
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Peak assignment for 1H and 13C NMR data of pure per-O-acetyl
thioglycosides 17-27

For p-tolyl per-O-acetyl-thio-1-8-D-glucopyranoside 17: 1H NMR
(300 MHz, CDCI3) 8: 7.39 (d, J = 8.1 Hz, 2H, Ar-H in STol), 7.10 (d, J =
7.9 Hz, 2H, Ar-H in STol), 5.20 (dd, J = 9.3, 9.4 Hz, 1H, H-3), 5.01 (dd, J
=9.3,9.9 Hz, 1H, H-4), 4.92 (dd, J = 9.3, 10.0 Hz, 1H, H-2), 4.63 (d, J =
9.9 Hz, 1H, H-1), 4.20-4.14 (m, 2H, H-6, H-6), 3.70 (ddd, J = 2.6, 4.7,
10.1 Hz, 1H, H-5), 2.33 (s, 3H, CH3 in STol), 2.09 (s, 3H, Ac), 2.08 (s,
3H, Ac), 2.01 (s, 3H, Ac), 1.98 (s, 3H, Ac); 13C NMR (75 MHz, CDCl3)

0:170.97, 170.58, 169.78, 169.63, 139.2, 134.2, 130.2, 130.1, 127.9, 86.2,
76.1, 70.3, 68.6, 62.5, 21.58, 21.16, 21.12, 20.97.

For p-tolyl per-O-acetyl-thio-1-a -D-mannopyranoside 18: 1H NMR
(300 MHz, CDCI3) &: 7.40 (d, J = 8.1 Hz, 2H, Ar-H in STol), 7.12 (d, J =
8.1 Hz, 2H, Ar-H in STol), 5.50 (dd, J = 1.5, 2.5 Hz, 1H), 5.42 (d, J = 1.0
Hz, 1H, H-1), 5.34-5.32 (m, 2H), 4.57-4.56 (m, 1H), 4.30 (dd, J = 12.3,

6.0 Hz, 1H), 4.10 (dd, J = 12.5, 2.6 Hz, 1H), 2.34 (s, 3H, CH3-STol), 2.15

(s, 3H, Ac), 2.11 (s, 3H, Ac), 2.08 (s, 3H, Ac), 1.99 (s, 3H, Ac); 13C
NMR (75 MHz, CDCI3) ¢: 171.0, 170.3, 170.22, 170.16, 138.8, 122.0,
130.4, 129.2, 86.4, 69.8, 69.7, 66.8, 62.9, 21.52, 21.27, 21.09, 21.03.

For p-tolyl per-O-acetyl-thio-1-a -L-rhamnopyranoside 19: 1H

NMR (300 MHz, CDCI3) ¢: 7.36 (d, J = 8.1 Hz, 2H, Ar-H in STol), 7.11
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(d, J = 8.1 Hz, 2H, Ar-H in STol), 5.48 (dd, J = 3.3, 1.5 Hz, 1H, H-2),
5.32 (d, J = 1.5 Hz, 1H, H-1), 5.27 (dd, J = 3.3, 9.9 Hz, 1H, H-2), 5.13 (t,

J=9.9 Hz, 1H, H-4), 4.41-4.32 (m, H-5), 2.32 (s, 3H, CH3-STol), 2.14
(s, 3H, Ac), 2.07 (s, 3H, Ac), 2.00 (s, 3H, Ac), 1.24 (s, 3H, CH3-R); 13C
NMR (75 MHz, CDCI3) ¢: 170.4, 170.3, 138.6, 132.8, 130.4, 130.3,
129.7,86.4, 71.6 x 2, 69.7, 68.1, 21.52, 21.30, 21.21, 21.08, 17.7.

For p-tolyl per-O-acetyl-thio-1-g-D-lactoside 20: 1H NMR (300
MHz, CDCI3) &: 7.33 (d, J = 8.2 Hz, 2H, Ar-H in STol), 7.07 (d, J = 8.0

Hz, 2H, Ar-H in STol), 5.30 (dd, J = 1.0, 3.3 Hz, H-4"), 5.16 (t, J = 9.9
Hz, 1H), 5.05 (dd, J = 9.3, 9.4 Hz), 5.03 (dd, J = 9.3, 9.9 Hz, 1H), 4.93
(dd, J =3.3, 10.0 Hz, 1H), 4.82 (dd, J = 9.3, 10.0 Hz, 1H), 4.57 (d, J =
10.0 Hz), 4.47-4.43 (m, 2H), 4.09-4.03 (m, 3H), 3.84 (t, J = 6.3 Hz, 1H),

3.70 (t, J = 7.7 Hz, 1H), 3.64(m, 1H), 2.29 (s, 3H, CH3-STol), 2.13-1.92

(m, 21H, 7 x Ac); 13C NMR (75 MHz, CDCI3) 6: 170.69, 170.64, 170.52,

170.42, 170.09, 169.92, 169.41, 138.9, 134.1, 132.8, 130.3, 130.0, 128.1,
101.3, 85.9, 77.0, 714.3, 71.3, 71.2, 71.1, 70.0, 66.9, 62.4, 61.2, 21.55,
21.22,21.17, 21.01, 20.99, 20.88.

For p-tolyl per-O-acetyl-thio-1-g-D-galactopyranoside 21: 1H
NMR (300 MHz, CDCI3) ¢: 7.39 (d, J = 8.1 Hz, 2H, Ar-H in STol), 7.10

(d, J = 7.8 Hz, 2H, Ar-H in STol), 5.4 (dd, J = 1.0, 3.3 Hz, 1H, H-4), 5.22
(t, J = 9.9 Hz, 1H, H-2), 5.03 (dd, J = 3.3, 10.0 Hz, H-3), 4.64 (d, J = 10.0
Hz, H-1), 4.19 (dd, J = 7.0, 11.3 Hz, 1H, H-6), 4.11 (dd, J = 6.3, 11.3 Hz,
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H-6), 3.92 (dt, J = 1.0, 6.1 Hz, H-5), 2.34 (s, 3H, CH3-STol), 2.12 (s, 3H,

Ac), 2.10 (s, 3H, Ac), 2.04 (s, 3H, Ac), 1.97 (s, 3H, Ac); 13C NMR (75
MHz, CDCI3) o¢: 170.8, 170.62, 170.48, 169.84, 138.8, 133.5, 130.0,
129.0,87.3,72.4,67.7,67.6, 61.9, 21.56, 21.27, 21.07, 21.04, 20.99.

For p-tolyl per-O-acetyl-thio-1-g-L-fucopyranoside 22: 1H NMR
(300 MHz, CDCI3g) &: 7.42 (d, J = 8.1 Hz, 2H, Ar-H in STol), 7.13 (d, J =
7.9 Hz, 2H, Ar-H in STol), 5.25 (dd, J = 0.7, 3.2 Hz, 1H, H-4), 5.19 (t, J =
9.9 Hz, 1H, 1H, H-2), 5.03 (dd, J = 3.3, 9.9 Hz, 1H, H-3), 4.64 (d,J=9.8
Hz, 1H, H-1), 3.80 (g, J = 6.4 Hz, 1H, H-5), 2.33 (s, 3H, CH3-STol), 2.14
(s, 3H, Ac), 2.10 (s, 3H, Ac), 1.98 (s, 3H, Ac), 1.24 (d, J = 6.4 Hz, 3H,
CH3-R); 13C NMR (75 MHz, CDCI3) & 171.1, 170.6, 169.9, 138.6,

133.3, 130.3, 130.0, 129.5, 8.2, 72.8, 70.7, 67.8, 21.6, 21.3, 21.09, 21.06,
16.8.

For p-tolyl 3,4,6-tri-O-acetyl-2-trichloroethoxycarbamyl-2-
deoxy-2-thio-1-g-D-glucopyranoside (23): 1H NMR (300 MHz, CDCI3)
0.7.42 (d, J=8.1Hz, 2H, Ar-H in STol), 7.13 (d, J = 7.8 Hz, 2H, Ar-H in
STol), 5.29-5.26 (m, 2H), 5.03 (t, J = 9.8 Hz, 1H, H-4), 4.79 (d, J = 10.8
Hz, 1H), 4.75 (d, J = 10.9 Hz, 1H), 4.23-4.17 (m, 2H), 3.74-3.65 (m, 2H),
2.36 (s, 3H, CH3-STol), 2.10 (s, 3H, Ac), 2.06 (s, 3H, Ac), 2.01 (s, 3H,

Ac); 13C NMR (75 MHz, CDCI3) §: 171.4, 171.0, 170.5, 169.8, 154.7,

139.0, 138.7, 134.1, 133.2, 130.3, 130.2, 95.8, 86.7, 75.1, 71.4, 63.8, 63.5,
55.7,52.6, 21.5, 21.1, 21.07, 20.95.
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For p-tolyl 3,4,6-tri-O-acetyl-2-trichloroacetamido-2-deoxy-
1-p-D-thioglucopyranoside (24): 1H NMR (300 MHz, CDCI3) §: 7.50
(br m, 1H, N-H), 7.39 (d, J = 8.1 Hz, 2H, Ar-H in STol), 7.10 (d, J = 7.9
Hz, 2H, Ar-H in STol), 5.41 (dd, J = 9.3, 11 Hz, 1H, H-3), 5.03 (t, J = 9.6
Hz, 1H, H-4), 4.75 (d, J = 9.8 Hz, 1H, H-1), 4.23-4.01 (m, 3H, H-6, H-2),
3.76 (ddd, J = 2.5, 4.6, 10.0 Hz, 1H, H-5), 2.32 (s, 3H, CH3-STol), 2.06

(s, 3H, Ac), 1.98 (s, 3H, Ac), 1.78 (s, 3H, Ac); 13C NMR (75 MHz,
CDCl3) &: 171.8, 171.0, 170.0, 162.2, 139.4, 1345, 130.1, 128.2, 92.8,

87.2,76.2,73.9, 68.9, 62.8, 54.5, 21.6, 21.1, 21.0, 20.6.
For p-tolyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-1-#-D-
thioglucopyranoside (25): 1H NMR (300 MHz, CDCI3) §: 7.39 (d, J =

8.1 Hz, 2H, Ar-H in STol), 7.10 (d, J = 7.9 Hz, 2H, Ar-H in STol), 5.92
(br d, J = 12 Hz, 1H, N-H), 5.23 (dd, J = 9.3, 10.9 Hz, 1H, H-3), 5.03 (dd,
J=9.3,9.9 Hz, 1H, H-4), 479 (d, J = 9.9 Hz, 1H, H-1), 4.20-4.17 (m,
2H, H-6, H-6"), 4.00 (dd, J = 9.3, 10.0 Hz, 1H, H-2), 3.71 (ddd, J = 2.6,

4.7,10.1 Hz, 1H, H-5), 2.34 (s, 3H, CH3-STol), 2.09 (s, 3H, Ac), 2.01 (s,

3H, Ac), 1.99 (s, 3H, Ac); 13C NMR (75 MHz, CDCI3) 6: 171.4, 171.0,

170.5, 169.8, 162.4, 139.4, 134.5, 130.1, 128.2, 87.2, 76.2, 73.9, 68.9,
62.8, 54.5, 21.5, 21.1, 21.07, 20.95.

For p-tolyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-1-B-D-
thioglucopyranoside (26B): [a]*'b= -53.28 (¢ = 2.0, CHCI5); 1H NMR
(300 MHz, CDCly): 67.50-7.47 (m, 2H, ArH), 7.17-7.15 (m, 2H, ArH),
5.07 (t, J = 9.6 Hz, 1H), 4.90 (t, J = 10.2 Hz, 1H), 4.44 (d, J = 10.2 Hz,
1H, H-1), 4.16-4.14 (m, 2H), 3.68 (ddd, J = 2.7, 4.8, 10.2 Hz,, 1H), 3.37
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(t, J = 9.9 Hz, 1H), 2.38 (s, 3H, ArCHs), 2.09 (s, 3H, CH,;CO), 2.06 (s, 3H,
CH,CO), 2.01 (s, 3H); 13C NMR (75 MHz, CDCl;): §170.9, 170.3,
170.8, 139.7, 135.1, 130.3, 126.5, 86.1, 76.1, 74.8, 68.4, 62.8, 62.4, 21.6,
21.1, 21.03, 20.96; HRMS (Bio-ToFll): calcd for Cy9H,3N30;SNa
requires 460.1149; found: m/z = 460.1149 [M+Na]".

For p-tolyl thio-2--D-NANA methyl ester (27): 1H NMR (300
MHz, CDCI3) ¢: 7.33 (d, J = 12.8 Hz, 2H, Ar-H in STol), 7.12 (d, J = 7.9

Hz, 2H, Ar-H in STol), 5.92 (br d, 1H, N-H), 5.48 (s, 1H), 5.39 (td, J =
1.1, 4.2 Hz, H-4), 4.96 (d, J = 13.9 Hz, 1H), 4.64 (dd, J = 2.3, 10.5 Hz,
1H), 4.50 (dd, J = 1.9, 12.2 Hz, 1H), 4.13 (dd, J = 4.3, 13.4 Hz, 1H), 4.03

(dd, J = 8.7, 7.2 Hz, 1H), 3.59 (s, 3H, CH3-0), 2.64 (dd, J = 9.1, 4.7 Hz,
1H), 2.32 (s, 3H, CH3-STol), 2.14 (s, 3H, Ac), 2.12 (s, 3H, Ac), 2.08 (s,

3H, Ac), 1.95 (s, 3H, Ac), 1.89 (s, 3H, Ac); 13C NMR (75 MHz, CDCI3)

0. 171.66, 171.40, 170.66, 170.63, 168.66, 140.5, 136.6, 130.2, 125.6,
89.3, 73.6, 73.5, 69.2, 69.1, 63.2, 52.9, 49.7, 37.8, 23.5, 21.69, 21.49,
21.30, 21.13, 21.09.

Preparation of (6-chlorohexyl) B-D-galactopyranoside (29).

(a) Na(s),
o OAc MeOH/CH,Cl, 4o _OH

AcO OAC Ac
g o Ref s1 g = (b) IR-120 H' g&
AcO OAc 4+ HOR ——— AcO OR HO OR
60% 95%

OAc OAc OH

R = —(CH,)Cl s29 29

A suspension of penta-O-acetyl--D-galactopyranosyl acetate (4.0 g,
10 mmol), 6-chlorohexanol (4.0 g, 4.0 mmol) and MS-AW300 (4.0 g) in
dried CH,Cl, (20 mL) was treated with BF;Et,0 (6.4 mL, 52 mmol) at

-5 °C under N,. The reaction mixture was stirred from -5 °C to rt for
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18 h.  Upon completion of reaction, EtsN was added. The reaction crude
was diluted with CH,Cl, (50 mL), filtered, and then sequentially
washed with sat.NaHCO; (1 x50 mL), H,O (1 x 50 mL), brine (1 x 50
mL), then dried over MgSQO,, concentrated for column chromatography
over silica gel to afford (6-chlorohexyl) 2,3,4,6-penta-O-acetyl
B-D-galactopyranoside s29 as white glassy solid (2.8 g, 59%). The
prepared galactoside s29 was then dissolved in a solution of 2:1
MeOH/CH,CI, (20 mL) with Nag (ca. 100 mg) at room temperature.
Upon completion of deacetylation, the reaction was neutralized with
IR-120 H" resin, filtered, and concentrated to afford the crude compound
29 as white amorphous solid (1.32 g, 95%). For (6-chlorohexyl)
2,3,4,6-penta-O-acetyl-B-D-galactopyranoside s29. 'H-NMR (300 MHz;
CDCl3): 6=5.39 (dd, J = 0.75 and 3.45 Hz, 1 H), 5.20 (dd, J = 7.8 and
10.5 Hz, 1 H), 5.02 (dd, J = 3.6 and 10.5 Hz, 1 H), 4.46 (d, J = 8.1 Hz, 1
H, H-1), 4.22-4.10 (m, 2 H), 3.93-3.86 (m, 2H), , 3.56-3.45 (m, 3 H),
2.15 (s, 3 H), 2.06 (s, 3 H), 2.05 (s, 3 H), 1.99 (s, 3 H), 1.82-1.72 (m, 3
H), 1.66-1.55 (m, 2 H), 1.50-1.26 (m, 3 H). *C-NMR (75 MHz;
CDClg): 6=170.8,170.7, 170.6, 169.8, 101.7, 71.3, 70.9, 70.4, 69.3, 67.5,
61.7, 45.4, 32.9, 29.6, 26.9, 25.5, 21.16, 21.07, 20.99. HRMS-ES m/z:
[M + Na]" calcd. for C,oH3,ClO;0, 489.1503. Found, 489.1498.
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a) Na (s),

OAc MeOH/CH,Cl, OH

Ac,0, TsOH, AcO ) b) IR-120 H* HO o
HO « OH AcO R — 1o SR
NHTroc then HSR, BF3 OEt, NHTroc 95% NHTroc

s36 36
R = [ :]
}‘9 tB

u
Preparation of (2-methyl-5-tbutyl-phenyl) 2-(2,2,2-trichloro-

ethoxycarbamyl)-2-deoxy-1-thio-B-D-glucopyranoside (36). TsOH
(54 mg, 0.28 mmol) was added into a stirring mixture of
2-(2,2,2-trichloroethoxycarbamyl)-2-deoxy-D-glucopyranose (1.0 g, 2.8
mmol), Ac,O (1.28 mL, 13.6 mmol) in CH;CN (1 mL) at r.t. under N..
Upon completion of acetylation as assessed by TLC, the solvent was
removed by co-evaporation with toluene (2 x 2 mL) by rotary evaporator
to furnish the crude per-O-acetyl N-Troc glucosaminyl acetate. After
then, BF;.0OEt, (0.71 mL, 5.6 mmol) was added into a stirring CH,ClI,
solution (6 mL) of crude per-O-acetyl N-Troc glucosaminyl acetate,
2-methyl-5-tbutyl-thiophenol (0.78 mL, 0.42 mmol) at 0 °C under N.,.
After 15h, the reaction mixture was diluted with 30 mL CH,Cl,, washed
with sat.NaHCO; (1 x 20 mL), brine (1 x 20 mL), dried over MgSQsy,,
filtered, and concentrated for column chromatography over silica gel to
afford thioglycoside s36 as white glassy solid (1.16 g, 71% over 2 steps).
A piece of freshly cut Na(s) (ca. 50 mg) was then added in a stirring
solution of the aforementioned crude thioglycoside s36 in 2:1
MeOH/CH,CI, (20 mL) at 0 °C for 2h. The resulting mixture was
neutralized with IR-120 H" resin at 0 °C, filtered, and concentrated to
afford the crude unrprotected thioglycoside 36 as white glassy solid (860
mg, 96%). For thioglycoside s36: ‘H-NMR (300 MHz; CDCls):
§=755(d, J = 1.65 Hz, 1 H), 7.22 (dd, J = 1.8 and 7.8 Hz, 1 H), 7.09
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(dd, J=1.75 and 7.75 Hz, 1 H), 5.87 (bs, J = 9.3 Hz, 1 H, N-H), 5.27 (t, J
= 9.6 Hz, 1 H), 5.02 (t, J = 9.6 Hz, 1 H), 4.78-4.65 (m, 3H), 4.20 (dd, J =
4.0 and 9.6 Hz, 1 H), 4.09-4.05 (m, 1H), 3.81-3.69 (m, 2H), 2.33 (s, 3H),
2.01 (s, 3H), 1.98 (s, 3H), 1.86 (s, 3H), 1.27 (s, 9H). *C-NMR (75 MHz;
CDCly): 8 =171.3,171.1, 169.9, 169.8, 155.5, 154.5, 152.1, 150.0, 137.9,
131.8, 131.2, 130.5, 127.9, 126.0, 124.0, 95.9, 87.8, 74.9, 69.3, 69.1, 62.9,
60.9, 55.4, 34.8, 31.7, 31.6, 21.1, 21.0, 20.8. MS-ES m/z: [M + Na]"
calcd. for C,5H3.CIsNOgS, 664.1. Found, 664.1.
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Table S1. Stoichiometric and exact amounts of reagents used in one-pot
acetalation—acetylation of carbohydrate substrates 28—36, 48, 55

OH

HO _oH HO OH
o= g@p &S/ gg/
O(CH,)6Cl Tol
s HOOMe HO = (CHo)s STo STol
31
HO— OH HO _OH OH
Hﬁo&ﬁ' g& % &LST |
STol o
32 STol a AHNOMe NHTroc
OcH> STol HO  OH
OH
Hg&/s HO@# HO: .\
NHTroc nd 48 ACHN 07 ~CO,H
36 =l HO
‘Bu 55
1lg carbohydrate substrate  product solvent TsOH Ac,0
(mmol)*? (mL) (mg, M) (mL, mmol)
28 (5.0) 37 CHsCN, 10 96, 0.049 2.8,30
29 (3.4) 38 CHsCN, 10  65,0.031 1.9, 20
30 (3.5) 39 CHsCN, 10  67,0.032 2.0, 21
31 (3.5) 40 CH;CN, 10 67, 0.032 2.0,21
32 (3.5) 41 CHiCN, 35  67,0.010 2.0, 21
33(2.2) 42 CHsCN, 15 42,0.014 2.2,23
34 (4.3) 43 CH,CN,10  81,0.041 2.4,26
35 (2.2) 44 CH;CN, 35  133,0.019 1.2,13
36 (1.9)% 45 CH4CN, 7 37,0.027 1.1,12
30 (3.5) 49 acetone, 13 67,0.023 20,21
31 (3.5) 50 CH3CN, 13 67, 0.023 2.0,21
48 (3.7) 51 acetone, 10 67,0.018 21,22
55 (3.1) 56 CHiCN, 15 59, 0.021 1.8, 19

a.0.5 g of unprotected thioglycoside was used.
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Ph/Vo 95¢

Ph/V Ph0 3 0
AcO STol AcO
37 A0 0
ACO Ope ACQ&S/O(CHZ)GCI g&sm M STl

éo Ph/v
o) 42 Ph—\-0 Ph—X-0 o
OAc 0 O 0 ACO
2 O AcO AcO STol NHTroc
0
AcO ACO STol 43 AcHNOMe 42 NHTroc
OAc OAC
SToI <5
OAc OH
>( > ACOIN—— 5 ~Co,Me
25 STol STol 51 AcHN 2
AcO 56

Methyl 2,3-di-O-acetyl-4,6-O-benzylidene-1-a-D-glucopyranoside
(37). Yield: white glassy solid, 1.69 g, 90%. 'H-NMR (300 MHz;
CDCly): & =7.48-7.43 (m, 2 H), 7.39-7.34 (m, 3 H), 5.60 (t, J = 9.0 Hz,
1 H), 5.52 (s, 1 H), 4.97-4.90 (m, 2 H), 4.32 (dd, J=3.0 and 9.0 Hz, 2
H), 3.99-3.90 (m, 1 H), 3.79 (t, J = 10 Hz, 1 H), 3.67 (t, J = 10 Hz, 1 H),
3.43 (s, 3 H), 2.08 (s, 3 H), 2.06 (5, 3 H). **C-NMR (75 MHz; CDCLy):
6=170.8, 170.2, 137.3, 129.5, 128.6, 126.6, 101.9, 98.0, 79.6, 72.0, 69.4,
69.3, 62.7,55.8, 21.2, 21.1.

6-Chlorohexyl
2,3-di-O-acetyl-4,6-0O-benzylidene-1-B-D-galactopyranoside (38) Yield:
white amorphous solid, 1.28 g, 81%. *'H-NMR (300 MHz; CDCls):
& =7.55-7.52 (m, 2 H), 7.43-7.37 (m, 3 H), 5.52 (s, 1 H), 5.39 (dd, J =
8.1 and 10.5 Hz, 1 H,), 4.97 (dd, J = 3.6 and 10.5 Hz, 1 H), 450 (d, J =
8.1 Hz, 1 H, H-1), 4.39-4.32 (m, 2 H), 4.08 (dd, J = 1.5and 12.3 Hz, 1
H), 3.96-3.90 (m, 1 H), 3.56-3.44 (m, 4 H), 2.09 (s, 3 H), 2.07 (s, 3 H),
1.87-1.73 (m, 2 H), 1.53-1.69 (m, 2 H), 1.51-1.30 (m, 4 H). *C-NMR
(75 MHz; CDCly): 6 = 171.3, 169.8, 130.9, 130.9, 129.5, 128.6, 126.8,
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101.5, 101.4, 73.8, 72.5, 69.5, 69.3, 69.0, 66.7, 45.5, 32.9, 29.7, 26.9,
25.6, 21.3, 21.2. HRMS-FAB (m/z); [M] calcd. for CyHsClOs,
470.1707; found, 470.1731.

p-Tolyl 2,3-di-O-acetyl-4,6-O-benzylidene-1-thio-B-D-glucopyranoside
(39) Yield: white glassy solid, 1.20 g, 75%. 'H-NMR (300 MHz;
CDCly): 6 =7.44-7.33 (m, 7 H), 7.15 (d, J = 7.8 Hz, 2 H), 5.49 (s, 1 H),
5.33 (t, J = 9 Hz, 1 H), 4.97 (dd, J = 9.0 and 9.9 Hz, 1 H), 4.74 (d, J =
10.2 Hz, 1 H), 4.38 (dd, J = 4.7 and 10.4 Hz, 1 H), 3.78 (t, J = 10.1 Hz, 1
H), 3.64 (t, J = 9.5 Hz, 1 H), 3.59-3.51 (m, 1 H), 2.36 (s, 3 H), 2.11 (5, 3
H), 2.03 (s, 3 H). C-NMR (75 MHz; CDCl5): 5 = 170.5, 169.9, 137.2,
134.1, 130.2, 1295, 128.6, 128.1, 126.5, 101.9, 8/7.2 , 78.5, 73.4, 71.2,
71.0,68.9, 21.6, 21.2, 21.1.

p-Tolyl
2,3-di-O-acetyl-4,6-O-benzylidene-1-thio-B-D-galactopyranoside (40)
Yield: white amorphous solid, 1.24 g, 77%. 'H-NMR (300 MHz;
CDCly): 6=7.52 (d, J = 8.1 Hz, 2 H), 7.42-7.36 (m, 5 H), 7.09 (d, J =
8.1 Hz, 2 H), 5.48 (s, 1 H), 5.31 (t, J = 9.9 Hz, 1 H), 5.00 (dd, J = 3.3 and
9.9 Hz, 1 H), 4.67 (d, J = 9.6 Hz, 1 H, H-1), 4.41-4.37 (m, 2 H), 4.03 (d,
J=15and 12.6 Hz, 1 H), 3.60 (d, J = 1.2 Hz,1 H), 2.36 (s, 3 H), 2.11 (s,
3 H), 2.04 (s, 3 H). C-NMR (75 MHz; CDCly): § = 171.2, 169.5,
138.8, 137.9, 134.7, 130.0, 129.6, 128.5, 12/.5, 101.6, 85.6, 73.8, 73.6,
70.0, 69.5, 67.2, 21.7, 21.34, 21.3. HRMS—FAB (m/2): [M + H]" calcd.
for C,4H,60- S, 459.1472; found, 459.1473.

p-Tolyl
2,3-di-O-acetyl-4,6-O-benzylidene-1-thio-a-D-mannopyranoside (41)
Yield: white amorphous solid, 1.12 g, 70%. 'H-NMR (300 MHz;
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CDCly): § = 7.52-7.49 (m, 2 H), 7.43-7.38 (m, 5 H), 7.15 (d, J = 8.1 Hz,
2 H), 5.63 (dd, J = 1.35 and 3.5 Hz, 1 H), 5.61 (s, 1 H), 4.53—4.47 (m, 1
H), 4.27 (dd, J = 4.8 and 10.2 Hz, 1 H), 4.15 (t, J = 10.0 Hz, 1 H), 3.88 (t,
J=10.2 Hz, 1 H), 2.35 (s, 3 H), 2.17 (s, 3 H), 2.05 (s, 3H). '*C-NMR
(75 MHz; CDCly): 6 = 169.7, 169.7, 138.4, 136.9, 132.8, 129.9, 129.1,
128.8, 128.2, 126.1, 101.9, 87.0, 76.1, 71.3, 68.4, 68.3, 65.0, 21.1, 20.8,
20.7. HRMS-FAB (m/z): [M + H]" calcd. for CyH,s0;7 S, 459.1472;
found, 459.1468.

p-Tolyl
2,3,6-tri-O-acetyl-4-0O-(2',3'-di-O-acetyl-4',6"-O-benzylidene-p-D-gala
ctopyranosyl)-1-thio-B-D-glucopyranoside (42) Yield: white
amorphous solid, 1.36 g, 82%. 'H-NMR (300 MHz; CDCly): §
=7.48-737 (m, 7 H), 7.12 (d, J = 7.12 Hz, 2 H), 5.47 (s, 1 H), 5.
30-5.22 (m, 2 H), 4.93-4.87 (m, 2 H), 4.64—4.56 (m, 2 H), 4.46 (bs, 1 H),
4.36-4.26 (m, 2 H), 4.14-4.01 (m, 2 H), 3.73 (t, J = 9.36 Hz, 1 H),
3.66-3.60 (M, 1 H), 3.46 (s, 1 H), 2.35 (s, 3 H), 2.12 (s, 3 H), 2.09 (s, 3
H), 2.04 (m, 9 H). ®C-NMR (75 MHz; CDCl,): 8 = 171.1, 170.7, 170.6,
170.0, 169.3, 139.0, 137.8, 134.1, 130.0, 129.6, 128.7, 128.2, 126.9,
101.7, 101.4, 86.1, 77.3, 76.2, 74.0, 73.5, 72.4, 70.4, 69.4, 68.8, 66.8,
62.5, 21.6, 21.3, 21.2, 21.1. HRMS—-FAB (m/z): [M + H]* calcd. for
CasH42015 S, 747.2317; found, 747.2336.

Methyl
2-acetamido-3-O-acetyl-4,6-O-benzylidene-2-deoxy-a-D-glucopyrano
side (43) Yield: white amorphous solid, 1.18 g, 76%. 'H-NMR (300
MHz; CDCly): & = 7.86-7.45 (m, 2 H), 7.39-7.36 (m, 3 H), 5.83 (d, J =
9.6 Hz, 1 H), 5.55 (s, 1 H), 5.32 (t, J =10.0 Hz, 1 H), 4.74 (d, J = 3.6 Hz,
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1 H), 3.90-3.70 (m, 3 H), 3.43 (s, 3 H), 2.08 (s, 3 H), 1.99 (s, 3 H).
BC-NMR (75 MHz; CDCl,): & = 171.9, 170.5, 137.4, 129.5, 128.6, 126.6,
102.0, 99.4, 79.4, 70.7, 69.3, 63.2, 55.7, 53.0, 23.7, 21.3. HRMS-FAB
(m/z): [M + H]" calcd. for C1gH»3NO;=366.1547; found, 366.1541.
p-Tolyl-3-O-acetyl-4,6-0O-benzylidene-2-(2,2,2-trichloroethoxycarbam
yl)-2-deoxy-1-thio-B-D-glucopyranoside (44) Yield: white glassy solid,
0.9 g, 70%. H-NMR (300 MHz; CDCl3): & =7.46-7.35 (m, 7 H),
7.16 (d, J = 7.8 Hz, 2 H), 5.52 (s, 1 H), 5.37-5.28 (m, 2 H), 4.87—4.74 (m,
3 H), 4.37 (dd, J = 4.8 and 10.5 Hz, 1 H), 3.82 (t, J = 10.4 Hz, 2 H), 3.69
(t, 3 = 9.3 Hz, 1 H), 3.59-3.50 (m, 1 H), 2.37 (s, 3 H), 2.07 (s, 3 H).
BC-NMR (75 MHz; CDCly): § = 171.2, 154.6, 139.1, 137.2, 133.9, 130.3,
129.6, 128.7, 126.6, 101.9, 95.8, 88.7, 78.8, 75.0, 72.8, 71.1, 68.9, 56.0,
21.6, 21.2.

(2-methyl-5-tbutylphenyl)
3-O-acetyl-4,6-O-benzylidene-2-(2,2,2-trichloroethoxycarbamyl)-2-de
oxy-1-thio-B-D-glucopyranoside (45) Yield: white glassy solid, 940 mg,
75%. 'H-NMR (300 MHz; CDCly): & =7.56 (s, 1 H), 7.43 (d, J = 6.0
Hz, 2 H), 7.36-7.23 (m, 4 H), 7.16 (d, J = 6.1 Hz, 2 H), 5.58-5.50 (m, 2
H), 5.43-5.30 (dd, J = 3.1 and 8.9 Hz, 1 H), 4.83 (d, J = 3.2 Hz, 2 H),
472 (d, J = 8.2 Hz, 1 H), 4.31-4.26 (m, 1 H), 3.93 (dd, J = 4.7 and 10.5
Hz, 1 H), 3.79 (t, J = 10.2 Hz, 2 H), 3.71 (t, J = 9.3 Hz, 1 H), 3.56-3.48
(m, 1 H), 2.33 (s, 3 H), 2.07 (s, 3H), 1.34 (5, 9 H). *C-NMR (75 MHz;
CDCl,): 6 =171.4,154.8, 150.1, 137.3, 137.2, 132.3, 130.5, 130.3, 130.1,
129.6, 129.0, 128.7, 126.5, 125.8, 101.7, 95.9, 88.9, 78.9, 75.0, 72.9, 70.8,
68.9, 56.0, 34.9, 31.7, 21.3, 20.7. HRMS-ES (m/z): [M + Na]" calcd.
for CxH34CI3NO-S, 668.1014; found, 668.1070.
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p-Tolyl
2,3-di-O-acetyl-4,6-O-isopropylidene-1-thio-B-D-glucopyranoside (49)
Yield: white amorphous solid, 740 mg, 52%. 'H-NMR (300 MHz;
CDCly): 6=7.33 (d, J= 8.1 Hz, 2 H), 7.11 (d, J = 7.9 Hz, 2 H), 5.14 (td,
J=6.1and 9.0 Hz, 1 H), 4.90 (dd, J= 6.3 and 9.1 Hz, 1 H), 4.67 (d, J =9
Hz, 1 H), 3.96 (dd, J = 6.4 and 8.9 Hz, 1 H), 3.77 (dd, J = 6.2 and 9.9 Hz,
1 H), 3.67 (dd, J = 6.3 and 9.0 Hz, 1 H), 3.37 (td, J = 5.4 and 10.0 Hz, 1
H), 2.34 (s, 3 H), 2.08 (s, 3 H), 2.02 (s, 3 H), 1.44 (s, 3 H), 1.36 (s, 3 H).
BC-NMR (75 MHz; CDCls): 8 = 170.6, 169.9, 139.0, 133.9, 130.2, 128.2,
100.1, 87.0, 73.8, 72.0, 71.4, 71.3, 62.3, 29.3, 21.6, 21.22, 21.2, 19.3.
HRMS-ES (m/z): [M + Na]" calcd. for C,oH»sNaO;S, 433.1291; found,
433.1288.

p-Tolyl
2,6-di-O-acetyl-3,4-O-isopropylidene-1-thio-B-D-galactopyranoside
(50) Yield: white amorphous solid, 1.0 g, 70%. 'H-NMR (300 MHz;
CDCly): 8 =7.42 (d, J = 8.1 Hz, 2 H), 7.11 (d, J = 7.9 Hz, 2 H),
5.07-5.00 (m, 1 H), 4.54 (d, J = 10.1 Hz, 1 H), 4.37 (d, J = 6 Hz, 2 H),
4.23-4.20 (m, 2 H), 3.97 (dt, J = 1.5 and 6.0 Hz, 1 H), 2.31 (s, 3 H), 2.15
(s, 3H), 2.10 (s, 3 H), 1.53 (s, 3 H), 1.34 (s, 3 H). “C-NMR (75 MHz;
CDClg): 6 =171.2, 170.1, 138.4, 133.0, 130.0, 129.9, 111.3, 86.5, 74.5,
73.9, 71.8, 64.0, 28.0, 26.7, 21.5, 21.4, 21.2. HRMS—-FAB (m/z): [M+
H]" calcd. for C,0H,c0+S, 411.1472; found, 411.1477.

p-Tolyl
4-O-acetyl-2,3-O-isopropylidene-1-thio-a-L-rhamnopyranoside  (51)
Yield: white glassy solid, 980 mg, 75%. H-NMR (300 MHz; CDCl,): &
=7.38 (d, J=8.1 Hz, 2 H), 7.15 (d, J = 7.8 Hz, 2 H), 5.70 (s, 1 H), 4.90
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(dd, J = 8.0 and 10.1 Hz, 1 H), 4.37 (dd, J = 0.5 and 5.3 Hz, 1 H),
4.25-4.18 (m, 2 H), 2.35 (s, 3 H), 2.14 (s, 3 H), 1.59 (s, 3 H), 1.38 (s, 3
H), 1.14 (d, J = 6.3 Hz, 3 H). *C-NMR (75 MHz; CDCls): § = 170.5,
138.4, 132.9, 130.3, 129.7, 110.4, 84 .4, 76.8, 75.9, 75.0, 65.9, 28.1, 26.9,
21.5,21.4,17.2.

Methyl
5-acetamido-4,7-di-O-acetyl-3,5-dideoxy-8,9-O-isopropylidene-B-D-gl
ycero-D-galacto-2-nonulopyranosonate (56)  Yield: colorless oily
liquid, 1.02 g, 74%. ‘H-NMR (500 MHz; CDCl,): 6 = 6.13 (d, J = 10.0
Hz, 1 H), 5.35-5.34 (m, 1 H, H-7), 5.22-5.18 (m, 1 H, H-4), 4.18 (dd, J =
2.0 and 11.0 Hz, 1 H, H-6), 4.13-4.10 (m, 1 H, H-8), 4.07-4.01 (m, 1 H,
H-5), 3.91-3.88 (m, 3 H, H-9), 3.81-3.78 (m, 1 H, H-9), 3.76 (s, 3 H,
OCHs,), 2.15-2.09 (m, 2 H, H-3), 2.05 (s, 3 H), 1.95 (s, 3 H), 1.82 (s, 3 H),
1.24 (s, 6 H). ®*C-NMR (125 MHz; CDCly): § = 171.1, 170.5, 170.3,
169.2, 108.3, 94.7, 75.3, 70.9, 69.3, 68.6, 65.3, 53.1, 49.2, 35.9, 26.2,
25.3, 22.8, 20.78,20.76. HRMS-FAB (m/z): [M + HJ calcd. for
C19H29NO,4, 448.1813; found, 448.1821.
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Angew. Chem. 2006, 118, 1810-1812.
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T.; Danishefsky, S. J.; Liveinston, P. O.; Zhang, S. J. Am. Chem. Soc.
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Y.-S.; Ren, C.-T.; Wu, C.-Y. Chem. Eur. J. 2010, 16, 1754-1760; For_
Gbgs: (d) Stoffy, P.; Stoffyn, A.; Hauser, G. Biochim. Biophys. Acta.
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Abstract—Inexpensive and readily available sulfonic acids, p-toluenesulfonic acid, and sulfuric acid are versatile and efficient cata-
lysts for the peracetylation of a broad spectrum of carbohydrate substrates in good yield and in a practical time frame. Three appeal-
ing features in sulfonic acid-catalyzed acetylation of free sugars were explored including (1) suppression of furanosyl acetate
formation for p-galactose and L-fucose: (2) high yielding chemoselective acetylation of sialic acid under appropriate conditions;
and (3) peracetylation of amino sugars with different amino protecting functions. Simple one-pot two step acetylation-thioglycos-
idation methods for the expeditious synthesis of p-tolyl per-O-acetyl thioglycosides were also delineated.

© 2008 Elsevier Ltd. All rights reserved.

Keywords: p-Toluenssulfonic acid, Acid-catalyzed acetylation; Amino sugars; One-pot protecting group manipulation

Chemical synthesis of oligosaccharides is a two-stage
process that comprises the preparation of glycosyl build-
ing blocks followed by their assemblage.' Different syn-
thetic strategies have emerged to speed up the
assembling process, which include the armed-disarmed
approach,” orthogonal glycosylation,® reactivity-based
one-pot glycosylation,® sequential iterative glycosyl-
ation,” and automated solid phase oligosaccharide syn-
thesis. The implementation of these strategies relies
heavily on the facile synthesis of glycosyl building
blocks. Thioglycoside dervatives constitute a major
class of glycosyl building blocks for oligosaccharide syn-
thesis,” which are mainly derived from per-O-acetyl
thioglycosides.

Conventional preparation of per-O-acetyl thioglye-
osides involves peracetylation and subsequent thioglyc-
osidation.® However, classical carbohydrate acetylation
uses excess pyridine; not only is pyridine highly toxic,
but the presence of excess basic reagent makes the
one-pot operation impossible.” Provided that the first

* Corresponding author. Tel.: +886 3 5131204; fax: +886 3 5723764,
e-mail: tonvmong@ee. netu.edu. tw

0008-6215/§ - see front matter @ 2008 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.carres, A08.01.014

peracetylation is an acid-catalyzed process, which is
compatible to the second thioglycosidation; a one-pot
acetylation—thioglycosidation is foreseeable. Thus, vari-
ous one-pot strategies for the preparation of per-O-acetyl
thioglycosides have been developed, although most of
the existing methods have pitfalls onginating from the
peracetylation process.'” For example, the formation
of undesired furanosyl acetates for some sugars in
acid-catalyzed acetylation compromises the yield in the
subsequent thioglycosidation.'"*!" The strong Lewis
acid character of some acids makes them less suitable
for the peracetylation of N-protected amino sugars
and thus limits the scope of application to carbohydrate
substrates without amino functions.'®%'>1 Herein, we
report a versatile and high yielding (75-95%) carbohy-
drate peracetylation protocol that can overcome the
above drawbacks by using common sulfonic acids in
the appropriate reaction conditions. Subsequent develo-
pment of the simple one-pot two step acetylation-thio-
glycosidation protocols for the expeditious syntheses
of p-tolyl per-O-acetyl thioglycosides was also delineated.

p-Toluenesulfonic acid monohydrate (TsOH)" and
sulfuric acid (H,804'""" are known catalysts for

-57-



958 C.-8. Chao et al | Carbohydrate Research 343 [2008) 057064

hydroxyl acetylation in the presence of excess acetic
anhydride, however their efficiency with near stoichio-
metric acetic anhydride has not been explored. In addi-
tion, TsOH has never been used for the acetylation of
free sugar substrates. Although silica-supported H,SO,
and HCIO4 have been used for carbohydrate acetyla-
tion, the additional immobilization step makes these
protocols less convenient and the use of potentially
explosive HCIO, is also discouraged."™® Our initial
observations showed that both neat H-S0, and TsOH
exhibited sufficient catalytic efficiency (1 mol % per OH
group of the sugar) for the acetylation of p-glucose with
a near stoichiometne amount of Ac,O. Peracetvlation of
p-glucose with H,SO, was completed in 0.2 h while with
TsOH the reaction needed 8 h; such a difference should
be useful for the selective peracetylation of sugars under
different reaction conditions.

In the standard protocol, TsOH (1 or 2 mol % per OH
group of the sugar) in Ac,O (Table 1, entries a—c, h, and
m) or in a mixture of Ac;O and acetonitnle (CH;CN)
(Table 1, entries d-g, i1, and n-o) was added to the
carbohvdrate substrate with stirring at 0 °C for 1 h.
Subsequently, the reaction mixture was warmed to the
optimal reaction temperature; detailed experimental
conditions are given in Table §1 of Supplementary data.
In general, a near stoichiometric amount of Ac,O
(1.2mol equiv per OH group of the sugar) was em-
ploved. For carbohvdrate substrates without amino
functions, the desired peracetylated glycosyl acetates
were furnished in good to excellent (75-95%) vyield
(Table 1, entries a, b, ¢, m, n, and o).

Acetylation of p-galactose and L-fucose requires
special attention as both are prone to form undesired
furanosyl acetates. Such furanosyl isomers were also
formed from the sugars with our standard TsOH-cata-
lyzed acetylation protocol (30% relative to total perace-
tyl acetates for D-galactose, 26% relative to total
peracetyl acetates for L-fucose).'®*"" Gratifyingly, the
furanosyl isomer derived from p-galactose was gradu-
ally reduced by decreasing the reaction temperatures
and nearly complete elimination was accomplished at
0°C."™" % At quch low reaction temperature, the more
reactive H-80, was needed. However for the acetylation
of L-fucose, 7% of furanosyl isomer was formed at 0 °C
and thus further decrease in the temperature to —20°C
was required. Under the optimal reaction conditions,
the formation of furanosyl isomer was reduced to less
than 2% (see spectroscopic in Supplementary data page
$23).

After examining the simple carbohydrate substrates,
we turned to the amino sugars, which occur in the
majority of natural oligosaccharides. Although pvr-
idine-catalyzed acetylation works well for the acetylation
of amino sugars, the less toxic TsOH-catalyzed protocol
should provide a desirable altemative.” As different ami-
no protecting functions have been used in oligosaccha-

ride synthesis, it would be worthy knowing the
compatibility of our protocol to such protecting func-
tions. To this end, p-glucosamines with trichloroethoxy-
carbonyl (Troc), trichloroacetyl (TCA), acetyl (Ac),
azido (N;), and benzylethoxycarbonyl (Chz) functions
were prepared and acetylated with the standard TsOH-
catalyzed protocol (Table 1, entries £§).'"® To our
delight, the desired peracetylated products 6-10 were
furnished within 3-6 h In respectable 85-94% wield.
For the acetylation of N-acetyl neuraminic acid methyl
ester (NANA methyl ester), 4,78 9-tetra-O-acetyl
NANA methyl ester 11 was obtained exclusively in
90% vield without any trace of the pentaacetylated
product (Table 1, entry k). Such chemoselectivity 1s
superior to the conventional HCIO4-catalvzed proto-
col.'”? To obtain the pentaacetyl product, a higher reac-
tion temperature (45 °C) and excess AcO) were required,
and 2,47 89-pentacetyl NANA methyl ester 12 was
furnished m 80% wield along with 5% elimination
product (Table 2, entry 1). As 11 and 12 are valuable
precursors for the synthesis of sialic acid-containing
oligosaccharides, our new procedure should provide a
more convenient alternative.

It should also be mentioned that the facile acetylation
of amino sugars with the TsOH-catalvzed protocol was
in sharp contrast to the reaction using [,.'? As a com-
parison, the amount of acid catalyst (in mol % per OH
group), reaction time, and product yield for the acetyl-
ation of N-Troc glucosamine, N-acetyl glucosamine,
and NANA methyl ester with l;-catalyzed and TsOH-
catalyzed protocols are provided in Table 1 (entries f,
h, k and 1). For the acetylation of N-Troc glucosamine
with I, the reported experimental procedure was fol-
lowed and 250 mg I, per g of N-Troc glucosamine
(9mol% per OH group) was used.'> For the I;-cata-
lyzed acetylation of GlcNAc and NANA methyl] ester,
a much higher catalyst loading was applied (either 5 or
13 mol % per OH group for the 1;-catalyzed acetylation
versus 2 mol % per OH group for the TsOH-catalyzed
acetylation) (Table 1, entries, h, k, and 1). Even at such
a high [, concentration, it still took two days for the
complete acetylation of N-acetyl glucosamine (Table 1,
entry h). In addition, no significant acetylation was
observed for N-Troe glucosamine when I catalyst was
used (Table 1, entry f).

Regarding the o-/f-selectivity of the process, a-glyc-
osyl acetates were formed preferentially in majonty of
the cases, which can be explained by thermodynamics
(Table 1, entries a—e, g-h, and m). Nevertheless, for
the acetylation of N-Troc and 2-azido-2-deoxy-glucos-
amines, f-glycosyl acetates were the major anomers
obtained (Table 1, entries { and i). Apparently, the
strong participatory effect of trichloroethoxylcarbamyl
function outweighed the anomeric effect in N-Troc
glucosamine, while the reason for [-selectivity in
2-azido-2-dexov-glucosoamine is not clear.
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Table 1. Sulfonic acid-catalyzed acetylation for carbohydrate substrates with different complexities

Entry Carbohydrate substrate  Per-O-acetyl glycosyl acetate  Acid (mol % per OH) Temp (°C)  Time (h)  Yield % /a:f)
KOM
a o-Cilucose Aﬁgél-rc-)\m OAc TsH (2) 0-27 & 95 (71:29)
1 OAc
QAc
b p-Mannose ACO—SK-OSC TsH (2) 0-27 5 a4 (45:11)
A OAC
2
OAc
c L-Rhamnose Hy0 AcO- Ts(OH (2) 0-27 4 42 (55:42)
AcO Oac
MC) Ohc
d p-Cialactose AcO 2 OAc Haz504 (2) 20to 0 18 92 (76:24)°
4OAC
o OAc
e L-Fucnse M’“‘C H$0; (2) 0t =20 8 93 (9:1)°
AcO 0Ac5
OAc
f 2-Trichloroethoxy Aﬁ% .o OAc TsOH (2) 0-27 [ 90 (27:73)°
carbamyl-2-deoxy-D- g NHTroc 12 (9) 0-27 =24 No reaction®
glucopyranose
o
£ 2-Trichloroacetamido- AcD -0 A TsthH (2} 0-55 b1 93 (77:23°
2-deoxy-p-glucopvranose AcO 7 NHTCA
OAc
h 2-Acetamido-2-deoxy- AcO i_-O TsH (2) 0-50 5 90 (61:39)
lucopy ) AcO oAe 245 0-27 48 98 (251
p-glucopyranoss g NHAC 2(3) 27 2.5:1)
Qac
i 2-Azido-2-deoxy- ACO‘é‘O OAc Ts(OH (2) 0-27 4 85 (23:77)
p-glucopyranose ACO g Ny
Co,
i 2-Benzyloxycarbamyl-2- Aﬁ&; -0 oae TsOH (2) 0-40 3 94 (not determined)®
deoxy-D-glucopyranose 10 NHCbz
AcD  OAc
L 1’ OH
k N-Acety] neuraminic Al b O o.M TsH (2) 0-27 4 90 (1:4)*
i 1 es AcHN- zlle 5 27 — . inedBe
acid methyl ester ACO 12{6.5) 0-27 Sluggish  Not determined
1 12 (13) 0-27 2Wmin 70 (not determined)™
AcO  Oac
! .r OAc
| N-Acetyl neuraminic AcOl O TsOH (2) 0-45 12 8O (P only ™"
o AcHN CaMe p : S
acid methyl ester AcO 12 (13) 0-35 60 min 90 (1:3.5)™°
12
AcO -OAc oAc
m p-Lactose H,O AcO 0 0 TsOH (2) 0-40 4 90 (3:2)
048% Cac oA
i3 {continued on next page)

-59 -



60

Table 1 {corrinued)

C.-8 Chao et al | Carboliydrate Research 343 (2008) 957-964

Entry Carbohydrate substrate Per-O-acetyl glycosyl acetate Acid (mol % per OH) Temp ("C) Time (h) Yield % faf)
n f-Cylcodextrin per-C-acetyl-fi-cylcodextrin 14 TsO0H (1) 0-40 10 90*
o i+ )-Melezitose-HA0 per-C-acetyl-n(+)-Melezitose 15 Ts0H (1) 0-30 [ 75
*CH4OCN was added to the reaction mixture.
b Excess Ay was used.
“Ref. 12,
Table 2. One-pot syntheses of per-C-acetyl thioglycosides
] Ona-pot [Acz0, cat sulfonic acid )
HO-\ - OH + Tol-SH, Lewis acid] AcO" STal
OH {or N-protected) 2d Oac (or N-protactad)
Entry Carbohydrate substrate Thioglycoside Yield % (a:f)
QAC
a p-Glucose Aﬁx?o O, sTal 75 (p only)®
16 QAc
QAc
o
b D-Mannose AcO- RO (2 only)®
AcC i
17 sTal
- STal
¢ L-R hamnose HaOr Ao 1. 84 (5:1)°
18
AcQ_OAc
d p-Cialactose Ac Q)M STol 68 (B only)®
OAc
19
~7 -STol
. ~CAC _ N
e L-Fucose OAc 75 (p only)
AcO
20
OAz
f 2-Trichloroethoxy carbamyl-2-deoxy-p-glucopyranose ﬂﬁ?éé,g_ STal 72 (p only)*
2 NHTroc
OAc
g 2-Trichloroacetamido-deoxy-p-glucopyranose Aﬁg&é&_ STol 65 (p only)®
NHTCA
22
OAc
. 5 b
h 2-Acetamido-2-deoxy-D-gluco pyranose AcO o STol 63 (fonly)
273 NHA:
AcO DA
- STal N
i N- ; ini i i es . 72 ,
1 N-Acetyl neuraminic acid methyl ester hﬁq?l—lm 07 coMe 72 (f only)
a0 24
o0 OB Ok
k p-Lactose-H,0 moéﬂ,o T 75 (p only)®
L ARD ' STal 4
OAc 25 DA

*BFsEt,0 was used for thioglyeosidation.
8nCly was used for thioglycosidation.

With the sulfonic acid-catalyzed acetylation protocols
in hand, we next explored a simple one-pot two step
acetylation—thioglycosidation approach for the prepara-

tion of per-O-acetyl thioglycosides. In the one-pot
TsOH-catalyzed  acetylation-thioglycosidation,  the
sugar substrate was firstly peracetylated with the

-60 -



C-8. Chao et al | Carbotiydrate Research 343 (2008) 957-964 961

described TsOH-catalyzed acetvlation, followed by the
solvent removal, and the addition of p-thiocresol
(1.5mol equiv) in dichloromethane (CH>Cl) and the
appropriate Lewis acid catalyst (BF;Et,O or SnCly)
(Table 2, entries a—c and k). The optimal reaction con-
ditions and exact amount of reagents used are detailed
in Table 82 of Supplementary data. In the one-pot
H>80y-catalyzed acetylation-thioglycosidation of p-gal-
actose and L-fucose, complete removal of solvent led to
undesired dehvdration; thus 1.2 equiv of methanol was
added to quench the remaining Ac,0, followed by the
addition of thiocresol (2 molequiv) in CH,Cl, and
BF;-Et;0 (2 molequiv). Simple hexopyranoses (Table
2, entries a-e), glucosamines with different amino pro-
tecting functions (Table 2, entries {~h), NANA methyl
ester (Table 2, entry 1), and lactose (Table 2, entry k)
were smoothly converted to the expected per-O-acetyl
thioglycosides 15-25 in respectable yields (65-84%)
within 1-2 days. Both N-Chz and N; protecting func-
tions were dismantled under these thioglycosidation
conditions. Due to the participation of the group at
C2, the 1,2-rrans thioglycosidic bond was formed exclu-
sively in most cases, whereas for L-rhamnose, a 5:1 @- to
[-thioglycosides mixture was fumished, which also
agreed with previous finding (Table 2, entry ¢).'™ For
NANA methyl ester, the B-thioglycoside 24 was formed
exclusively, which could be attributed to the anomeric
effect (Table 2, entry 1).

In conclusion, cheap and readily available sulfonic
acids, TsOH, and H.80, are versatile and efficient cata-
lysts for the acetylation of carbohydrates. Contrary to
most acid catalysts, which are mainly restricted to the
acetylation of simple carbohydrates without amino
functions,'®=12-1% qur versatile protocol can be applied
to different carbohydrate substrates including mono-,
di-, tri-, and hepta-saccharides, amino sugars with differ-
ent amino protecting functions, and oligosaccharides
containing fragile furanosyl glycosidic bonds. Addi-
tional features include the chemoselective formation of
tetra-O-acetyl- and penta-O-acetyl-NANA esters. In
addition, the simple one-pot two step acetylation—thio-
glycosidation protocols were also developed for the
direct access of a panel of p-tolyl per-0-acetyl thioglycos-
ides including the first one-pot preparation of a sialyl
thioglycoside.

1. Experimental
1.1. General methods

All chemicals were purchased as reagent grade and used
without further purification. TsOH was dred over PO
under vacuum and stored in desiccators. 99.9%4 H,SO,
used was purchased from a known chemical vendor.
CH:CN and CHiCly were distillated over calcium

hydride under Nz before use. Flash column chromato-
graphy was performed on silica gel 60 (70-230 mesh,
E. Merck). '"H and "*C NMR spectra of the prepared
compounds were recorded with 300 MHz and 75 MHz
Bruker spectrometers. Chemical shift (6 ppm) was
measured against TMS, generated from the residual
CHCl; 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. Coupling constant(s) in Hertz
(Hz) were obtained from '"H NMR spectra.

1.2, TsOH-catalyzed acetylation procedure for the pre-
paration of per-O-acetyl glycosyl acetates 1-3 and 6-15

To 0.5 g of mono-, di-, tri-, or hepta-saccharides was
added AcyO (or a mixture of Ac;O and CH3;CN) in
which a catalytic amount of TsOH was dissolved. The
mixture was firstly stirred at 0 °C for | h and then stirred
at the optimal reaction temperature.'® Upon complete
acetylation, the mixture was diluted with FEtOAc
(20 mL), which was washed with cold satd NaHCO;
(20mL = 2), water (20mL = 1), brine (20mL = 1),
dried over MgSQy, filtered, and then concentrated.
Except for melezitose and N-protected amino sugars,
the crude concentrate after work-up was directly charac-
terized with NMR spectroscopy. For the peracetylated
products of melezitose and N-protected amino sugars,
flash chromatography purification with EtOAc-hexane
elution was performed.

1.3. HyS0O-catalyzed acetylation procedure for the
preparation of per-O-acetyl glyeosyl acetates 4 and 5

To a suspension of 0.5 g of p-galactose in a mixture of
AcO-CH;CN at —20°C {or —30 °C for L-fucose) was
added catalytic amount of H,80; in CH3;CN (neat
HaS0, was diluted with CH3CN to a 10% v/v solution).
The exact amount of reagents used and specific reaction
conditions were detailed in Supplementary data.'® After
stirring for 1 h at —20°C {or —30 °C for L-fucose), the
temperature was gradually warmed up to 0°C (—20°C
for L-fucose) and the stirring was continued till the
end of the reaction. The workup procedure was pro-
cessed as described above.

1.4, One-pot TsOH-catalyzed acetylation—thioglycosida-
tion procedure for the preparation of per-O-acetyl thio-
glycosides of 16-18 and 21-25

The peracetylation procedure was performed at 0.5 g
sugar substrate scale as described above. Upon complete
acetylation, the reaction solvent was removed and
co-gvaporated twice with an equal volume of toluene
on a rotary evaporator. Thiocresol (1.5 mol equiv) in
CH,Cl; was added to the crude residue at 0 °C, followed
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by the addition of Lewis acid (either 2 mol equiv of
BF3-Etz0 or 1.1 mol equiv of SnCly), and the mixture
was stirred initially at 0 °C under Na. After the addition
of the reagents, the reaction temperature was raised to
27 °C and the reaction mixture stirred until the end of
the reaction, except for N-acetyl-pD-glucosamine 8, in
which the reaction mixture was warmed up to 40 °C.
Upon completion of the reaction, the mixture was
diluted with cold EtOAc (50 mL), which was sequen-
tially washed with cold satd NaHCO; (30 mL = 2),
brine (30 mL = 1), dried over MgSQ,, filtered, and then
concentrated for flash column chromatography to
furnish the per-O-acetyl thioglycosides 16-18 and 21-25.

1.5, One-pot HySOy-catalyzed acetylation—thiogly cos-
idation procedure for the preparation of per-O-acetyl
thiozlycosides 19 and 20

The peracetylation procedure of p-galactose or L-fucose
was performed at 0.5 g scale as described above. Upon
complete acetylation, 1.2 equiv of methanol was added
and the mixture was stirred for 1 h at 0°C; subsequent
addition of thiocresol (1.5 mol equiv) in CH2Cl; and
BF3-Et;0 followed. The mixture was stirred initially at
0°C and then gradually warmed to room temperature
(27°C) under N5 Upon completion of the reaction,
the mixture was diluted with cold EtOAc (50 mL), which
was washed with cold satd NaHCO; (30 mL < 2), brine
(30mL = 1), dred over MgSQ,, filtered, and then con-
centrated for flash column chromatography to furnish
the per-O-acetyl thioglvcosides 19 and 20.

1.6. p-Tolyl 2,3.4,6-tetra-O-acetyl-1-thio-f-p-gluco-
pyranoside (16)

"H NMR (300 MHz, CDCl3) & 7.39 (d, J=8.1 Hz, 2H,
ArH), 7.10 (d, J= 7.9 Hz, 2H, ArH), 5.20 (dd, J = 9.3,
9.4 Hz, 1H, H-3), 5.01 (dd, J= 9.3, 9.9 Hz, 1H, H-4),
492 (dd, J=93, 10.0Hz, IH, H2), 4.63 (d,
J=99Hz IH, H-1), 4.20-4.14 (m, 2H, H-6, H-6),
3.70 (ddd, J = 2.6, 4.7, 10.1 Hz, 1H, H-5), 2.33 (s, 3H,
STol CHa), 2.09 (s, 3H, Ac), 2.08 (s, 3H. Ac), 2.01 (s,
3H, Ac), 1.98 (s, 3H, Ac); PC NMR (75 MHz, CDCl3)
§: 17097, 170.58, 169.78, 169.63, 139.2, 134.2, 130.2,
130.1, 127.9, 86.2, 76.1, 70.3, 68.6, 62.5, 21.58, 21.16,
21.12, 20.97.

1.7. p-Tolyl 2,3.4,6-tetra- O-acetyl-1-thio-z-p-manno-
pyranoside (17)

"H NMR (300 MHz, CDCl3) & 7.40(d, J=8.1 Hz, 2H,
ArH), 7.12 (d, J= 8.1 Hz, 2H, ArH), 5.50 (dd, /= 1.5,
2.5Hz, 1H), 5.42(d, J= 1.0 Hz, 1H, H-1),5.34-5.32 (m,
2H), 4.57-4.56 (m, 1H), 4.30 (dd, J = 12.3, 6.0 Hz, 1H),
4.10 (dd, J=12.5, 2.6 Hz, 1H), 2.34 (s, 3H, $Tol CH,),
2.15 (s, 3H. Ac), 2.11 (s, 3H, Ac), 2.08 (s, 3H, Ac), 1.99

(s, 3H, Ac); *C NMR (75 MHz, CDCl3) 8: 171.0, 170.3,
170.22, 170.16, 138.8, 122.0, 130.4, 129.2, 86.4, 69.8,
69.7, 66.8, 62.9, 21.52, 21.27, 21.09, 21.03.

1.8. p-Tolyl 2,3,4-tri-O-acetyl-1-thio-a-L-rhamnopyrano-
side (18)

"H NMR (300 MHz, CDCl3) &: 7.36 (d, J = 8.1 Hz, 2H,
ArH), 7.11 (d, J=8.1 Hz, 2H, ArH), 5.48 (dd, J=3.3,
1.5Hz, 1H, H-2), 5.32 (d, J=1.5 Hz, lH, H-1), 5.27
(dd, F=3.3, 99 Hz 1H, H-2), 5.13 (t. J=9.9 Hz, 1H,
H-4), 4.41-4.32 (m, H-5), 2.32 (s, 3H, STol CH,), 2.14
(s, 3H, Ac), 2.07 (s, 3H, Ac), 2.00 (s, 3H, Ac), 1.24 (s,
3H, CHs-R); '*C NMR (75 MHz, CDCly) & 170.4,
170.3, 138.6, 132.8, 130.4, 130.3, 129.7, 86.4, 71.6 = 2,
69.7, 68.1, 21.52, 21.30, 21.21, 21.08, 17.7.

1.9. p-Tolyl 2,3,4,6-tetra-O-acetyl-1-thio-fi-p-galactopy-
ranoside (19)

"H NMR (300 MHz, CDCly) 8: 7.39 (d, J = 8.1 Hz, 2H,
ArH), 7.10 (d, J=7.8 Hz, 2H, ArH), 5.4 (dd, J=1.0,
3.3 Hz 1H, H-4), 522 (t, /=99 Hz, 1H, H-2), 503
(dd, J=3.3, 10.0 Hz, H-3), 4.64 (d, J = 10.0 Hz, H-1),
4.19 (dd, J=7.0, 11.3 Hz, 1H, H-6), 4.11 (dd, J=6.3,
11.3 Hz, H-6), 3.92 (dt, J = 1.0, 6.1 Hz, H-5), 2.34 (s,
3H, STol CH;), 212 (s, 3H, Ac), 2.10 (s, 3H, Ac), 2.04
(s, 3H, Ac), 1.97 (s, 3H, Ac); *C NMR (75 MHz,
CDCly) 8: 170.8, 170.62, 170.48, 169.84, 138.8, 133.5,
130.0, 129.0, 87.3, 72.4, 67.7, 67.6, 6.9, 21.56, 21.27,
21.07, 21.04, 20.99.

110, p-Tolyl 2,3 4-tri- O-acetyl-1-thio-f-L-fucopyranoside
(20)

TH NMR (300 MHz, CDCls) 6: 7.42 (d, J = 8.1 Hz, 2H,
ArH), 7.13 (d, J = 7.9 Hz, 2H, ArH), 5.25 (dd, J=0.7,
3.2 Hz 1H, H-4),5.19 (. / =9.9 Hz, 1H, IH, H-2), 5.03
(dd, J =3.3, 9.9 Hz, 1H, H-3), 4.64 (d, J = 9.8 Hz, 1H,
H-1), 3.80 (q, J = 6.4 Hz, 1H, H-5), 2.33 (s, 3H, STol
CHs), 2.14 (s, 3H, Ag), 2.10 (s, 3H, Ac), 1.98 (s, 3H,
Ac), 1.24 (d, J=64Hz 3H, CH:R); “C NMR
(75 MHz, CDCls) & 171.1, 170.6, 169.9, 138.6, 133.3,
130.3, 130.0, 129.5, 8.2, 72.8, 70.7, 67.8, 21.6, 21.3,
21.09, 21.06, 16.8,

1.11. p-Tolyl 3.4,6-tri-O-acetyl-2-deoxy-1-thio-2-tri-
chloroethoxycarbamyl-f-p-glucopyranoside (21)

"H NMR (300 MHz, CDCls) 6: 7.42 (d, J = 8.1 Hz, 2H,
ArH), 7.13 (d, J = 7.8 Hz, 2H, ArH), 5.29-5.26 (m, 2H),
5.03 (1, J =9.8 Hz, 1H, H-4), 4.79 (d, J = 10.8 Hz, 1H),
475 (d, J=10.9 Hz, 1H), 423 4.17 (m, 2H), 3.74-3.65
(m, 2H), 2.36 (s, 3H, $Tol CHa), 2.10 (s, 3H, Ac), 2.06
(s, 3H, Ac), 2.01 (s, 3H, Ac); “C NMR (75 MHz,
CDCly) 6: 1714, 171.0, 170.5, 169.8, 154.7, 139.0,
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138.7, 134.1, 133.2, 130.3, 130.2, 95.8, 86.7, 75.1, 71 4,
638, 63.5, 55.7, 52.6, 21.5, 21.1, 21.07, 20.95.

1.12. p-Tolyl 3,4,6-tri-O-acetyl-2-deoxy-2-trichloro-
acetamido-1-thio-f-p-glucopyranoside (22)

"H NMR (300 MHz, CDCly) 8: 7.50 (br m, 1H, N-H),
7.39 (d, J=8.1 Hz, 2H, ArH), 7.10 (d, J=T7.9 Hz, 2H,
ArH), 541 (dd, J=93, 11 Hz 1H, H-3), 503 (t,
J=96Hz, IH, H-4), 475 (d, J=9.8Hz, 1H, H-1),
4.23-4.01 (m, 3H, H-6, H-2), 3.76 (ddd, J=2.5, 4.6,
10.0 Hz, 1H, H-5), 2.32 (s, 3H, STol CH3), 2.06 (s,
3H, Ac), 1.98 (s, 3H, Ac), 1.78 (s, 3H, Ac); *C NMR
(75 MHz, CDCly) & 1718, 171.0, 170.0, 162.2, 139.4,
134.5, 130.1, 128.2, 92.8, 87.2, 76.2, 73.9, 68.9, 62.8,
54.5, 21.6, 21.1, 21.0, 20.6.

1.13. p-Tolyl 2-acetamido-3,4,6-tri- -acetyl-2-deoxy-1-
thio-fi-p-glucopyranoside (23)

"H NMR (300 MHz, CDCly) 6: 7.39 (d, J = 8.1 Hz, 2H,
ArH), 7.10 (d, J=7.9Hz 2H, ArH), 592 (br d,
J=12Hz, IH, N-H), 523 (dd, J=9.3, 10.9 Hz, 1H,
H-3), 5.03 (dd, J=9.3, 99 Hz, 1H, H-4), 479 (d,
J=99Hz, 1H, H-1), 420-4.17 (m, 2H, H-6, H-6",
4.00 (dd, J=93, 10.0Hz, 1H, H-2), 3.71 (ddd,
J=26, 47, 10.1 Hz, 1H, H-5), 2.34 (s, 3H, STol
CH3), 2.09 (s, 3H, Ac), 2.01 (s, 3H, Ac), 1.99 (s, 3H,
Ac); C NMR (75 MHz, CDCly) & 1714, 171.0,
170.5, 169.8, 162.4, 139.4, 134.5, 130.1, 1282, 87.2,
76.2, 73.9, 68.9, 62.8, 54.5, 21.5, 21.1, 21.07, 20.95.

1.14. p-Tolyl 2-thio-p-p-N-acetyl-neuraminic acid methyl
ester (24)

"H NMR (300 MHz, CDClz) & 7.33 (d, J=12.8 Hz,
2H. ArH), 7.12 (d, /= 7.9 Hz, 2H, ArH), 5.92 (br d,
1H, N-H), 548 (s, 1H), 5.39 (td, J= 1.1, 4.2 Hz, H-4),
496 (d, J=13.9Hz, 1H), 464 (dd, J=23, 10.5Hz
1H), 4.50 (dd, J =19, 122 Hz, 1H), 4.13 (dd, J=4.3,
13.4 Hz, 1H), 4.03 (dd, J=8.7, 7.2 Hz 1H), 3.59 (s,
3H, CH30), 264 (dd, J=9.1, 47Hz, 1H), 2.32 (s,
3H, STol CHj), 2.14 (s, 3H, Ac), 2.12 (s, 3H, Ac), 2.08
(s. 3H, Ac), 1.95 (s, 3H, Ac), 1.89 (s, 3H, Ac); “C
NMR (75 MHz, CDCls) & 171.66, 171.40, 170.66,
170,63, 168.66, 140.5, 136.6, 130.2, 1256, 89.3, 73.6,
735, 69.2, 69.1, 63.2, 52.9, 49.7, 37.8, 23.5, 21.69,
21.49, 21.30, 21.13, 21.00.

1.15. p-Tolyl 2,3,4,6-tetra-O-acetyl-fi-p-galactopyran-
osyl-(1-4)-2,3,6-tri-O-acetyl-1-thio-f-p-glucopyranoside
(25)

'H NMR (300 MHz, CDCly) 6: 7.33 (d, J = 8.2 Hz, 2H,
ArH), 7.07 (d, J=8.0 Hz, 2H, ArH), 5.30 (dd, J=1.0,
3.3 Hz, H-4'), 5.16 (1, J = 9.9 Hz, 1H), 5.05(dd, J=9.3,

9.4 Hz), 5.03 (dd, J = 9.3, 9.9 Hz, 1H), 4.93 (dd, J = 3.3,
10.0 Hz, 1H), 4.82 (dd, J=9.3, 10.0 Hz, 1H), 4.57 (d,
J=10.0Hz), 447-443 (m, 2H), 4.09-4.03 (m, 3H),
384 (1, J=63Hz 1H), 3.70 (t, J=7.7Hz, 1H), 3.64
{m, 1H), 2.29 (s, 3H, STol CHj), 2.13-1.92 (m, 21H,
7w Ac); C NMR (75MHz CDCly) 48: 170.69,
170,64, 17052, 170.42, 170.09, 169.92, 16941, 138.9,
134.1, 132.8, 130.3, 130.0, 1281, 101.3, 859, 77.0,
743, 71.3, 71.2, 711, 70.0, 669, 624, 61.2, 21.55,
21.22, 21.17, 21.01, 20.99, 20.88.
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Tandem One-Pot Acetalation—Acetylation for Direct Access to Differentially
Protected Thioglycosides and O-Glycosides with p-Toluenesulfonic Acid

Kwok-Kong Tony Mong,* Chin-Sheng Chao, Min-Chun Chen, Chun-Wei Lin
Department of Applied Chemistry, National Chiao Tung University, 1001 Ta-Hsueh Road. Hsinchu 300, Taiwan

Fax +886(3)5723764: E-mail: tmong @mail.nctu.edu.tw
Received 23 September 2008

Abstract: A new tandem one-pot acetalation-acetylation proce-
dure is reported which streamlines routine protecting-group manip-
ulation of carbohydrate molecules in production of differentially
protected O- and thioglycosides. This new procedure eliminates the
use of highly toxic pyridine, and p-toluenesulfonic acid is employed
as catalyst for acetalation and acetylation. Synthetic utility of the
new procedure is demonstrated in the expeditious preparation of
differentially protected glycosides from a wide variety of carbohy-
drate substrates including unprotected O-glycosides, thioglyco-
sides. and N-acetyl neuraminic acid ester.

Key words: tandem, acetals. glycosides, oligosaccharides. protect-
ing group

Preparation of carbohydrate building blocks has always
been necessary for oligosaccharide synthesis: thus expe-
ditious synthesis of such building blocks is highly desired.
A logical approach toward this goal is to merge two or
three sequential reactions into a tandem one-pot opera-
tion. which was realized in the preparation of peracetyl
glycosyl bromide,' peracetyl glycosyl azide.?> peracetyl

glycosyl iodide,” peracetyl thioglycoside,* and regioselec-
tive one-pot protection of carbohydrates.”

Acetalation and acetylation are routine synthetic steps for
protection of hydroxy function. Generally the former is
effected with a free® or masked carbonyl function™ in
the presence of acid catalyst,'"~'7 while the latter is usually
promoted in the presence of excess pyridine.'® However,
owing to malodorous and toxic nature of pyridine, such
acetylation procedure is gradually superseded by various
acid-catalyzed protocols.'” ?° Sequential acetalation and
acetylation of unprotected glycoside substrates are widely
employed for production of differentially protected O-
glycosides and thioglycosides. and the latter constitutes a
major class of useful building blocks in oligosaccharide
synthesis.?! As both acetalation and acetylation are cata-
lyzed by acid, it is reasonable for us to merge them into a
tandem one-pot operation. Such strategy has been demon-
strated in one-pot acetalation—acetylation with immobi-
lized HCIO,** and H,SO,* Though both reported
methods are found useful for production of differentially
protected O-glycosides, preparation of synthetically use-
ful thioglycoside was less discussed in their investiga-
tions. In addition, immobilization of acid on silica
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requires extra procedure rendering them less convenient
in practice. Recently, iodine-catalyzed tandem acetonide
formation—acetylation was reported, but it is not useful for
making benzylidene acetal function.'” To overcome such
limitations and to develop a pyridine-free process, a new
one-pot procedure is required. Herein we report the devel-
opment of a versatile tandem one-pot acetalation—-acetyla-
tion, which expedites the preparation of differentially
protected O-glycosides and thioglycosides.

The key to effect a one-pot procedure is to explore the ap-
propriate reaction conditions so that a practical acetyla-
tion rate is retained in the presence of the acid-labile acetal

OH

PhCH(OMa)z AcO
HO O % X P N0
HO AcO
|
HOOM9 cat. TsOH, MeCN ACOOMQ
mathyl ¢-D-gluco- 41,00% 2
pyranoside

Scheme 1 One-pot acetalation—acetylation of methyl g-D-glucopy-

ranoside
HO OH HO _OH
o
HO OR Ho&ﬁ STol
OH
(CHZ)GCI
o
év\/sm HO
7 sTol
STol
0
HOW
HO Ly
t-Bu

Figure 1
ester 12

O-Glycosides 3 and 4. thioglycosides 5-11. and NANA
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function. Referring to the reported procedures, the amount
of acid used in acetalation spans from 5-20 mol%.'!+1
Thus in our model study, a suspension of methyl a-D-glu-
copyranoside and benzaldehyde dimethyl acetal in aceto-
nitrile were treated with 10 mol% of TsOH (0.05 M,
Scheme 1). The reaction proceeded smoothly at room
temperature and upon complete conversion into acetal in-
termediate, acetic anhydride (Ac,0. 1.5 equiv per OH)

was added to give the expected 2,3-di-O-acetyl-4,6-0-
benzylidene «-D-gluco-pyranoside 2 in excellent 90%
yield.

Being encouraged by the preliminary result, we next ex-
amined the one-pot acetalation—acetylation of unprotected
O-glycosides 3, 4,* thioglycosides 5-11,%° and N-acetyl
neuraminic acid ester (NANA ester) 12% (Figure 1), and
the results were detailed in Table 1.%7

Table 1 One-Pol Acetalation—Acetylation of O-Glycosides 3 and 4, Thioglycosides 5-11, and NANA ester 12

Entry  Substrate Product TsOH (mol%, M) Acetalation/acetyla-  Time (h) Yield (%)
tion temp ("C)
Ph
Go
1 3 ° 10 (0.031) 25/40 4 81
AcO OR
OAc
13
PN O\
o]
2 4 AcO 10 (0.041) 25/40 4 76
AcHN OMe
14
Ph
c)o
3 5 10 (0.032) 25/40 5 77
AcO STol
OAc
15
Ph \ O &
4 6 A STol 10 (0.032) 2540 45 75
OAc
16%
OAc
Ph/Voo o
5 7 AcO 10 (0.01) 25/50 6 70
STol
17
Ph
&
6 8 Ohe 10 (0.014) 50/50 10 82
o
ALD) Aooo STol
e OAc
1828
Ph/to
7 10 AcO STol 32(0.019) 25/40 4 70
NHTroc
19%
(e]
Ph’Vo =
AcO S
8 11 NHTroc 10 (0.027) 25/40 6 75
+-Bu
20
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Table 1 One-Pot Acetalation—-Acetylation of O-Glycosides 3 and 4. Thioglycosides 5-11, and NANA ester 12 (continued)

Entry  Substrate Product TsOH (mol%. M) Acetalation/acetyla-  Time (h) Yield (%)
tion temp (°C)
)(o OAc
9 5 o gﬂ STol 10(0.023) 40/40 12 70
OAc
21
)VO 7S
10 6 Ao STol 10 (0.023) 25/40 7 52
OAc
22
STol
11 9 5(0.018) 25/40 4 75
12 12 10 (0.021) 25/35 8 74

One-pot benzylidenation—acetylation of unprotected gly-
coside substrates 3-8 and 10-11 produced the expected
glycosyl acetal derivatives 13-20 in 70-82% yield within
4—10 hours (Table 1, entries 1—8)."n Owing to variation in

galactopyranosyl derivative. It should be mentioned that
camphorsulfonic acid (CSA)* and trimethylsilyl chloride
(TMSCI)** were also employed as catalyst, though the re-
sults were inferior to those obtained by using TsOH cata-

physicochemical properties, optimization of reaction con-
ditions was required for particular glycoside substrates. A
point in case is the acetalation of mannopyranoside. which
suffers from competitive formation of 2,3:4,6-O-bis(ace-
tal) derivative. As a consequence, previous one-pot aceta-
lation—acetylation of methyl a¢-D-mannopyranoside met
with difficulty.® In our optimized one-pot procedure, a
‘diluted” suspension of thiomannopyranoside 7 (1 g in 35
mL of MeCN) and a stoichiometric amount of acetalating
agent [1.05 equiv of PhCH(OMe),] were used. Gratify-
ingly, formation of bis(acetal) derivative was largely sup-
pressed and the desired 3-O-acetyl-4.6-O-benzylidene
thiomannopyranoside 17 was obtained in satisfactory
70% yield (Table I, entry 5).

One-pot isopropylidenation—acetylation of carbohydrate
substrates 5. 6, 9, and 12 was conducted in acetone.’! from
which the corresponding glycosyl ketal derivatives 21-24
were furnished in 52-75% yield at reasonable time frames
(Table 1, entries 9—12). Isopropylidenation of thiogalacto-
pyranoside 5 at room temperature gave a mixture of 3.4-
0- and 4,6-0-isopropylidene ketal derivatives, while ele-
vating the reaction temperature to 40 °C led to the exclu-
sive formation of 3.4-O-isopropylidene ketal derivative
21 (Table 1, entry 9). Close examination revealed that 4,6-
O-isopropylidene ketal derivative was formed preferen-
tially in the beginning, but was gradually isomerized to
21. Thus, longer reaction time and higher reaction temper-
ature would favor the formation of 3.4-O-isopropylidene

lyst. Isopropylidenation of thioglucopyranoside 6 gave
4.6-0O-isopropylidene ketal derivative 22 as the single re-
gioisomer in a modest 52% yield along with 15% per-0-
acetyl thioglucopyranoside. Formation of the latter is at-
tributed to the cleavage of inherently less stable 4.6-0-
isopropylidene ketal function in conjunction with acetyla-
tion (Table 1, entry 10).>%

Other than glycoside substrates, the present procedure is
also applicable to carbohydrate hemiacetals as exempli-
fied in the one-pot isopropylidenation—acetylation of
NANA ester 12, which gave NANA ester ketal derivative
24 in 74% yield (Table 1, entry 12). As previously report-
ed, the tertiary C-2 hydroxy function of 12 was unacety-
lated.” To prove the suitability of the procedure for a
larger scale operation, 10 g of per-O-acetyl thiolactoside
was deacetylated to thiolactoside 8. which after neutral-
ization and purification, underwent the now routine one-
pot procedure to give lactosyl benzylidene acetal 18 in re-
producible yield.*

In summary, an unprecedented TsOH-catalyzed one-pot
acetalation—-acetylation was developed, which streamlines
the routine protecting-group manipulation procedures and
obviate the use of toxic pyridine in preparation of a wide
diversity of differentially protected thioglycosides.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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General One-Pot Benzylidenation-Acetylation
Procedure for the Preparation of 2 and 13-20

TsOH (10-32 mol%. Table 1) was added into a stirring
mixture of carbohydrate substrate (1.0 equiv of methyl a-D-
glucopyranoside. 3-8, 10, or 11) and PhCH(OMe), (1.5
equiv) in MeCN under N,. Upon complete conversion into
benzylidene acetal intermediate as assessed by TLC, Ac,0
(1.5 equiv per OH, total OH equals to the sum of OH of
acetal intermediate plus MeOH released from acetalating
reagent) was added. and the reaction temperature was
brought up to 40 or 50 °C (Table 1). Specific reaction
conditions are detailed in the supporting information. Upon
complete acetylation as assessed by TLC, excess EtOAc

(4 x volume of MeCN used) was added to the mixture, which
was then washed with sat. NaHCO,, brine, dried over
MgSO,, and concentrated for purification by flash column
chromatography over SiO,. Elution with EtOAc—hexane
mixture afforded the compounds 2 and 13-20.

General One-Pot Isopropylidenation-Acetylation
Procedure for Preparation of 21-24

TsOH (5-10 mol%. Table 1) was added into a stirring
mixture of unprotected thioglycoside (1.0 equiv of 5, 6.9, or
NANA ester 12), and Me,CH(OMe), (1.5 equiv) in acetone.
The mixture was stirred at r.. or 40 °C under N,. Upon
complete conversion into glycosyl ketal intermediate as
assessed by TLC. Ac,O (1.5 equiv per OH, total OH equals
to OH from glycosyl acetal intermediate plus MeOH
released from acetalating reagent) was added. and the
reaction temperature was brought up to 35 or 40 °C

(Table 1). Specific reaction conditions for preparation of
compounds 21-24 were detailed in the supporting
information. Upon complete acetylation as assessed by TLC.
excess EtOAc (4 x volume of MeCN used) was added to the
mixture, which was then washed with sat. NaHCO,, brine.
dried over MgSO,. and concentrated for purification by flash
column chromatography over SiO,. Elution with EtOAc—
hexane mixture afforded compounds 21-24.
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Lu. K.-C.: Hseih. S.-Y.: Patkar, L. N.: Chen. C.-T.: Lin.
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For acid-catalyzed one-pot acetalation—acetylation,
unnecessary prolonged reaction time would compromise the
yield of reaction due to the cleavage of the acetal function.
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IH NMR of galactosyl peracetate obtained with 1 mol% TsOH/OH and at 25 °C (ref. 3)

a : anomeric H of pyranosyl per-O-acetate
b : anomeric H of furanosyl per-O-acetate

L

IH NMR of galactosyl peracetate obtained with 3 mol% H,S0,/OH and at —20 °C to 0°C

Jyudtd |

IH NMR of fucosyl peracetate obtained with 1 mol% TsOH/OH and at 25 °C (ref. 4)

a : anomeric H of pyranosyl per-O-acetate
b : anomeric H of furanosyl per-O-acetate
a
a, b
' Jj Ml

1H NMR of fucosyl peracetate obtained with 2 mol% H,SO,/OH and at —30°C to —20 °C
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J di- oxylenlum ion 1,2-trans glycosylated product
O OTf I ]rearran ement
RO = + .
L ] R oiﬁﬁ‘\/ =< RO%
R O AN _RooH g
oxocarbenium ion - 2O T _
oTf \_,/ RXQ . ~OTf
A B R | ¢ JOR"
tri-oxylenium ion c H
B
A7 2.0, C2-5 1k I3k A A A o BT i 483
PR AL FRTY asbyc 2 B wiE N oa iR X P

A 12-F g b S FlE AT R RS MR i ¢ o
w R ¢ A4 Rpifa ks 4=+ C (orthoester cation) > £ 5B £ £ 5 15 )
=~ 12-F g A (A2 2.1) -

%{Cz'ﬂ}ﬁ";}@f’f}i&é {}T’E‘-’ ] LLﬂ}%‘y.+ (32 ‘23%4- 2b2c~
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AP IR SRS LR T UL SR
OB KAERPEAL T MERP AR = R RIS BRES
24 12F FarRes A ML SRR L

Danishefsky #c#:eh glycal i* #2 #¥ (Gndg 2.2) o °

A+

oTf
( NO Nu , D/O
RO - § R'O ‘,‘% ROw™\R
: R'
R R-ott

1,2-trans glycosidic bond
X=0,S,N, I, Br gy

inA2 2.2, C2-F R 3 Uik A e iy

AT SRR 4R 128 SpEHAE 0 B 1970 & Rz LB
PR AL LRI B A F R AT F B WEH 1974
# > Schuerch ##i@ * § AR M E LA L 5 v 26-2 7
Feter (2,6-lutidine) v2 f§ B chztps A dp - e o~ TR TR
AitF BT ED 12-7 5% a-pEi it A4 5 b Schuerch ##2% 1
T 40 FEM (XM EFF BFOBALAL O HES
PARE T % > oy AP RIIPATF R F RFDER (F5E) §

BT A4 s WIS (72 2.3) -
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BnO ~OBn  26-lutidine (0.8 equiv) BnO, < OBn
Bnog \ Nal (4 equiv), MeOH (x equiv) BRO
BnOy  CHsCN (0.18 ), RT BnO OMe

Y =BrorCl

For galactosyl halide :
MeOH = 2 equiv, o/ $ = 8/ 1 ; MeOH = 40 equiv, o/ =3.1/ 1

For glucosyl halide :
MeOH = 2 equiv, o/ = 12/ 1 ; MeOH = 40 equiv, o/ B =3/ 1

4 29

AR 23 XMWY EBREERLAPYP

Sinay # 4R % 1976 £ % F H AT fpiRfiy AP MRE F
PR AL H 2R TRAREANF B HEEF S 1,2-F N B-ix
w ﬁﬂRitteri: AlA P B faip F )@;ﬁg‘f ¥ A {ﬁiﬁ-'i ﬁ_’\/ it fs A7 ‘3\‘@3:

2 B-nitrilium EAE C> FEFERF R (42 24) -

BnO C
BnO O\“/Ph (6 equw) O/&/

OB
A N-oh CH4CN, RT
OBn OBn OBn
Bno/&/ promoter | gno Q+ BnO Q +=—Me
BnO OT Ph BnO Y — "Bno N=
OBn N OBn ¢
“Ph OBn j
— B -
OBn ,?\c Oon .
BnO Q ~—— | BnO Me
BnO N BnO NQ{
BnO o Cl BnO \ O)
O
L cl _

AR 2.4, F B MEA T fRiRa 2 A F U Rahk st
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-

Schmidt #c# % 1980 & * pEA dit 4 » Az ¥ ~iEF fas -~ 15
CTFIELBIPET WS> Foe rELHY T 1290858 o-fow 5 4
FER AP (AR 2.5-a) o Schmidt %42 ¥ M pER ¢ ipiRi A £
47 Sinay e ehd %8 P4 gt A $ o O )t g Schmidt %3
JEpSE F R Y ¢ ¥ 4 3 F) Lz ek (reverse anomeric effect) o
O EREABABRI D P e o T EH T L H LI F AT
B-nitrilium-nitrile :E& L fETPEAF R F >V EFEIME L d o-iw

Er o REEAME BED 129N E S (4R 2.5-b) ¢

(@)

(@)
MeO HO oBn MeO—0
BnO O o} AgClO, BnO 0
BnO - BnO OBn
BnO “x CH3CN BnO 'O 0
BnO OBn
X=Br,Cl BnO OBn
56% yield, o/f = >19/1
(0]
(0)
OBn OH
OBn
Bgnooé&' Me Promoter, Cl oy o Cl
$
BnOO _N CH3CN BnO =0 N (@]
A h A
Me
OBn
BnO 0
BnO N\ g Me
BnO ( N Me>
. n
+ Nao
N
\Me

glycosyl S-nitrilium-nitrile

in42 2.5, Schmidt #cdshe ¥ ¢ chpE A 0 F o ¢ B 484 p]

B 7] 1979 # > Lemieux #*#2i¢_glucal ®l & C-2 & § e %+
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#FIMF] 10% v 12-7F 50 o-2 fRiRA e Ao Flpt B IR RIEE T
el ey o . 8
glycosyl a-nitrilium B ¢ B #8e: & (4% 2.6) ©
Lemieux
OAc  CAN OAc OAC
AcO 0] AcO N3 o o
AcO O NaN3 AcO + AcO o , Ac A
AcO = D~ U AcO AcO
CH4CN N; NO; N
H.0 NO, 3NHAC
2 78% 8% 10%
OAc OAc OAc OAc
AcO O  NaN;3 | AcO O+t CHCN AcO 0 H,O AcO o}
AcO _ AcO N AcO AcO
Ns B N3H+ NsNHAC

a- nitrilium Me

A% 2.6. Lemieux 23 Bl glycosyl a-nitrilium @ R 48

M Pavia i ¥ FHEpEAL SRmE A e e Uz E 9 R R
@A gsd o 202 1N HCl AU st fe g 2 7 fipit &

B %% @3] oo fRiEA S B

6.3 pp y 9.2 IZ, 85 ppl 1
OB'

OBn
BnO 0 TL,0 1.1NHClI gno ¢ /
Bnoé&H BnO NHAc
OH CH3CN 2. ACZO OAC
B

A BnO
l ACZO
OBn OBn OBn
BnO Q BnO 0 | HO" gno o OBn |
BnO — BnO BnO — > Bno (0]
BnO | + ¢ BnO NH;CI
n N 0 N AcO
Ph7f +\=z C NH,CI D OAc
I‘I .
Me
Me
N=C-Me

A% 2.7. Pavia #2360 glycosyl a-nitrilium 73 &
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Pavia ##zdazh st 2 5 ¥ st d  glycosyl o-nitrilium %2 = & {53
= o-6,5% ¥ f23%k (a-oxazoline) > £ -kfE= o-NH, & C- Flif =3
Boo it (e gE R 41 (anomerize) A2 1,2-5 ;¢ B-NH; 24 D
MURERAFRE T o gl F (s @] B-o fiiRA S B (RAz2.7)°

fi 1o % 1980 & ~ > Noyori #ries * pEAA 4 V4 & B e ¥ 17 3
1,2-F 5% P-m ERAC A 234 ~ he p? B35 12988 a-= pE
Hit AP 5 ames (i 2.8-a): Y Ogawa ##E* Fifks B Ao
# 2-35°C T4 @5 12-F N B-mw i@ ATL A (A

2.8-b) 5 " lkegami gk * pEAAERLA B PES M G UR S0% AR A

o
i

okt i 1,2-F N B-EfE (hAz2.8c) 0 ¥

FEAE D FAE LB BRI > glycosyl oa-nitrilium =

i

—\)

Sn2-like # 3 F ¥ @3 B-FEAT AL » FRABALF B &

glycosyl nitrilium &% 2 o- e B & B-e vt ?
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(a) Noyori, 1984

OBn OTMS Og“
BnO 0 BnO 0 SiF, BROS
BnO BnO o )
Bno F BnOOMe solv. 0 °C BnO (@]

BnOOMe
CH;CN, 90%, o/p = 9/ 91

(b) Ogawa, 1987 ether, 68%, o/ = 78/ 22

OBn OBn
BnO 0 oo Tmsort B“O/éﬁ%
BnO SPh BnO BnO 0

BnO solv. =35 °C BnO
O
S BnOGMe BE0

CH5CN, 90%, a/f = 5/ 95

ether, 65%, a/f = 67/ 33

(c) Ikegami, 1989

OBn
OBn OH
TMSOTf 0
o o Q BnO 0 Bg(n)c&ﬁm
e o POOPh); “Bno EtCN, 78 °C BnO _
OBn BnOge o 2

BnO
84% ap=3/97 C"OOMe

/n“ﬁEZS #ﬁf?‘% H?'ﬁj-'n r@ﬂ" Rl éﬁ“/%é\‘.ﬂ \:1 mﬁﬁ:%{} LF},@-"}E%

(N
Shs

* 4> Fraser-Reid #4210 4-~ G ApEare o~ 38T £ ATHR %
7 Sinay & #2¥r Schmidt &z f % ((n4z2.9-a) & 5d ¥ - iE1
PEA L GERE D R T B 12-F 58 B-inw fphRA S T4 (R
722.9-0) e P E R AE o- e PFRIRA S > @ 2R A 2E
e B-w cOfiE i A 4 > Fraser-Reid 4 1igtk cng %2R 7 a0 7

glycosyl a-nitrilium & & 733 > @ ¥ § a-N-PEH 40§ & B~

APF o €4 A 3Hzen2h e )% 418 & ¥ st o (£ 2.1)
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(a) #g i Sinay £ Schmidt #&#8 = it

HO. Ji j
OBn
SRS Bgsoéﬁ O o
BnO ‘opent CHaCN. RT BnO \(@ BnO \(@

1% H,O HN
Pent = B
3{\/\/ o d
(b) Fraiser-Reid #$% 5% 2§
HO
OBn OBn OBn
. o 1. HBr Bno—é&/ o ¢ BHOﬁH
BnO 2. NaNs, DMF BnO 5ho R pyridine BnO ben
BnO o cl
OH 3 H,, PdiC c D
A% 2.9, Fraser-Reid #c#2 e % 3 5% e
% 2.1 Fraser-Reid & #% sk 7 7 % By
Compound H-1 signal Reference
Chemical shift (ppm), 3/ (Hz), multiplicity
A 6.18,7.2,d Sinay 5
A 6.09,7,d Schmidt, 6b
A 5.97,7,d Fraser-Reid, 13a
B 6.06, 5.35, 9, dd Sinay 5
B 5.99,5.1,t Fraser-Reid, 13a
C 412,8.8,d Fraser-Reid, 13a
D 5.31, 9, t Fraser-Reid, 13a

#% > Schmidt #42f 1990 = 4% pEAA = & ¢ fighfip ~ = ¢
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A= d "B &% e

e
X
o
e
f38
\1‘:5"
=
Rd
\_‘\'—;}

5
“H
&
o
3
—4
w
s
i
B>
o
Jﬁ;’\

oo FHEED AR R Pin A
34 Fm ¢ g pEA S (Lewis-X antigen oligosaccharides) o '
Schmidt #c#%#& N BER F R BFRFELREF RAF DERPE
Ko B35 ¢ MR T glycosyl a-nitrilium-nitrile & i ch2 = €
v glycosyl B-nitrilium-nitrile & 7 & #- > F & B E R §
B-nitrilium-nitrile & & 5 3 > A= @R 6 ~ RAEAL 1 Sy2-like
WA TS B-re @A AL N a-TefEAT ALY o doinit

2.10 #177 o

B-nitilum-nitrile
OBn

OBn OBn
E slow o) ( : )
BnO 0 BnO Q + @ >, BnO NN
Bnoéﬁh — "BnO \ Et — BnoO Y j/
BnO LG LG OBn

BnO @ Me Me

\ OBn

@ = solvent fast
BnO Q
E* = promoter o BnO
n BnO Nu
LIG=  \H Bno— Q a- product
#o b, @
-0 BnO .
CCly NYNY U OBn
Me M — BnO O
e Me BnO Nu
a-nitilum-nitrile OBn
- product

onA% 2.10. Schmidt #c3s$tpE A - F B> WEH M 2R

% 1991 & > Birberg # i * £ ¥ (xanthate) 2 4F 5 g3 A

S

R RS R B Y o M 12-2 F ¢ BeR EAA ~—T0°C T
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Pl WER R (e 211) -

A A
cO OAC CO,Me .
AcO:
ooy s~
AcO OEt
CH4ZCN J promoter AcO OAC co,Me
AcO:r
e Ajwwg\
AcO OAC Vi AcO Me
AcO  OAc
s + QM\e N CO,Me
cOr = ROH
AN-L_OF ~—— | Me o707 0r
AcO I|I AcO
N+
Aga;\l coMe |

A% 2.11. Nitrile 3 #sc g e papr AL i & el 8

\

Sinay #c#2 aw gz A pE S b hpES B X E ) 1,2-
F 3N B-gEaeni @ 24 5 BF Sinay % E 3 enol ether i3 4%
LA A hpES B A AMGE P L 4R S 1R aqnitrilium sz s
Ed B A E R ERpEA 1,2- 5% o-nitrilium ¢ 7 4E B
Bt ‘Cy A H B (W23) -

OBn
BnO OBn Bno o BnO _OBn
% o TMSOTt B0 %;0
BnO S BnO, + |— BnO OR
B

BnO O° "O  CH,CN,-30°C, 24 h ‘I OBn

=2Z

A
Me

w )Ww A
Y W“w

T
5.00 . Dﬂ
I’PH

B 2.3, MGE PR R 3R %8R glycosyl a-nitrilium 77F &3 45
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7

2_i5 > Kusumoto #c#41* Fd § # BA ~ N-i% it 7 = fgrs

(N-bromosuccinimide, NBS) # PhIO ® 5 /B it &8 » My 83
(blde: B4 Padl - B4 fodn) &3 MM (bl4c: 29 P
i) 37 » 27 b enpE X B —20°C TAEEPEAF 50 4w %

ZKL\ N

6
Ey&
:E.

A5
T3
o

) 1’2_}; ;R B'ﬁ%%ﬂ’ é_%tn @ Bt lzj«'::* 73] 1,2—“'??;“ o-

FERT A (ndz 212) -

OBn BnO
OBn BnO solv., =20 °C
A OMe BnOOMe

BnO o} HO O A, acidic salt BB%)O o
BnO SMe BnO 0]

solv. = CH3CN, 70~ 85%, o/ = 1:2 ~ 1.8

solv. = ether or THF, 30~ 80%, o/p = 7:1 ~ 10:1
A =NBS or PhlO

acidic salt = TBAOTf, TBACIO,, Ph,IOTf, LiClIO,4, AgCIOy,.....etc
acid = TMSOTf, TfOH,...etc

A2 2.12. 75 BB E AL OPE IR R RIR

Ikegami #t #2 ¥ Hashimoto #c 42 | & /2> * I Br Bk fig 24
(phosphite)™ - fig "= (phosphorodiamidate)”® -~ &% f& fy &
(phosphate)™ ~ & = & I figi=fy & (trichloroacetimidate)™” % 7 i 4 i

;f;,\;%}'ﬁ;—iﬂ_\’ﬁ;éﬁ#ﬁg#%‘ii'bi}%‘ﬁgipg v 2 RpES M &

ORI A R EREATLF o B3] 1,2-F 5 B 5 A A
it 24> @ Hashimoto #327 ¥ =4pE= WS E H 3 F enjp b

Tt (ndz2.13) o 7
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OBn

BnO, BnO BnO OR
(@) TMSOTf, ROH (@) + (@) )\
BnO LG BnO OR BnO N/ Me
Ng EtCN, -78 °C N3 N3
yield = 60~90%, yield = 0~80%,
LG = o/f = 1:4 ~ 1:49
?a;P(OPh)Z phosphite
or
Q
yilP(OPh)z phosphate
or HN
) e
EP(NMeZ)Z phosphorodiamidate or % ~CCl; trichloroimidate

A2 213, 4 A3 AL npES R AR R K ALY apERA T R R
0 BE R e AR A A Y AT R

& 0 #-F] o-nitrilium @ 34l A 4

213 B Bkt

AP BT A S H - 2B HE L I)F

SER G L oml L pES R chgpd B s
é\iﬂj“;}i}i \fﬁ% \V/‘/;FJ‘,‘:;};’

LA R A L F Rk B AR o

B RO RS REAHPES F o

S o C2-MR A AT EE AR ¥ 1R

4

F o

a5 A4

23b,23c,23d

o

(orthoester formation)
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Tl 3 F L g R

12-F & B-ite A3 o

5 F % h

iL /:4‘ ,»L» N ﬁ,;/é\

FEA S F R

LA LA

oM AR & &I ORI

e R P R Y A

FERN T FRE N R,

» 2 ot AR A (acyl transfer) » P R pcAn 1t F

PR R



Mo s s (GmAz 2.14)

/—\
02
RO« LG promoter
\/?«L

=0

LG —promoter

s

a
—

R'Ofﬁﬁ\'/ R"OH RO\ OR"
O\ﬁ;o /| a O\fo O
oTf I R R'O/\/VA%OR”

b

I OH
di-oxylenium ion 1,2-trans glycosylated product
acyl transfer .
I ] rearrangement Y R"OH
R—-OAc
RO~ R"OH RO — R'O/\ﬁﬁ RO
O.* | (o) O, (
- -0 o N0 OH
oTf \_’/b 0 = "
L R H/OR" OR
tri-oxylenium ion ~OTf j H,0

NO
R'O

|
=0, —,
RO\ﬁ OH OH

o>€0 orthoester

AT 214, C-iE AN A B enS F

BFAGHDR R - FreRe AR L FiA (benzyl) & H i
Bk o BONOT papgrentuk APET MIREARHE A S B

BAR XU At R R o ¥ - B Ru2 R C2-3p fhee 5 mig i

S

WA PR R EERAE TSR MEE
Shuerch #32¥& F|iE % chF By ¥ WEHH O LR, 700%

ME kRN 6 P AROBET L v e pEALF b
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E R ER NS I AR T R oM AY SATIHFEY &L TP
MR R AR - e F BEER S A3 30mM 3
200mm 2. & (% 2.1)> # ¢ Fairbanks # ) * T * FE& 7L &
B Fl s RAFABRGRA 3 29 10mM E ode kB3 EpE

Ficdgk  BEALL OIS F BEI RS B-EHP -

* 2.2 IR f;:\v}glq:ai\. E—fqm‘.ﬁ}@ K X@I/}E’E)—i

Entry  Donor (mM) Acceptor (mM) solvent Reference
1 90 76 CH3CN 18a
2 67 73 EtCN 21b
4 100 150 CH,CI, 27a
5 200 160 CH,Cl,or CH;CN  27b
6 64 32 EtCN 27c
7 80 37 CH,Cl, 27d
8 6 13 CH,CI, 28a

AR RE HH TETIRACURHEAF RORE TS

TR - BAsande s o

4 kg =1 24
2.2 Bk B St
jL

221 FEAF i

A2A d FEREMATEER I LIRS S A AR kY g
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it & HASFRZWERLIT T F L R Bredrr v prie i is

PRI FHRNF RERF AR (FEXAER =50mM ~ 190 mMm)e

o

A3k 8 100% ¢ %% 1% 5 F ip Al e XU A H Y Bifs 57 &

prs 8~ ® Bl hTd 4 58 S ETEATF B (£ 23

%23, H - AB 20> 4 5endF3t LA m B s ERALR ~ R RER

BnO OLev
B
O .24 equiv

BnO STol BnO
solv., T °C X
57 OB
59

(1.2 equiv) (A =1.0 equi v)

entry  solv., [A] (mM) T (°C) time (h) vyield (%), o/p

1 CHsCN, 190 -18 4 208

2 CHsCN, 100 -25 1 67, 1:82
3 CHsCN, 50 -35 0.5 75, 1:102
4 EtCN, 190 -75 1 70, 1:3
5 EtCN, 100 -75 0.5 71,1:8
6 CHzClz, 100 -55 0.5 75,1:1.6
7 CH2Cl2, 100 -70 0.5 78, 1:4

THEET UEE R AT RTF

§ 423 8% 123 chik @i APESHER 190mM T
73] —20°C PRI A ago TRk g 0 RETEHRE > F R

4 7 5] 20% A4 595 F ApES LR 100 mM pF -



CpEgs N2f Mg 2T ED 67% 345 ~/PEHPE =
185 FHpELAER S 5 B0mM» BT 08 719 —35°C ~ A &
BT gEs o LT 2RI T5% FE A o/f EFEE =110
B EREIEE 0 TR R B RAREE S AR
FRGA SR HERSMHRS

TrHeBSRRIARS Brke P2 AHBHFER LD

TRAERBRRS?

)

ARG B R 2 2 g A 100% o
(propionitrile » 3 F8 = 93 °C) /A& & LT - AW UL LR L
190 mM 2 100 mM % 2 T ~ 3t —75°C i (il o AN R R
TEABRIELAIRE A A100 MM T hF B0 B 2 RE R P A
1100 mM EPE A K gt - SR R IR R AR S B-PEH 4
EHMAES (223> F& 4 9)

‘%f THBERERECEREETF PR APR AR
F%:100% - & P BXHER =100mM 1,5 50T 0 A2 R A
—55°C~-75°C & {7l - F B —B5°CPEE ¥ B3| 75% hE & -
o/fiEHEM =1:16°-75°C {F378% A% o/fpEHEE =1:4;

VIR RARC S B-PEH AR GIARR o BB 2 i AR £ 1 L2-

FRBHEIN S FASF > F iR AR 12-F NP atd 4% 5
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(223> 8% 6-7)c"

IS B R 3 - ST

B A R BAE > 4o b TR TR B — 553 A eh

Flls pbex BEE 2 A ¥ o 2 -§pEA 3 F B fER D R FZER L

R lAe S F U e st iv- R qeiR g o {17

ve
E—uﬁ ' A4 - ']}f%&r%%é/%’;ﬁ' 'l}bj&irj%mr # FBE j\ﬁgzi“‘alﬁt
IR F AT TP RE RE R T RV D 4F e B
BN EERERFRRH LA REFA R B ER SRR

bR (% 24) -

gl
é.y..
\\Xy

Y AR REMAE RS PP %R (CF T e = 13
FEXAER =190 mM) » T FFRZEH 4o = & 7 =t B A 50% ~ 75% >
EFELAER 100mM TR FRGE (R 24F% 123> A F £

S
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3 2.4, R feip Ak sLep]

BnO OLev
BnO _OLev NIS (1.2 equiv), o
o TMSOTTf (0.24 equiv) Bn
BnO ST solv., T °C X
V.
57 OB ' 59
(1.2 equiv) (A=1.0 equw)

Solvent component
entry [A] (mM) T (°C) vyield (%), a/p?
CH2Cl2(%) CHsCN (%) EtCN (%)

1 25 75 0 100 -55 86, 1:9
2 50 50 0 100 -55 83, 1:6
3 75 25 0 100 -70 84, 1:5
4 25 75 0 50 -55 84, 1:10
5 25 75 0 10 -55 83, 1:13
6 25 0 75 100 -75 75,1:6
7 25 0 75 50 -75 81, 1:12
8 25 0 75 10 -75 79, 1:16
9 25 75 0 10 -70 84, 1:19
10 25 50 25 10 -70 81,1:19

11 HPLC ¢ %4 P69 % (100% CH,Cly) #|#F /B 1+ &) o

A » 25%ch= F U T URE REEF|-55°C £ R { H 4
SF TR IV R R MR R o AR o/PB-EHET
S0 ina PR REA R A F Y o/B-EH BT B PN EE 2 25%
ZF "R NT5% o v anR SRR LA R ALRIRRIE R R 0 B
FORE R M 1,2-F 5% B-E 4R AR RE L E - R
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Gl PRBER (224 FH L 4 5) %1 e nh o Y o
U o AR &k SLBERE BT 0 BTG - Hend i (2 24~
B 6-7-8)-

£ 12-F X Ao 2 Ak # 4 B A £ ET ML
A RE R AL MEARR 2N L ABEMER = 10 mM T
BR%MP —70°C: F R 5| 84% A > A /P 2

S oB=119 (424 3% o pr BB MBI G 0w B

Il

T Rt IR SR R A

o

IR 0 E R AR E R B e Y
i 25% - & 7% ~50% ¢ M ~250% [ M enk s LA A S
FEEP T EF B E xS (81%A S ~o/f=1/19 ~ 1/20) - > ErEF
SR E R UELHER =10mM -~ B AR & -70°C Hif i

f‘??lgﬁ (%\' 24‘ ?5@ 10) °

222  RIFMIERPEA " F SR L
AR MGERPEA (VK ReriE 2t B4 E AL S R R

7 AR E R F A T R TR

2221 F FEES YRR

PR WA A OREARL AR TS EE

30 4

s ik s (long range participation) escd B2 58 a/f-EH 2 o
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o R R AL 6 EET AeAl BRR BT

PESR 1R et o T FLARGT AP M b R A 0 AR

aﬂf

BhPafn ik kSR TPEA T F BRI IR & 7 5 H - R AT
HRFH 4510 HPLC A 418 % 22 W gty B A LFf 0 3feh
A R R RRaauER (£ 25)

PAORESREE ST ARREIS e LA R B
fig & 2% Bk i AL cPPE S A8 61622630 FRIF T 1,2-F 3 BERM (%
25> F 5 1-2~3); @ 46-4ME Rk DL A T 64 i o/f-E R
B s w g F etk R E E M FrT 0L E 3T 95% G B-A
71> BH SR * - 3 P 3 R RF APV R T BERM
3R ok (R 250 F5% 4-5)¢

FeF e BRI TR Ny F S WEURIE ) M g A kA
o s i FAEPES M8 65566 4 F 4T enE pA K BEHM
(# 25° R % 5-6) % 7 " kS et AL EErE
AP YT 3 § PE (deoxy-sugar) & {TR|EE o el B B ¥ FaL-
HEAE DF A G O EAEPES R 67 & 2 B BRA T 60 77
80% A & 98% o ofB-ER AL 0 4K I HIRIIRER AR

e, (2 255 2% 10) 0
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425 % I pES R huplE

ROH

v&/sm

(1.2 equiv, 12mm) (A = 1.0 equiv, 10 mm)

Glycosyl donor Glycosyl acceptor

NIS (1.2 equiv), 0]
TMSOT( (0.24 equiv) NOR
68~74

Glycosylated product

solv., =70 °C

Glycosyl acceptros

LS

/400
(@)

or HO(CH,)eCl

60
58
Glycosyl donors Ph
BnO _oBn AcO _0OBn MeO,CO _0OBn (%O
(@)
gg/sm Bnogﬁ/STol Meozcogg/sm Bnoé&/snﬂ
OBn g2 OBn 63 OBn 64 OBn
OlLev o0-7—STol
BnO LevO WE)Bn
E%Sm BnO STol OBn
65 OBn 66 OBn B 67
entry Donor Acceptor Product time (h) vyield (%), a:B vyield (%), a:B?
1 61 60 68 0.5 85, 1:>49 88, 1:4b
2 62 58 69 0.5 85,1:33 83,1:2
3 63 58 70 0.75 70,1:49 67,1:2
4 64 58 71 0.5 75,1:9 75,1:6
5c 64 58 71 0.75 83,1:18 Not done
6 65 58 72 0.5 77,1:49 73,1:1
7 66 58 73 0.5 83,1:19 77,1:8
8 67 60 74 0.33 80, 1:49 80,1:4

‘¢t @ % (100% CH,Cl,, —55 °C) » "
5mM -

2

Z

P 4

R PR

PEXR L 15 ¥ @

A EEARM A S E B4

% (aminosugar) & C2-%%=4 %

PEOCEmLMER [Al=

m

‘3H-

NE

e Rk el R e
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F_&

R BN LG L RRA IS AT F LR § TR

=

FRIRE 0 e PES R E AR AL A RS RBEEY

ng

_\g..

o 33 LI S ﬁ@_ﬂi;ztg_\f 2 1) ‘Iﬁ%j{‘?ﬁg’ﬁ\r% g}ﬁﬁ'&”i@é
Bo® e gl Fenst Ay B B AREL D NEET B p Porgdies
AEPER AR FRBAL CIULF o iR A S

ARG 4 B R P R PR 1 F ok

b

Wity FE AL SR

& (jnA22.15) o *°

0 Sl O ROH 0
\
W«« LG D ~ \\%N > EI—WM LG

AcHN HN Lewis acid, heat

Stable A
intermediate

=2 ¢ HOTRR or AOT v&%O{N

AcHN
Hydrogen bondingj Xo\-ﬁ Acetyl attack glycosyl donor

OR o OR

5.07 O or || MO ok [~
F -N \ N
Oz N O ----------- H \( O y N
ot ‘ T
H':.,|,_,|l”6>/ /QN/H ........... O?// v/O\A C
M/O B 2,4-oxazoline
Low nucleophilicity O ~H

42215, NHAC F it AApEA ™ F v Bhmp i

PLALE FAP R BE D F L OF A AME C2-MR il R 12 A

ERLEES- SRR A N T TSI R 7S
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H e ig s 2483 i%3E (global deprotection) 4% it (&2 ¥ &t ey’
Wi EY P hek i F A OFEAIRE o) 5B 12-F 4 B-
B 4 B g g o

A py gk C2-RAMAI - 1 C2-qp § A1 AF P
AR AR IR AR S e o Bt R PR RRIE MR R PEA
i F AT T RSB R (% 26) -

- B A FAEE Y FRIRES M T6EFF B BT
83% thA K7 98% h B-A 4 820 F PER A M L 0 IR T A
FlilF A ApET WA BRI (R 260 F& 1)

Mok FE LR F AR AR S 26-2 7 KRS 30
AFE ARG FBIRES BT E - s A F 60T MRRE P FES
BpEA T F o 8228 B-PEA 26-2 T Amps s g 0 i K RE
BRawvafs 275 60% 4 52 98% v B-A 4 83 etk
Be? L ABRING L LAY (2260 FH2) "

F1F HEPE 3k 4,6-23 2 ~ 2-Nap (2-naphthylmethyl) 3% 3-25
SR L FUREIRES B T8 = - B A F THEFE B RF A-T70
°C T@5 79% spE i A4 84 2P B-Af (k7 94% 1+ (&

2.6’ ?Eﬁ 3)0
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% 2.6, MREES EEAEPES W Rl

o NIS (1.2 equiv), (@]
N\ sTol ROH TMSOTf (0.24 equiv) m“OR
(1.2 equiv, 12mm)  (A=1.0equiv, 10mM)  ggy., 70 °C 82~87
Glycosyl donor Glycosyl acceptor Glycosylated product
o OH
Glycosyl acceptros >( 4
o) or HO(CH,)sCl or HO(CH,)sCl
20 60 75
58 \{

Glycosyl donors

OBn BnO OBn
BnO o
BnO STol
79 OBn

77 Ns
BzO
$0 HO _OBn Y OBn
BnO O/g& BnO STol
2- NapO STol OBn BnO STol OBn OB
OBn 81

entry Donor Acceptor Product time (h) vyield (%), o:p vield (%), a:B?

1 76 58 82 1 83,1:49 85,1:2.5°b
2 77 60 83 2 60, 1:>49 Not done b.c
3 78 75 84 0.75 79,1:16 Not done

4 79 58 85 0.5 75, B only 75,1:6

5 80 60 86 0.5 80, B only 77,1:3¢

6 81 60 87 0.5 83,1:>49 80,1:4c¢

“4+pe ¥ 5% (100% CH,Cly, -55°C) - °F g & 5 —65°C» “prs 4t s 1.5 ¥ 2 4

2 o

(RN AR SR S A S pEpES W

[

o B AKT BenfuiEAs 3 AR S EAEES /Y 7O &1 L SRk 48 58

TRl BFREDIR G H- B (R 260 3% 4) T AKER
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PEAF BT U DR M oq $RRE . BRI R
B BEBET R 808l #- mEA G 60 BT EERMBAELALF

VS

“m‘ek-

R3 fRdFercdk (£ 260 F%5-6)-

2222 % [ PEX RS PES B e R

FORES R s BREE RS WOEY e R R A
TEMRE IR BHORRBAA S EXREFRRE (£ 27)-

- e A L SUERES R 57 21 - s A chpE S RY > 4o w8
AR 88w B A 4 89 & BEyn A L SUr 90 ik 7 Mk
RPEAF i o BEAR A A M I 0 2 9 R T LE S 0T 5] 98% 1
e B R A 9495296 (£ 27 FHR12-3) HFL#
AR EPEX AL 65 &2 B A F 5 01 i A AR R 5 83%A

#98% ¢ B-A 3 97 (% 2.7 F 3% 4) -

13

",/Tf 3 ﬁj}%&—? iT% ﬁ%i B2 ek Ay ;*";;é:l&——i—;}b}[%ﬁ%% B 57 &
VRAPAPES M 02 B AR > B Y Z & TR A T TN
95% 1 a-Z 3 98-a.; )a i\mkfﬁk A ez # )J%Z;F‘ﬁ g/gﬁ
o #riE R0 73% chA & <3 08% ch B-A 4 98B A

Bk R APT LR 2 WMERE (3270 2% 5)

v
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%27 7 PES RELPES R R

NIS (1.2 equiv)

o . , o)
\N—_sTol ROH TMSOT! (024 equiv)  V—\wwOR

(1.2 equiv, 12mm) (A =1.0equiv, 10mM) gy, TOC 94~99
Glycosyl donors Glycosyl acceptors Glycosylated product

Glycosyl donors
BnO _OLev OLev OBn
(0] BnO BnO*&&/
BnO STol BnO STol BnO STol
OBn N3
57 76

Glycosyl acceptors

O(CH,)5Cl 0Bn HO —0Bn OH
0 O BnO 0
gg QO g0 BOOme 00" 'COCHDNs o B'O0Me
—~ Ph
0
HO 0 93
j\ % 2 (CH,)3ClI
HO O(CHy)3
FmocHN™ "CO,All OBn
entry Donor Acceptor Product time (h) vyield (%), a:p  vyield (%), a:B*?
1 57 88 94 0.5 65, 1:49 64,1:1
2 57 89 95 0.75 63,1:49 60,1:8
3 57 90 96 0.5 60, B only Not done
4 65 91 97 0.5 83,1:>49 80,1:2
5 57 92 98 0.5 73,1:>49 75,19:1
6 76 93 99 0.75 77,1:32 78,1:7

4P 3 % (100% CHCl,, —55 °C) «

=5
o
(

@\
=
Jrhs

B eflt ik , 32 1f F] gL 2% e E,;;}.uﬁlif i’\l’g'ﬁFﬁ?%“g?fﬁ%H;ﬁ%;

1

Lzodh s A A ST F R R L S en B(1o3) B E -

76 ¢ SLig XSk O3 4k 0 WIIT TT% hA S & OT% in Boi
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$99 (27 3% 6) > L PHRLFHP T ERF ML F &
T RR

i

o

BRI RIEY Y NPy BRI LE S BRES WA

e HHAR R T % o

%28, EATF ok AL hfe ¥

>(0 OH NIS (correlated to donor),
O g TMSOTT (0.25 equiv)
SToI \ﬁ

CH,Cl,, MeCN, EtCN, T°C

103~105
Glycosyl donors (2.0 equiv, 10 mMm) Glycosylated product

Glycosyl donors

BnO OB” 0 OBn
BnO BnO
BnO STol BnO STol
STol

entry Donor  Product T (°C) time (h) vyield(%), o.: B

1 100 103 70 0.5 85, 3:1
2 101 104 -70 0.5 80, 1:1.2
32 101 104 -55 0.5 82, 1.2:1
4 102 105 -70to0 18 <10, --

8102 CHCly 175 0% 4

T 4 BARRES 4 100 & 7 HORRPEA T F P > 93] 85%
fEAL AP 103> e frd_o-Af Ak (£ 28 F& 1)

FFREYRFLIE LRGN F F AR M 101 &Ly
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VEFE X R 104 2 (R A H AR A - § 7 % R D] 80%
A K REEPIEET a:fp=1:1(%28>F%2-3)¢
FAWFIIE FORBPES W AP IRIIR ¥ 34-HEM ke g
WEpES 1028 RIE F RE S AR BB o TR ABERIIOC 4
EEEDLABLPAET (& 28 F &% 4) 0 04 34-5EM0 Rk X

FUREFES BB A AR & Aeni R )’L%]“}ﬁﬁ”}*ké ?‘7“3 o

223 EAEL X

BEERECERBAMCE BEY S EMRL S 1952 5 gupl
BE S APRETBBLAFELDOEELS S L B(1—6)glucan > !
Gby» ¥ 2 isoGhy» ® ¥t MIERPEAF BE S EMHERY o
1,2-F 3% P-pl 4t -

v B (1—6) glucan 3 A=4s > & @ 3L F 97 15 > 12 Zemplén
WL iE g 2 2 BLE B i A N PR RS AL 978 £ FE G 54
W65 S R OTa FIRARMALF B THREET
WE G T70% hz pa+ 106 &7 B - i B (HPLC 7 5

~ EE) (GR AR 2.16) -
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OR

BnO O
oL OH BnO o
ev NIS, cat. TMSOTf BnO
BnO (0] STol BnO 0o BnO o
BnO ol BnO CH,Cl,, CH5CN, EtCN, 70 °C, BnO
65  OBn 91 B"Ogpme . , BnO
83%, > 98% B-isomer; OMe
Na(s)r MeOH, R= Lev, 97
257C, 95 % R=OH, 97a
OLev T
BnO 0]
BnO O
65, NIS, cat. TMSOTf Br?ono o
97a BnO 0]
BnO
BnO o
106 BnO
BnoOMe

A% 2.16. B (1—6) glucan #7424 f=ch g = o

g A B ;}:fﬁ%;ﬁ PERLE A Gby & F > —‘Ff SIS VA
TR 0 R A S R E D - wphptaa) S BpEH 4

2 fSf X FUEE RS F X HE D o-pE A o (AR 2.17)

HO _OH
o]
HO X
HO .
70
Ao o]
0 R N0 oy

oH OH °
P = protecting group ﬂ fBu Cl
tBu~Si~q 60
PO _op (@) 107
0 o)
PO ROH BnO STol
po LG — BnO
HO
OP OP HO _0oBn
o) o)
BnO OBn BngéS/STol
80 OBn

A2 2,17, i & = 37f% Gbhy T4
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v

Pz B enF s Sk s 80 & £ pi4afs 60 A kR EA

=)

CFE g 2T & B-B S 860 A TLC srsnid 3 EE4E A~ + 86

2

—\
LS
&~

cr Rz A (904 FR) KL F o BEFUE AT
G4 R Gk B LR F Rl A4 8 ] NS S A

Bol PR SRS 2 2 F 7 LSO g 107 #2575 1 A & —10°C

A

AR ABEAME B AT SR 46- = EEA DTBS
(di-tert-butyl silyl ether) * Ax 7 ez ffeag > @ T < 48 86 7 it o
o-> I FEAB RS > EaE s a-EHEA B3] > FE Gy o

#4108 (jaAz 2.18) o

HO _oBn
(e} OBn ItBu
gg/o o) e
N Bngg&sm BuS~g o7
OBn OB o
80 n HO+_\-Cl <§ o
6
60, NIS, cat. TMSOTf 60 BnO STol

CH,Cl,, CH5CN, EtCN, —-70°C

exchange a
U (BS~g
@)

107, NIS, B0 O
cat. TMSOTH, n 1. TBAF, ACOH, rt
BnO Gb3

O ~OBn 2. PdIC, Hy, M
—10°0 ; , Hp, MeOH, rt
CH,Cl,, -10°C E o O’§§1/ 2 109
nO
BnO O Cl
OBn OBn %6

75% yield for 2 steps one-pot reaction

B
108
Az 2.18. = #EA F Gb3l09 4 =

BEAH L ITGE- g B S 2 BAPEAEEETY i S

—\\

B chm BB AL dest B (T 9B 75%¢nA o 2 15 | U
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grw 7 Hi (tetrabutylammonium fluoride » TBAF) “,f—i L & % 108
Rt A o ¥ PAIC - A g RE Fa P BRRA FATTE

P4 B Ghy = EA T 1000 & 24 B AL A KT i 60% o

N

2 5

7 RAR DL ek (TR 0 Pt FUiEL G 87 BFE A T

iSOGh; 2 3 72 4+ 110 @45 HhA 2 T0% : £ 5Bz H 4
ik (F15 0 T F DM AL isoGhy chz gEA 3 1110 A4
WA AR 60% 5 Ghby#2 isoGhs ché £ 1 iva & d 9%

F2EBERE R D o (4R 2.19)

BzO _0OBn
o OBn ,tBu
LSKJS _0 o} -Si
i Bnag&sm BUm o 107
81 OBn
OBn HO+-}-Cl o
6 60 BnO STol

60, NIS, cat. TMSOTf OBn
CH,CIl,, CH3CN, EtCN, -70°C

I.
IBU'S\I\O
0
107, NIS, 1. TBAF, ACOH, 1t
cat. TMSOTT, O OBzOB isoGbg
BnO N OBN 2. Pd/C, Hy, MEOH, 1t 111
CH,Cl,, ~10°C BnOL =2 o o
110 be B0 O+}-Cl

OBn 6

70% yield for 2 steps one-pot reaction

A2 2.19. = $E 4 F isoGhslll h g =

224  MGERBEALF Reom R BB
K’/Tt K %_iﬁ"%}iﬁ%é“ FREEY "‘%ﬁ%}é‘. N R LA AR S
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1Ok B EEA B R L

FARY ARk f@«i’”fﬁwi

BEPEALE BV UEA ZHMERE ALY

29, mHHEHBALF AP

BnO _OLev

(@)}
BnO STol
57 OBn

0]
0]

5

Lbﬁ;‘ga o

BnO OLev

NIS, TMSOTf

O CHCly, MeCN, EICN,

RSB TR 2

L

BnO \%é\

58\</ ~709C
entry 1, 2, NIS, TMSTOA, yield%, a : B
equiv, mM equiv, MM equiv, MM  equiv, mM

1 1.2,12 1.0, 10 1.2,12 0.24,24 81,1:19
2 1.2,12 25,25 1.2,12 0.24,2.4 80,1:18
3 24,24 1.0, 10 24,24 0.24,24 82,1:15
4 24,24 1.0, 10 6.0, 60 0.24,2.4 85,1:15
5a 24,24 1.0, 10 1.2,12 0.24,24 80,1:17
6 1.2,12 1.0, 10 1.2,12 0.48,4.8 77,1:17
7 1.2,1.2 1.0, 10 1.2,12 0.96, 9.6 75,1:15
8 4.8, 48 1.0, 10 4.8, 48 0.24,2.4 84,1:12
9 6.0, 60 1.0, 10 6.0, 60 0.24,24 80,1:10
10 1.2,12 1.0, 10 1.2,12 0.24,2.4 80,1:18°®

%0.8 equiv 1 was recovered

»Pug 152 40 ~ NIS 22 TMSOTF » 5 mL/20 min

P

3

#

d 4297 Eie% 1238 mM o FpER MO8 K5 25 B pF
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QB ERILE TE L 118 B e pES M BEE A N-RL LT - fpie s
‘e

WA dopES B N-® YT R

TR L R AA SR /B ERETE L U5

LALLMk R HER L DB LT

B A H A

s — *A—.”)J_ﬁ
o iRl i o

o/ EHEMEFHRI3 -5 LU5-d % 3-5ant v indhic® N-

g ) (R 2.9 B 4) o

BEAPE RS N o

¥ = fpimatE G pES R 57 ih-
Lo rE R PEREMS LT T F vz

vz 0.8 § £ 9pES 48 57 0 A

Pl g N-m it 7 S it pEs RO P F R ARE T A2 s A
B pgtde s > o SEH BT R SRR LSRR A RS HE

FEPARETRALFBEA (229 7

PRk Ll NERE SR A T 4 TR R A
Bow B EHPY TEL LT 1/15(2 29 FK6-T7) B F

%2 3Apt R AP ERZ T P %

SE TR S HER S A

Ml

497 §

\
=1
i

PR RFAPE BRI WML R Ahe 27 2 5%
LET S kAR RE R AT 0 H T IRR R A4 i

EHEM R UEABEF S EEE

P F] (£ 29 5% 8-9) 0 AN fkeandiip o A PR EET

ZET EE TS XL RV
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PLHe N-RE YT C fRiREr DV op %

Jn
4
g
L
=
.
N
.
w0
e
N
o

PRESMEEINETREZRY EhArF R (2 29 F 5%
10) > feigfRenffrff 2 2 2y P Fag @y o

RAEEPES WMER O B2 O AP RARS W &
e FE BAEE G RER PN ERF T o SEpES 48 57-a &
TR BRI EARED 5% B-A o o P ETEF BEHEPD

KRE BEEABET M 2l Ao e &K o (4R 2.20)

BnO OLev
BnO __OLev o OH
o Q NIS, TMSOTf BnO
BnO O
) CH,Cl,, MeCN, EtCN,
57-a BnOSToI 58 (o) 2Llo,

—70°C,05~1h

(12 equiv, 12 mM) (10 eqUiV, 10 mM) 83% y|e|d, O(/ﬁ =119

A7 2.20. 14 & $ 57-aepE AL FORBEE

225 REVELIRT &

FRP- 5 PR ME BRERT D RIFRE R M QW ER A

\

HTE SR A PE I F Bk PRk L S Bk B 2 F R R
#h g Ple o SRR (41 °C) ; RS e (Raoult's law)
g b R 6 FIZHLE R TIRR h S A R A OEFRT i

Ao EE L H R BT S R A PRRIR S - R (&3 Tk

BREB PR }%g s A EFEE R R 3 %ﬁrléﬁﬁiﬁfﬁ
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e

FréE iR g R) 3 ARSEF AP SR 5 R &R W

o

T 18 (7 ¢/.u'_/P pi—k Ff'@m‘,-@” A 'J‘f‘;] —72 OC‘J’ﬁ

o
“‘“’3
B

PR SR EPIR e o

FooboIto R R4 > ARk kR EABATF R
PFo A2 FIF BT RERART R F B S B RERET
Feik o s A ERARERYEBACE RO kEE o

WANPEEFY MEPEL R REPS BB FRE R

tﬁ‘
A
o

LR T /B E R R R

FAAPLG C Y EBEFEARARC R RS R R T

Rd

Tk o 2 (8 R W 2507 - & ¢ mer T5%7% it 30T LA H|

SERE SRS LSRR RN S R

kR (100 mM~ 10 mv) e Supr A= MRS T 5 & &
FRIEPIRE S R &

d @AY BRI DR LTSRS BEREDE G

oK ARG B (B 24-a~ 24-b) o F i Bo0E o F 0

i
\v

g4 Lz R &k e 100 MM chERAE 57 3B (TR 0 Ars I E
B3 —B51°C pF > 3 e 4f ends (7 (shiming ~ locking) % 17 1 FlEg >
ST D Bl 5L B (broaden) I ¥R (B 2.4-c~24-d) - @

10 mM ehE SR 7 %R T 56 °C 41 %4 BT PR % (B
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24-6~24-F) > FEAMFE LT BB F T BAL LG L hp ¥

VORE S Pl BT AMELE M % o (B 2.4-g ~ 2.4-h)

APPSR MBI R T oA AR A R I
. (gelation) > @ # §_H $HenS kI g o JHP|FIS 7 Lo Bnp 4T
% (9 A ]
[+ % (dielectric property) £ % s FEk @ @A s+ B R O
B A TR E (agoregate) f- Az EM e ips K F AL G B
FegkinT™ o g2 o
(a) l (e) H
lh"' ’ . | ;'-.M". ‘
i 1'|
/1 ", l} lll
(b) M
/ \\ S A SRS J \J \
m a5 . r v Y o 05 0a 5 70 B85 60 55 .5;21, 45 40 35 30 25 20 15 10 05

‘& Lk A ' JL,L-‘ |V N

i O

/ \ () | /\V_J\ )

45 40 35 30 25 20 15 10 05 «

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O 75 70 65 60 55 SO
(ppm) (ppm)

Bl 2.4. %8 P2 4= 4 3 » (@) CD,Cly~ CDsCN & EtCN % 25 °C; (b)

CD,Cl, ~ CDsCN 2 EtCN %60 °C ; (c) 100 mM 57 »;8 &2 4] ~ -50
°C; (d) 100 mm 57 %R &£ a 4 ~ -51°C ;5 (e) 10 mM 57 iR &4 A ~
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—55°C; (f) 10 mM 57 *ti& & i3 #| ~ =56 °C ; (g) 100 mM 57 *+ CD,Cl,

~70°C ; (h) 100 mm 57 ** EtCN ~ -70°C -

F MERFEA R R H Sk E A k-
Ed PREEERH NS Y BT R AGRIERT N F - B2LE
BENE g h B gt B R T FABOPEIWES Ly G Apeh

Bho PR EZFTERAPM > EE2F AR %7 < - (R 2.5)

J e

- N \

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -
(ppm)

B 2.5. 10mM it & 4 58 »+ CD,Cl, ~ CD;CN £ EtCN ;& & ;3 #eng

2§ : () 55 °C ; (b) —56 °C -

BE OAFRB02 F RGP %49 AR AMET 4 r
BEz? o BFRAE 100mM ik 5? s BT LR e 2 B A E D
3 —46°C> @ —45°C PERIE B A A T - E3TaEEE o 33 10
MM R - fde r 2 T i 49 ARELS MR IR R 4R
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B $_-56°C %235 -51°C-m 10mM #% & <@lz# { J132 100

M 53 e aTLE o (8] 2.6)

BnO _OLev

BnO 0 c

OBn
(100 mM) (a) —45 °C, activated b

Ama—AJLJ

BnO _OLev

(0]
BnO STol

(10 mM) OBn (b) =50 °C, activated

‘ !
Mot A oo b S

|
LTI vy vl W o Lil, o
pas W

[
|

_ |52 . _C
=— d =
) 588
| 5.64
\
| 5.8
| 1
- i v
a E.UJ T,
| a
2

| #ied (C) —45 °C, 100 mM, activated | |

108 106 104 102 100 9‘8 96 94 92 90 88 86 84
F1 (ppm)

26 1§40 57 F ik {5 0 i - F5H 1 (a) 100 mM % 52 —45°C
1% 7 3 (0) 10mMm {52 —50°C e 3 5 () 100 mm *> —45°C &2

HMQC B3 -
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FHREPBEERFTHRDBHGE P BRI i i
AR NRARTAELE A AR AR F e BAL R

WA KPR IR APES R 57 o IR ERA Y 1 N-gh v 7
SRRRBZ TR E Y ARG FARP A B RpER A

B84r A F i » BE T P-te A PEA AP o Fpdah o fES
Cicadurd 2 1 FRRAFBRALF B A 5

i “F'T' L ;§ i H‘ P

f\m
)
1]
4_‘.
> =
=
5
o

KA R & (FTE L E 1 R

a0

(preactivation) (7~ 42 2.21) o

OH
f%
%8 /%> 0o

BnO _OLev JQ
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General procedure of low concentration 1,2-trans B-selective
glycosylation: A mixture of thioglycoside (1.2 mol equiv), acceptor (1.0
mol equiv) and flame-dried molecular sieve (AW300) were suspended in
1:3 v/v CH,CI,-CH5;CN or 1: 2:1 v/v CH,CI,-CH3;CN-EtCN solvent
mixture such that the final concentrations of thioglycoside and acceptor
were 12 and 10 mM respectively (for particular details see Table S1 in
ESI). The resulting mixture was stirred at RT for 10 min and at —70°C
cooling bath for additional 20 min under N,, followed by addition of NIS
(1.2 mol equiv) and TMSOTT (0.24 mol equiv). Glycosylation coupling
was monitored by TLC with either EtOAc/Hexane or
EtOAc/CH,Cl,/Hexane mixture as developing solvent. Upon complete
glycosylation, small volume of saturated NaHCO and small lumps of
Na,S,05) were added to the mixture, followed by vigorous stirring until
the deep red color of the reaction mixture turned to pale yellow. Then MS
was removed by filtration over celite. The filtrate was dried (over
MgSO0,), filtered, and concentrated for flash chromatography purification
to furnish glycosylation products for NMR characterization. For
o:B-anomeric ratio determination, a small portion of crude reaction
mixture was filtered through a short pad of silica gel (ca. 10 cm) to give

crude product mixture for HPLC analysis as described in table 3.4.1.
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Table 3.4.1: Eexperimental details and exact amounts of thiolgycosyl donor, acceptor, NIS and TMSOTf
used in glycosylations

Thioglycosyl donor  acceptor NIS TMSOTf CH_Cl,, CH;CN,

(mg, mmol, mM) (mg, mmol, mM)  (mg, mmol, mM)  (uL, mmol, mM) EtCN (mL) product
57, 150, 0.23, 12 58, 0.19, 10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 591
61, 162, 0.25, 10 60,51,0.38,16 60, 0.26, 11 9, 0.050, 2.3 6,13,5 68
62, 137, 0.23, 12 58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 69
63, 134, 0.23, 12 58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,15,0 701
64, 128, 0.23, 6 58, 50, 0.19, 5 54, 0.24, 6 8, 0.046, 1.2 10,21, 9 719
65, 150, 0.23, 12 58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,15,0 720
66, 150, 0.23, 12 58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 731
67, 113, 0.21, 10 60, 43,0.32,16  50,0.22, 11 8,0.042, 2.2 5,11, 4.5 741
76, 134, 0.23, 12 58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 g2l
77,75, 0.15, 10 60, 41,0.30,20 35, 0.16, 10 5,0.029, 1.9 4,74 83t
78, 110, 0.20, 12 75,29,0.30,18 46, 0.20, 12 7,0.038, 2.3 4,7,4 84
79, 248, 0.23, 12 58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 85
80, 207, 0.21, 11 60, 57,0.42,21 50, 0.22, 11 8,0.042, 2.1 5,11, 4 867
81, 281, 0.28, 10 60, 76, 0.56,20 67, 0.29, 10 10, 0.056, 2.0 7,14,7 871
57, 175, 0.26, 12 88,60,0.21,10  61,0.27, 12 10, 0.053, 2.4 5,12,5 941
57, 149, 0.23, 12 89,90,0.19, 10  54,0.24, 12 8, 0.046, 2.3 5,11, 4 95"
57, 159, 0.24, 12 90, 85,0.20,10 57, 0.25, 13 9, 0.050, 2.5 5,11, 4 96
65, 149, 0.23, 12 91,90,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 971
57,150, 0.23,115  92,70,0.19,95 54, 0.24, 120 8, 0.046, 23 2,0,0 98al"
57, 150, 0.23, 12 92,70,0.19,10  54,0.24, 12 8, 0.046, 2.3 5,11, 4 98b™
76,128, 0.22, 12 93, 80,0.18,10 52, 0.23, 13 8,0.044, 2.4 4,10, 4 99H
100, 149, 0.23,12  58,50,0.19,10 54, 0.24, 12 8, 0.046, 2.3 5,11, 4 1039
113, 150, 0.27, 10  (Non) 67, 0.29, 11 10, 0.05, 1.85 7,20,0 114

[a] Glycosylation at —=70°C; [b] Glycosylation at —-55°C

VT-NMR experiments for thiogalactopyranoside (57): To
thioglycoside 57 (33 mg for 100 mM or 3.3 mg for 10 mM) in an
oven-dried NMR tube was added 500 pL of 1:3 v/v CD,Cl,-CD3;CN (with
25 uL of EtCN added as internal reference) at RT under N,. The resulting
mixture was then analyzed by NMR spectroscopy at 25 to —60°C.

VT-NMR experiments for NIS/TMSOTT activated
thiogalactopyranoside (57): To thioglycoside 57 (33 mg) in an
oven-dried NMR tube was added 500 uL of 1:3 v/v CD,Cl,-CDsCN (with
25 uL of EtCN added as internal reference) at RT under N,. The resulting
solution was cooled to —80°C for ca.10 min, followed by addition of 2 uL
TMSOTT in CD,Cl, solution (10 pL). The resulting mixture was then
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analyzed by NMR spectroscopy at —50 to —30°C.

For 1,2,3,4-di-O-isopropylidene-6-0-(2°,3’,4’-tri-O-benzyl-6’-O-
levulinoyl-1-B-D-galactopyranosyl)-a-D-galactopyranose (59):
Synthesis of 59 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 9 (128 mg, 84 %) was
obtained as glassy solid; [¢]*' = —35.34 (¢ = 0.9, CHCI,); 1H NMR (300
MHz, CDCls): 67.50-7.47 (d, J =9.3 Hz, 2H, ArH), 7.46—7.28 (m, 13H,
ArH), 5.59 (d, J = 4.95 Hz, 1H, H-1), 5.09 (d, J = 11.1 Hz, 1H), 4.88 (d, J
= 12 Hz, 1H), 4.80-4.75 (m, 2H), 4.68 (d, J = 11.4 Hz, 1H), 4.61 (dd, J =
2.4,7.8 Hz, 1H), 4.45 (d, J = 7.8 Hz, 1H), 4.33 (dd, J = 2.4, 5.1 Hz, 1H),
4.28-4.22 (m, 2H), 4.18-4.10 (m, 3H), 3.91-3.83 (m, 2H), 3.7 (dd, J =
6.9, 9.9 Hz, 1H), 3.58-3.54 (m, 2H), 2.76-2.71 (m, 2H, Lev-CH,),
2.53-2.48 (m, 2H, Lev-CH,), 2.20 (s, 3H, CH3CO), 1.52 (s, 3H, CHC),
1.48 (s, 3H, CHC), 1.35 (s, 3H, CH3C), 1.34 (s, 3H, CH;C); 13C NMR
(75 MHz, CDCl3): 6206.9, 172.74, 139.4, 139.0, 138.7, 129.0, 128.9,
128.8, 128.6, 128.5, 128.1, 128.0, 127.8, 109.7, 109.0, 105.1, 96.8, 82.3,
79.3,75.2,74.8,72.3,71.9,71.2,70.9, 7.1, 67.8, 63.5, 38.3, 30.2, 28.2,
26.44, 26.41, 25.5, 24.8; HRMS (FAB): calcd for C44Hs,043 requires
790.3564; found: m/z = 790.3561 [M]".

For 6-chlorohexyl 2,3,4,6-tetra-O-benzyl-B-D-galactopyranoside (68):
Synthesis of 68 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 68 (140 mg, 85%) was
obtained as colourless oil. []*' = —4.24 (c = 1.90, CHCI5); 1H NMR
(300 MHz, CDCl3): 67.46—7.31 (m, 20H, ArH), 5.59 (d, J = 4.8 Hz, 1H),
5.05-4.99 (m, 2H), 4.88—-4.77 (m, 33, 3H), 4.71 (d, J = 11.7 Hz, 1H),
4.56-4.47 (m, 2H), 4.44 (d, J = 7.5 Hz, 1H), 1.85-1.72 (m, 4H),
1.52-1.45 (m, 4H); 13C NMR (75 MHz, CDCl5): §139.3, 139.1, 139.0,
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138.4,128.9, 128.84, 128.75, 128.64, 128.50, 128.36, 128.01, 127.93,
104.4,82.7, 80.1, 75.6, 74.96, 74.01, 73.98, 73.50, 70.22, 69.38, 45.50,
32.99, 30.06, 27.17, 25.96; HRMS (Bio-ToFIl): calcd for C4H4;ClO¢Na
requires 681.2959; found: m/z = 681.2953 [M+Na]".

For 1,2,3,4-di-O-isopropylidene-6-O-(4’-O-acetyl-2°,3°,6’-tri-O-
benzyl-B-D-galactopyranosyl)-1-a-D-galactopyranose (69): Synthesis
of 69 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 69 (120 mg, 85%) was obtained as colourless
oil; [@]*'b=-6.31 (c = 1.2, CHCl5); 1H NMR (300 MHz, CDCl,):
57.50—7.48 (m, 2H, ArH), 7.42-7.28 (m, 13H, ArH), 5.63-5.61 (m, 2H),
5.08 (d,J=11.1Hz 1H),4.8 (d,J=11.4Hz, 1H), 4.72 (d, J = 11.1 Hz,
1H), 4.64-4.49 (m, 5H), 4.36 (dd, J = 2.4, 5.1 Hz, 1H), 4.27 (dd, J = 1.5,
7.8 Hz, 1H), 4.22—-4.14 (m, 2H), 3.82-3.73 (m, 2H), 3.68-3.53 (m, 4H),
2.11 (s, 3H, CH3CO), 1.54 (s, 3H, CH3C), 1.49 (s, 3H, CH5C), 1.36 (s, 6H,
2 x CHj3); 13C NMR (75 MHz, CDCl3): §170.8, 139.3, 138.4, 138.0,
128.91, 128.9, 128.7, 128.6, 128.52, 128.51, 128.3, 128.1, 127.8, 109.8,
109.0, 105.0, 96.8, 79.4, 79.0, 75.4,74.1,72.5,72.4,71.9, 71.2, 70.9,
70.4,68.4, 67.8, 67.3, 26.4, 25.5, 24.9, 21.4; HRMS (Bio-ToFIl): calcd
for C41Hs001.Na requires 757.3194; found: m/z = 757.3194 [M+Na]".

For 1,2,3,4-di-O-isopropylidene-6-O-(2°,6’-di-O-benzyl-3°,4°-di-O-
methoxycarbonyl-B-D-galactopyranosyl)-a-D-galactopyranose (70):
Synthesis of 70 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 70 (98 mg, 71%) was
obtained as light yellow oil. [¢]*5=-8.39 (c = 0.53, CHCl,); 1H NMR
(300 MHz, CDCl3): 67.39-7.26 (m, 10H, ArH), 5.57 (d, J =5.1 Hz, 1H,
H-1), 5.37 (d, J = 3.0 Hz, 1H), 5.02 (d, J = 11.4 Hz, 1H), 4.85 (dd, J = 3.3,
10.2 Hz, 1H), 4.65-4.47 (m, 5H), 4.33 (dd, J = 2.4, 4.8 Hz, 1H), 4.23 (dd,
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J=1.8,8.1Hz1H), 4.16-4.07 (m, 2H), 3.82 (s, 3H), 3.80-3.58 (m, 8H),
1.52 (s, 3H, CH5C), 1.46 (s, 3H, CH5C), 1.33 (s, 6H, 2 x CHs); 13C NMR
(75 MHz, CDCly): 6155.9, 155.3, 138.9, 138.1, 128.8, 128.5, 128.4,
128.22,128.2,127.8,109.8, 109.0, 104.5, 96.8, 76.9, 75.1, 74.0, 72.1,
71.9,71.8,71.1,70.9,0.1, 68.0, 67.8, 55.53, 55.51, 26.43, 26.38, 25.4,
24.8; HRMS (Bio-ToFIl): calcd CssH46015Na requires for 741.2729;
found: m/z = 741.2729 [M+Na]".

For 1,2,3,4-di-O-isopropylidene-6-O-(2°,3’-di-O-benzyl-4°,6’-O-
benzylidene-B-D-galactopyranosyl)-a-D-galactopyranose (71):
Synthesis of 71 was generally based on the general procedure of low
concentration 1,2-trans p-selective glycosylation, but lower
concentrations (5 mM for acceptor 58 and 6 mM for donor 64). 71 (110
mg, 83%) was obtained as white solid. [¢]*'5= —12.59 (¢ = 1.4, CHCI,);
1H NMR (300 MHz, CDCls): §7.62—7.58 (m, 2H, ArH), 7.55-7.52 (m,
2H, ArH), 7.45-7.28 (m, 11H, ArH), 5.62 (d, J = 5.1 Hz, 1H, H-1), 5.54
(s, 1H, PhCH), 5.13 (d, J = 11.1 Hz, 1H), 4.84-4.77 (m, 3H), 4.63 (dd, J
=2.4,7.8 Hz, 1H), 4.49 (d, J = 7.8 Hz, 1H), 4.36 (dd, J = 2.4, 5.1 Hz, 1H),
4.34-4.21 (m, 3H), 4.17-4.13 (m, 2H), 4.04 (dd, J = 1.2, 12.3 Hz, 1H),
3.91 (dd, J=7.5, 9.6 Hz, 1H), 3.77 (dd, J = 7.2, 10.5 Hz, 1H), 3.60 (dd, J
= 3.6, 9.6 Hz, 1H), 3.32 (s, 1H), 1.55 (s, 3H, CH3C), 1.50 (s, 3H, CH5C),
1.37 (s, 6H, CH5C); 13C NMR (75 MHz, CDCl5): §139.6, 138.9, 138.3,
129.3,128.9, 128.8, 128.7, 128.6, 128.5, 128.2, 128.1, 127.8, 126.9,
109.7,109.1, 104.8, 101.6, 96.8, 79.3, 78.6, 75.4, 74.6, 72.5, 71.9, 71.2,
70.9, 69.9, 69.6, 67.8, 66.9, 26.5, 26.4, 25.5, 24.9; HRMS (ESI): calcd for
CagH4601:Na requires 713.2932; found: m/z = 713.2933 [M+Na]".

For 1,2,3,4-di-O-isopropylidene-6-0-(2°,3’,4’-tri-O-benzyl-6°-O-
levulinoyl-B-D-glucopyranosyl)-a-D-galactopyranose (72): Synthesis
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of 72 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 72 (117 mg, 77%) was obtained as white solid.
[2]*'b=—14.80 (c = 0.84, CHCls); 1H NMR (300 MHz, CDCl):
07.46-7.42 (m, 2H, ArH), 7.36—7.25 (m, 13H, ArH), 5.59 (d, J = 5.1 Hz,
1H, H-1), 5.08 (d, J = 11.1 Hz, 1H), 5.00 (d, J = 10.8 Hz, 1H), 4.88 (d, J
=10.8 Hz, 1H), 4.81 (d, J =11.1 Hz, 1H), 4.74 (d, J = 11.1 Hz, 1H),
4.63-4.56 (m, 2H), 4.49 (d, J = 7.8 Hz, 1H), 4.35-4.25 (m, 4H),
4.15-4.10 (m, 2H), 3.77-3.65 (m, 2H), 3.54-3.44 (m, 3H), 2.78-2.72 (m,
2H, Lev-CH,), 2.62-2.58 (m, 2H, Lev-CH,), 2.20 (s, 3H, CH3CO), 1.52
(s, 3H, CHsC), 1.48 (s, 3H, CH3C), 1.35 (s, 3H, CH3C), 1.33 (s, 3H,
CH5C); 13C NMR (75 MHz, CDCls): §206.8, 172.9, 139.0, 138.9, 138.2,
129.0, 128.9, 128.8, 128.6, 128.5, 128.3, 128.0, 127.9, 109.8, 108.9,
104.9,96.8, 84.9,81.9,77.8, 77.6, 76.4, 75.4,74.8, 73.2,71.2, 71.8, 71.1,
70.8, 70.2,67.7, 63.7, 38.3, 30.3, 28.3, 26.43, 26.4, 25.4, 24.8; HRMS
(FAB): calcd for Cy4Hs4043 requires 790.3564; found: m/z = 790.3578
[M]".

For 1,2,3,4-di-O-isopropylidene-6-0-(2°,3,6’-tri-O-benzyl-4’-O-
levulinoyl-B-D-glucopyranosyl)-a-D-galactopyranose (73): Synthesis
of 73 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 73 (126 mg, 83%) was obtained as colourless
oil. [¢]*'o = —22.42 (c = 0.35, CHCl,); 1H NMR (300 MHz, CDCl5):
07.46-7.43 (m, 2H, ArH), 7.37-7.27 (m, 13H, ArH), 5.6 (d, J = 5.1 Hz,
1H), 5.09-4.99 (m, 2H), 4.86 (d, J = 11.7 Hz, 1H), 4.73 (d, J = 11.1 Hz,
1H), 4.67-4.59 (m, 2H), 4.55-4.51 (m, 3H), 4.35 (dd, J = 2.4, 5.1 Hz,
1H), 4.26 (dd, J = 1.5, 7.8 Hz, 1H),. 4.21-4.12 (m, 2H), 3.78 (dd, J = 7.2,
10.2 Hz, 1H), 3.66-3.50 (m, 5H), 2.62—-2.54 (m, 2H, Lev-CH,),
2.45-2.25 (m, 2H, Lev-CHj,), 2.13 (s, 3H, CH;CO), 1.53 (s, 3H, CH;C),
1.48 (s, 3H, CH5C), 1.35 (s, 6H, CH,C); 13C NMR (75 MHz, CDCly):
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0206.6,172.0, 139.0, 138.9, 138.5, 129.1, 128.71, 128.68, 128.64, 128.3,
128.0, 127.9, 109.8, 109.0, 104.7, 96.8, 81.9, 81.7, 75.4, 74.9, 74.0, 73.7,
71.8,71.4,71.2,70.9,69.9, 67.9, 38.2, 30.2, 28.3, 26.5, 26.4, 25.4, 24.9;
HRMS (ESI): calcd for C44Hs4043 requires 790.3564; found: m/z =
790.3568 [M]".

For 6-chlorohexyl 2,3,4-tri-O-benzyl-B-L-fucopyranoside (74):
Synthesis of 74 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 74 (93 mg, 80%) was
obtained as colourless oil. [¢]*'p = +5.52 (c = 0.32, CHCI;); 1H NMR
(300 MHz, CDCly): 67.41-7.27 (m, 15H, ArH), 5.01 (d, J = 11.7 Hz, 1H),
4.96 (d, J=11.1 Hz, 1H), 4.85-4.47 (m, 4H), 4.34 (d, J = 7.5 Hz, 1H),
3.97 (dt, J = 6.3, 9.6 Hz, 1H), 3.83 (dd, J = 7.8, 9.6 Hz, 1H), 3.59-3.44
(m, 6H), 1.81-1.64 (m, 4H), 1.51-1.37 (m, 4H), 1.20 (d, J = 6.3 Hz, 3H,
CHs); 13C NMR (75 MHz, CDCl5): §139.33, 139.08, 139.02, 128.95,
128.79, 128.68, 128.53, 128.43, 127.97, 127.91, 104.2, 82.97, 79.89,
77.69, 76.66, 75.49, 74.34, 73.58, 70.69, 69.99, 45.5, 32.95, 30.0, 27.1,
25.9; HRMS (Bio-ToFII): calcd for C33H,;ClOsNa requires 575.2540;
found: m/z = 575.2535 [M+Na]".

For 1,2,3,4-di-O-isopropylidene-6-0O-(2’-azido-3’,4°,6’-tri-O-
benzyl-2’-deoxy-B-D-glucopyranosyl)-a-D-galactopyranose (82):
Synthesis of 82 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 82 (114 mg, 83%) was
obtained as colourless oil. [] *'5 = —35.30 (c = 1.08, CHCI5); 1H NMR
(300 MHz, CDCl3): 67.42—7.30 (m, 13H, ArH), 7.22—7.19 (m, 2H, ArH),
5.6 (d,J=5.1Hz, 1H), 4.95 (d, J = 10.8 Hz, 1H), 4.84 (dd, J =5.7, 10.8
Hz, 1H), 4.67-4.55 (m, 4H), 4.48-4.46 (m, 1H), 4.36 (dd, J = 2.4, 4.8 Hz,
1H), 4.32 (dd, J = 1.2, 8.1 Hz, 1H), 4.1 (m, 2H), 3.88-3.66 (m, 4H),
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3.49-3.45 (m, 3H), 1.59 (s, 3H, CH3C), 1.49 (s, 3H, CHsC), 1.38 (s, 3H,
CH4C), 1.37 (s, 3H, CH,C); 13C NMR (75 MHz, CDCl,): §138.49,
138.46, 138.39, 128.88, 128.85, 128.81, 128.47, 128.3, 128.1, 109.7,
109.1, 102.9, 96.7, 83.5, 78.1, 75.9, 75.4, 74.0, 71.7, 71.1, 70.9, 69.2,
68.9, 68.0, 66.8, 26.5, 26.4, 25.4, 24.8; HRMS (Bio-ToFIl): calcd for
C3gH7N3O4oNa requires 740.3159; found: m/z = 740.3154 [M+Na]".

For 6-chlorohexyl 2-azido-3,6-di-O-benzyl-2-deoxy-B-D-
glucopyranoside (83): Synthesis of 83 was referred to the general
procedure of low concentration 1,2-trans -selective glycosylation. 83
(44 mg, 60%) was obtained as colourless oil. [¢]*'p= —32.28 (c = 0.3,
CHCI3); 1H NMR (300 MHz, CDCly): §7.43-7.29 (m, 10H, ArH), 4.96
(d, J = 11.4 Hz, 1H), 4.81 (d, J = 11.4 Hz, 1H), 4.65 (dd, J = 12.0, 4.8 Hz,
1H), 4.31 (d, J = 7.8 Hz, 1H), 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,); 13C NMR (75 MHz, CDCl5): §138.5, 138.0, 129.0, 128.8, 128.5,
128.4,128.2,128.1, 102.6, 82.8, 75.4, 74.3, 74.1, 72.4, 70., 70.4, 66.1,
454, 32.9, 29.7, 27.0, 25.6; HRMS (FAB): calcd for CsH34N3OsCINa
requires 504.2260; found: m/z = 504.2260 [M+Na]".

For 3-chlorohexyl 2-azido-3,6-di-O-benzyl-2-deoxy-B-D-
glucopyranoside (84): Synthesis of 84 was referred to the general
procedure of low concentration 1,2-trans [-selective glycosylation. 84
(83 mg, 79%) was obtained as colourless oil. 1H NMR (300 MHz,
CDCl,): 67.61-7.57 (m, 4H, ArH), 7.55-7.50 (m, 6H, ArH), 7.45-7.40
(m, 6H, ArH), 4.31 (dd, J =1.2, 12.3 Hz, 1H), 4.26 (d, J = 8.1 Hz, 1H),
4.15-4.08 (m, 2H), 3.98 (dd, J = 1.2, 12.3 Hz, 1H), 3.92 (d, J = 8.7 Hz,
1H), 3.82-3.66 (m, 2H), 3.42 (dd, J = 3.6, 10.2 Hz, 1H), 3.25 (m, 1H),
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2.21-2.03 (m, 3H); 13C NMR (75 MHz, CDCly): & 129.5, 128.8,
128.7,128.4, 128.2, 127.1, 126 .8, 126.7, 126.56, 126.2, 102.8, 101.5, 72.
8,72.1, 69.5, 66.9, 66.8, 62.6, 42.3, 32.9; LRMS (ESI): calcd for
C,7H,sN305CINa requires 532; found: m/z = 532 [M+Na]".

For 1,2,3,4-di-O-isopropylidene-6-0-[2°,3%,6’-tri-O-
benzyl-4’-0-(2”,3”,4”,6”-tetra-O-benzyl-B-D-galactopyranosyl)-B-D-
gulcopyranosyl)]-a-D-galactopyranose (85): Synthesis of 85 was
referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 85 (175 mg, 75%) was obtained as colourless
oil. [a]*'b = —15.38 (¢ = 2.07, CHCI,); 1H NMR (300 MHz, CDCl5):
57.49-7.18 (m, 35H, ArH), 5.62 (d, J = 5.1 Hz, 1H), 5.08-5.00 (m, 3H),
4.84-4.74 (m, TH), 4.64—-4.57 (m, 3H), 4.50—4.44 (m, 2H), 4.41-4.35 (m,
2H), 4.31-4.27 (m, 2H), 4.21-4.17 (m, 2H), 4.03-3.96 (m, 2H),
3.88-3.72 (m, 4H), 3.63-3.56 (m, 2H), 3.49-3.37 (m, 5H), 1.55 (s, 3H,
CHsC), 1.51 (s, 3H, CH3C), 1.37 (s, 6H, 2 x CH3); 13C NMR (75 MHz,
CDCly): 6139.6, 139.5, 139.4, 139.2, 139.0, 138.8, 138.5, 128.9, 128.81,
128.79, 128.68, 128.66, 128.52, 128.38, 128.30, 128.17, 128.11, 127.96,
127.86, 127.80, 127.46, 109.76, 109.02, 104.80, 103.17, 83.18, 82.98,
81.68, 80.40, 77.71, 75.79, 75.70, 75.51, 75.13, 74.97, 74.02, 73.83,
73.52,73.36, 72.97, 71.83, 71.18, 70.93, 69.91, 68.62, 68.51, 67.74,
26.50, 26.45, 25.49, 24.88; HRMS (FAB): calcd for C;3Hg,O1¢ requires
1214.5603; found: m/z = 1214.5608 [M]".

For 6-chlorohexyl 2,3,6-tri-O-benzyl-4-0-(2°,3,6-tri-O-
benzyl-B-D-galactopyranosyl)-B-D-glucopyranoside (86): Synthesis of
86 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 86 (168 mg, 80%) was obtained as white glassy
solid; [¢]*'5 = +15.23 (c = 0.52, CHCl,); 1H NMR (300 MHz, CDCl5):
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57.26-7.13 (m, 30 H, ArH), 4.90 (d, J = 10.8 Hz, 1 H), 4.80 (d, J = 11.1
Hz, 1 H), 4.70-4.55 (m, 6 H), 4.47 (d, J = 12.3 Hz, 1 H), 4.39-4.27 (m, 5
H), 3.94-3.81 (m, 3 H), 3.74-3.22 (m, 14 H), 2.36 (br, 1 H), 1.70-1.55
(m, 4 H), 1.37-1.30 (M, 4 H); 13C NMR (75 MHz, CDCl,): 5139.44,
139.00, 138.95, 138.65, 138.48, 138.25, 128.80, 128.71, 128.63, 128.61,
128.40, 128.27, 128.20, 128.13, 128.11, 128.01, 127.96, 127.89, 127.87,
127.81, 127.58, 103.93, 102.89, 83.22, 82.11, 81.43, 79.70, 77.60, 75.67,
75.57,75.42, 75.25, 73.83, 73.45, 73.06, 72.33, 70.09, 68.76, 68.63,
66.46, 45.38, 32.84, 29.93, 27.01, 25.81; HRMS (FAB): calcd for
CeoHeeClO1; requires 1000.4528; found: m/z =1000.4529 [M]".

For 6-chlorohexyl 2,3,6-tri-O-benzyl-4-0-(3’-O-benzoyl-2°,6-di-O-
benzyl-B-D-galactopyranosyl)-B-D-glucopyranoside (87):

Synthesis of 87 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 87 (235 mg, 83%) was
obtained as glassy solid; [¢]*'5 = —17.10 (c = 0.74, CHCI;) 1H NMR (300
MHz, CDCl3): §7.90 (d, J = 7.2 Hz, 2 H), 7.44 (t, J = 7.5 Hz, 1H),
7.30-7.18 (m, 19 H, ArH), 7.09-6.96 (m, 8 H, ArH), 5.50 (d, J = 3.0 Hz,
1 H), 5.00 (d, J = 10.5 Hz, 1 H), 4.83-4.45 (m, 8 H), 4.38-4.30 (m, 3 H),
4.13 (d, J=12.0 Hz, 1 H), 3.96 (t, J = 9.3 Hz, 1 H), 3.88-3.85 (m, 1 H),
3.76 (dd, J = 3.6, 11.1 Hz, 1 H), 3.69-3.64 (m, 2 H), 3.58-3.32 (m, 10 H),
2.45 (br, 1 H), 1.66-1.56 (m, 4 H), 1.36-1.31 (m, 4 H); 13C NMR (75
MHz, CDCl3): 6166.79, 139.36, 138.98, 138.54, 138.49, 138.11, 133.50,
130.19, 130.00, 128.78, 128.71, 128.63, 128.60, 128.37, 128.29, 128.23,
128.18, 128.15, 128.01, 127.98, 127.92, 127.87, 127.60, 103.99, 102.85,
83.14,81.97, 80.49, 77.60, 77.04, 73.78, 73.51, 73.02, 72.65, 70.61,
70.12, 68.48, 67.75, 63.06, 45.36, 32.84, 30.03, 29.92, 27.00, 25.81,
25.39; HRMS (FAB): calcd for CgoHggClO4, requires 1015.4399; found:
m/z = 1015.4394 [M+H]".
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For 3-chloropropyl 2,3-O-isopropylidene-4-0O-(2°,3°,4°-tri-O-
benzyl-6’-O-levulinoyl-B-D-galactopyranosyl)-B-L-rhamnopyranoside
(94): Synthesis of 94 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 94 (114 mg, 65%) was
obtained as yellow oil. [¢]*'p= —16.32 (c = 1.16, CHCI;); 1H NMR (300
MHz, CDCly): §7.46-7.29 (m, 15H, ArH), 5.03—4.95 (m, 3H), 4.87-4.75
(m, 4H), 4.69 (d, J = 11.7 Hz, 1H), 4.29-4.23 (m, 2H), 4.18-4.09 (m, 2H),
3.93-3.77 (m, 3H), 3.69-3.55 (m, 7H), 2.76-2.71 (m, 2H, Lev-CH,),
2.51-2.47 (m, 2H, Lev-CH,), 2.20 (s, 3H, CH3CO), 2.11-2.03 (m, 2H),
1.55 (s, 3H, CH3), 1.39-1.29 (m, 7H); 13C NMR (75 MHz, CDCl,):
0206.9, 172.8, 139.4, 139.0, 138.8, 128.8, 128.72, 128.66, 128.62, 128.5,
128.1, 128.0, 127.9, 127.8, 109.6, 102.6, 97.4, 82.7, 79.99, 79.3, 18.6,
76.3, 75.5, 74.8, 73.94, 73.87, 72.43, 42.1, 38.3, 32.7, 30.3, 28.3, 28.1,
26.8, 18.3; HRMS (ESI): calcd for C44Hs5ClO,Na requires 833.3274;
found: m/z = 833.3274 [M+Na]".

For methyl 2,3,6-tri-O-benzyl-4-0-(2°,3°,4’-tri-O-benzyl-6’-O-
levulinoyl-B-D-galactopyranosyl)-a-D-glucopyranoside (95): Synthesis
of 95 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 95 (122 mg, 63%) was obtained as white solid.
[2]*’b=+2.49 (c = 0.98, CHCI,); 1H NMR (300 MHz, CDCly):
57.47-7.22 (m, 30H, ArH), 5.06 (m, 2H), 4.88—4.77 (m, 5H), 4.75-4.59
(m, 5H), 4.37 (d, J = 12 Hz, 1H), 4.31(d, J = 7.8 Hz, 1H), 4.12 (d, J = 6.6
Hz, 1H), 3.99-3.70 (m, 6H), 3.65-3.52 (m, 3H), 3.47-3.32 (m, 5H), 2.73
(m, 2H, Lev-CH,), 2.53—-2.47 (m, 2H, Lev-CH,), 2.19 (s, 3H, CH;CO);
13C NMR (75 MHz, CDCls): §206.9, 172.6, 139.7, 139.3, 139.1, 138.94,
138.93, 138.5, 128.92, 128.82, 128.81, 128.78, 128.67, 128.59, 128.52,
128.45, 128.41, 128.36, 128.20, 128.16, 128.06, 128.02, 127.91, 127.88,
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127.82, 127.55, 103.05, 98.85, 82.79, 80.6, 80.3, 77.7, 76.9, 75.9, 75.6,
75.0,73.7,73.6, 73.2, 72.0, 70.4, 68.3, 63.1, 55.7, 38.3, 30.3, 28.3;
HRMS (ESI): calcd for CgoHesO13 requires 994.4503; found: m/z =
994.4506 [M]".

For 2-azidoethyl 2,3-di-O-allyl-4-0-(2°,3,4’-tri-O-benzyl-6°-O-
levulnoyl-B-D-galactopyranosyl)-B-D-galactopyranoside (96):
Synthesis of 96 was referred to the general procedure of low
concentration 1,2-trans p-selective glycosylation. 96 (117 mg, 60%) was
obtained as yellow oil. [¢]*'p= —1.98 (c = 0.74, CHCl5); 1H NMR (300
MHz, CDCl3): §7.50—7.48 (m, 2H, ArH), 7.38-7.28 (m, 18H, ArH),
5.97-5.86 (M, 2H), 5.39 (d, J = 1.2 Hz, 1H), 5.24-5.02 (m, 5H),
4.88-4.85 (m, 2H), 4.78-4.74 (m, 2H), 4.65-4.53 (m, 3H), 4.37 (d, J =
7.8 Hz, 1H), 4.25-3.99 (m, 8H), 3.87—3.67 (m, 5H), 3.64—3.37 (m, 7H),
2.75-2.70 (m, 2H, Lev-CH,), 2.51-2.47 (m, 2H, Lev-CH,), 2.19 (s, 3H,
CH5CO); 13C NMR (75 MHz, CDCls): §206.8, 172.8, 139.5, 139.1,
138.8, 135.6, 135.5, 128.77, 128.76, 128.67, 128.6, 128.4, 128.2, 128.0,
127.7,116.91, 116.88, 104.17, 103.4, 82.4, 81.6, 80.1, 79.6, 77.7, 75.3,
74.8,74.5,74.4,74.3,74.1,73.9,72.3,72.1,71.8, 70.7, 68.6, 63.7, 51.4,
38.2, 30.2, 28.1; HRMS (Bio-ToFIl): calcd for Cs3HgsN2O13Na requires
972.4253; found: m/z = 972.4253 [M+Na]".

For methyl 2,3,4-tri-O-benzyl-6-0-(2°,3°,4’-tri-O-benzyl-6’-O-
levulinoyl-B-D-glucopyranosyl)-a-D-glucopyranoside (97): Synthesis
of 98 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation. 97 (162 mg, 83%) was obtained as white solid.
[]?'5 = +20.57 (c = 1.03, CHCI3); 1H NMR (300 MHz, CDCly):
07.41-7.32 (m, 25H, ArH), 7.28-7.24 (m, 5H, ArH), 5.06—4.77 (m, 9H),
4.74-4.56 (m, 4H), 4.43-4.39 (m, 2H), 4.30 (dd, J = 4.2, 12 Hz, 1H),
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4.22 (d, J =10.5 Hz, 1H), 4.07 (t, J = 9.3 Hz, 1H), 3.90 (dd, J = 3, 9.9 Hz,
1H), 3.77-3.69 (m, 2H), 3.63-3.51 (m, 5H), 3.41 (s, 3H), 2.78-2.73 (m,
2H, Lev-CH,), 2.63-2.58 (m, 2H, Lev-CHy), 2.21 (s, 3H, CH3CO); 13C
NMR (75 MHz, CDCl3): 6206.8, 173.0, 139.3, 138.8, 138.7, 138.6,
138.2,128.95, 128.93, 128.88, 128.84, 128.81, 128.63, 128.58, 128.44,
128.40, 128.36, 128.32, 128.17, 128.10, 128.04, 104.2, 98.5, 85.2, 82.4,
80.2,78.4,77.9,76.2,76.1, 75.5,75.4,75.3, 73.8, 73.3, 70.2, 69.1, 63.7,
55.7, 38.3, 30.3, 30.2, 28.3; HRMS (ESI): calcd for CgoHesO13Na requires
1017.4401; found: m/z = 1017.4396 [M+Na]".

For (2°,3°,4°-tri-O-benzyl-6’-O-levulinoyl-a-D-galactopyranosyl)
N“-fluoren-9-yl methoxycarbonyl-L-serine allyl ester (98a): Synthesis
of 98a was referred to the general procedure of low concentration
1,2-trans B-selective glycosylation, but use only CH,Cl, as reaction
solvent. 98a (128 mg, 75%) was obtained as colourless oil. [¢]*'p = +8.63
(c =0.90, CHCl3); 1H NMR (300 MHz, CDCls): §7.80-7.78 (m, 2H,
ArH), 7.68-7.56 (m, 3H, ArH), 7.44-7.28 (m, 18H, ArH), 5.96-5.84 (m,
1H), 5.40-5.22 (m, 2H), 5.05-4.80 (m, 7H), 4.74—-4.59 (m, 4H),
4.51-4.39 (m, 2H), 4.34-4.04 (m, 5H), 4.02—3.81 (m, 3H), 2.79-2.64 (m,
2H, Lev-CHy), 2.60-2.45 (m, 2H, Lev-CH,), 2.16 (s, 3H, CH;CO); 13C
NMR (75 MHz, CDCl3): 6207.1, 172.95, 170.2, 156.5, 144.3, 141.7,
139.0, 138.8, 138.6, 132.0, 128.89, 128.82, 128.74, 128.3, 128.2, 128.14,
128.09, 127.95, 127.87, 127.52, 125.62, 125.59, 125.29, 120.41, 119.21,
99.8, 78.99, 77.67, 76.70, 75.09, 73.79, 73.73, 70.53, 69.73, 67.57, 66.70,
66.63, 64.22, 55.1, 47.5, 38.25, 38.19, 30.29, 30.23, 28.1; HRMS (ESI):
calcd for Cs3HssNOq,Na requires 920.3616; found: m/z = 920.3609
[M+Na]".

For (2°,3°,4°-tri-O-benzyl-6’-O-levulinoyl-B-D-galactopyranosyl)
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N®-fluoren-9-yl methoxycarbonyl-L-serine allyl ester (98b): Synthesis
of 98b was referred to the general procedure of low concentration
1,2-trans B-selective glycosylation. 98b (124 mg, 73%) was obtained as
white solid. []*’p = +1.37 (c = 0.85, CHCls); 1H NMR (300 MHz,
CDCly): 67.80-7.77 (m, 2H, ArH), 7.62-7.57 (m, 2H, ArH), 7.47-7.25
(m, 19H, ArH), 5.99-5.87 (m, 2H), 5.37 (d, J = 17.1 Hz, 1H), 5.25 (d, J =
10.5 Hz, 1H), 5.01 (d, J = 11.7 Hz, 1H), 4.93 (d, J = 10.8 Hz, 1H),
4.87-4.78 (m, 3H), 4.73-4.57 (m, 4H), 4.49-4.11 (m, 7H), 3.95-3.85 (m,
3H), 3.61-3.54 (m, 3H), 2.77-2.73 (m, 2H, Lev-CH,), 2.54-2.41 (m, 2H,
Lev-CH,), 2.2 (s, 3H, CH;C0); 13C NMR (75 MHz, CDCl5): §206.97,
172.9,170.1, 156.5, 144.36, 144.21, 141.66, 138.74, 138.62, 138.59,
131.94, 128.90, 128.86, 128.82, 128.77, 128.66, 128.22, 128.19, 128.13,
128.04, 127.55, 127.50, 125.74, 125.64, 120.36, 119.19, 104.8, 82.6, 79.3,
77.7,75.8,74.9,73.61, 73.37, 72.6, 70.4, 67.7, 66.7, 63.4, 55.1, 47.5,
38.3, 30.3, 28.2; HRMS (ESI): calcd for Cs3HssNO1,Na requires
920.3616; found: m/z = 920.3619 [M+Na]".

For 3-chloropropyl 2-O-benzyl-4,6-0O-benzylidiene-3-O-(2’-
azido-3’,4°,6’-tri-O-benzyl-2’-deoxy-B-D-glucopyranosyl)-B-D-
galactopyranoside (99): Synthesis of 99 was referred to the general
procedure of low concentration 1,2-trans 3-selective glycosylation. 99
(126 mg, 77%) was obtained as colourless oil. [@]*'p = +7.42 (c = 1.22,
CHCI,); 1H NMR (300 MHz, CDCly): §7.64-7.61 (m, 2H, ArH),
7.53-7.51 (m, 2H, ArH), 7.46-7.35 (m, 19H, ArH), 7.28-7.21 (m, 2H,
ArH), 5.60 (s, 1H, PhCH), 5.00—4.96 (m, 2H, =CH), 4.93-4.81 (m, 4H),
4.67-4.53 (m, 3H), 4.47 (d, J = 7.5 Hz, 1H), 4.36-4.33 (m, 2H),
4.17-3.98 (m, 3H), 3.9 (dd, J = 3.3, 9.9 Hz, 1H), 3.82—-3.57 (m, 7H),
3.48-3.40 (m, 3H), 2.18-2.09 (m, 2H); 13C NMR (75 MHz, CDCl5):
0138.9, 138.40, 138.38, 138.23, 129.13, 128.93, 128.88, 128.82, 128.78,
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128.53, 128.47, 128.45, 128.39, 128.35, 128.25, 128.20, 126.7, 104.2,
103.2, 100.98, 83.6, 78.96, 78.33, 38.21, 76.52, 75.94, 75.59, 75.56,
75.14, 73.88, 69.43, 69.30, 66.96, 66.77, 66.70, 42.35, 33.2; HRMS (ESI):
calcd for CsoHs4CINsO ogNa requires: 914.3395; found: m/z = 914.3390
[M+Na]".

For 1,2:3,4-di-O-isopropylidene-6-0-(2°,3’,4°,6°-tetra-O-
benzyl-a-D-mannopyranosyl)-a-D-galactopyranose (103): Synthesis of
103 was referred to the general procedure of low concentration 1,2-trans
B-selective glycosylation.103 (128 mg, 85%) was obtained as colourless
oil. [¢]*'5 = —46.11 (c = 0.75, CHCl5); 1H NMR (300 MHz, CDCls):
57.42-7.25 (m,18H, ArH), 7.19-7.16 (m, 2H, ArH), 5.55 (d, J = 5.1 Hz,
1H, H-1), 5.05 (d, J = 1.8 Hz, 1H), 4.90 (d, J = 10.5 Hz, 1H), 4.75-4.69
(m, 3H), 4.63-4.51 (m, 5H), 4.35 (dd, J = 7.5, 5.1 Hz, 1H), 4.19 (dd, J =
1.8, 8.1 Hz, 1H), 4.08-3.91 (m, 3H), 3.86-3.69 (m, 6H), 1.52 (s, 3H,
CH5C), 1.45 (s, 3H, CH3C), 1.35 (s, 6H, CH3); 13C NMR (75 MHz,
CDCl,): 6138.9, 138.88, 138.82, 138.75, 128.7, 128.4, 128.2, 128.0,
127.98, 127.94, 127.88, 127.84, 109.7, 108.9, 97.6, 96.7, 80.4, 77.6, 75.5,
75.2,74.9,73.7,72.7,72.4,71.3, 71.0, 70.9, 69.4, 65.7, 65.6, 26.5, 26.3,
25.3, 24.9; HRMS (ESI): calcd for C4sH5,01:Na requires 805.3564, found:
m/z = 805.3558 [M+Na]".

For methyl 2,3,4-tri-O-benzyl-6-0-(2',3',4'-tri-O-benzyl-B-D-
glucopyranosyl)-a-D-glucopyranoside (97a): Disaccharide 97a (410 mg,
0.4 mmol) in 1:2 v/v CH,Cl,-MeOH solution (8 mL) was treated with a
piece of freshly cut sodium (ca. 5 mg) at RT. Upon completion of
deacetylation, the mixture was neutralized with resin IR-120H", filtered,
and concentrated for column chromatography (elution:
hexane/EtOAc/toluene = 1/1/1) to furnish the disaccharide 97a as white
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glassy solid (350 mg, 95%); [e]*'b= +17.13 (c = 0.78, CHCIl5); 1H NMR
(300 MHz, CDCly): §7.41-7.34 (m, 25H, ArH), 7.28-7.22 (m, 5H, ArH),
5.06—4.93 (m, 4H), 4.90-4.80 (m, 5H), 4.76-4.67 (m, 4H), 4.57 (d, J =
11.4 Hz, 1H), 4.45 (d, J = 7.8 Hz, 1H), 4.17 (d, J = 10.5 Hz, 1H), 4.06 (t,
J =9.3 Hz, 1H), 3.92-3.85 (m, 2H), 3.79-3.50 (m, 8H), 3.42—-3.40 (m,
4H); 13C NMR (75 MHz, CDCls): 6139.2, 138.84, 138.76, 138.65,
138.54, 138.39, 128.96, 128.93, 128.86, 128.83, 128.62, 128.51, 128.46,
128.41, 128.35, 128.27, 128.10, 128.05, 104.2, 98.6, 85.0, 82.43, 82.41,
80.2, 78.2, 76.2, 75.56, 75,54, 75.42, 75.36, 73.84, 70.2, 69.1, 62.4, 55.7,
HRMS (ESI): calcd for CgoHesO13Na requires 919.4033; found: m/z =
919.4030 [M+Na]".

For methyl 2,3,4-tri-O-benzyl-6-O-[2',3',4'-tri-O-
benzyl-6'-O-(2”,3”,4”-tri-O-benzyl-6-O-levulinoyl-B-D-
glucopyranosyl)-B-D-glucopyranosyl]-1-a-D-glucopyranoside,
protected B-(1—6) derivative (106): Disaccharide acceptor 97a (derived
from 97 by Zemplén deacylation, 120 mg, 0.13 mmol), glycosyl donor 65
(105 mg, 0.16 mmol) and flame-dried molecular sieve (AW300, 300 mg)
were suspended ina 1:2:1 v/v CH,Cl,-CH;CN-EtCN (13 mL) solution
under N,. The resulting mixture was stirred at RT for 5 min and at —70°C
for another 20 min; then, NIS (38 mg, 0.17 mmol) and TMSOTT (6 uL,
0.032 mmol) were added. Upon completion of glycosylation as monitored
by TLC, saturated NaHCO3 (0.1 mL) and slumps of Na,S,05) were
added to the mixture, followed by vigorous stirring at RT until the deep
red color of the solution turned to pale yellow. MS was then removed by
filtration over celite, and the filtrate was dried (over MgSQ,), filtered, and
concentrated for flash chromatography purification (elution:
hexane/CH,CI,/EtOAc = 6/3/1) to furnish desired trisaccharide 106 as
colorless oil (134 mg, 70%); []*'b= +16.92 (c = 2.84, CHCI5); 1H NMR
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(300 MHz, CDCl): §7.38-7.21 (m, 43H, ArH), 7.19-7.16 (m, 2H, ArH),
5.08-4.75 (m, 16H), 4.74-4.45 (m, 9H), 4.39-4.12 (m, 6H), 4.00 (t, J =9
Hz, 1H), 3.80-3.35 (m, 17H), 3.2 (s, 3H, OCHy), 2.75-2.70 (m, 2H,
Lev-CH,), 2.62-2.56 (m, 2H, Lev-CH,), 2.19 (s, 3H, CH;CO); 13C NMR
(75 MHz, CDCl3): 6206.7, 172.96, 139.3, 138.86, 138.84, 138.77, 138.70,
138.57, 138.42, 138.27, 128.90, 128.86, 128.84, 128.80, 128.76, 128.58,
128.52, 128.44, 128.38, 128.34, 128.27, 128.14, 128.10, 128.08, 127.99,
127.96, 104.3, 103.9, 98.5, 85.2, 85.1, 82.4, 82.3, 80.0, 78.6, 78.2, 77.8,
77.7,76.14, 76.09, 75.6, 75.42, 75.37, 75.23, 75.11, 73.75 73.26, 70.1,
69.0, 68.6, 63.7, 55.7, 38.2, 30.3, 28.3. HRMS (Bio-ToFlII): calcd for
Cg7H0401gNa requires 1449.6332; found: m/z = 1449.6332 [M+Na]".

For 6-chlorohexyl 2,3,6-tri-O-benzyl-4-0O-[2,3,6-tri-O-
benzyl-4-0-(2,3-di-O-benzyl-4,6-O-di-tert-butylsilylidene-a-D-
galactopyranosyl)-B-D-galactopyranosyl]-B-D-glucopyranoside,
protected Ghb; derivative (108): Thiolactosyl donor 80 (330 mg, 0.33
mmol), 6-chlorohexanol 60 (90 mg, 0.66 mmol) and flame-dried
molecular sieves (AW300, 400 mg) was suspended ina 1:2:1 v/v
CH,Cl,-CH;CN-EtCN (32 mL) solution at RT. The resulting mixture was
stirred at RT for 10 min and at —70°C for another 20 min; then, NIS (77
mg, 0.34 mmol) and TMSOTT (12 puL, 0.066 mmol) were added
separately. Upon completion of glycosylation as judged by TLC,
saturated NaHCO; (1 v/v% of reaction volume) and a small lumps of
Na,S,05(s) were added to the reaction mixture, followed by vigorous
stirring at RT until the red color of solution turned to pale yellow. The
resulting crude was filtered over celite, and diluted with CH,CI, (40 mL x
1). The CH,Cl, solution was washed with H,O (15 mL x 1), brine (15 mL
x 1), dried (over MgSQOy,), filtered, concentrated and dried under reduced

vacuo for > 2 h. The resulting residue was dissolved in CH,Cl, (5 mL),
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followed by addition of thiogalactopyranosyl donor 107 (500 mg, 0.82
mmol) and flame-dried molecular sieves (AW300, 900 mg). The resulting
mixture was stirred at RT for min and at —10°C for additional 20 min,
followed by addition of NIS (1.88 mg, 0.83 mmol) and TMSOTT (30 pL,
0.17 mmol). The mixture was stirred at —10°C under N, and reaction was
monitored by TLC. Upon completion of glycosylation as assessed by
TLC, saturated NaHCO; (1 v/v% of reaction volume) and a small lumps
of Na,S,0;3 () were added, followed by similar workup procedure as
described in preparation of compound 106. The resulting CH,ClI, solution
was concentrated for flash column chromatography over silica gel
(elution: hexane/CH,CI,/EtOAc = 7/2/1) to furnish the expected
trisaccharide 108 as yellow oil (248 mg, 75% from 80); [¢]*"p = +46.47
(c = 1.06, CHCI3); 1H NMR (300 MHz, CDCl,): §7.11-7.03 (m, 40 H,
ArH), 4.97 (d, J = 11.4 Hz, 1H), 4.86 (d, J = 3.0 Hz, 1H), 4.80—4.14 (m,
19H), 4.02-3.62 (m, 11H), 3.54-3.14 (m, 10H), 1.64—1.53 (m, 4H, 2 x
CH,), 1.33-1.32 (m, 4H, 2 x CH,), 0.91 (s, 9H, t-Bu), 0.88 (s, 9H, t-Bu);
13C NMR (75 MHz, CDCl5): 6139.60, 139.43, 139.01, 138.98, 138.88,
138.83, 138.69, 138.54, 128.80, 128.72, 128.67, 128.63, 128.58, 128.49,
128.16, 128.07, 128.03, 127.97, 127.94, 127.85, 127.78, 127.66, 127.61,
127.56, 103.86, 100.33, 82.75, 82.05, 81.35, 79.31, 78.36, 77.60, 75.39,
75.22,74.34, 73.98, 73.59, 73.51, 73.45, 73.40, 72.45, 71.33, 70.75,
70.06, 68.70, 67.88, 67.78, 67.40, 45.36, 32.83, 30.03, 29.91, 28.06,
27.96, 27.86, 27.75, 26.85, 27.65, 26.99, 25.80, 23.66, 21.00; HRMS
(ESI): calcd CggH10sClO46Si requires 1483.7095; found: m/z = 1483.7090
[M+H]".

For 6-chlorohexyl 4-O-[4-O-(a-D-galactopyranosyl)-p-D-
galactopyranosyl]-B-D-glucopyranoside, Gb; derivative, (109):
Protected Gb; 108 (270 mg, 1.82 mmol) was treated with TBAF (1 M in
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THF, 1.8 mL), AcOH (95%, 0.25 mL), and THF (5 mL). After stirring at
RT for 13 h, the reaction was diluted with CH,ClI, (40 mL), washed with
H,O (15 mL x 2), dried (over MgSQ,), filtered, concentrated for next
steps.’ The resulting residue (ca.200 mg) rom previous step was
dissolved in a mixture of 5% Pd/C (100 mg), formic acid (0.35 mL), and
MeOH (7 mL) at RT. The reaction mixture was then stirred under H, for
14 h at RT. Upon completion of hydrogenolysis as assessed by TLC, the
mixture was filtered over celite, concentrated and then purified by flash
column chromatography over C-18 coated reverse phase gel (cosmosil
75C18-0OPN) (elution: H,O/MeOH gradient from 1/0 to 4/1) to furnish
the desired trisaccharide109 as white glassy solid (67 mg, 60% from 108);
[@)*’b=+33.5 (¢ = 0.20, MeOH); 1H NMR (300 MHz, CD;0D): §4.90
(d, J=3.9 Hz, 1H), 4.45 (t, J = 8.3 Hz, 2H), 4.32 (t, J = 6.5 Hz, 1H),
3.99-3.50 (m, 20H), 3.25 (t, J = 8.4 Hz, 1H), 1.79-1.70 (m, 2H, CH,),
1.65-1.56 (m, 2H, CH,), 1.46-1.35 (m, 4H, 2 x CH,); 13C NMR (75
MHz, CD;0D): 6 103.56, 102.28, 100.60, 78.89, 77.62, 75.73, 75.10,
74.23,72.43, 71.19, 71.09, 70.84, 69.62, 69.20, 68.85, 60.76, 60.67,
60.32, 45.93, 32.07, 28.87, 26.09, 24.62; HRMS (ESI): calcd
C24H43CINaO1g requires 645.2132; found: m/z = 645.2132 [M+Na]".

For 6-chlorohexyl 2,3,6-tri-O-benzyl-4-O-[2,6-di-O-benzyl-4-O-
benzoyl-3-0-(2,3-di-O-benzyl-4,6-O-di-tert-butylsilylidene-o-D-
galactopyranosyl)-B-D-galactopyranosyl]-B-D-glucopyranoside,
protected isoGb; (110): A mixture of thiolactosyl donor 81 (280 mg,
0.28 mmol), 6-chlorohexanol 60 (76 mg, 0.56 mmol) and flame-dried
molecular sieves (AW300, 330 mg) was suspended in 1:2:1
CH,Cl,-MeCN-EtCN (28 mL) at RT under N,. The mixture was stirred at
RT for 10 min under N, and at —70°C for additional 20 min; then,
followed by addition of NIS (67 mg, 0.29 mmol) and TMSOTT (10 pL,

-182 -



0.056 mmol). Upon completion of glycosylation, saturated NaHCO; (1
vIv% of reaction volume) and a small lumps of Na,S,03 () were added to
the reaction mixture, followed by similar workup procedure as described
In preparation of compound 106. The crude residue obtained was dried
under vacuo for >2 h and was then dissolved in CH,CI, (4 mL). To the
CH,Cl, solution was added thiogalactopyranosyl donor 107 (436 mg, 0.72
mmol) and flame-dried molecular sieves (AW300, 700 mg) under N,. The
resulting mixture was stirred at —10°C for 20 min, and then followed by
addition of NIS (180 mg, 0.79 mmol) and TMSOTT (29 uL, 0.16 mmol).
Upon completion of reaction as assessed by TLC, saturated NaHCO; (1
v/v% of reaction volume) and a small lumps of Na,S,05 ), followed by
similar workup procedure as described in preparation of compound 106.
The crude residue was purified by flash column chromatography on silica
gel (elution: hexane/CH,CI,/EtOAc = 15/5/1) to furnish expected
trisaccharide 110 as yellow oil (292 mg, 70%); [¢]*'b = +56.13 (c = 0.62,
CHCI3); 1H NMR (300 MHz, CDCls): §7.95 (d, J = 7.2 Hz, 2H, ArH),
7.46 (t, J = 7.5 Hz, 1H, ArH), 7.35-7.19 (m, 29H, ArH), 7.14—7.08 (m,
6H, ArH), 7.04—7.00 (m, 2H, ArH), 5.81 (d, J = 2.7 Hz, 1H), 5.28 (d, J =
3.3 Hz, 1H), 5.09 (d, J = 10.8 Hz, 1H ), 4.93—-4.60 (m, 8H), 4.55-4.36 (m,
8H), 4.24 (d, J = 12.0 Hz, 1H), 4.11-4.07 (m, 1H), 3.97-3.83 (m, 6H),
3.73-3.59 (m, 6H), 3.49-3.37 (m, 6H), 1.74-1.65 (m, 4H, 2 x CH,),
1.43-1.41 (m, 4H, 2 x CH,), 0.95 (s, 9H, t-Bu), 0.92 (s, 9H, t-Bu); 13C
NMR (75 MHz, CDCl3): 6165.90, 139.41, 139.24, 138.95, 138.90,
138.66, 138.44, 138.12, 133.18, 130.25, 130.09, 128.73, 128.63, 128.58,
128.49, 128.34, 128.33, 128.25, 128.24, 128.17, 128.07, 128.01, 127.91,
127.87,127.81, 127.80, 127.75, 127.61, 127.57, 127.33, 103.94, 103.10,
94.00, 83.11, 81.91, 79.71, 77.60, 77.31, 75.67, 75.49, 75.27, 73.85,
73.63, 73.58, 73.26, 72.79, 70.74, 70.51, 70.06, 68.62, 67.91, 67.09,
66.97, 66.19, 45.30, 32.80, 29.89, 27.91, 27.53, 26.96, 25.77, 23.62,
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20.87; HRMS (ESI): calcd CggH195CINaO47Si requires 1519.6707; found:
m/z = 1519.6702 [M+Na]".

For 6-chlorohexyl 4-O-[3-O-(a-D-galactopyranosyl)-B-D-
galactopyranosyl-B-D-glucopyranoside, isoGb; derivative (111):
Protected isoGb; 110 (280 mg, 1.87 mmol) was treated with TBAF (1 M
in THF, 1.8 mL), AcOH (95%, 0.25 mL), and THF (5 mL). After stirring
at RT for 13 h, the reaction was diluted with CH,Cl, (40 mL), washed
with H,O (15 mL x 2), dried over MgSQ,, filtered, and concentrated for
next steps.*?% The resulting crude (ca.200 mg) dissolved in 1:2 v/v
MeOH-THF (3 mL) was treated with 2 N NaOH (2 mL), followed by
stirring at 60°C for 36 h. Upon completion of benzoyl ester removal, the
mixture was diluted with CH,Cl, (40 mL), and the solution was then
washed with 1 N HCI (15 mL x 1), H,O (15 mL x 1), brine (15 mL x 1),
dried over MgSQy, filtered, concentrated for the next hydrogenolysis. The
resulting slurry was dissolved in a mixture of 5% Pd/C (100 mg), formic
acid (0.35 mL), and MeOH (7 mL) at RT and was stirred under H, for 16
h.  Upon completion of hydrogenolysis as assessed by TLC, the reaction
mixture was filtered over celite, concentrated and then purified by
column chromatography on C-18 coated reverse phase silica gel
(Cosmosil 75C18-OPN) (elution: H,O/MeOH gradient from 1/0 to 4/1) to
furnish desired trisaccharide 111 as glassy solid (64 mg, 55% from 110);
[2]*'b=+53.00 (c = 0.80, MeOH); 1H NMR (300 MHz, CD;0D): §5.07
(s, 1H), 4.45 (d, J = 6.6 Hz, 1H), 4.32 (d, J = 7.8 Hz, 1H), 4.24 (t, J = 6.3
Hz, 1H), 4.07 (s, 1H), 3.96-3.53 (m, 18H), 3.44—3.42 (m, 1H), 3.34-3.32
(m, 1H), 3.27 (t, J = 8.1 Hz, 1H), 1.84-175 (m, 2H, CH,), 1.71-1.62 (m,
2H, CH,), 1.48-1.43 (m, 4H, 2 x CH,), 13C NMR (75 MHz, CD;0D):
0105.03, 104.16, 97.66, 80.99, 79.83, 76.57, 716.42, 716.35, 714.67, 712.22,
71.30, 71.08, 70.98, 70.73, 70.11, 66.60, 62.71, 62.42, 61.96, 45.71,
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33.71, 30.56, 27.69, 26.32; HRMS (ESI): calcd C,4H,sClO;Na requires
645.2132; found: m/z = 645.2132 [M + Na]".

For p-Tolyl 3,4,6-tri-O-benzyl-1-B-D-thiogalactopyranoside (113):

AcO
AcO _0Ac ogc
Acz0, HSO4 g% 2,6-lutidine, TBAB, AcO 1. Na, MeOH
D-galactose ——— > AcO
then HBracon) ACO MeOH, CH;CN Oo 2. BnBr, NaH, DMF
Br
OMe
BnO _0Bn BnO _0OBn BnO _0OBn
O HSTol, BF; OEt, o Na, MeOH o)
BnO — > BnO STol BnO STol

O O CH2C|2, '5 OC OAC OH

113
OMe

D-Galactose (5 g, 27.8 mmol) is treated with Ac,O (16 mL, 0.174
mmol) and H,SO, (0.18 mL, 3.3 mmol, dissolved in 5 mL CH3CN) as
described in Chapter-1. Upon completed, HBr (33% in AcOH, ) is added
into the reaction crude at 0 °C under N,. After completion, the reaction
crude is diluted with CH,Cl, (50 mL), and then washed with saturated icy
NaHCO;(q) (50 mLx4) and brine (30 mL). The neutralized crude is dried
(MgSO0,), filtered, and concentrated under vacuum ar RT for 3 hours to
afford per-O-acetyl galactosyl bromide (9.7 g, 23.6 mmol) under one-pot
acetylation-bromination operation.

The resulting bromide (9.5 g, 23.2 mmol) is then treated with
2,6-lutidine (6.7 mL, 58 mmol), TBAB (tetra-butyl ammonium bromide,
8 g, 23.2 mmol), and MeOH (3.8 mL, 93 mmol) in CH;CN (60 mL) at RT
under N, for 12 h. Upon completion, the crude is treated extracted with
EtOAc (80 mL) and sat. icy NaHCOgz(,q (50 mL), dried over NaSO,,
filtered, concentrated, and then purified with column chromatography
(SiO,, hexane/AcOEt = 5:1 to 1:1, 2% Et;N) to afford galactosyl
oethoester product as colourless syrup (7.2 g, 19.9 mmol).

The per-O-acetyl galactosyl orthoester (7g, 19.3 mmol) is following
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treated with MeOH (40 mL) and Nag (45 mg, 1.93 mmol) at RT to
remove all acetyl groups. After reaction completed, the crude is
concentrated under vacuum for 3 hours. The resulting mixture is then
dissolved in dry DMF (50 mL). NaH (60% in mineral oil, 4.5 g, 112.5
mmol) and BnBr (8 mL, 67 mmol) are added into the solution described
above at 0 °C under N,. (Beware of H, releasing!) After completed, the
crude is poured into a icy mixture of ether (120 mL) and sat. NaHCO3,
(30 mL). After extraction, the separated organic layer is then collected,
dried over MgSQ,, filtered, concentrated, and then purified with column
chromatography (SiO,, hexane/AcOEt = 7:1 to 2:1, 2% Et;N) to afford
3,4,6-tri-O-benzyl-D-galactosyl orthoester as white solid (7.7g, 15.2
mmol).

The purified galactosyl orthoester (7 g, 13.8 mmol) is then dissolved
in dry CH,CI, (18 mL) under N,. HSTol (p-thiocresol, 2.2 g, 18 mmol)
and BF3.Et,O (3 mL, 23.5 mmol) are added into the solution at -5 °C
under N,. Upon completion judged by TLC, the crude is diluted with
CH,CI; (30 mL), and then washed with sat. NaHCO3q) (20 mLx2), brine
(20 mL), dried (MgSQ,), filtered, concentrated, purified with column
chromatography (SiO,, hexane/AcOEt/CH,CI, = 8:1:1 to 2:1:1) to afford
p-tolyl 2-O-acetyl-3,4,6-tri-O-benzyl-B-D-thiogalactopyranoside (4.96 g,
8.3 mmol). The thiogalactoside is treated with MeOH (30 mL) and Na
(20 mg, 0.19 mmol) at RT to remove acetyl group. Upon completed, the
reaction crude is neutralized with resin IR-120H, filtered, concentrated as
white solid (4.3 g, 7.9 mmol, 30% from D-galactose); 1H NMR (300
MHz, CDCl,): 67.51-7.49 (d, J = 7.8 Hz, 2H, ArH), 7.44-7.30 (m, 15H,
ArH), 7.07-7.05 (d, J = 7.8 Hz, 2H, ArH), 4.96-4.92 (d, J = 11.7 Hz, 1H),
4.80-4.70 (m, 2H), 4.64-4.60 (d, J = 11.7 Hz, 1H), 4.56-4.46 (m, 3H),
4.05-3.99 (m, 2H), 3.73-3.66 (m, 3H), 3.54-3.49 (dd, J = 2.7, 9.3 Hz,
1H), 2.58 (brs, 1H, OH), 2.34 (s, 3H, ArCHs); 13C NMR (75 MHz,
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CDCl3): 6139.1, 138.5, 138.3, 138.2, 129.0, 128.97, 128.88, 128.74,
128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 89.2, 83.6, 78.0, 74.8,
74.0,73.7,72.8, 69.5,69.1, 21.6.

For 1-N-2-0-3,4,6-tri-O-benzyl-1-a-D-galatopyranosyl oxazoline (114):
Add NIS (67 mg, 0.29 mmol) and TMSOTTf (10 pL, 0.05 mmol) into a
cooled solution of 113 (150 mg, 0.27 mmol) in a mixed solvent system of
CH,CI, and CH5CN (1:3 v/v, 27 mL) at —70 °C under N,. After completed,
add NEt; (0.1 mL, 0.78 mmol) into reaction. The crude is extracted with
EtOAc (10 mL) and sat. NaHCOsq) (10 mL), dried (MgSO.,), filtered,
concentrated, and then purified with column chromatography (SiO, gel,

hexane/AcOEt = 4:1 to 2:1, 2% Et;N) tp afford the galactosyl oxazoline
as colourless oil (55%); 1H NMR (300 MHz, CDCls): 67.51-7.49 (d, J =

7.8 Hz, 2H, ArH), 7.40-7.26 (m, 15H, ArH), 5.75 (d, J = 5.7 Hz, 1H),
4.95 (d, J = 11.5 Hz, 1H), 4.79-4.61 (m, 4H), 4.64-4.60 (d, J = 11.7 Hz,
1H), 4.53 (d, J = 11.8 Hz, 1H), 4.46 (d, J = 11.85.7 Hz, 1H), 4.11-4.09
(m, 1H, H-4), 4.03-4.00 (m, 1H, H-5), 3.77-3.59 (m, 3H), 2.04 (s, 3H,
CH;); 13C NMR (75 MHz, CDCl;): §169.4, 138.64, 138.25, 138.08,

128.67, 128.62, 128.54, 128.11, 128.02, 127.95, , 127.90, 127.83, 93.47,
82.51,79.76, 74.8, 73.99, 73.70, 73.42, 71.55, 68.20, 14.92.

Preparation and spectroscopic data of glycosyl substrates 57, 57a,
61-66, 74, 76-81, 88-93, 100 and 107:

For p-tolyl 2,3,4-tri-O-benzyl-6-O-levulinoyl-1-B-D-
thiogalactopyranoside (57):
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Ph
o
o)

BH3, THF, BnO _OH levulinic acid’ BnO _OLev
0 Cu(OTH,, o occ o
BnO STol ref.s3 BnO STol ref.s4 BnO STol
64 OBn ’ OBn ’ 57 OBn

White solid (82% over 2 steps); [a]*o= —3.90 (c = 1.3, CHCI5); 1H
NMR (300 MHz, CDCl): 67.51 (d, J = 8.1 Hz, 2 H, ArH), 7.45-7.28 (m,
15 H, ArH), 7.05 (d, J = 8.1 Hz, 2 H, ArH), 5.02 (d, J = 11.4 Hz, 1H),
4.87-4.76 (m, 4H), 4.67 (d, J = 11.4 Hz, 1H), 450 (d, J = 9.6 Hz, 1H,
H-1), 4.30 (dd, J = 4.2, 11.1 Hz, 1H, H-6), 4.20 (dd, J = 5.1, 11.1 Hz, 1H,
H-6), 3.98-3.92 (m, 2H), 3.66-3.60 (m, 2H), 2.74 (t, J = 6.3 Hz, 2H,
Lev-CH,), 2.54 (t, J = 6.3 Hz, 2H, Lev-CH,), 2.34 (s, 3H, ArCHy), 2.20 (s,
CH5CO); 13C NMR (75 MHz, CDCl,): §206.9, 172.8, 138.8, 138.7,
138.6, 132.7, 130.5, 129.9, 128.9, 128.8, 128.7, 128.5, 128.2, 128.1, 88.4,
88.5, 77.7, 76.2, 76.1, 74.7, 73.6, 73.4, 38.3, 30.3, 28.2, 21.6; HRMS
(Bio-ToFIl): calcd for Cs9H4,0O,SNa requires 677.2543; found: m/z =
677.2543 [M+Na]".

For p-tolyl 2,3,4-tri-O-benzyl-6-O-levulinoyl-1-a-D-
thiogalactopyranoside (57a):

BnO _OLev
BnO OH 1. Ac,O, pyridine BnO OAc 1. NaOMe o
Bnog&STOI 2.NBS, wetacetone -0 2. levulinic acid, DCC  BnO
3. Ac,0, pyridine oB STol ; BnOg
s1 OBn n ref.s4 570 [o)

4. HSTol, BF; OEt, s2

The thiogalactoside s1 (800 mg, 1.44 mmol) was treat with Ac,O
(0.16 mL, 1.73 mmol) and pyridine (0.18 mL, 2.2 mmol) at RT. Upon
acetylation completed, the reaction crude was diluted with EtOAc (10
mL) , then sequentially washed with saturated NaHCO; (10 mL x 2), 0.5
N HCl)(10 mL x 2), brine (10 mL x 1), dried (MgSQO,), filtered and

concentrated as colorless oil. Then the resulting product was treated
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with NBS (700 mg, 3.9 mmol) in 10:1 v/v acetone-water mixture (6 mL)
at RT for 30 min. Upon complition, thereaction was neutralized with NEts,
concentrated, extracted with saturated NaHCO; (10 mL) and CH,CI, (20
mL). The organic layer was washed with brine (10 mL x 1), dried
(MgSO0,), filtered and concentrated to afford the galactosyl hemiacetal as
oil. The resulting hemiacetal was treated with Ac,0O (0.13 mL, 1.18 mmol)
and pyridine (0.14 mL, 1.71 mmol) at RT. Upon completion of
acetylation, the reaction crude was diluted with EtOAc (10 mL), then
sequentially washed with saturated NaHCO; (10 mL x 2), 0.5 N
HCla(10 mL x 2), brine (10 mL x 1), dried (MgSQ,), filtered,
concentrated, and then purified with column chromatography
(hexane/EtOAc = 5/1 to 2/1) to afford the protected galactoside as
colorless oil (510 mg, 66% from s1).

Purified galactopyranosyl acetate s2 (500 mg, 0.94 mmol) from
previous step was treated with p-thiocresol (140 mg, 1.13 mmol), boron
triflouride diethyl etherate (BF3.OEt,, 0.2 mL, 1.59 mmol), and CH,CI, (3
mL) under N, at —10°C. Upon completion of thioglycosidation, the
reaction was quenched with NEt;, concentrated for column
chromatography (hexane/EtOAc = 5/1 to 2/1) to afford the
thiogalactoside s3 (77% vyield, a-anomer: 174 mg, p-anomer: 255 mg).
o-Thiogalactopyranoside (385 mg, 0.64 mmol) was treated with Na(8
mg), MeOH (1 mL) and CH,Cl, (4 mL) at RT. Upon complete
deacetylation, the reaction ws neutralized with acid resin IR-120H",
filtered, concentrated under vacuo for 2 h to afford oily crude. The crude
residue was then treated with levulinic acid (0.08 mL, 0.77 mmol),
N,N-dicyclohexylcarcodiimide (DCC, 166 mg, 0.80 mmol),
4-(dimethylamino) pyridine (DMAP, 15 mg, 0.12 mmol), and CH,CI, (5
mL) under N, at RT. Upon completion of coupling, the reaction crude

was neutralized with a drop of NEtz, and then filtered over celite. The
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filtrate was concentrated for column purification to afford the expected
thiogalactopyranoside 57a as white solid (358 mg, 85% from s2). For
tolyl 2,3,4-tri-O-benzyl-6-O-levulinoyl-1-a-D-thiogalactopyranoside
(570): [@)*'b= +127.9 (c = 1.2, CHCIl,); 1H NMR (300 MHz, CDCly): §
7.51-7.32 (m, 17H, ArH), 7.18 (AB, J = 8.1 Hz, 2H, ArH), 5.77 (d, J =
5.4 Hz, 1H, H-1), 5.07 (d, J = 11.4 Hz, 1H), 4.99 (d, J = 11.7 Hz, 1H),
4.90-4.77 (m, 3H), 4.72 (d, J = 11.4 Hz, 1H), 4.54 (t, J = 6 Hz, 1H), 4.46
(dd, J = 5.4, 9.9 Hz, 1H), 4.28 (dd, J = 7.2, 11.1 Hz, 1H), 4.31(dd, J = 5.1,
11.4 Hz, 1H), 4.00 (s, 1H), 3.93 (dd, J = 2.7, 9.9 Hz, 1H), 2.73-2.68 (m,
2H, Lev-CH,), 2.53-2.49 (m, 2H, Lev-CH,), 2.39 (s, 3H, ArCH), 2.19 (s,
3H, CH3CO); 13C NMR (75 MHz, CDCl5): 6206.9, 172.8, 139.1, 138.7,
138.5, 137.7, 132.7, 130.9, 130.2, 128.9, 128.86, 128.84, 128.80, 128.5,
128.3, 128.1, 128.06, 88.0, 79.7, 76.9, 75.2, 75.1, 74.1, 73.1, 69.8, 63.9,
38.3, 30.3, 28.2, 21.6; HRMS (ESI): calcd for CszH4,O;SNa requires
677.2543; found: m/z = 677.2543 [M+Na]".

For p-tolyl 2,3,4,6-tetra-O-benzyl-1-B-D-thiogalactopyranoside (61):%

AcO _OAc 1. NaOMe BnO _0OBn
O 2. NaH, BnBr (e}
AcO STol ————> BnO STol

h OAC ref.s2 61 OBn

White glassy soild (84% from 21); 1H NMR (300 MHz, CDCl,): 6
7.49-7.39 (m, 34 H, ArH), 7.54-7.50 (m, 2H, ArH), 7.46-7.43 (m, 2H,
ArH), 7.37-7.31 (m, 18H, ArH), 7.05-7.02 (m, 2H, ArH), 5.02 (d, J =
11.4 Hz, 1H), 4.87-4.73 (m, 4H), 4.67-4.63 (m, 2H), 4.52 (d, J = 11.7 Hz,
1H), 4.46 (d, J = 11.7 Hz, 1H), 4.04-4.01 (m, 1H), 3.95 (dt, J = 1.8, 9.6
Hz, 1H), 3.72-3.70 (m, 2H), 3.67-3.64 (m, 2H), 2.33 (s, 3H, ArCHy,);
13C NMR (75 MHz, CDCls): 6139.2, 138.83, 138.72, 138.33, 137.6,
132.6, 130.5, 130.0, 128.9, 128.8, 128.6, 128.4, 128.3, 128.22, 128.15,
128.1, 128.0, 127.9, 88.5, 84.7, 77.8, 77.7, 76.1, 74.8, 74.0, 73.2, 69.2,

- 190 -



21.5.

For p-tolyl 2,3,6-tri-O-benzyl-4-O-acetyl-1-B-D-
thiogalactopyranoside (62):

Ph
o
o) HO _OBn AcO _OBn
% TES, TFA g& Ac0, pyr. g&
BnO STol —— BnO STol "of <6 BnO - STol
g4  OBN s3  OBn 62 B

Colorless oil (73% from 64); [a]*'b= +4.76 (c = 0.84, CHCI5); 1H
NMR (300 MHz, CDCly): 67.50 (d, J = 8.1 Hz, 2H, ArH), 7.45-7.28 (m,
15 H, ArH), 7.08 (d, J = 8.1 Hz, 2H, ArH), 5.66 (d, J = 1.2 Hz, 1H, H-4),
4.82-4.74 (m, 3H), 4.66 (d, J = 9.0 Hz, 1H), 4.60-4.47 (m, 3H), 3.77 (t, J
= 6.0 Hz, 1H), 3.70-3.62 (m, 3H), 3.55 (dd, J = 6.9, 9.6 Hz, 1H), 2.34 (s,
3H, ArCHj), 2.12 (s, 3H, CH,CO); 13C NMR (75 MHz, CDCls): §170.8,
138.6, 138.10, 138.06, 138.01, 132.9, 130.2, 130.0, 128.88, 128.85,
128.79, 128.71, 128.67, 128.49, 128.28, 128.23, 88.6, 81.7, 77.2, 76.3,
76.2, 74.1, 724, 68.6, 67.3, 21.5, 21.4; HRMS (ESI): calcd for
CasH350sSNa requires 621.2281; found: m/z = 621.2281 [M+Na]".

For p-tolyl 2,6-di-O-benzyl-3,4-di-O-methoxycarbonyl-1-B-D-
thiogalactopyranoside (63):

O

1. NaOMe
ACQ OAc 2. (CHa),C(OMe),, WEREEED cl(0)come, MeO" O _oBn
o) TsOU O TMEDA 0
AcO STol HO STol ——— »
MeO.__O STol
21 OAc ref.s7, ref.s8 s4 OBn ref.s9 hig OBn
(e} 63

White solid (43% form 21); [¢]*’b = +2.59 (c = 0.98, CHCI;); 1H
NMR (300 MHz, CDCl3): §7.51 (d, J = 8.1 Hz, 2H, ArH), 7.42—-7.30 (m,
10H, ArH), 7.13-7.10 (d, J = 8.1 Hz, 2H, ArH), 5.44 (d, J = 2.7 Hz, 1H,
H-4), 4.92 (dd, J = 3.0, 9.3 Hz, 1H), 4.87 (d, J = 10.8 Hz, 1H), 4.7 (d, J =
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10.5 Hz, 1H), 4.64 (d, J = 10.8 Hz, 1H), 4.57 (d, J = 11.7 Hz, 1H), 4.50 (d,
J = 11.7 Hz, 1H), 3.88-3.78 (m, 8H), 3.72-3.62 (m, 2H), 2.36 (s, 3H,
ArCHs); 13C NMR (75 MHz, CDCl;): §155.9, 155.1, 138.3, 138.1,
132.96, 130.2, 129.95, 128.83, 128.76, 128.36, 128.23, 128.2, 88.6, 79.0,
76.14, 75.97, 75.93, 74.0, 72.4, 68.3, 55.65, 55.61, 21.6; HRMS
(Bio-ToFIl): calcd for Cs;H3,09SNa requires 605.1816; found: m/z =
605.1816 [M+Na]".

For p-tolyl 2,3-di-O-benzyl-4,6-O-benzylidene-1-B-D-
thiogalactopyranoside (64):5*%

Ph

AcO _OAc 1. NaOMe éo
ﬁ%2$’| tréan T g& 2. PhCH(OMe),, TsOH °
ol,
D-galactose f—“» AcO STol 3. BnBr, NaH BnO STol
ref.sl 21 OAc ref.s2 N, OBn

White solid (49% from D-galactose); 1H NMR (300 MHz, CDCly):
07.66-7.64 (m, 2H, ArH), 7.58-7.55 (m, 2H, ArH), 7.49-7.31 (m, 13H,
ArH), 7.04 (AB, J = 8.1 Hz, 2H, ArH), 5.52 (s, 1H, PhCH), 4.76—-4.75 (m,
4H), 4.61 (d, J = 9.6 Hz, 1H), 4.40 (dd, J = 1.5, 12.3 Hz, 1H), 4.18 (d, J =
2.7 Hz, 1H), 4.01 (dd, J = 1.8, 12.6 Hz, 1H), 3.88 (t, J = 9.3 Hz, 1H), 3.66
(dd, J = 3.3, 9 Hz, 1H), 3.43 (d, J = 0.9 Hz, 1H), 2.34 (s, 3H, ArCH,);
13C NMR (75 MHz, CDCl5): §139.0, 138.5, 138.4, 138.1, 133.9, 130.1,
129.5, 129.1, 128.84, 128.78, 128.6, 128.3, 128.1, 127.1, 101.8, 87.0,
81.9,75.8,75.7,74.1,72.2, 70.2, 69.9, 21.6.

For p-tolyl
2,3,4-tri-O-benzyl-6-O-levulinoyl-1-B-D-thioglucopyranoside (65):

1. Ac,0, TSOH
2. NaOMe Ph 00 o 1. BH3, THF, Cu(OTf), O'(—)eV

D-glucose 3. PhCH(OMe),, TSOH BnO STol 2. levulnic acid, DCC Brégo STol
ref.s1, ref.s2 s5 OBn ref. s3, ref.s4 65 OBN

-192 -



White solid (62% over 4 steps); []*'o= +22.45 (c = 0.94, CHCI,);
1H NMR (300 MHz, CDCls): §7.51-7.48 (m, 2H, ArH), 7.45-7.42 (m,
2H, ArH), 7.40-7.28 (m, 13H, ArH), 7.15-7.13 (m, 2H, ArH), 4.98-4.86
(m, 4H), 4.77 (d, J = 10.2 Hz, 1H), 4.65-4.60 (m, 2H), 4.41 (d, J =11.4
Hz, 1H), 4.27 (d, J = 4.5, 11.7 Hz, 1H), 3.75 (t, J = 8.7 Hz, 1H),
3.59-3.47 (m, 3H), 2.81-2.76 (m, 2H, Lev-CH,), 2.66-2.60 (m, 2H,
Lev-CH,), 2.37 (s, 3H, ArCHs), 2.22 (s, 3H, CH;CO); 13C NMR (75
MHz, CDCls): 6206.80, 172.86, 138.65, 138.38, 138.33, 138.06, 130.08,
128.94, 128.92, 128.88, 128.64, 128.53, 128.41, 128.34, 128.21, 88.2,
87.1, 81.2, 77.2, 76.3, 75.9, 76.5, 63.8, 38.3, 30.3, 28.3, 21.6; HRMS
(Bio-ToFIl): calcd for Cs9H4,0O,SNa requires 677.2543; found: m/z =
677.2543 [M+Na]".

For p-tolyl
2,3,6-tri-O-benzyl-4-O-levulinoyl-1-B-D-thioglucopyranoside (66):

OBn

1. TES, TFA
Ph/%O o 2. levulnic acid, DCC | evO 0
BnO STol BnO STol
ref. s5, ref.s4

s5 OBn 66 OBn

White solid (80% from s5); [¢]*'o= —18.68 (c = 1.22, CHClIs); 1H
NMR (300 MHz, CDCl,): 67.51 (d, J = 8.1 Hz, 2H, ArH), 7.47-7.27 (m,
15H, ArH), 7.06 (d, J = 8.1 Hz, 2H, ArH), 5.05 (t, J = 9.3 Hz, 1H, H-4),
4.93 (d, J = 10.2 Hz, 1H), 4.84 (d, J = 11.4 Hz, 1H), 4.72 (t, J = 10.2 Hz,
2H), 4.68 (d, J = 9.9 Hz, 1H), 4.55 (s, 2H), 3.71 (t, J = 9.0 Hz, 1H),
3.67-3.60 (m, 3H), 3.55 (t, J = 9.6 Hz, 1H), 2.70-2.26 (m, 7H), 2.15 (s,
3H, CH5CO); 13C NMR (75 MHz, CDCly): 5206.6, 172.1, 138.66,
138.64, 138.33, 138.25, 133.0, 130.15, 129.97, 128.88, 128.82, 128.72,
128.37, 128.26, 128.22, 128.12, 127.97, 88.2, 84.4, 81.0, 75.90, 75.82,
73.93, 71.4, 70.1, 38.1, 30.2, 28.3, 21.6; HRMS (Bio-ToFIl): calcd for
CagH4,0,SNa requires 677.2543; found: m/z = 677.2543 [M+Na]".
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For p-tolyl 2,3,4-tri-O-benzyl-B-L-thiofucopyranoside (74):%

1. Ac,0, TsOH,

then HSTol, BF3OEt, o STol
- 2. NaOMe WOBn
L-fucose 3 \aH, Bndr OBn
BnO 74
ref. s1, ref.s2

White glassy soild (52% over 3 steps); 1H NMR (300 MHz, CDCl5):
07.53-7.50 (m, 2H, ArH), 7.44-7.26 (m, 15H, ArH), 7.05-7.02 (m, 2H,
ArH), 5.03 (d, J = 11.7 Hz, 1H), 4.83 (d, J = 10.2 Hz, 1H), 4.77-4.73 (m,
3H), 4.69 (d, J = 11.7 Hz, 1H), 4.57 (d, J = 9.6 Hz, 1H), 3.92 (t, J = 9.0
Hz, 1H), 3.65-3.59 (m, 2H), 3.53 (dd, J = 6.3, 12.9 Hz, 1H), 2.32 (s, 3H,
ArCHs), 1.28 (d, J = 6.3 Hz, 3H, CHs); 13C NMR (75 MHz, CDCly): &
139.2,138.91, 138.82, 137.5, 132.6, 130.9, 129.9, 128.87, 128.78, 128.75,
128.57, 128.39, 128.11, 128.0, 127.87, 88.3, 85.0, 77.57, 75.97, 74.98,
73.3,21.5,17.7.

For p-tolyl
2-azido-3,4,6-tri-O-benzyl-2-deoxy-1-B-D-thioglucopyranoside (76):

1. Zn, AcOH

OAC OH imidazolyl-sulfonyl-azide OAc
(e} 2. Na, MeOH 0 then Ac,0, NEt. AcO 0]
A%%o&&sm Hﬁo/é&sm S A0 STol

23 NHTroc ref-s10 s6  NH, Lt 26 N

OBn
1. Na, MeOH (0]
26 — > B%%gé@/s-rd

2. NaH, BnBr, DMF 76 N3

Colorless oil (72% from 23); [a]*b= —65.94 (c = 1.0, CHCI5); 1H
NMR (300 MHz, CDCl3): 67.60-7.57 (m, 2H, ArH), 7.43—-7.35 (m, 13H,
ArH), 7.30-7.27 (m, 2H, ArH), 4.92 (m, 2H), 4.86 (d, J = 10.8 Hz, 1H),
4.72-4.59 (m, 3H), 4.40 (d, J = 10.2 Hz, 1H, H-1), 3.85-3.83 (m, 2H),
3.71-3.51 (m, 3H), 3.38 (t, J = 9.9 Hz, 1H), 2.39 (s, 3H, ArCHy); 13C
NMR (75 MHz, CDCly): 6139.2, 138.7, 138.4, 138.1, 134.8, 130.2,
129.0, 128.95, 128.83, 128.71, 128.49, 128.35, 128.31, 128.04, 127.41,
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86.3, 85.5, 79.8, 76.4, 75.5, 73.9, 69.2, 65.3, 21.6; HRMS (ESI): calcd for
C34H35N30,SNa requires 604.2240; found: m/z = 604.2240 [M+Na]".

For (2,6-dimethylphenyl)
3,6-di-O-benzyl-2-azido-2-deoxy-1-B-D-thioglucopy- ranoside (77):
1. TrocCl, NaHCO3

OH
2. AC,0, TSOH, then 1. Zn, AcOH &
D-glucosamine.HCI DMTP, BF;OEt, 2 NaOMe Ho s
ref.s1 NHTFOC ref s10 s10 NH,

1. NaOMe

imidazolyl-sulfonyl-azid one "
imidazolyl-sulfonyl-azide, 2. PhCH(OMe),, TsOH
AcO o} (0]
<10 hen AcO, NEtg AcOéﬁ/ @ 3.TES, TFA o- S
N3

ref.s11 s11 N3 ref. s10

77
DMTP = 4@

A solution of D-glucosamine hydrochloride (10 g, 46.4 mmol) and
NaHCO; (5.8 g, 116 mmol) in H,O (150 mL) was treated with
2,2,2-trichloroethyl chloroformate (9.4 mL, 69 mmol) at RT for 12 h. The

resulting suspension was filtered and washed with water (30 mL x 2) and

cold ether (30 mL x 2) to furnish N-Troc protected glucosamine as white
solid (16.1 g, quant.). Upon drying under vacuo for hours, N-Troc
protected glucosamine (5 g, 14.2 mmol) was treated with Ac,O (6.7 mL,
70 mmol) and TsOH (27 mg, 7.0 mmol) in dry CH3;CN (5 mL) at RT
under N,. After completion of acetylation, the reaction solvent was
removed by rotary evaporator and dried under vacuo for 2 h, followed by
the addition of 2,6-dimethyl thiophenol (DMTP, 2.9 g, 21.2 mmol), and
BF;-OEt, (3.6 mL, 28.3 mmol) in CH,Cl, (18 mL) under N,. The mixture
was stirred at RT and upon completion of thioglycosidation, the reaction
cude was diluted with EtOAc (40 mL), and washed with NaHCO; (30 mL
x 2), brine (20 mL x 1), dried (over MgSO,), filtered and concentrated for
chromatography purification over silica gel (elution: hexane/EtOAc = 4/1
to 1/1) to furnish desired (2,6-dimethylphenyl) 3,4,6-tri-O-acetyl
-2-(2,2,2-trichloroethoxycarbamyl)-2-deoxy-1-3-D-thioglucopyranoside
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s9 as white solid (5.8 g, 68% over 3 steps).

Compound s9 (2.4 g, 4.0 mmol) was treated with zinc powder (1.3 g,
20.0 mmol) in a mixture of AcOH (0.2 mL, 3.6 mmol) and CH,CI, (20
mL) at RT. Upon completion of Troc removal, the resulting crude was
filtered over a layer of celite, concentrated and then purified with column
chromatography over neutralized SiO, (elution: hexane/EtOAc = 1/1 to
0/1) to furnish (2,6-dimethylphenyl) 3,4,6-tri-O-acetyl-2-
deoxy-2-N-1-B-D-thioglucopyranoside (1.52 g, 89%). The furnished
product (1.52 g, 3.6 mmol) was then disolved in a 1:2 CH,Cl,-MeOH
mixture (15 mL), and to which was added a piece of freshly cut sodium
(ca. 10 mg) at RT. Upon completion of reaction, the mixture was
neutralized with conc.HCI and then concentrated to furnish crude
thioglucoside s10 as yellow slurry.

Crude thioglucopyranoside s10 was then treated with K,CO;3 (2.4 g,
17.4 mmol), imidazole-1-sulfonyl azide hydrochloride (1.0 g, 4.8 mmol),
CuS0O4.5H,0 (1 mg, 4.0 mmol), and MeOH (35 mL) at RT. Upon
completion of azide transfer, the solvent was removed by rotary
evaporator and co-evaporated with toluene (5 mL x 2); after then, the
residue was treated with Ac,O (2 mL, 21.4 mmol) and NEt; (4 mL, 28.8
mmol) at RT. As acetylation completed, the reaction mixture was diluted
with EtOAc (20 mL), washed with saturated NaHCO; (15 mL x 2), brine
(10 mL x 1) and dried over MgSQ,, filtered, concentrated for column
chromatography over silica gel (elution: hexane/EtOAc = 3/1 to 1/1) to
furnish the desired (2,6-dimethylphenyl) 3,4,6-tri-O-
acetyl-2-azido-2-deoxy-1-p-D-thio-glucopyranoside s11 as colorless oil
(1.1 g, 63% from s10).

A solution of thioglucoside s11 (800 mg, 1.8 mmol) in a 1:2
CH,Cl,-MeOH mixture (10 mL) was treated with a piece of freshly cut

sodium (ca. 5 mg) at RT. Upon completion of deacetylation, the mixture
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was neutralized with resin IR-120H", filtered, concentrated and dried
under vacuo for 3 h. The resulting residue from previous deacetylation
was suspended in CH;CN (10 mL), to which C¢HsCH(OMe), (0.32 mL,
2.1 mmol) and TsOH (34 mg, 0.18 mmol) were added at RT under N,.
Upon completion of acetalation, the mixture was neutralized with NEt;
(0.1 mL), concentrated under vacuo for 3 h to furnish crude
(2,6-dimethylphenyl)2-azido-4,6-O-benzylidene-2-deoxy-1--D-thiogluc
opyranoside as yellow foam. Crude 4,6-O- benzylidene thioglucoside was
then dissolved in DMF (5 mL) at 0°C under N,, which was treated with
60% NaH (95 mg, 2.4 mmol) and BnBr (0.23 mL, 1.9 mmol). Upon
completion of benzylation, the reaction mixture was diluted with CH,ClI,
(10 mL), washed with NH4Cl (5 mL x 2), brine (5 mL x 1), dried (over
MgSQ,), filtered, concentrated, and purified by column chromatography
(elution: hexane/EtOAc = 4/1 to 3/2) over silica gel to furnish desired
(2,6-dimethylphenyl) 2-azido-3-O-benzyl-4,6- O-benzylidene-2-
deoxy-1-B-D-thioglucopyranoside as colorless glassy solid (670 mg, 75%
from s11).

The resulting benzylidene thioglucopyranoside (200 mg, 0.4 mmol)
was suspended in TES (0.3 mL, 2.0 mmol) and CH,CI, (3 mL), to which
dry TFA (0.2 mL, 2.4 mmol) was added and the mixture was stirred at
—5°C. Upon completion of reductive ring opening, the mixture was
diluted with EtOAc (10 mL), which was then washed with saturated
NaHCO; (10 mL x 2), brine (10 mL x 1), dried (over MgSQ,), filtered,
concentrated for chromatography purification (elution: hexane/EtOAc =
5/1 to 2/1) to furnish desired thioglucopyranoside (77) as colorless oil
(172 mg, 85%). For (2,6-dimethylphenyl) 3,6-di-O-benzyl-2-azido-2-
deoxy-4-0-1-B-D-thioglucopyrano side (77): [e]”o = + 2.42 (c = 2.1,
CHCls); IH NMR (300 MHz, CDClg): & 7.41-7.31 (m, 10H, ArH),
7.24-7.15 (m, 3H, ArH), 4.99 (dd, J = 11.1, 16.8 Hz, 2H), 4.06 (dd, J =
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3.6, 12.0 Hz, 2H), 4.28 (d, J = 10.2 Hz, 1H), 3.75-3.70 (m, 3H), 3.50 (t, J
= 9.3 Hz, 1H), 3.37-3.25 (m, 2H), 2.84 (br, 1H), 2.64 (2 x CHa, 6H,
CH5CO); 13C NMR (75 MHz, CDCI3) § 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; LRMS (ESI): calcd for CgH3;N3O,SNa
requires 528; found: m/z = 528 [M+Na]".

For p-tolyl 2-azido-6-O-benzyl-2-deoxy-3-O-
(2-naphthylmethyl)-1-a-D-thioglucopyranoside (78):

Ph
O

OAcC
1. imidazolyl-sulfonyl-azide, €9 1. NaOMe o
then Ac,0, NEt3 [0) 2. PhCH(OMe),, TsOH o
D-galactosamine.HCI AcO » STol 3. 2-NapCl, NaH 2-NaPO
i 78a N3

2. HSTol, BF30Et,
s20 ref. s18
ref.s11 STol

Colourless oil (32% from D-galacosamine hydrochloride) 1H NMR (300
MHz, CDCly): 67.91-7.82 (m, 4H), 7.62—7.49 (m, 5H, ArH), 7.43-7.37
(m, 5H), 7.13 (d, J = 9 Hz, 2H, ArH), 5.74 (d, J = 5.4 Hz, 1H), 5.5 (s, 1H,
(O),CHPh), 4.96 (d, J = 11.8 Hz, 1H), 4.93 (d, J = 11.8 Hz, 1H), 4.54 (d,
J=10.5 Hz, 1H), 4.52 (d, J = 10.5 Hz, 1H), 4.27 (d, J = 3 Hz, 1H), 4.20
(dd, J = 1.2, 12.3 Hz, 1H), 4.15 (d, J = 6.9 Hz, 1H), 4.13 (d, J = 6.9 Hz,
1H), 4.05 (dd, J = 1.2, 12.3 Hz, 1H), 3.93 (dd, J = 3.3, 10.5 Hz, 1H), 2.35
(s, 3H, CHs); 13C NMR (75 MHz, CDCls): 6138.0, 137.9, 135.6, 133.6,
133.5, 132.0, 130.3, 130.26, 129.5, 128.7, 128.67, 128.4, 128.2, 126.9,
126.7,126.5, 126.1, 101.5, 88.3, 73.4, 72.2, 69.7, 64.1, 59.8, 21.5.

For p-tolyl 2,3,6-tri-O-benzyl-4-O-(2',3’,4',6'-tetra-O-benzyl-B-D-

.s13

galactopyranosyl)-1-B-D-thioglucopyranoside (79):

1. Ac,0, TsOH,
then HSTol, BF;0Et, BnO —OBn oBn
2. NaOMe o
D-lactose 5 NaH, BnBr Bno&/o o
BhO STol
ref.s1, ref.s13 79 OBn OBn
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White glassy soild (57% over 3 steps); 1H NMR (300 MHz, CDCl5):
57.59-7.19 (m, 37H, ArH), 7.12-7.09 (m, 2H, ArH), 5.21 (d, J = 10.5 Hz,
1H), 5.09 (d, J = 8.7 Hz, 1H), 4.95-4.77 (m, 7H), 4.71-4.33 (m, 7H),
4.10-4.04 (m, 2H), 3.98-3.86 (m, 3H), 3.72 (t, J = 8.7 Hz, 1H),
3.67-3.44 (m, 6H), 2.39 (s, 3H, ArCHs); 13C NMR (75 MHz, CDCl5):
0139.55, 139.44, 139.23, 139.05, 139.02, 138.89, 138.59, 138.12, 133.3,
130.1, 128.89, 128.86, 128.74, 128.66, 128.54, 128.40, 128.33, 128.21,
128.03, 128.97, 128.92, 127.88, 127.84, 127.70, 103.3, 88.0, 85.5, 83.1,
80.5, 79.9, 76.9, 76.1, 76.0, 75.8, 75.2, 74.1, 73.9, 73.5, 73.1, 68.9, 68.5,
21.6.

For p-tolyl 2,3,6-tri-O-benzyl-4-O-(2',3',6'-tri-O-benzyl-B-D-
galactopyranosyl)-1-B-D-thioglucopyranoside (80):

Ph

AcO _OAc > Prone %O
g& ogc 2. PhCH(OMe),, TsOH o) o
| o ST 3-NaH, BnBr BnO B(r?o\/é&sml
Y - <7 OB OBn
HO OBn
TES, TFA g& ogn
<7 BnO B%O STol
go OBn OBn

To a solution of per-O-acetyl thiolactoside 20 (2.8 g, 3.8 mmol) in
1:2 CH,Cl,- MeOH mixture (20 mL) was added a piece of freshly cut
sodium (ca. 20 mg) at RT. Upon completion of deacetylation, the mixture
was neutralized with resin IR-120H", filtered, concentrated and dried
under vacuo for 3 h. The crude residue was suspended in a mixture of
C¢HsCH(OMe), (0.7 mL, 4.6 mmol) and CH;CN (13 mL) at RT, followed
by the addition of TSOH (72 mg, 0.38 mmol) and the temperature was
then raised to 45°C. Upon completion of acetalation as assessed by TLC,
the reaction temperature was brought to RT, and the reaction mixture was
neutralized with Et;N (0.2 mL), concentrated and dried under vacuo for

few hours. The resulting residue from previous reaction was dissolved in
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a solution of BnBr (2.7 mL, 22.6 mmol), DMF (13 mL) at 0°C under N,
to which 60% NaH (1.14 g, 28.5 mmol,) was added, followed by
vigorous stirring. After completion of benzylation, the mixture was
diluted with excess EtOAc (50 mL), and the resulting EtOAc solution
was washed with NH,CI (40 mL x 1), dried (MgSQ,), filtered, and
concentrated for chromatography purification over silica gel to afford the
benzylidene protected thiolactoside s7 as white glassy solid (2.81 g, 75%
from 20).

Thiolactoside s7 (2.7 g, 2.74 mmol) was suspended in a mixture of
triethyl silane (8.6 mL, 54.8 mmol) and CH,Cl, (5 mL), and stirred at
—10°C under N,. Thereafter, dry TFA (4.2 mL, 54.8 mmol) was added to
the suspension and the reaction mixture was stirred at 0°C. Upon
completion of reaction, the mixture was diluted with CH,Cl, (30 mL),
and the resulting solution was washed with saturated NaHCO3; (30 mL x
2), brine (20 mL x 1), dried (MgSQ,), filtered, and concentrated for
chromatography purification over silica gel (elution: hexane/EtOac = 3/1
to 3/2) to furnish the desired thiolactoside 80 as white glassy solid (2.22 g,
80%). For tolyl 2,3,6-tri-O-benzyl-4-O-(2',3",6'-tri-O-benzyl-B-D-
galactopyranosyl)-1-B-D-thioglucopyranoside (80): [a]*’b = +3.35 (¢ =
0.83, CHCI;); 1H NMR (300 MHz, CDCls): 67.89-6.39 (m, 34 H, ArH),
4.96 (d, J = 9.0 Hz, 1 H), 4.74-4.15 (m, 13 H), 3.92-3.26 (m, 12 H), 2.35
(br, 1 H), 2.19 (s, 3 H, ArCH3); 13C NMR (75 MHz, CDCl,); & 139.17,
138.83, 138.74, 138.61, 138.47, 138.19, 137.99, 133.12, 129.93, 129.88,
128.77, 128.67, 128.57, 128.48, 128.44, 128.17, 128.06, 127.96, 127.89,
127.81, 127.72, 127.69, 102.87, 87.85, 85.26, 81.40, 80.38, 79.70, 79.63,
77.82, 77.60, 77.40, 76.97, 76.59, 75.94, 75.73, 75.63, 73.80, 73.36,
73.09, 72.34, 68.64, 66.35, 21.42; HRMS (ESI): calcd for CgHesNaO oS
requires 1011.4112; found: m/z = 1011.4112 [M+Na]".
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For p-tolyl 2,3,6-tri-O-benzyl-4-O-(4'-O-benzoyl-2',6'-di-O-
benzyl-B-D-galactopy- ranosyl)-1-B-D-thioglucopyranoside (81):

AcO _OAc 1. NaOMe O _0Bn
o OAc 2. (CHag),(OMe),, TSOH o ogn
AcO o) O 3. NaH, BnBr o) o) STol
C AcO STol BRO o
20 OAcC OAc sg OBn 0Bn

1. TES, TFA BzO ~OBn

gvv iy

0

2. PhC(OMe)3, TsOH (e}

s8 (OMe)s HO Bﬁg&&sm
g1 ©OBn OBn

To a solution of per-O-acetyl thiolactoside 20 (3.0 g, 4.0 mmol) in
1:2 CH,CI,-MeOH mixture (30 mL) was added a piece of freshly cut
sodium (ca. 20 mg) at RT. Upon completion of deacetylation, the mixture
was neutralized with resin IR-120H", filtered, concentrated and dried
under vacuo for 3 h. The deacetylated crude thiolactoside was
resuspended in a mixture of 2,2-diemethoxypropane (0.88 mL, 8.0 mmol)
and TsOH (76 mg, 0.4 mmol) in dry acetone (20 mL) at 45°C under N,.
After completion of ketalation, the reaction mixture was cooled to 0°C,
followed by neutralization with EtzN (0.1 mL). The resulting solution was
concentrated and dried under vacuo for 3 h. The crude product from
above reaction was dissolved in a mixture of benzyl bromide BnBr (2.9
mL, 24.0 mmol) and DMF solution (18 mL), which was cooled to 0°C.
Followed by addition of 60% NaH (1.2 g, 30.0 mmol), the mixture was
stirred vigorously stirring from 0°C to RT. Upon completion of
benzylation, the mixture was diluted with EtOAc (50 mL), which was
washed with NH,Cl (40 mL x 1), dried (MgSO,), filtered and
concentrated to s8 for next deacetalation.

Thiolactoside s8 was stirred in a mixture of TFA (1 mL), CH3CN (7
mL), H,O (1 mL) at RT for 2 h, and the mixture was was diluted with
EtOAc (20 mL). The EtOAc solution was washed with saturated NaHCO;
(10 mL), dried (MgSOQ,), filtered, and concentrated for chromatography

purification to afford thiolactosyl diol derivative as white glassy solid
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(2.2 g, 61% from s10). Thiolactosyl diol derivative (2.2 g, 2.45 mmol)
was treated with triethyl orthobenzoate (0.85 mL, 3.7 mmol ) and TsOH
(47 mg, 0.25 mmol) in a stirring solution of CH,Cl, (8 mL) at RT. Upon
completion of 3,4-di-O-orthoester formation, a 1:1 TFA-H,O mixture (0.4
mL) was added to cleave the orthoester function at RT. The resulting
mixture was diluted with CH,CI, (30 mL), and washed with saturated
NaHCO; (15 mL x 2), brine (20 mL x 1), dried (MgSQ,), filtered and
concentrated for chromatography purification over silica gel (elution:
hexane/EtOAc = 3/1 to 3/2) to furnish desired thiolactoside 81 as white
glassy solid (1.84 g, 75% from s8). For p-tolyl 2,3,6-tri-O-benzyl
-4-0O-(4'-O-benzoyl-2',6'-di-O-benzyl-B-D-galactopyranosyl)-1-p-D-thiog
lucopyranoside (81): [¢]*'5= —35.96 (c = 1.09, CHCI,); 1H NMR (300
MHz, CDCl3): §7.95 (d, J = 7.8 Hz, 2 H), 7.52-7.46 (m, 3 H, ArH),
7.41-7.25 (m, 19 H, ArH), 7.18-7.01 (m, 10 H, ArH), 5.60 (d, J = 3.0 Hz,
1 H), 5.16 (d, J = 9.0 Hz, 1 H), 4.83-4.68 (m, 5 H), 4.62—4.42 (m, 4 H),
4.32-4.30 (m, 2 H), 4.05 (t, J = 9.6 Hz, 1 H), 3.89-3.86 (m, 2 H),
3.81-3.75 (m, 2 H), 3.69-3.63 (m, 2 H), 3.55-3.39 (m, 5 H), 2.54 (br, 1
H), 2.29 (s, 1 H, ArCHs); 13C NMR (75 MHz, CDCls): §166.75, 139.14,
138.61, 138.46, 138.09, 133.47, 133.22, 130.15, 129.98, 129.82, 128.78,
128.69, 128.60, 128.54, 128.43, 128.28, 128.25, 128.18, 128.10, 128.00,
127.89, 127.71, 102.90, 87.93, 85.29, 80.49, 80.32, 79.62, 76.79, 75.97,
75.84, 75.54, 73.79, 73.50, 73.01, 72.66, 70.57, 68.53, 67.68, 21.45;
HRMS (ESI): calcd for CgHg,O1:SNa requires 1025.3905; found: m/z =
1025.3905 [M+Na]".

For 3-chloropropyl 2,3-O-isopropylidene-a-L-rhamnopyranoside
(88):

0O+-Cl
O+\-Cl
Hg 1. NaOMe HB
(e} STol HO(CHZ)SCL 0 HO (o)
Acow NIS, TMSOTf AcO 2. (CH3)2C(OMe),, TsOH
AcO AcO

0
19 OAc s13 OAc J<O %
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A mixture of L-thiorhamnopyranoside 19 (1.0 g, 2.5 mmol),*"
3-chloropropanol (0.32 mL, 3.75 mmol), and flame-dried molecular
sieves (AW300, 1 g) were stirred in CH,CI, (3 mL) at —30°C under N, for
15 min. After then, NIS (600 mg, 2.6 mmol) and TMSOTf (10 pL, 0.6
mmol) were added, and upon completion of glycosylation, the mixture
was diluted with CH,Cl, (10 mL), treated with saturated NaHCO; (0.1
mL), Na,S;03 (s) (2 g), dried (over MgSQ,), filtered, and concentrated
for chromatography purification over silica gel (elution: hexane/EtOAc =
3/1 to 1/1) to furnish desired 3-chloropropyl 2,3,4-tri-O-acetyl-o-L-
rhamnopyranoside s13 as colorless oil (757 mg, 81%).

Rhamnopyranoside s13 (750 mg, 2.04 mmol) dissolving in 1:2
CH,Cl,-MeOH (10 mL) was treated with a piece of freshly cut sodium
(ca. 10 mg) at RT. Upon completion of deacetylation, the reacting
solution was neutralized with resin IR-120H", filtered, concentrated and
dried under vacuo for 3 h. The resulting deacetylated product was then
suspended in dried acetone (10 mL), to which was added
2,2-dimethoxypropane (0.4 mL, 3.67 mmol) and TsOH (39 mg, 0.2 mmol)
at RT under N,. As acetal formation was complete, the mixture was
neutralized with EtsN (0.1 mL), concentrated for chromatography
purification over short pad of pre-neutralized silica gel (elution:
hexane/EtOAc = 3/1 to 1/1) to furnish (3-chloro propyl)
2,3-O-isopropylidene-a- L-rhamnopyranoside 88 as colorless oil (413 mg,
80% from s13). For (3-chloropropyl) 2,3-O-isopropylidene-o-L-
rhamnopyranoside (88): [a]*'p = —42.75 (c = 1.09, CHCl,); IH NMR
(300 MHz, CDCly): §4.97 (s, 1H), 4.12 (d, J = 6 Hz, 1H), 4.06 (dd, J =
5.7, 7.2 Hz, 1H), 3.91-3.84 (m, 1H), 3.68-3.60 (m, 3H), 3.59—3.52 (m,
1H), 3.37 (dt, J = 3.6, 7.5 Hz, 1H), 3.1 (br, 1H), 2.08-1.98 (m, 2H), 1.53
(s, 3H, CH3C), 1.36 (s, 3H, CHsC), 1.29 (d, J = 6.3 Hz, 3H, CH;CO);
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13C NMR (75 MHz, CDCls): §109.9, 97.4, 78.9, 76.2, 74.8, 66.1, 64.1,
42.0, 32.6, 28.4, 26.6, 17.7; HRMS (ESI): calcd for Cy,H»;ClOsNa
requires 303.0970; found: m/z = 303.0970 [M + Na]".

For methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside (89):*
OBn

OH 1. PhCH(OMe),, TSOH pp—~=0
HO (0] 2. BnBr, NaH O Q TES, TFA HO QO
HO BnO BnO
HO ref.s16 BnO ref.s4 BnO

OMe sl4 OMe 89 OMe

Methyl a-glucopyranoside 89 (56% yield over 3 steps) was obtained
as colorless oil from literature procedure.* 1H NMR (300 MHz, CDCls):
57.42-7.29 (m, 15H, ArH), 5.04 (d, J = 11.4 Hz, 1H), 4.81 (d, J = 10.2
Hz, 1H), 4.77 (d, J = 9.3 Hz, 1H), 4.71-4.67 (m, 2H), 4.63 (d, J = 12.0
Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 3.83 (t, J = 9.0 Hz, 1H), 3.78-3.68 (m,
3H), 3.64 (t, J = 9.0 Hz, 1H), 3.57 (dd, J = 3.6, 9.6 Hz, 1H), 3.42 (s, 3H,
OCH,), 2.2 (br, 1H); 13C NMR (75 MHz, CDCly): §139.2, 138.47,
138.42, 129.0, 128.9, 128.8, 128.6, 128.43, 128.39, 128.27, 128.06, 98.6,
81.9, 80.0, 75.9, 74.0, 73.6, 71.1, 70.3, 69.9, 55.7.

For 2-azidoethyl 2,3-di-O-allyl-6-O-benzyl-B-D-galactopyranoside
(90):

AcO OAc
ACOg:M )'\JT 1. HOCH,CH,Br, TMSOTf g&
0 2. NaNg, DMF
! AcO (@)
AcO 0~ >ccly \/\N

s15  OAc s16 . OAc <
Ph
¢ HO _OBn
1. NaOMe o
2. PhCH(OMe),, TsOH o)
s16 3.NaH, AllylBr Al 2 o~ TESTFA a0 O~
s17  OAll N3 ref. s4 90 OAll N3

D-Galactopyranosyl imidate s15 (1.3 g, 2.6 mmol),*™
2-bromoethanol (0.28 mL, 3.97 mmol), flame-dried molecular sieves
(AW300, 1.5 g) in CH,CI, (26 mL) were stirred for 30 min at RT under
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N,. The suspension was then cooled at —30°C bath for 15 min, and then
treated with TMSOTf (10 upL, 0.6 mmol). Upon completion of
glycosylation, the reaction mixture was washed with saturated NaHCO3
(20 mL x 1), brine (20 mL x 1), dried (over MgSQ,), filtered, and
concentrated for column chromatography purification over silica gel
(elution: hexane/EtOAc = 3/1 to 3/2) to furnish 2-bromoethyl
2,3,4,6-tetra-O-acetyl-p-D-galactopyranoside as colorless oil (782 mg,
65%). The resulting oily galactopyranoside (780 mg, 1.7 mmol) was
heated in a mixture of NaN; (560 mg, 8.6 mmol) and DMF (10 mL) at
90°C for 16 h. After cooling to RT, the mixture was diluted with CH,Cl,
(20 mL), and washed with H,O (20 mL x 1), brine (10 mL x 1),dried
(over MgS0,), and concentrated for column chromatography purification
over silica gel (elution: hexane/EtOAc = 3/1 to 3/2) to furnish
2-azidoethyl 2,3,4,6-tetra-O-aceyl-B-D-galactopyranoside s16 as glassy
solid (616 mg, 86%). Galactopyranoside s16 (610 mg, 1.46 mmol)
dissolving in 1:2 CH,Cl,-MeOH mixture (15 mL) was treated with a
piece of freshly cut sodium (ca. 10 mg) at RT. Upon completion of
deacetylation, the solution was neutralized with resin IR-120H", filtered
to remove resin, concentrated and dried under vacuo for 3 h. The
resulting product from previous deacetylation was treated with
CeHsCH(OMe), (0.27 mL, 1.75 mmol) and TsOH (28 mg, 0.15 mmol) in
CH:CN (5 mL) at RT under N,. Upon completion of acetalation, the
mixture was neutralized with Et;N (0.1 mL), concentrated and dried
under vacuo for hours. The resulting product was then treated with 60%
NaH (175 mg, 4.4 mmol) and allyl bromide (0.3 mL, 3.5 mmol) in DMF
(5 mL) at 0°C under N,. Upon completion of allylation, the mixture was
diluted with CH,CI, (20 mL), and the solution was washed with H,O (20
mL x 1), brine (10 mL x 1), dried (over MgSQ,), concentrated for column

chromatography purification over silica gel (elution: hexane/EtOAc = 4/1
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to 2/1) to furnish 2-azidoethyl 2,3-di-O-allyl- 4,6-O-benzylidene-§3-D-
galactopyranoside s17 as glassy solid (445 mg, 73% from s16). The
resulting galactopyranoside s17 (440 mg, 1.06 mmol) dissolving in a
mixture of triethylsilane (0.3 mL, 2.0 mmol) and CH,Cl, (3 mL) was
treated with dry TFA (0.2 mL, 2.4 mmol) at —20°C under N,. The reaction
temperature was raised to 0 “C slowly. Upon completion of reductive ring
opening, the resulting mixture was diluted with EtOAc (20 mL), washed
with saturated NaHCO; (10 mL x 2), brine (10 mL x 1), dried (over
MgSQ,), filtered and concentrated for chromatography purification over
silica gel (elution: hexane/EtOAc = 4/1 to 2/1) to furnish the
galactopyranoside 90 (336 mg, 76%) as colorless oil. For 2-azidoethyl
2,3-di-O-allyl-6-O-benzyl-p-D-galactopyranoside (90): []*'p= —12.11 (c
= 1.78, CHCI); 1H NMR (300 MHz, CDCly): §7.37-7.25 (m, 5H, ArH),
6.00-5.87 (m, 2H, =CH), 5.35-5.32 (m, 2H, =CH,), 5.22-5.14 (m, 2H,
=CH,), 4.58 (s, 2H), 4.41-4.32 (m, 2H), 4.23-4.16 (m, 3H), 4.08-3.99
(m, 2H), 3.82-3.64 (m, 3H), 3.60-3.43 (m, 3H), 3.41-3.33 (m, 2H), 2.72
(br, 1H); 13C NMR (75 MHz, CDCl,): 5§138.4, 135.6, 135.1, 128.8,
128.2, 117.7, 117.2, 103.9, 80.7, 78.7, 74.3, 74.1, 73.7, 71.9, 69.6, 68.5,
67.4, 51.4; HRMS (Bio-ToFll): calcd for C,HyN3OgNa requires
442.1949; found: m/z = 442.1949 [M+Na]".

For methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside (91):5

OH
BH3 THF, Cu(OTf), BnO 0
3. (OTh), oo

ref.s3 BnO
91 OMe

sl4

Colorless oil (87% from s14); 1H NMR (300 MHz, CDCl,):
57.44-7.28 (m, 15H, ArH), 5.01 (d, J = 10.8 Hz, 1H), 4.93-4.79 (m, 3H),
4.71-4.64 (m, 2H), 4.60 (d, J = 3.6 Hz, 1H), 4.04 (t, J = 9.3 Hz, 1H),
3.83-3.66 (m, 3H), 3.59-3.49 (m, 2H), 3.39 (s, 3H, OCH3); 13C NMR
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(75 MHz, CDCl;): 6138.8, 138.45, 138.32, 135.44, 135.93, 128.86,
128.84, 128.81, 128.74, 128.37, 128.30, 128.22, 128.20, 128.12, 128.09,
128.01, 128.0, 122.5, 122.4, 98.1, 80.81, 80.46, 80.32, 80.09, 74.89,
74.08, 74.0, 73.93, 73.68, 73.48, 73.27, 73.21, 72.77, 71.73, 70.8, 68.5,
68.3, 49.99, 25.0, 24.9.

For N*(fluoren-9-ylmethoxycarbonyl)-L-serine allyl ester (92):%"

HO

2l 1. FmocCl, NaHCO3 HN)\”/O\/\
2. AlIBr
OH /g (o)
ey ref.s17 o "0
HCl O O
L-serine hydrogen chloroide .

O %

White glassy solid (63% from L-serine.HCI); 1H NMR (300 MHz,
CDCly): §7.79 (d, J = 7.5 Hz, 2H, ArH), 7.63 (d, J = 7.2 Hz, 2H, ArH),
7.43 (t, J = 7.5 Hz, 2H, ArH), 7.34 (t, J = 7.5 Hz, 2H, ArH), 5.98-5.87 (m,
1H, =CH), 5.77 (br, 1H. NH), 5.37 (d, J = 17.1 Hz, 1H, =CH.,), 5.29 (dd,
J=0.9,10.5 Hz, 1H, =CH,), 4.39 (d, J = 5.4 Hz, 2H), 4.52-4.40 (m, 3H),
4.25 (t, J = 6.9 Hz, 1H), 4.06 (dd, J = 3.6, 11.4 Hz, 1H), 3.97 (dd, J = 3.0,
11.1 Hz, 1H); 13C NMR (75 MHz, CDCly): 6144.1, 141.76, 141.71,
131.69, 128.18, 127.53, 127.50, 125.51, 120.45, 119.50, 77.64, 67.62,
66.8, 63.7, 56.5, 47.5.

For 3-chloropropyl
2-0-benzyl-4,6-O-benzylidene-B-D-galactopyranoside (93):5

Ph

1. Na, MeOH
AcO _OAc AcO OAc : 0
o N HoeHcl . 2. PhCH(OMe),, TsOH 0o o
AcO o “cel, TMSOTf_ AcO O(CHy);cl 2 BU2SNO, PhH, reflux, - O(CH,)sCl
<15  OAc T s OAc then PMBCI, TBAI 1o OH
ref. s18
Ph
1. NaH, BnBr, DMF iy
s19  2.DDQ, wet CH,Cl, o
ref. s10 HO O(CH)5CI
93 OBn
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A mixture of peracetyl D-galactopyranosyl imidate s15 (1.5 g, 3.1
mmol),** 3-chloropropanol (0.38 mL, 4.6 mmol), and flame-dried
(AW300, 1.9 g) in CH,CI, (32 mL) were stirred at RT under N,. The
resulting suspension was stirred at —40° for 15 min, and then treated with
TMSOTTf (10 pL, 0.6 mmol). Upon completion of glycosylation, the
reaction mixture was washed with saturated NaHCO; (20 mL x2), dried
(over MgSO,), filtered, and concentrated for chromatography
purifification over silica gel (elution: hexane/EtOAc = 4/1 to 3/2) to
furnish 3-chloropropyl 2,3,4,6- tetra-O-acetyl-p-D-galactopyranoside s18
as colorless oil (892 g, 68%). The resulting galactopyranoside s18 from
the above reaction (880 mg, 2.08 mmol) was dissolved in 1:2
CH,Cl,-MeOH (9.0 mL). A piece of freshly cut sodium (ca. 10 mg) was
added into the reaction CH,Cl,-MeOH mixture, which was stirred at RT.
Upon completion of deacetylation, the mixture was neutralized with resin
IR-120H", filtered, concentrated and dried under vacuo for 3 h. The
decatylated product was treated with C¢HsCH(OMe), (0.38 mL, 2.5
mmol) and TsOH (40 mg, 0.21 mmol) in CH3CN (7 mL) at RT under N..
As benzylidenation was complete, the mixture was then neutralized with
EtsN (0.1 mL), co-evaporated with toluene (5 mL x 2), concentrated and
dried under vacuo. The resulting residue was re-suspended in 4:1
benzene-toluene mixture (25 mL), to which Bu,SnO (820 mg, 3.3 mmol)
was added, followed by reflux at 103°C with Dean-Stark apparatus for 18
h. The temperature was then brought to 75°C, which was followed by
addition of p-methoxybenzyl chloride (PMBCI, 0.42 mL, 3.12 mmol) and
n-BuyNI (390 mg, 1.05 mmol). The resulting reaction was stirred at 75°C
for 6 h under N,. The reaction mixture was cooled to RT, and poured into
a mixture of CH,CI, (40 mL) and saturated NaHCO3 (20 mL). The highly

flocculated suspension was then filtered through a pad of sea sand/silica
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gel for removal of residual Bu,SnO. The filtrate was extracted with
CH,Cl, (40 mL x 2) and the CH,CI, solution was dried over MgSQ,,
filtered, and concentrated for chromatography purification over silica gel
(elution: hexane/ether = 4/1 to 1/1) to furnish 3-chloropropyl
4,6-0-benzylidiene-3-0O-(4-methoxybenzyl)-B-D-galactopyranoside  s19
as yellow oil (655 mg, 68% from s18).

Purified galactopyranoside s19 (650 mg, 1.4 mmol) and BnBr (0.2
mL, 1.7 mmol) was dissolved in DMF (5 mL) at 0°C under N,, and the
mixture was treated with 60% NaH (84 mg, 2.1 mmol). Upon completion
of benzylation, the mixture was diluted with CH,Cl, (20 mL), and then
washed with NH4CI (20 mL x 1), brine (15 mL x 1), dried (over MgSO,),
filtered, and concentrated for chromatography purification over silica gel
to furnish 3-chloropropyl 4,6-O-benzylidene-2-O-benzyl-3-O-(4-methoxy
benzyl)-B-D-galactopyranoside. The resulting galactopyranoside (644 mg,
1.16 mmol) was then dissolved in a mixture of CH,Cl, (7.6 mL) and H,O
(0.4 mL) at 0°C, to which 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) (610 mg, 2.7 mmol) was added. Upon completion of PMB ether
removal, the mixture was diluted with CH,CI, (40 mL), and then washed
with saturated NaHCO; (10 mL x 1), brine (10 mL x 1 ), dried (over
MgSQ,), filtered, and concentrated for chromatography purification over
silica gel (elution: hexane/EtOAc = 2/1 to 1/1) to furnish
galactopyranoside 93 as colorless oil (429 mg, 71% from s19). For
3-chloropropyl 2-O-benzyl-4,6-O-benzy- lidene-B-D- galactopyranoside
(32): []*'b = +14.60 (c = 0.73, CHCI,); 1H NMR (300 MHz, CDCls):
57.54-7.53 (m, 2H, ArH), 7.41-7.28 (m, 8H, ArH), 5.58 (s, 1H, PhCH),
4.95 (d, J = 11.1 Hz, 1H), 4.75 (d, J = 11.1 Hz, 1H), 4.44-4.32 (m, 2H),
424 (d, J = 2.7 Hz, 1H), 4.15-4.04 (m, 2H), 3.81-3.3.61 (m, 5H),
3.47-3.39 (m, 1H), 2.55 (br, 1H), 2.19-2.01 (m, 2H); 13C NMR (75
MHz, CDCl3): 6138.96, 138.1, 129.6, 129.4, 128.85, 128.65, 128.35,
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128.17, 126.87, 126.76, 103.93, 101.72, 79.8, 75.95, 75.4, 72.8, 69.5,
66.89, 66.76, 42.3, 33.1; LRMS (ESI): calcd for C,3H,;ClIOgNa requires
457; found: m/z = 457 [M+Na]".

For p-tolyl 2,3,4,6-tetra-O-benzyl-1-B-D-thiomannopyranoside (100):

I PR NS U 1 - s

White glassy solid (55% over 4 steps): [¢]*'o = —47.14 (c = 1.0, CHCly);
1H NMR (300 MHz, CDCly): §7.55-7.52 (m, 4H, ArH), 7.48-7.31 (m,
16H, ArH), 7.26-7.24 (m, 2H, ArH), 7.07 (d, J = 7.8 Hz, 2H, ArH), 5.10
(d, J = 11.4 Hz, 1H), 4.95 (dd, J = 3.6, 11.1 Hz, 2H), 4.79-4.70 (m, 3H),
4.65-4.56 (m, 3H), 4.19 (d, J = 2.4 Hz, 1H), 4.01 (t, J = 9.6 Hz, 1H), 3.90
(dd, J = 1.8, 10.8 Hz, 1H), 3.81 (dd, J = 6.3, 10.8 Hz, 1H), 3.68 (dd, J =
2.7,9.3 Hz, 1H), 3.57-3.51 (m, 1H), 2.32 (s, 3H, CH;CO0); 13C NMR (75
MHz, CDCl3): 6 138.5, 138.2, 138.1, 138.0, 137.1, 131.7, 131.2, 129.6,
128.4, 128.3, 128.2, 128.19, 128.13, 128.0, 127.76, 127.72, 127.6, 127.5,
127.3, 87.9, 84.3, 80.1, 77.3, 75.1, 75.0, 74.8, 73.3, 72.5, 69.7, 21.0;
HRMS (Bio-ToFIl): calcd for C4H;,0OsSNa requires 669.2645; found:
m/z = 669.2645 [M+Na]".

For p-tolyl 2,3-di-O-benzyl-4,6-O-di-tert-butylsilylidene-B-D-

galactopyranoside (107):**°

/tBu
tBu-Si.
e}

1. TFA, CH,Cl,, H,0O (0]
2. (t-Bu),Si(OTf),, pyridine o)

4 BnO STol
ref. s19

107 OBn

To a solution of thiogalactopyranoside 647 (0.9 g, 1.6 mmol)
CH,CI, (7 mL) was added a mixture of TFA (1 mL) and H,O (1 mL) at

RT. After completion of debenzylidenation, the reaction mixture was
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diluted with CH,CI; (25 mL), which was washed with saturated NaHCO4
(10 mL x 2), brine (10 mL x 1), dried (over MgSQ,), filtered, and
concentrated to furnish tolyl 2,3-di-O-benzyl-B-D-thiogalactopyranosyl
diol. Crude thiogalactopyranosyl diol (640 mg, 1.37 mmol) dissolving in
a mixture of CH,Cl, (10 mL) and pyridine (12 mL) was treated with
di-tert-butylsilyl bis(trifluoromethane sulfonate) (0.59 mL, 1.65 mmol) at
0°C under N,. After completion of silylation, the resulting mixture was
diluted with CH,Cl, (25 mL), and was then washed with saturated
Na,COs; (10 mL x 2), brine (10 mL x 1), dried (over MgSQO,), filtered
and concentrated for column chromatography purification over silica gel
(elution: hexane/EtOAc = 4/1 to 2/1) to furnish thiogalactopyranoside
107 as white glassy solid (686 mg, 71% from 64);**! []*'5 = +8.42 (c =
1.00, CHCI5); 1H NMR (300 MHz, CDCls): 67.37-7.13 (m, 12 H, ArH),
6.98 (d, J = 3.0 Hz, 2 H, ArH), 4.82 (s, 2 H), 4.50 (d, J = 12.0 Hz, 1 H),
4.64 (g, J = 12.0, 3.0 Hz, 2 H), 4.08 (ddd, J = 18.6, 12.0, 1.2 Hz, 2 H),
3.75 (t, J = 12.0 Hz, 1 H), 3.37 (dd, J = 7.2 Hz, J = 2.7 Hz, 1 H), 3.14 (s,
1 H), 2.22 (s, 3 H, ArCHs), 1.06 (s, 9 H, t-Bu), 0.98 (s, 9 H, t-Bu); 13C
NMR (75 MHz, CDCls): 6138.76, 138.71, 133.19, 131.28, 129.85,
128.81, 128.77, 128.65, 128.15, 128.07, 89.39, 83.16, 77.64, 76.26, 75.04,
71.34, 70.31, 67.73, 28.05, 27.99, 23.77, 21.48, 21.07; HRMS (FAB):
calcd for CisHs0OsSSiNa requires 606.2835; found: m/z = 606.2827
[M+Na]".

Supporting references:

1. For one-pot tandem acetylation-thioglycosidation: C.-S. Chao, M.-C.
Chen, S.-C. Lin, K.-K. T. Mong Carbohydr. Res. 2008, 343,
957-964.

2. For 4,6-O-benzylidenation, benzylation, and preparation of

L-thiofucopyranoside 10, D-thiogalactopyranoside 11: Z. Zhang, I. R.
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Abstract: This study develops an op-

1.2-trans [-selective glveosylation reac-
tion that proceeds in the absence of a
C2 acyl function. This process employs
chemically stable thioglveosyl donors
and low substrate concentralions to
achieve excellent [selectivities in gly-
cosylation reactions. This method is

. h ; tration
widely applicable to a range of glycosyl

Introduction

Though researchers developed the first glveosvlation more
than a century ago, the seamless union of the glveosyl donor
and acceptor in O-glycosidic bond formation remains a for-
midahle challenge! A point in case is the construction of
1, 2-trans Prglveosidic bonds, which have long been dominat-
ed by the C2 neighboring-group participation strategy.?! Be-
cause of the participation mechanism, this strategy occasion-
ally suffers from side effects such as orthoester formation,?!
€2 acyl migration to the hydroxy function® and aglycon
transfer reaction. ™ Under these circumstances, the glyco-
svlation vield is reduced. These issues can be alleviated by
emploving berzovl®™ and pivalovl functions™ An alternative
approach to address this problem is to use 1.2-rrans f-selec
tive glveosylation methods, which do not need the C2 acyl
functions. Though researchers have developed various 1,2-
trans [i-selective glveosvlation methods and some of these

substrates irrespective of their struc-
erationally easy, efficient, and general  tures and hvdroxyl-protecting  func-
tions. This low-concentration 12-frans 1o
feselective  glveosvlation in carbolhy-

Keywaords: carbohydrates - glveosy-
lation - neighboring-group effects -
sterenselectivity - substrate concen-
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drate chemistry removes the restriction
of wing highly reactive thioglycosides
construct  1.2-trans  [i-glveosidic
bonds. This is beneficial to the design
of new strategies for oligosaccharide
svnthesis, as illustrated in the prepara-
tion of the biologically relevant fi-(1—
6)-glucan trisaccharide, P-linked Ghy
and is0Gihy derivatives.

methods exhibit excellent [i-selectivities in glveosvlation re-
actions,* ¥ their use in oligosaccharide synthesis remains
scarce.™ This is not surprising because most of these meth-
ods suffer from stringent requirements for the structures
and hydroxy-protecting functions of the glyeosvl donaors,
This lack of flexibility severely limits the scope of the appli-
cation of such methods. Therefore a general, high-vielding
and operationally easy 1.2-trans [eselective glveosvlation
that does not invoke neighboring-group participation is
highly desired.

In the light of the discussion above, this study describes,
for the first time, the low-concentration 12-trans f-selective
glveosvlation process. This method emplovs easily available
and stable thioglveosides as glveosyl donors for glyveosvlation
and does not require any C2 participating groups or the use
of special anomeric functions. This study also demonstrates
the proposed glveosvlation method in the facile preparation
of (1 —6)-glucan trisaccharide™ Gb3,™ and isoGh, deriv-
ativesM

Results and Discussion
Invention of the low-concentration 1.2-rrans [-selective gly-

cosylation: In an experiment investigating the nitrile solvent
effect on the stereochemical outcomes of glveosviation,

Chem. Fur I 2000, 15, 10972 - 10982
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commercially available galactopyranose acceptor 2 was cou-
pled with 2.3 4-tri-0-benzyl-6- O-levulinoyl f-o-thiogalacto-
pyranoside (1) in CH,Cl (solvent A), 1:3 CHaCl—CH,CN
{solvent B) and 1:3 CH,ClL-EtCN (solvent C; Scheme [ and
Table 1). N-lodosuccinimide and trimethylsilyl trifluorome-
thanesulfonate were emploved as promoters for the activa-
tion of thioglyeoside "

OH
Bno OLew /%0
&(‘;&_ ' o
BEnD STol
| OBn 550

NIS, cat TMBOT

TG, solvent system é:ro—\p'
—_—— Bnd 0 O )
OB
3 ¥ S
,-)ro
Scheme 1. Glycosylations of galactopyranose acceptar 2 with thiogalacto-
pyrancside 1.

Tahble 1. Glycosylations of galactopyranose acceptor 2 with thiogalacto-
pyrancsyl donor 1 under different reaction conditions.

Entry  [Ilmw  [2]ms Solvent®™  T[FC] Yield [%] g™
1 1200 100 A -55 75 (1:16)
2 240 120 B —53 #3(1:6)
3 1200 100 B -55 A {1:9)
4 ] k1l B —53 24 (1:10)
5 12 10 B -55 #3(1:13)
[ 12 10 B =70 a4 (1:19)
7 1200 100 A 75 TE (1:4)
8 2400 1200 C =75 75(1: 6)
9 1200 100 C 75 &1 (1:9)
10 1] k1l C =75 &1 {1:12)
11 12 10 C =75 T0{1:16)
12 12 10 D —70 &L {1:19)
13 12 10 Dl —Ti &1 (1:19)

[a] Salvent system: A=CHCl; B=13 wv CHAO~CHLON; C=1:3viv
CHLCL—EtCN and D=1:2:1 wiv CHCL~CHCN-ECM. [b] i Anomer
ic mtio was determined by HPLC analysis of crude prodoect mixture.
[e] Inverse addition of 1 and 2 to NIS and TMSOTY in 1:2:1 CH.Cl—
CHCHM-EtCM  solution at =T0C. Bn=henzyl, Lev=Ilevulinoyl,
TMSOTE = trimethylsilyltriflate, Tol=toluene.

As expected, glveosylations in both the CH,CL-CH,CN
and CH,CL-EtCN solvent mixture afforded a 1'% wf-
anomeric ratio of glycosvlation product 3 based on the pre-
sumably nitrile solvent effect™ < However, this level of [
selectivity in glveosvlation is insufficient for state-of-the art
sequential glveosylation technologies, including the automat-
ed solid phase synthesis, various one-pot glycosvlation strat-
egies, and others!™"*?! These technologies demand highly
efficient couplings in each single step. A review of the litera-
ture revealed that electrochemical glveosylations in diluted
solutions (10 mw of thioglveoside) vield nearly exclusive for-
mation of f-glveosylating products®! On the other hand,
routine glveosylations are normally performed at a glveosyl
subsirate concentration between 30 and 100 mm (Table 2).*
4512240 Though a preliminary study concerned with the

Chem. Far J. 2009, 15, 10972 - 10982
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Table 2. Concentration of glyeosyl donor and acceptor wsed in routine
ghycosylations.

Entry Donpor [mwm]  Acceptor [mw]  Salvent Reference
1 0 75 CH.Cl, or CHOW
2 7] 73 EtCN [11e]
3 220 170 CHCly or CHON =)
4 100 150 CH.Cl, [
3 27 a0 CH.OL~CHON ™)
[ 64 k] EtCN =
T 150 195 CH.Cl, 11

concentration effect on o-selective glycosvlation has been
reported, there have been no empirical studies concerning
the effect of substrate concentration on [selective glycosy-
lation.®! This lack in the literature motivated the current
study to investigate this unexplored area.

Thus, this study repeated glveosvlations of 2 with 1 at dif-
ferent substrate concentrations. All glycosvlations were
completed cleanly within 15-20 min. This fast glveosvlation
can be attributed to the absence of the disarming C2 acyl
function.™ Interestingly, a decrease in substrate concentra-
tion accompanies an increase in the formation of the fi-
anomer. To be specific, when the concentrations of 1 de-
creased from 240 to 12 mm in 113 CHyCL-CHL.CN mixture
(solvent B), the a/f-anomeric ratios of 3 increased from 1:6
to 1:13 (Table 1, entries 2-5), Further improvement in the fi-
selectivity of glveosvlation was achieved by simply lowering
the reaction temperature to =70°C, which produced a 1:1%
of franomeric ratio (Table 1, entry 6). Considering that the
eutectic temperature of the 1:3 CHClL~CHLCN solvent mix-
ture (ea. —72°C) is close to the reaction temperature
(=70°C), the reaction solutions may freeze.”! Therefore,
this study repeated the glveosylation reaction in 1:2:1
CHaCl—CHsCN/ELCN mixture (solvent DL which to our
delight, did not erode the [i selectivity observed in glyveosyla-
tiom {Table 1, entry 12).

In typical glveosylation reactions, reaction promaoters are
added to a mixture of glveosyl donor and acceptors. Schmidt
and Toepfer and the others adopted an inverse addition pro-
cedure in which glveosyl donor is added to a mixture of ac-
ceptor and promoters. ™™ [t was reasoned that adding a mix-
ture of donor and acceptor to promoters should presumably
provide lower initial substrate concentrations, which may
further improve the [selectivity in glvcosvlation. To this
end, a mixture of donor 1 and acceptor 2 was added to the
promoters over 30 minutes at =70°C, however, an improve-
ment in fi-selectivity was not observed (Table 1, entry 12).
This result is different from subsequent cases.

Scope and limitations of the low-concentration 1.2-frans [i-
selective glveosylation: After exploring the low-concentra-
tion 12-trans [eselective glveosylation process, this study
next examined the scope and limitations of this method.
Thioglycosides 4-12 were emploved as glycosyl donors for
the glveosylation of acceptors 2 and 13 (Scheme 2 and
Table 3).01 For comparison, the glveosvlation reaction was

10973
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Scheme 2. Thioglycosyl donoms 4-12 for the study of low-concentration
1.2-rmanes f-selective glycosylation.

Table 3. Results of the low-concentration | 2-rans [iselective glycosyla-
tions of acceptors 2 and 3 with different thioglyoosyl donors 4-12.

Entry  12mm 10mw Product  Yield [%] Yield [%]
donor acceptor (edfiy™ (e
1 4 2 14 85 (133) #3(12)
2 H 2 15 T0 (=490 67 (12)
3 [ 2 16 TF(L=490 73 (L1)
4 7 2 17 & (1™ TT (1)
5 8 2 18 A3 (1:=49F  85(12.5)
[ L} 2 1 75 (1 75 (16)
T L} 2 1 &3 (1:19)= not done
& 0] 2 0 75 (Fonly)E 75 (16)
9 11 13 21 &0 (149) &0 (1:4)
] 12 13 » A5 (=40 86 (14)

[a] a/fi-Anomeric ratio was determined by HPLC analysis. [b] Glyoosyla-
tions in CHCl with 120 my of thioglyeosyl donor and 100 ms of accept-
or at =35, [d] Glycsylations in 13 vy CHCL~CHCN with 12 msv of
thioslycosyl donor and 10 mw of acceptar at —70°C, [c] Glycosylations in
120 wiv CHeCl—=CHs CHN-EtCN with 12mw of thiogheosyl denor and
10imw of acceptor at —70°C. [¢] For this particular reaction, & mw of thio-
lycosyl donor @ and 5 ms of acceptor 2 wemr used.

performed under both low-concentration 1.2-trans [-selec-
tive and conventional glycosylation conditions.

Remarkably, the low-concentration f-selective glyvoosyla-
tion for thioglveosyl donors in the p-glice (6, 7, 8), p-galac-
to (4. 5.9, and 12). p-acte (10), and 1-fuce (11) series pro-
duced excellent f-selectivities and the resulting o/fi-anome-
ric ratios ranged from 1:% to 1:2 49 An additional advant-
age of this method is its tolerance to different hvdroxy-pro-
tecting functions, as evidenced by the glycosvlation reactions
with thiogalactopyranosides 1, 4, 5, 9, and 12 (Table 1 and
Table 3. entries 1,2, 67, and 10). Although 4.6-0-benzyli-
dene thiogalactopyranosyl acetal 9 is generallv considered
as an a-directing plveosyl donor™ the glycosylation of ac-
ceptor 2 with 9 under low-concentration conditions resulted
in the predominant formation of the f-anomer (Table 3, en-
tries 6, 7).

10974
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Encouraged by these preliminary results, we extended the
scope of this study to more diverse glveosyl substrates. Thus
f-o-thiolactosides (23, 24), 2-arido-2-deoxy-fi-n-thioglico-
pyvranoside 25, and [i-p-thiomannopyranoside 26 prepared
bv standard methods were used for glveosylation of accept-
ors (Scheme 3 and Table 4) /71 With the exception of gly-

MIS, cat TMSOTF,

Q
Rom 5Tal + R-OH

T0°C, solvent o
thieglyeosyl denar acceptor RO:t:"‘-:"-OR'
1.6 B 23-26 2 13 27-32 33-42
thioglycosyl donors
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e
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- L]
FrocHN™ SOl Ho - O(CH, |G
N Y 2 O8n

Scheme 3. Glycosyl donors 23-26 and acceptors 27-32 for the extended
investigation of the low-concentration 1, 2-rrares fi-selective glycosylation.

Table 4. Results of the extended investigation of low-concentration 1,2-
rrans freclective ghycosylation.

Entry 12 s 10 s Product  Yield [%] Yield [%]
daonar agoeptor {m}i][“] [E ]["‘]
1 1 27 1 65 (1:49) &4 (1:1)
2 1 b M 63 (1= 49) 60 (1:8)
3 1 0 kL] Gl (f anly) nat done
4 [3 k' k1 B3 (L:=49) a0 (1:2)
5 1 31 a7 T3 (1= 49) 75 {19:1)
[ # 32 kL] T7T(132) TE{1:T)
7 3 13 30 & (B onlyl 77 (1:3)
£ 4 13 an 3 (149 not done
9 1% 13 a1 Gl (122 49) not done
] % 2 42 a5 (3:1) not done

[a] Glycosylation in 1:2:1 wv CH.CL—CHCN-EtCN misture at —70°C
with 12 mm of thioglycosyl donor and 10mM of acceptor. [b] Glycosy-
lation in CHoCl, at —55°C with 120 mw of thioglycosy] donor and 100 mw
af acceptar. |c] af-Anomeric ratio was determined by HPLC analysis.
[d] Two equivalents of acceptor was used to prevent self-condensation.

cosylation with thiomannopyranoside 26, all reactions pro-
duced excellent [-selectivities in the glvcosvlation reactions,
with o/fi-anomeric ratios ranging from 1:32 to Peexclusive.
The glvcosylations of acceptors 27, 28, 29, and 32 are typical
examples (Table 4, entries 1-3 and 6). Though all these ac-
ceptors contain the sterically hindered hvdroxyl function,
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the corresponding glvcosylations vielded franomers as the
sole isomeric products™ These results reveal the synthetic
utility of this novel method because disaccharides 36 and 38
constitute the essential components in the cell wall of Sac-
charomyees cerevisiae™ and the type-2 backbone in blood-
group determinants, respective v, ™1

Figure 1 presents a dramatic set of data for the glvcosyla-
tions of N-Fmoc serine allvl ester 31 {Fmoc=9-fluorenyl-
methoxyearbonyl) with thiogalactopyranoside 1. The glveo-

w-anamer of 37

a) CHaCly, franomer of 37

120 mM 1, 100 mi 31

'
b} CH3Cl-CHaCH-ELCNY,
120 mM 1, 100 mM 34

. £} CH3Cly-CH3CN-EICH,

. 12 mba 1, 10 mm 31 .

—_—

18 20 22 24 2 26 30 32 4 3G 3T 40
BinutEs

Figure 1. HPLC traces for glycosylations of N-Fmoc serine ester 31 with
thiogalactopymnoside 1 under different conditions: a) conventional gly-
cosylation conditions in CHCL and b) conventional glycosylation condi-
tions in 1:2:1 viv CHyCOL~CH,CN-EtCN mixture; and ¢) low-concentra-
tion 1 2-rrans f-sclective glyoosylation conditions in 12:1 wiv CHLCl—
CH CH-EACN mixture.

svlation of aglveon acceptor 31 with thioglveoside 1 in
CH,Cl; under conventional conditions produced the -
anomer of 37 as the major isomer (Figure 1, HPLC trace a).
Even when the same glyveosylation was performed in a 1:2:1
CH,Cly/ CHyCN/ELCN mixture, only marginal f-selectivity in
glveosylation was observed under conventional glveosvlation
conditions (Figure 1, HPLC trace b). In sharp contrast, the
application of low-concentration 1,2-trans [i-selective plveo-
svlation led to nearly exclusive formation of the f-anomer
(Figure 1, HPLC trace c).

Mechanistic insight of the low-concentration L2-frans [kse-
lective glycosylation: To gain insight into the mechanisms of
the present glveosvlation. this study further investigates
which particular substrale concentration is most closely re-
lated to the [-selectivity observed. Thus, 10 mm of acceptor
2 was glveosylated with different concentrations of thioga-
lactopyrancside 1 and N-iodosuccinimide (NIS: concentra-
tion range of 12-60 mM). Plotting the percentage of the a-
anomer of 3 obtained against the concentration of donor 1
revealed a concentration-dependent relationship (Figure 2).
Meanwhile, no significant change in [f-selectivity was noted
for glveosvlation of &0 mm of acceptor 2 with 10 mm of
donor 1. This finding confirmed the substantial role of low
thioglveoside concentration that is present in 12-trans [Fse-
lective glyeosylation.

FULL PAPER

12
10
% 8
L]
4+
12 24 48 80
¢/ mM

Figure 2. The plot of the percentage of aanomer of 3 against the concen-
trations (ms) of thiogalactopyranoside 1.

After confirming the importance of thioglveoside concen-
tration, we next examine the effect of the anomeric configu-
ration of the glveosyl donor on low-concentration [,2-trans
frselective glveosvlation. Poletti and co-workers reported
that the anomeric configuration of thioglveosvl donors af-
fects the sterecselectivities of glycosylation.®! However,
these results differ from those observed for glveosylations
with glveosyl imidate"™! or phosphite donors!™ To dlarify
the role of anomeric configuration of thioglveoside, a-thio-
galactopyranoside La was prepared and used for the glyco-
svlation of 2. No significant change in [-selectivity was ob-
served (Scheme 4). Empirically, anomeric configuration of

MIS, cat. TMSOTY

BnQ —70°C, 1:2:1 wiv

-0 2 CHCl-CH,CH-EICN
+ _————

Scheme 4. Low-concentration 1,2-rrns fselective glycosylation of galac-
topyranose acceptor 2 with a-thiogalactopymanoside Lo

thioglycoside is immaterial to [isterecselectivity in glycosy-
lation, which implicates that the stereochemical course of
low-concentration 1,2-trans [Fselective glvcosvlation proba-
bly involves a common intermediate.

Based on experimental data and literature review, the
aforementioned intermediate should be the free oxocarbeni-
um ion arising from activation of thioglveoside!"™ ¢ and
thereof a mechanism is proposed as shown in Scheme 5. Ac-
tivation of thioglveoside gives rise to free oxocarbenium ion.
Owing to the high dielectric constant of the CH,Cl/nitrile
solvent mixture, the formation o-glycosyl triflate is unlike-
. Instead, the free oxocarbenium ion reacts with the hy-
droxy acceptor to produce a a/f-anomeric mixture. Alter-
natelv, it might couple with the nitrile solvent molecule to
generate the kinetically favoured c-glveosyl nitrilium 22471
Further 52-like reaction of the a-glveosyl nitrilium with the
acceptor leads to the formation of the f-anomer.
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Kf:% R=0H
RO WIS
TMSOTE -
srel ] mm—\-—- c/fr-anomar

0 aXOCErbEniUm on
RO STl
K. |, CH.CL-CH,CN

] * R-OH
ROSE—y
ril flr-anomer
| S2-ika
| attack
CH,
we-glycosyl nitrilium

Scheme 5. Proposed mechanizm of the low-concentration], 2-trans fi-se-
lective glycosylation.

Apparently, low substrate concentrations, low reaction
temperature, and appropriate CH,Clynitrile solvent mixture
act synchronously to enhance a-glycosyl nitrilium formation,
which depletes the free oxocarbenium ion through an equi-
librium process. The argument agrees with that proposed by
Crich and co-workers in [selective rhamnosylation "™l
However, attempts to detect the a-glvcosyl nitrilium with
NMR spectroscopy have so far been unsuccessful owing to
substantial peak broadening in low-temperature NMR spec-
troscopy (below approximately —50°C). ™ Additional exper-
imentations are currently underway to address this issue.

Svathetic utilities of the low-concentration 1,2-frans [i-selec-
tive glveosylation: Regarding synthetic utility, the direct
impact of low-concentration 1.2-trans [selective glveosyla-
tion is to provide an alternative 1,2-trans [i-selective glycosy-
lation strategy. This strategy does not require a C2-participa-
tion protecting function and therefore allows the use of
more-reactive thioglveosyl donors in the formation of 1.2-
trans f-glveosidic bonds. This is useful in the design of new
strategies in oligosaccharide synthesis as the following exam-
ples illustrate.

[-(I —6)-Glucan is the essential fungal-specific carbohy-
drate component found in the cell wall of Saccharomyces
cerevisiae™ Previows attempts to synthesize [i-(1—6)-
glucan trisaccharide without a C2 acyl function have been
reported, resulting in a 19 a/B-anomeric mixture™ Low-
concentration 1, 2-frans  [i-selective  glvcosvlation  might
enable a highly stereoselective synthesis of i-{1—6)-glucan
trisaccharide (Scheme 6). The glveosvlation of methyvl o-p-
glucopyranoside 30 with thiogalactopyvrancside 6 produced
disaccharide glveoside 36 as mentioned above, and the treat-
ment of 306 with standard Zemplén deacvlation produced
disaccharide acceptor 43. The glveosvlation of 43 with donor
6 afforded protected f-{1—6)-glucan trisaccharide 44 with a
high vield and excellent f-anomeric purity.

Further to the stepwise synthesis, the low-concentration
1 2-trans [i-selective glvcosvlation is useful for sequential
glveosylation, as illustrated in the preparation of globotriao-
svlceramide (Gbs) and isolib, derivatives. Both the trisac-
charide derivatives carrv  the [linked functionalizable

10976
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EROX-T-H
Olev B0y
B0 0 36 R = Lev
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"'D_u'\g;% MeOHICH,CL, | _ B
Ba0~—5—0, a5y, 43 R=H
e
B, 8, NIS, cat. TMSOTY,
- - 0
a O T0°C, solvent
0%

Scheme 6. Stepwise synthesis of f-(1—6)-glucan trisacchande #. i) Sce
Tahle 3, entry 4 for conditions.

spacer: with such a spacer, further chemical elaboration is
possible. Conventional preparation of Gby and isoGh, deriv-
atives involves construction of perbenzovl lactoside, which
undergoes further protection—deprotection reactions and ad-
ditional glveosvlation to furnish the target.®™ It was envis-
aged that the application of low-concentration 1.2-trans [i-
selective glveosvlation should enable the development of a
reverse sequential glvcosylation strategy for the preparation
of Gby and 150G, derivatives,

Acceptor 13 was chemoselectively glveosylated with thio-
lactosides 23 and 24 with low-concentration [-selective gly-
cosylations to afford the corresponding f-linked lactoside
acceptors (Scheme Ta and b). No traces of self-condensation
products were detected, which is attributed to the higher re-
activity of the hyvdroxy function in aglveon acceptor 13 com-
pared with the hindered hydroxy functions in thiolactosides
23 and 24. Without isolation of the glvcosvlation product
and deprotection of the protected hvdroxy function, the
crude fi-linked lactosides was used directly as acceptors for
glveosylation with thiogalactopyranoside 45 in CH,ClL. This
reverse sequential glycosylation strategy produces the pro-
tected Ghy and isoGh, derivatives 46 and 48 in high overall
vields (75% for 46 and 70% for 48 based on two glveosyla-
tion steps) with extremely good anomeric purities, as proven
in the "CNMR spectra in Figure 3. Subsequent standard
global deprotection reactions afforded Gby and isoGh, tri-
saccharide derivatives, 47 and 49,

Conclusions

The study explores, for the first time, the effect of substrate
concentrations on 12-rans [selective glycosvlation. This
study proposes a low-concentration 1,2-trans [i-selective gly-
cosylation method, which is applicable to a wide range of
glveosyl substrates and enables the development of new syn-
thetic routes for biologically relevant fi-{1—6)-glucan trisac-
charide, Gby and isoGh,, As fi-linked glveosidic bonds occur
frequently in natural oligosaccharides, this new [i-selective
glveosvlation strategy should prove useful for their prepara-
Licm.
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Scheme 7. a) Sequential glycosylation strategy for synthesis of Gh, deriv-
ative 47 and b) EoGh, derivative 49, TBAF=tetmabutylammonium fluo-
ride, TMSOTi=trimethylsilyltriflate.

I
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Experimental Section

General: Reagent-grade chemicals were purchased and wsed without fur-
ther purification. M MN-dimethylformamide (DMF) was distilled over cal-
cium hydride and stocked with flame-dried molecular sieves(MS) under
M. The progress of reactions was monitored by thin-layer chromatogra-
phy on silica gel 60 F-254 plate and visualized under UV illumination
and by staining with acidic ceric ammaonium maolybdate or p-anisalde-
hyde. Optical rotations were measured with polarimeter at 27°3C. HPLOC
analysiz was performed over Mightysil column with elution of ErOdac
hexane mixture at a 1.2mLmin™" flow rate by the gradient pump {1-
21300 and UV detector (1-2400) from Hitachi. NMR spectra were mecord-
ed at 300 MHz and 75 MHz spectrometers in & Briker console ar
S MHz and 125 MHz in a Varian console as specified. The chemical
shift wms calibrated against the residual proton signal and the “'C signal
af demterated chloroform or deuterated methanol. Coupling corstants in
Hz was calculated from chemical shift of '"H NMR or spectra.

General pmeedure for low-concentration 1,2-rreny [f-selective glycosyla-
ton: A mixture of thioglycoside (1.2 molequiv), acceptor (1.0 mo-
lequiv), and flame-dried MS [(AW3IN) were sispended in 1:3wiv
CHzCI=CHCN or 1201 wiv CHRCE=CHCN-EICN solvent misture such
that the final concentrations of thioglycoside and acceptor were 12 and
10 ms, respectively (for particular details see Table 51 in the Supparting
Information). The mesulting mixture was gimed at room temperature for
10 min and at —70°C for an additional 20 min under N, and followed by
the addition of NIS (1.2 mal equiv) and trimethylsilyltriflate (TMS0TT,
024 mal equiv). Glycosylation coupling was monitored by TLC with
either EtOAc-hexane or EtDAc—CHLCL-hexane mixture as the develop-
ing solvent. Upon completion of glycceylation, a small volume of saturat-
ed MaHCO, and small umps of Na5.04(s) were added to the mixture,
followed by vigorous stirting until the deep-red color of the reaction mix-
ture turned to pale yellow. Then the MS were removed by filtration over
celite. The filtrate was dried {over MeS0y), fikered, and concentrated for
flash-chromatography purification over silica gel to furnih glycosylation
products for NME characterization. A small portion of crude mreaction
mixture was fltered through a shon pad of silica gel (approximately
1em) and concentrated for determination of the a/fi-anomeric ratio by
HPLC analysis by using conditions as described in the general experi-
mental section. Preparation of glycosyl substrates 1, 4-12, 23-32 for gly-
cosylation studies and NMR spectra of compounds 1, 312, 1449 are
presented in the Supporting Information.
Low-temperature NMR spectroscopy for thiogalactopymnoside (1): Thio-
galactopyrancside 1 (33 mg for 100my or 33 me for 10mw) in a pre-
dricd NMRE tube was dried under vacuum ovemight and then 1:3w/
v CDCL—CDGON with 5 val % EtCN (500 plL) was added under M. The
resulting mixture was then analyzed
by MMRE spectrascopy at a tempera-
ture range of 25°C to —60°FC (selected
spectra are given in the Supponting In-
formation ).
Low-tempemture NMR spectroscopy
for MIS-TMSOTRactivated thiegalac-
topyranoside (1): Thiogalactopyrano-
side 1 (33mg) in a pre-dried NMR

tubz  was dried under vacuum

T T T T T
60 150 W0 130 120 110 |W W a0

M | | Mm

&0 50 40 overnight and then 500pl of 123

wiv CDLOL-CDGCN. (with 25 pl. of
EtCM added as internal reference)
was added under M. The resulting so-
lution was cooled at —80FC hath for
approximately 10 min, followed by the
addition of TMSOTT (2 pl) in CDuCl,
solution {10 pl). The mesulting mixture
was then analyzed by NMRE spectros-

copy at temperature range of =50 to

T T T T T T T

60 150 140 430 420 MO 400 !D 30

Figure 3. "C NMR specira of a) protected Ghy, 46 and b) protected isoGh, 48.
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—30°C (sclected spectra for VT-NMR
are given in the Supporting Informa-
tion ).

ﬂl 50 40
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1.2:34-di-0-is0 propyliden e-6-0-1 2, 3 A tri-C-benzyl-6- O-le va linoyl-[§-p-
galactopyranosyl)-l-w-p-galactopyranose (3): Synthesis of 3 was per
formed as per the general procedure of low-concentration 1, 2-frans fi-se-
lective glyeosylation. 3 (128me, 84%) was obtained as glassy solid.
[0]5=—-3534 (=09, in CHCL); '"HNMR (300 MHz, CDCl, 25°C,
TMS): 4=T7.50-TA4T (d, J=93 Hz, 2H; ArH), T.46-728 (m, 13H; ArH),
559 (d, =495 Hz, 1 H, H-1), 5.09 (d, J=11.1Hz, | H), 488 (d, J=
12Hz, 1H), 480475 (m, 2H), 4.68 (d, J=114Hz, |H), 4.6]1 (dd, J=
24, TAHz, 1 H), 4.45 (d, J=T.8Hz, 1H), 4.33 (dd, =24, 5.1 Hz, 1 H),
4284.22 {m, 2H), 418010 {m, 3H; 391-3.83 (m, 2H), 3.7 (dd, =69,
99 Hz, 1H), 3.583.54 (m, 2H), 276-2.71 {m, 2H; CH.C=0), 2.53-248
(m, 2H; CH,C=0, 220 (5, 3H; CHO=0), 1352 (5, 3H; CHO), 148 (5,
3H; CHC), 135 (5, 3H; CHC), L3Mppm (s 3H; CH.C) “CHNMR
(T3 MHz, CDCL,, 25°C): 4=206.9, 17274, 1394, 1390, 1387, 1290,
1289, 1288, 128.6, 1285, 128.1, 1280, 1278, 1097, 10490, 1051, 6.8,
8213, T93, 75.2, T8, 723, T1.9, TL.Z, T09, 7.1, 6T, 635, 34.3, 302, 24.2,
2644, 26.41, 25.5, 24 8ppm; HRMS (FAB): mifz: caled for CuHoOys:
TH3564 [M]*; found: THII561.
1.2:34-Di-(-sopropylidene-6-0-(4-0 -acetyk '3 6 tri- O-benz yl-[§-p-gal-
actopy- ranosyli-1-o-p-galctopyranose (14): Synthesis of 14 was per
formed as per to the general procedure of low-concentration 1,2-frans fi-
selective glycosylation. 14 (120mg, 85 %) was obtained as colorles oil.
[wlg=-631 (c=12, in CHCL); 'HNMR (300 MHz, CDCl, 25°C,
TMSE S=T.50-TA8% (m, 2H; AH), T42-7.28 {m, 13H; ArH), 5.63-5.561
(m, 2H), 508 (d, 7=11.1Hz, 1H), 48 {d, F=114Hz 1H)}, 472 {d, J=
1.1 Hz, 1H), 4.64=149 (m, 5H), 4.36 (dd, F=2.4, 5.1 Hz, | H), 427 (dd,
F=135, T.EHz, 1H), 4.22-4.14 (m, 2H), 3.82-373 (m, 2H), 3.68-353 {m,
AH), 11 (s, 3H; CHC=0), 154 (s, 3H; CHC), 149 (s, 3H; CHO),
136 ppm (s, 6H; CHLC) MO NMR (75 MHz, CDCL, 25°C): &= 17008,
1393, 138.4, 1380, 128,91, 1289, 1287, 1286, 12852, 12851, 1283, 1241,
1278, 1098, 1090, 1050, 968, T9.4, 790, 754, 74,1, 725, 724, 719, TL.2,
TG, Th4, 684, 678, 673, 264, 255, 24.9, 214 ppm; HEMS (ESIE miz:
caled for CgHg(:Ma: 757.3194 [M+Na)*; found: 7573194,

1.2:34-Dhi-0- sopropylidene-6-0-( 278 -di-0-bene vk 3 A4 -di- O-met hoxyear-
bomyl- -p-galactopyranosyl)- l-w-p-galactopyranose (15): Synthess of 15
was performed as described in the general procedure for low-concentra-
tion 1 2-rrans f-selective glycosylation. 15 (%8 mg, 71 %) was obtained as
light-yellow oily liquid. [af=-83%9 (¢=053 , in CHCL); 'HNMR
(300 MHz, CDCL, 25°C, TMS ) & =T7.39-7.26 (m, 10H; ArH), 5.57 (d 7=
5.1 Hz, 1H; H-1), 5.37 (d, 7=3.0Hz, 1H), 502 (d, 7=114 Hz, 1 H), 485
(dd, 7=33, 102 Hz, 1H}, 4.65-447 (m, 5H), 4.33 (dd, /=24, 45 Hz,
1Hj, 4.23 {dd, =14, &1 Hz | H), 4.16-4.07 (m, 2H), 3.82 {5, 3 H), 380
358 (m, 8H), 152 (5, 3H; CHLC), 146 5, 3H; CHLC), L33 ppm (5, 6 H;
CH,C); “C NMR (75 MHz, CDCL, 25°C): 8=155.9, 155.3, 138.9, 134.1,
1288, 128.5, 1284, 12822, 1282, 1274, 1098, 1090, 1045, 96.8 769,
T, TA0, TLL, T1IG, TLE TL1, 709, 01, 68.0, 678, 5553, 5551, 26.43,
2638, 254, 24.8ppm; HRMS (ESI): miz: caled CyHygONa: 7412729
[M4Na]*; found: 7412729,

12:34-Di-0- Bopropylidene-6-0-( 273 4 tri O benz -6 O-levalinoyl-[i-
p-gluen- pyranosyllk l-o-p-galactopyranose (160 Synthesis of 16 was pre-
pared according to the geneml procedune of low-concentration 1,2-frans
fi-selective ghycosylation. 16 (117 mg, 77% ) was obtained as white glasy
solid. [a]i=—14.8) (c=084, in CHCL); "HNMR (300 MHz, CDCls,
25°0C, TMS): 4=TA46-742 (m, 2H; ArH), 7.36-725 (m, 13 H; ArH), 559
(d, 7=51Hz, 1H; H-1), 5.08 {d, J=11.1Hz, 1H), 5.0 {d, J=104 Hz,
IH), 4.88 (d, F=10.8Hz, 1H), 4.8] (d, J=11.1Hz, 1H), 474 {d J=
11.1 Hz, 1H), 4.63-.56 (m, 2H]), 449 (d, F=T78 Hz, 1 H), 435125 {m,
AH), 41510 (m, 2H), 3.77-3.65 (m, 2H), 354-3.44 (m, 3H), 2.78-2.72
(m, 2H; CHyC=0), 262-258 (m, 2H; CHyO=0), 2.20 (5, 3H; CHOC=0),
152 (s, 3H; CHLC), 148 (s, 3H; CHC), 135 (s, 3H; CHLC), 1.33 ppm (5,
3H; CHO); “"ONMER (75 MHz, CDCL, 25°CE S=2068, 172.9, 139.0,
1389, 1382, 12900, 1289, 1288, 1286, 1285, 1283, 1280, 1279, 109.8,
1089, 10:4.9, 96,8, 849, 81.9, T8, 7746, 764, T5.4, T4E, 732, 712, TLE,
TL1, TOE, T2, 67.7, 63.7, 383, 30.3, 283, 2643, 264, 254, 248 ppm;
HEMS (FAB): mi/z: caled for CaHalOys: T903564 [M]F; found : T9L.3578.
1.2:34-Di-t-wopropylidene-6-0-( 23 §-tr O-benz yl-4 - O-levalinoy]-fi-
p-glucopyranosyl)- l-e-p-galactopymnose (17): Synthesis of 17 was pre-
pared according to the geneml procedure of low-concentmation 1,2-frans
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frselective glyecsylation. 17 (126 mg, 83% ) was obtained as colorless oily
liquid. [af=-22.42 (¢=0.35, in CHCl,); 'H NMR (300 MHz, CDCI,
25°C, TMS): 4=T.46-T43 (m, 2H; ArH), 7T37-7.27 (m, 13H; ArH), 5.6
(d, J=5.1 Hz, 1 H), 5089499 (m, 2H), 486 (d, 7=117 Hz, 1H), 4.73 (d,
J=11.1Hz, 1H), 4.67-43% (m, 2H), 435451 (m, 3H), 4.35 (dd, 7 =24,
5.1 Hz, 1H], 426 (dd, J=1.5, T.8Hz, 1H), 421-112 (m, 2H]}, 3.78 (dd,
J=7.2, 10.2Hz, 1H), 366-3.50 (m, 5H), 262-2.54 (m, 2H; CH; C=0),
245-2.25 {m, 2H; CH,C=0), 213 (s, 3H; CH, C=0), 153 (s, 3H;
CHC), 148 (s, 3H; CHLC), 135 ppm (5, 6H; CHLC), “C NMR (75 MHz,
CDCls, 2550, TMS)R 4=206.6, 1720, 1390, 1389, 1385, 1291, 12871,
12868, 12864, 1283, 1280, 127.9, 1048, 10900, 1047, 968, 819, 817,
T34, T49, 740, TAT, TLE, 714, T1.2, 709, 69.9, 67.9, 38.2, 30.2, 283, 265,
264, 25.4, 24.9ppm; HEMSE (ESI): mufz: caled for CaHoOy: THL3564
[M]*; found : THLIS68.

1.2 3, 4-Dvi- O-isoprop ylid ene-6-0- (2 -azid o- 3 4 60 6- O-b ez y1-2-deoncy- |-
n-glucopyranosyl)-1-w-p-galacto pyranose (180 Synthesis of 18 was per-
formed according to the general procedure of low-concentration 1,2-frans
[fselective glycosylation. 18 (114 mg, 83%:) was obtained as a colodess
aily liguid. [a)fi=-3530 (e=108, in CHCL); '"HMNMR (300 MHz,
T, 25°C, TMS): 4=7.42-T30 {m, 13H; ArH), 7.22-7.19 (m, 2H;
ArH), 5.6 (d, J=5.1 Hz, 1 H), 495 {d, F=104 Hz, | H), 4.84 (dd, =57,
108 He, 1H), 467-055 (m, 4H}, 445446 (m, 1H), 436 (dd, 7=24,
4.8 Hz, 1H), 4.32 (dd, J=1.2, &1 Hz, 1 H), 4.1 (m, 2H), 388366 (m,
4H), 349-3.45 (m, 3H), 1.59 {5, 3H; CHsC), 149 {5 3H; CHLC), 138 (5
3H; CHCY, 137 ppm (s, 3H; CHC); “C NMR (75 MHz, CDCL, 25°C)
A=138.49, 138,46, 13839, 2888, |28.85, 12881, 12847, 1283, 1241,
1097, 10401, 1029, 96.7, 83.5, TA1, 739, 754, 740, TL.T, TL1, 709, 692,
689, 6RO, 66,8, 265, 26,4, 254, 248 ppm; HRMS (ESI): miz: caled for
CyHp N0 Na: 7403159 [M+Na]*; found: 740.3154.

1.2:3,4-Di- O-isoprop ylid ene-6-0- (2 Y- di-0 -benzyl-4 - O-benzybdene- |-
p-galact opyranosyl)-1-w-n-galacto pyranose (19 Synthesis of 19 was gen-
erally based on the general procedure of low-concentration |, 2-frans fi-
selective glycosylation, but lower substrate concentrations (5 ms of gly-
cosyl acceptor T and Gms of glycosyl dopor %) were used to obtain a
1:19 wf anoemric ratio of 19, Disaccharide 19 (110mg 83 %) was oh-
tained as white amorphows solid. [off=-12.% (c=14, in CHCL)
'HNMRE (300 MHz, CDCls, 25°C, TMS) 4=762-7.% (m, 2H, ArH),
T553-7.52 (m, 2H, ArH), 7.45-T28 (m, 11H, ArH), 562 (d, =51 Hz,
1H; H-11, 5.54 (5, 1H; PhCH), 513 (d, J=111Hz, 1H), 48077 (m,
3H), 4.8 (dd, =24, TE Hz, 1H), 449 (d, J=T74 Hz, | H), 436 (dd, J=
24, 5.1 Hz, 1H), 43421 (m, 3H), 4.17-113 {m, 2H), 4.04 {dd, /=12,
123 Hz, 1H), 391 (dd, /=725, 9.6Hz, 1 H), 3.77 (dd, /=72, 105 Hz,
1H), 360 (dd, F=36, 9.6 Hz, 1H), 332 (s, |H), 1.55 (5, 3H; CH.C), 1.50
(s, 3H; CH,C), 137 ppm (5, 6H; CH,C); “C NMR (75 MHz, CDCL,
25°C, TME): 4=1396, 1389, 138.3, 129.3, 1289, 1288, 128.7, 128.6, 1285,
1282 1281, 127.8, 1269, 1097, 109.1, 1048, 1006, 968, T9.3, TE.6, 754,
T46, 725, 719, 71.2, TO9, 699, 696, 67.8, 66.9, 26.5, 264, 25.5, 24.9 ppm;
HEMS (ESI): miz: caled for CgHgOpMa: 7132932 [M+Ma)*; found:
T13.2933.

1.2:3,4-Dvi (-isoprop ylid ene-6-0- [2° 3, 6 d- (b ez y 400127, 37, 47,60
tetra- (-benz vk - p-galacto p yrnosyl)--p-gluco pyranosyl) - 1- o-D- galac to-
pyranose (20): Synthess of 20 was performed according to the general
procedure of low-concentration 1, 2-trams fi-selective ghycosylation. 20
(175 mg, 73% ) was chtained as a colarless oily liquid. [aff=—1538 (c=
207, in CHCL); '"HNMRE (300 MHz, CDC, 25°C, TMS): 4=T7.4-7.18
(m, 35H; ArH), 562 (d, J=5.1Hz, 1H), 508500 (m, 3H]), 48474
(m, TH), 454—0L57 (m, 3H ), 4.50-444 {m, 2H), 441-4.35 {m, 2H), 431-
427 (m, 2H), 4.21-0L17 {m, 2 H), 403-3.9 (m, 2H), 388-3.72 (m, 4H),
363-3.56 (m, 2H), 3.49-337 (m, 5H), 155 (s, 3H; CH,C), 151 (s, 3H;
CHYC), 137 ppm (5, 6H; CHy) "ONMER (75 MHz, CDCL, 25°C): 8=
13906, 1395, 1394, 139.2, 139.0, 138.8, 138.5, 1289, 12881, 12879, 12868,
12866, 128,52, 12838, 12830, 12817, 12811, 127.96, 12786, 12780,
12746, 10976, 10802, 10480, 103,17, 8318, 8198, 8168, 8040, T7.71,
T5.79, 7570, 7551, 7513, 74.97, 7402, T3.83, 73.52, 7336, 7297, TL4E3,
TLIE, T0.93, 6091, 6862, 6851, 67.74, 26,50, 2645, 2549, 24.88 ppm;
HREMS [(FAB): miz: caled for CoHgO, 12145603 (M) found:
1214 5608,
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-Chlorohexyl 2.3,4-tri-0-benzyl-1- -u-fuco pyranoside (210 Synthesis of
21 was performed according to the general procedure of low-concentra-
tion 12-trans f-selective glyeosylation. 21 (93 mg, 800%: ) was obtained as
colarless aily liquid. [off=+552 (=032, in CHCL); 'HNMR
{300 MHz, CDICly, 25°C, TMS ) 6 =T7.41-7.27 (m, 15H; ArH), 5.01 (d, /=
117 He, 1 H), 496 (d, J=11.1 Hz, | H), 485047 {m, 4H), 434 (d, J=
T5 Hz, 1H), 397 (dt, 7=0.3, 9.6Hz, |H), 383 (dd, 7=TE, 9.6Hz, 1 H),
350344 (m, 6H), LEI-16&4 (m, 4H; CHz), 151-137 {m, 4H; CHz),
120 ppm {d, /=63 He, 3H; CH,); "CNMR (75 MHz, CDCl,, 25°C): d=
13933, 13908, 139002, 128.95, 12879, 12868, 12853, 12843, 127.97,
12791, 142, 8297, To.8%, TLOD, Toubhh, 7549, T434, TIS5E, TOL6D, 69.99,
455, 3295, 300, 271, 259ppm; HREMS (ESI: miz: cakd for
CoHyClOGNa: 575.2540 [M+Na]*; found: 5752535,

i-Chlorohexyl 2.3,40-teira-0) -benzyl-fi-p-galacto pyranoside (22): Synthe-
sis of 22 was referred to the general procedure of low-concentration 1,2-
srans fi-sclective ghyeosylation. 22 {140 mg, 85% ) was obtained as colour-
less aily liquid. [0l =—424 {e=1.90, in CHCL); "H NMR (300 MHz,
CMCE, 25°C, TMSE 4=T.46-73] (m, 20H; ArH), 505199 (m, 2H),
AREATT (m, 3H), 471 (d, 7=11THz, 1H), 456047 (m, 2H), 4.44 (d,
J=T5 Hz, 1H), 406403 {m, 1 H), 3.98 {m, 1 H}, 3.9 (t, 7=9Hz, | H),
360-3.53 (m, TH), 1.85-172 (m, 4H; CH.), 152-1.45ppm (m, 4H;
CH,); “CNMR (75 MHz, CDCl, 25°C)E 4=1393, 139.1, 139.0, 1384,
1289, 12884, 128,75, 12854, 12850, 12836, 12801, 127.93, 1044, 827,
B, 756, 7496, TA01, TI9E, T3S0, T022, 69.38, 4550, 3299, 30.06,
2707, 25.% ppm; HRMS (ESIE mifz: caled for O HpClOGNa: 681 2953
[M+Ma]*; found: 681 2953,

3-Chloropropyl  23- (4isopropylidene-4- O 27,3, 4 -ri-0 b ayl-6-0- leva-
lino gk [f-o-galactopyran osyl ) -o-L-rhammop yranoside (33): Synthesis of 33
was performed according to the general procedure of low-concentration
| 2-raans fiseclective glycosylation. 33 (114 mg, 65%) was obtained as
yellow oily liguid. [aff=-1632 {c=116, in CHCL); 'HNMR
(300 MHz, CDCly, 25°C, TMS): 4=T46-729 (m, 15 H; ArH), 5.03-4.95
{m, 3H), 487475 (m, 4H), 469 (d, /=117 Hz, | H), 4.20-423 {m, 2 H),
ANE0 (m, 2H), 393-3.77 (m, 3H), 3.6-3.55 (m, TH), 276271 (m,
2H; CHOC=00, 251-2.47 (m, 2H; CH.C=0), 2220 (5, 3H; CHC=0),
2011203 (m, 2H; CH,), 155 (5, 6H; CHO), 1.39-129 ppm (m, TH);
BCMMR (TSMHz, CDCL, 25°C) S=206.9, 1728, 1394, 1390, 1385,
1288, 128.72, 128,66, 128,62, 128.5, 1281, 1280, 1279, 12748, 109.6, 102.6,
974, 817, 7909, T9.3, 186, T6.3, 755, T4.8 T3.94, TIET, T2.43, 42.1, 38.3,
327, 303, 283, 241, 268 183ppm; HRMS (ESI: miz: caled for
CoH U0 Na: 833.3274 [M+Na]™; found: 8333274,

Methyl 2,361k O-bemeyl-d-0d- (23 A-irk b enzyl-6'- O-levalino yl-f-n-
galacto pyranosyl)-1-o-D- ghicopyranoside (34) Synthesis of 34 was per-
formed according to the general procedure of low-concentration 1,2-rrans
fsclective glycosylation. 34 {122 mg, 63 %) was obtained as white solid.
[alf=+249 (e=0098, in CHCL), 'HNMR (300 MHz, CD{CL, 25°C,
TMSE $=T.47-722 {m, 30H; ArH), 5.06 (m, 2H), 488477 (m, 5H),
475459 (m, 5H), 437 (d, J=12Hz, | H), 431 {d, JI=T7.8Hz, 1H), 4.12
(d, J=6.6Hz, | H), 3.99-3.70 {m, 6 H), 365-3.52 (m, 3H), 347-3.32 m,
5H), 2.73 (m, 2H; CHC=0), 2.53-247 (m, 2H; CH;C=0¥), 2.19 ppm (s,
3H; CH,C=0); "CNMR (75 MHz, CDCl,, 25°C): 8 =2009, 172.6, 139.7,
1393, 13901, 13894, 138,93, 138.5, 128,92, 128,82, 128,81, 128.78, 128.67,
12859, 12852, 12845, 12841, 12836, 12820, 12816, 12806, 12802,
12791, 12788, 12782, 127.55, 103.05, 9885, 82.79, &6, 803, 77.7, Te.9,
T58, 75.6, 7.0, T3.7, 7.6, 732, 720, T04, 683, 631, 55.7, 38.3, 30.3,
283 ppm; HRMS (ESTE miz: caled for CgHgO e 9944503 [M]*; found:
P A5,

2-Agidoethyl 2,3-di-O-allyk4-0-(2° 3 4~ 1wk O-benzyl-6- O-levalino yl-[i-0-
galacto pyranosyl)-1-[-o-galactopymanoside (35): Synthesis of 35 was per-
formed according to the general procedure of low-concentration 1, 2-reans
fi-sclective glycosylation. 35 {117 mg, 60% ) was obtained as a yellow oily
liguid. [aff =—1.% (c=074, in CHCL); "HNMR (300 MHz, CD(Cl,
25°C, TMS): 4=T.50-T4A8% (m, 2H; ArH), 738728 (m, 18H; ArH]),
597-5.86 (m, 2H), 5.39 (d, F=1.2Hz, 1H), 5.24-502 {m, SH), 488485
(m, 2H), 4.78-.74 (m, 2H), 4.65-4.53 (m, 3H), 4.37 (d, F=T.8Hz, 1 H),
425399 (m, 8H), 387-367 (m, 5H), 3.64-3.37 (m, TH), 2.75-2.70 (m,
2H; CHLC=0), 2.51-2.47 (m, 2H; CHC=0), 219 ppm (5, 3H; CH.C=
0); "CNMR (T3SMHz, CDCl,, 25°C): A=206% 1728 1395 1391,
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1388, 1356, 1355, 128,77, 12876, 128.67, 128.6, 1284, 1282, 1280, 127.7,
L1691, 11688, 10417, 103.4, 82.4, 816, 80,1, T9.6, TT.7, 733, T48, 745,
T44, T43, TAN, T3 TL3, TL1, TLE, TOT, 686, 637, 514, 382, 302,
280 ppm; HEMS (ESIE miz: caled for CeHgMNoOMNa: 9724253
[M+Na]*; found: 9724253,

Methyl 23 d-ri-O-benyl- 6-0-027 3, 44 d-0 -hene y -6 -0 levalino yi- [-n-
ghacopy ranosyl)-1-w-p-glucop yranoside (36) Synthesis of 36 was mefermed
to the general procedure of low-concentration 1 2-rrans fselective glyoo-
sylation. 36 (162 mg, 83%) was obtained as white salid. [af] =+20.57
(e= 103, in CHCL); "HNMR (300 MHz, CDCL, 25°C, TMS): 8=T41-
T32 (m, 25H; AH), T25-7.24 (m, 5H; ArH), 30677 (m, 9H), 4.74-
456 (m, 4H), 4.43-139 (m, 2H), 4.30 (dd, J=4.2, 12 Hz, 1 H), 4.22 {4,
J=10.5Hz, 1H), 4.07 (t, F7=%3Hz, |H), 3.90 (dd, J=3, 99 Hz, 1H)
377369 (m, 2H), 363-3.51 (m, 5H), 341 (s 3H), 278273 (m, 2H;
CHC=0), 263-258 (m, 2H; CH,C=0), 2.21 ppm (5, 3H; CHC=0;
BCMMR (75 MHz, CDCl,, 25°C): 4=206.8, 1730, 1393, 1384, 1347,
1386, 138.2, 12895, 128.93, 12888, 12884, 12881, 12863, 128,58, 12844,
12840, 12836, 12832, 128,17, 12810, 12804, 104.2, 985, 852, 82,4, 802,
TEA, TTH, T62, T6.1,75.5, 754, 753, T34, 73.3, T.2, 69.1, 63.7, 55.7, 343,
303, 302, 28.3 ppm ; HEMS (ESI): mi'z: caled for CeHg Oy Na: 9984503
[M+Na]|*; found: 9944506,

¥ A-Tri-O-henzyl-6'-0-levuling yh w-p-galactopyranosyl  N*-fluoren-9-y
methoxycarhonyl-L-serine allyl ester (37a): Synthesis of 3Ta was per-
formed according to the general procedure of low-concentration 1, 2-rrans
[-selective glyeosylation, but use only CHCl, as reaction solvent. 37a
(128 mg, 75 %) was obtained as colorkess oil. [off=+8.63 (c=050, in
CHCL); 'H NMR (300 MHz, CDNCL, 25°C, TMS): 4=T80-7.78 (m, 2H;
ArH), T.68-756 (m, 3H; ArH), T44-7.28 (m, 18H; ArH), 596584 (m,
L H}, 540-5.22 (m, 2 H), 505480 {m, TH), 4.74-45% (m, 4H}, 4.51-1.3%
(m, 2H), 43404 (m, 5H), 402-3.8] (m, 3H), 2.7%264 (m, 2H;
CHO=0), 260-245 (m, 2H; CH.C=00, 216 ppm (s, 3H; CHC=07;
BCMMR (75 MHz, CDCl, 25°C): 4=207.1, 17295, 170.2, 1565, 1443,
1417, 1390, 1388, 1386, 1320, 12889, 12882, 12874, 1283, 1282,
12814, 12808, 12795, 12747, 127.52, 12562, 12559, 12529, 12041,
11921, 998, TR99, TTHT, T6.T0, 7504, T3.79, 73.73, TO53, 69.73, 6757,
GO0, 6663, 6422, 55.1, 475, 3825, 38,19, 30.29, 30.23, 24.] ppm; HRMS
(ESI) mifz: caled for CgHyMO:Ma: 9203616 [M+MNa]*; found:
9203609,

23 A-Tri-{3-henzyl-6-0-levuling vk [-o-galacio pyranosyl - A" -fluoren-9-yl
methoxycarhonyl-Lserine allyl ester (37h): Synthesis of 3Th was per-
formed according to the general procedure of low-concentration 1,2-frans
[-selective glycosylation. 3Th (124 mg, T3% ) was obtained as white salid.
[of)=+137 {c=083, in CHCl); 'HNMR (300 MHz, CDCl, 25°C,
TMS): &=T80-7.77 (m, 2H; ArH], 7.62-757 (m, 2H; ArH), 7.47-7.25
(m, 19H; ArH), 599-5.87 (m, 2H), 537 (d, J=17.1 Hz, 1H), 525 (d, J=
105 He, 1H), 5.01 (d, 7=117 Hz, 1 H}, 4.93 (d, J=104 Hz, | H), 487-
ATE (m, 3H), 473457 (m, 4 H), 449-4.11 {m, TH), 3.95-3.85 (m, 3H),
361-3.54 {m, 3H), 2.77-273 (m, 2H; CH,C=0), 2.54-241 (m, 2H;
CHLAC=0), 2.2 ppm {5, 3H; CH,C=0); “C NMR (75 MHz, CDCl, 25°C)
A=200.97, 1729, 1700, 1565, 14436, 14421, 14166, 13874, 13862,
13859, 13194, 12890, 12886, 12882, 12877, 12866, 12822, 12819,
12813, 12804, 12755, 12750, 12574, 12564, 12036, 11919, 1048, 826,
T93, T7.7, T5.8, T4.9, T361, T3.37, 726, 704, 677, 66.7, 63.4, 55.1, 475,
383, 303, 282 ppm; HRMS (ESI: miz: caled for CoHeMNO:MNa:
9203616 [M+MNa]*; found : 9203619,

A-Chloropropyl  2-0-benzyl-4,6-0-benzylidiene-3-0-( 2 -azido-3 4" 6 -tri-
tr-hemeyl =2 -deoxy-[i-n-glucopyranosyl)- 1--o-galactopyranosdde  (38):
Synthesis of 3 was referred to the general procedure of low-concentra-
tion 1, 2-trans f-selective glycosylatin, 38 (126 mg, 77% ) was obtained as
a colorless oily liquid. [o)f=+742 (¢=1.22, in CHCL); 'HNMR
(300 MHz, CDCL,, 25°C, TMS): a=T864-7.61 (m, 2H; ArH), 7.53-7.51
(m, 2H; ArH), 7.46-735 (m, 19H; ArH), 7.28-721 (m, 2H; ArH]}, 5.60
(s, 1H; PhCH), 500496 (m, 2H; viny-CH), 493081 (m, 4H), 467-
453 {m, 3H), 447 (d, J=7.5Hz, 1 H), 436433 (m, 2H}, 4.17-398 (m,
3H), 3.9 (dd, J=33, 9.9Hz, |H), 3.82-357 (m, TH), 3.48-340 (m, 3H),
218200 ppm (m, 2H; CH.); “CNMR (75 MHz, CDC, 25°C): 4=
1389, 13840, 13838, 138.23, 129.13, 128.93, 128,58, 128.82, 128.78, 12853,
12847, 12845, 12839, 12835, 12825, 12820, 1267, 12, 1032, 10098,
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836, TE9G, TR33, 38.21, Te.52, 7594, 7539, 7556, T5.14, Ti.88, 69.43,
G930, 6696, 66.77, 66.70, 42.35, 332 ppm; HRMS (ESI): miz: caled for
CqHCINOMa: 914.3395 [M+Na]*; found: 9143390

G-Chlorohexyl 23, 6-t6- O-benzyk 4-0-(2° 3 61 6= O-benz yl-[- p-galact opyr-
anosylF 1-fi-p-glucopyranoside (39): Synthesis of 3% was prepaned accord-
ing to the general procedure of low-concentration 1 2-rrans fselective
glycosylation. 39 (168 mg, #0%) was obtained as white glasy solid.
[alf=+1523 (¢=032, in CHCL); '"HNMR (300 MHz, CDCl, 25°C,
TMSE 8=T726-7.13 (m, 30H; ArH), 490 (d, F=1048 Hz, 1H), 480 (d,
J=11.1 Hz, 1H), 470455 (m, &H), 447 {d, F'=123Hz, 1H), 439427
im, 5H), 393,81 (m, 3H), 3.74-322 {m, 4 H}, 236 (br, 1H]), 1.70-155
{m, 4H; CHz), 137-1.30 ppm (m, 4H; CH:); "CNMR (75 MHz, CDCls,
2550 a=13944, 13900, 138,95, 138.65, 13848, 13825, 12880, 124.71,
12863, 12861, 12840, 12827, 12820, 12813, 12811, 12801, 127.96,
12789, 12747, 127.8], 12758, 103.93, 10289, §3.22, 82,11, §143, T9.70,
TT60, 7567, T5.57, 7542, 75.25, T3.83, 7345, T3.06, 7233, 7009, 68.76,
663, Ghdb, 4538, 3284, 2993, 2701, 2581 ppm; HEMS (FAB): miz:
caled for CgH gCI0y: 10004528 [M]*; found: 10004529,

G-Chlorohexyl 236-tri O-benz yl-4-0 - -0 -benzoyl-2', 6 -di O-benz yl-f-n-
galacto pyranosyl)-1-i-o-ghicopyranoside  40): Synthesis of ) was per-
formed according to the general procedure of low-concentration 1, 2-frans
f-selective ghyeosylation. 40 (235 mg, 3% ) was obtained as glassy solid.
[alg=—1710 (c¢=0.74, in CHCL); 'HNMR (300 MHz, CDCl, 25°C,
TMSE &=T7590 {m, 2H; ArH), 744 (m, 3H; A}, 7.30-708 (m, 19H;
ArH), 700696 (m, 8H; ArH), 350 (d J=3.0Hz, IH) 500 (d, J=
105 Hz, 1H), 4.83-4.45 (m, 8H), 4.33-4.30 (m, 3H), 4.13 (d, J=120Hz,
IH), 39 (t, J=93Hz, 1H), 38385 (m, 1H), 376 (dd, J=3.5
1.1 Hz, 1H), 3.69-3.64 ({m, 2H), 3.58-332 (m, [0H], 245 (br, 1HJ, 166
156 (m, 4H; CH), 136131 ppm (m, 4H; CH); "CNMR (75 MHz,
CDCL, 2550 S=1066.79, 13936, 13808, 138,54, 13849, 13411, 133.50,
130019, 130000, 12878, 12871, 12863, 12860, 12837, 12829, 12823,
12818, 128,15, 12801, 12798, 12792, 12747, 127.60, 103.99, 102,85, 83.14,
BL97, 8049, TT.60, 7704, T3.78, 73.51, 7302, TL65, TOe], T2, 6848
67.75, 6306, 45.36, 3284, 3003, 2992, 27.00, 25.81, 2539 ppm; HEMS
(FABY wmwz: caled for CuHgCOlOy: 10054390 [M+H]YY; found:
101543594,

-Chlorahexyl 2-azido-36- di-C-benzyl-2- deo xy-1-f-o- gh eo pyranoside
141): Synthests of 41 was performed according to the general procedure
af low-concentration 1 2-rrans f-scdective glycosylation. 41 (44 mg, 60% )
was obtained as colorless il [af)=-32.28 (¢ =03, in CHCL); 'H NMR
(300 MHz, CDCL, 2550, TMS ) & =T7.43-7.29 (m, 10H; ArH), 4.96 (d, J=
114 Hz, 1H), 481 (d, J=114 Hz, 1H), 465 (dd, J=12.0, 48 Hz, 1 H),
431 (d, J=T4 Hz, |H), 3.98-3.90 {m, 1 H), 3.76 (d, J=646 Hz, 1H), 368
352 (m, 4H), 3.46-32% (m, 2H), 3.26 (t, F=90Hz, 1H), 272 (br, 1 H),
LA3-1L76 (m, 2H; CH,), 1.72-164 {m, 2H; CH;), 1.51-143 ppm (m, 4 H;
CH.): "CHNMR (75 MHz, CDCL, 25°C) 4=1385, 1380, 1290, 1288,
1285, 128.4, 1282, 128.1, 1026, 828, T5.4, 743, T4.1, 724, T0., T4, 66.1,
454, 328, 297, 27.0, 2546ppm; HRMS (FAB): wmi/z: cakd for
CouHaMN0:CINA: 504.2260 [ M+H]*; found: 504.2260.

1.2:34- Di-0-iso pro pyliden e-6-0 -1 2 3 476" et ra-0- bemzyl-o-D-man o pyr-
annsy)-l-w-D-galaciopyranose (421 Synthesis of 42 was performed ac-
cording to the general procedure of low-concentration 1, 2-rrans f-aclec-
tive glycosylation. 42 {128 mg, 5% ) was obtained as colorless oily liguid.
[a)f=—4611 (¢=0.75, in CHCl); 'HNME (300 MHz, CDCl, 25°C,
TMSE 8=T42-7.25 (m, |8 H; ArH), 7.19-7.16 (m, 2H; AH ), 5.55 (d, J=
51 Hz, 1H; H-1), 305 (d, FJ=18Hz, 1H), 490 {d, J=105Hz, 1H),
AT5-069 (m, 3H), 4.63-4.51 (m, $H), 4.35 (dd, J=7.5, 5.1 Hz, | H), 4.19
(dd, J=1.% &1Hz, | H), 4083291 (m, 3 H), 3.86-369 (m, 6H), 152 (5,
3H; CHO), 145 (5, 3H; CHC), 1L35ppm (5 6H; CHLC)L “CNMR
(T3 MHz, CDCl, 25°C) 4=1389, 13888 13882, 13875, 1287, 1284,
1282, 1280, 127.98, 127.94, 12788, 12784, 1097, 1089, 976, 96.7, 804,
TT6, 75.5, T5.2, 749, TAT7, TLT7, T2.4, T1.3, 71.0, 709, 69.4, 65.7, 65.6, 26.5,
263, 25.3, 24.9 ppm; HRMS (ESIE miz: caled for CuH Oy Ma: 8053564
[M+Ma]*, found: =8053558.

Methyl 23, 4-tri-0-benzyl- -0 27,3, 4 tri-0 -beney - [-o-glucop yranosyl -
1-it-p- ghicop yanoside (43): Dizaccharide 36 (410mg 0. 4mmol) in 12 vy
CHy CL-MeOH solution {# mL) was treated with a picce of freshly cut
sodium {approximately 10img) at room tem perature. Upon completion of
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deacetylation, the mixture was neutralized with resin IR-120H*, filtered,
and concentrated for purification with column chromatography  owver
silica gel {elution:hexane/EtOActoluene = 17171) to furnish the disacchar-
ide 43 & white glassy salid (350me, 95%). [afi=+17.13 (e=07%, in
CHCL); 'THNMR (300 MHz, CD(Cl, 25°C, TMS ) 8=T7.41-734 (m, 25H;
ArH), T28-7.22 (m, 3H; ArH), 506493 {m, 4 H), 49080 (m, 5H),
AT6—67 (m, 4 Hi, 4.57 (d, 7=11.4Hz, | H), 4.45 (d, /=7.8Hz, 1H),4.17
(d, 7=10.5 Hz, 1H), 4.06 (t, /=93 Hz, 1 H), 3.92-3.85 (m, 2H), 3.79-3.50
{m, 8H), 342-340 ppm {m, 4H); "CNMR (75 MHz, CDCl,, 25°C) 4=
1392, 13884, 13876, 135,65, 138,54, 138.39, |28.96, 128,93, 12886, 12843,
12862, 12851, 12846, 12841, 12835, 12827, 12810, 12805, 104.2, 986,
#50, 8243, E1.41, 80.2, TR.2, Th2, 7556, 75,54, 75.42, 7336, 7384, 702,
6901, 624, 557 pm; HRMS (ESIE eu'z: caled for CyH g (0,Ma: 9194033
[M+Na]*; found: =919.4030.

Methyl 2,3 4-tri-0% benxyl-6-00-] 27,3 A tri-O-benzyl-46'- (-2 3 A" -ri-()-
henzyl-6- O-levulinoyl-i-p-glucopyranosyl)- -o-gloe op ymnosyl ] - 1-f--n-
ghicopyranoside (44): Disaccharide acceptor 43 (derived from 36 hy
Femplén  deacylation, 120 mg, .13 mmol), thioghcopyranoside 6
(108 mg, O.16mmal) and flame-dried MS (AW300, 300mg) were sus-
pended in a 1:2:1 viv CHOL-CHCN-EtCN (13 mL) solution under N,
The resulting mixture was stirred at wom temperature for 5 min and at
—=T0FC for an additional 20 min, followed by addition of NIS (38 mg,
017 mmol) and TMEOTE (6 ul, 0.032 mmaol). Upon completion of glyco-
sylation as monitored by TLC, saturated MaHCO, (L1 mL) and picces of
MasSe0is) were added to the mixture, followed by vigorously stirring at
room temperature until the deep-red color of the solwtion changed to
pale yellow. M5 was then removed by filtration over celite, and the fil-
trate was dried (over MgS0y), filtered, and concentrated for flash-chro-
matography purification over silica gel (elution: hexane/CHLCLEtOAc=
6:3:1) to furnish the desimed trisaccharide 41 as colorless oily liguid
(13 mg, T0%). [aff =+16.92 (¢=284, in CHCL);, 'H NMR (300 MHz,
COHCL, 25°C, TMS) 4=T7.35-721 (m, 43H; ArH), 7.19-7.16 (m, 2H;
ArTH), 308475 {m, 16H]), 4. 74445 (m, 9H), 4.39=012 (m, & H), 4.00 (1,
J=%Hz, | H), 380-3.35 (m, 1TH), 3.2 (s, 3H; OCHy), 2.75-2.70 (m, 2H;
CHO=0), 262-256 (m, 2H; CHC=00), 2 1%ppm (s, 3H; CHO=00;
BOMMR (75 MHz, CDCL,, 25°0): &=206.7, 17206, 1393, 13886, 13884,
13877, 13870, 138.57, 13842, 13827, 12890, 12886, 12884, 12880,
12876, 12858, 128,52, 12844, 12838, 12834, 12827, 12414, 12810,
12806, 127,90, 127,96, 1043, 103.9, 98.5, 85.2, 85.1, 824, 81.3, 80.0, 746,
TE2, TTH, T1.7, Tald, Teird, 756, 7542, 75337, 7523, 7311, 73.75 7326,
TOLL, 6900, 686, 63.7, 55.7, 382, 30.3, 28.3 ppm. HRMS (ESI): miz: caled
for MOy gMa: 144906332 [M+Ma)*; found : = 14496332

i-Chlorchexyl  23.6-tri-0-benzyl-4- O] 2,36 tri-C-benz y1-4-0 - 2.3- di-02-
benzyl-dy6  -CF-di- feri-butylsibyliden e-o- p-galact op ymnosyl)-fi-p- galacto-
pyranosyl}- 1-fi-p-glucopyranoside  (46):  Thiolactoside 23 (330 mg,
033 mmol), &chlorchexanol 13 (90 mg, 066 mmol), and flame-dried MS
TAWIND, Amg) were suspended in a 1:2:] vy CHyCOL~CH CH-EtCN
(32 mL) solution at mom temperature. The resulting mixture was stired
at room tem perature for 10 min and at —70°C for additional 20min, fol-
lowed by addition of MNIS (77mg, 034 mmol} and TMSOTE (12 pl,
06 mmol). Upon completion of glycosylation as judged by TLC, satu-
rated MaHCO, (1 wiv% of reaction volume) and picces of MagS.0(s)
were added to the reaction mixture, followed by vigomously stiring at
room tempemtuer until the red color of the solution turned to pale
wellow. The resulting crude mixture was filtered over celite and diluted
with CHClL, (40 mL). The CH.Cl: solution was washed with H.O
{15 mL]), brine {15 mL), dred {over Mg50y), filtered, concentrated, and
dried under vacuum for approximately 2 h. The resulting residue was dis-
salved in CHLCL (5 mL), followed by addition of thiogalactopyranoside
A5 (500 mg, 082 mmol) and flame-dried MS (AW300, 900 mg). The mix-
tune was stirred at room tempemture for 15 min and at —10°C for an ad-
ditional 20min, followed by addition of MIS (1.&88mg, 083 mmol) and
TMWECTE (30 pl., (.17 mmol). The mixture was stirred at —10°C under My
and the glyeosylation reaction was monitored by TLC. Upan completion
of glyecsylation as judged by TLC, saturated NaHCOy (1 viv® of reac-
tion volume) and small lumps of Ma5.04(s) were added, followed by the
waorkup procedure deseribed in the preparation of compound 44, The re-
sulting CH.Cl, solution was concentrated for flash column chromatogra-
phy over silica gel {elution: hexane/CH,CL/EtOAc=T72:1) to furnish
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target trisaccharide 46 as yellow oily liguid (M8 mg, 75% from 23).
[alg=+464T (c=106, in CHCL), '"HNMR (300 MHz, CD(Cl,, 25°C,
TMEE A=T11-7.03 (m, 40H; ArH]}, 497 (d J=114 Hz, 1H), 486 (d,
J=30Hz, 1 H), 480014 (m, 19H), 4.02-362 (m, 11H), 3.54-3.14 {m,
10H), 164-1.53 (m, 4H; CH:), L33-132 {m, 4H; CH), (.91 {5, 9H;
[Buj, 088 ppm (s, 9H; Bu); “CNMR (T3MHz, CDCl, 25°C) &=
13960, 139.43, 13901, 13898, 13888, 13883, 13869, 13854, 128.80,
12872, 12867, 12863, 12858, 12849, 12816, 128.07, 12803, 127.97,
127.94, 127.85, 127.78, 127.66, 127.61, 127.56, 103.86, 100,33, 82.75, 82.05,
8135, T931, TR.3G, T7.60, 75.39, 75.22, 7434, T3.98, 7359, 7351, 73.45,
T340, T245, T1.33, TOT5, W06, 6870, 6TE8, 67.78, 6740, 4536, 32.83,
3003, 2991, 2806, 27.96, 27.86, 27.75, 2685, 2T.65, 26,99, 2580, 23.66,
21600 ppm; HRMS (EST): ez caled CH U0, S0 14837095 [ M4 H]*;
found: = 1483, 700,

i-Chlorohexyl 4-00-[ 400 e-D-galacto pyranosyl)- +-o-galacto pyranosyl ]-1-
[i-p-glucopyranoside, Gh, derivative (47): Protected Ghy 46 (270 mg,
152 mmal) dissolved in a mixture of AcOH (95 %, 025 mL) and THF
(5mL) was treated with tetrabutylammonium fluoride (TBAF; Iu in
THEF, 1& mL].['U After stirting at room temperature for 13 h, the reaction
was dilmed with CH.CL (40 mL), which was washed with HaO (2=
15mL), dried {over MgS0y), filtered, and concentrated for the next hy-
drogenolysis. The resulting mesidue from  desilylation  {approximately
2 mg) was dissolved in a mixture of formic acid (.35 mL) and MeOH
(TmL) and treated with 5% Pd/C (100 mg). The reaction mixture was
stirred at room temperature under H: for 14 h. Upon completion of hy-
drogenolysis as judpged by TLC, PA'C was remaoved by filkration over
celite, and the fitrate was concentrated for column chromatography pu-
rification on C1# coated reverse-phase gel (Cosmaosil TSCIE-0PN) (elu-
tion: HaO/MeOH gradient from 140 to 4:1) to furnish desired trisacchar-
ide 47 as white ghssy solid (67mg, 60% from 46). [a; =+335 (c=
020, in MeOH); "H NMR (300 MHz, CDOD, 2590 4=450 (4, J=
39 Hz, 1H), 445 (1, J=83 Hz, 2H), 432 it, J=6.5Hz, 1H), 3.99-350
(m, 20H), 3.25 (t, J=8.4 Hz, 1H), L.79-170 (m, 2H; CH;), 1.65-1.56 {m,
2H; CHy), 146-135ppm (m, 4H, CHy); “C NMR (75 MHz, CD,0D,
25°C) 4=103.56, 10028, 10060, TEAY, T7.62, 7573, 7510, 7423, 72.43,
TL19, TLOG, 7084, 6062, .20, 6285, 6076, 60.67, 6032, 4593, 32.07,
QRAT, 264, 2462 ppm; HRMS (ESI: miz: caled CoHUIMah,:
432132 [M+Na]*; found: =645.2132

-Chlorohexyl  2,36-tri b enzyl-4-00 -] 26-di-0-benzyl-4- O-benz oyl-3- O-
(23-di-Cr-benzyl-4, -0 -di- rerr- butylsityliden e-i- p-galact op yran osyl - -o-
galacto pyranosyl |- 1-fi-o- ghico pyranoside (48 A mixture of thiolactoside
24 (280 mg, 028 mmal), S-chlorobexanol 13 (76 mg, 056 mmol) and
Hame-dried M5 (AW3), 330mg) were sispended in 12:1 CH.Cl—
MeCN-EtCN (28mL) at room temperature under My, The mixture was
stirred at oom temperature for 10 min under M, and at =70°C for addi-
tional 200min, followed by addition of MNIS (67 mg, 0.29mmal) and
TMSOTE (10 pl., 0056 mmal). Upon completion of glyeosylation, satu-
rated MaHCOy (1wiv® of reaction volume) and small lomps of
Mag804(s) were added to the reaction mixture, followed by the workup
procedure as described in the preparation of compound 4. The crude
residue obtained was dried under vacuum for aproximately 2 h and made
ready for next glycosylation. The crude mesidue from the previows step
was then dissalved in CHCL (4ml), to which thiogalactopyrancside 45
(436 mg, 0.72mmal) and flame-dried MS (AW3DN, T0mg) were added
under M. The resulting mixture was stirred at —10°C for 20min, and
then followed by addition of NIS (180mg, 079mmaol) and TMSOTE
(29 uL, (16 mmol). Upon completion of glcosylation as judged by TL.C,
satumated MaHCOD, and small lumps of Na85.0(s) were added and then
the workup procedure as described in the preparation of compound 44
was performed. The crude residue was purified by flash column chroma-
tography over silica gel (elution: hexane/CH.CL/EtOAc=15:5:1) to fur
nish expected trisaccharide 48 as vellow oily liquid (292 mg, TO%).
[alg=+3613 (c=062, in CHCL), '"HNMR (300 MHz, CD(Cl,, 25°C,
TMSE 4=755 (d, J=T7.2Hz, 2H; ArH), 746 {t, F=75 Hz, | H; ArH),
T35-7.19 (m, 29H; ArH), 7.14-T08 (m, 6H; ArH), T4-7.00 (m, 2H;
ArH), 58] (d, J=17Hz, | H), 528 {d, J=33Hz, |H), 509 (d, J=
1008 Hz, 1H), 4.93-4.60 (m, 8H), 4.55-436 (m, 8H), 424 (d, /=120 Hz,
1Hj, 411407 (m, 1H), 397-3.83 (m, 6 H), 3.73-3.59 (m, 6H), 3.49-337
(m, 6H), L7T4-165 (m, 4 H; CH.), 1.43-1.41 (m, 4H; CH;), 0.95 (s, 9H;
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M), 092 ppm (5, 9H; Bu); “CHNMR (T MHz, CDCL, 25°C) 8=
16590, 139.41, 139.24, 13885, 13890, 13866, 13844, 13812, 13318,
13025, 130009, 128.73, 12863, 12858, 12849, 12834, 12833, 12825,
12824, 12817, 128,07, 12801, 127.91, 12787, 127.81, 12780, 12775,
12761, 12757, 12733, 103.94, 103,10, 94,00, 8311, 8191, 7971, 7760,
TT31, 75.67, 7549, 7527, T3.85, 7363, T3.58, 73.26, 7279, T0.74, T051,
TG, 6862, 6791, 67.00, 66.97, 66,19, 45.30, 3280, 2989, 27.91, 2753,
2646, 2577, 2362, 20.ETppm; HRMS (ESI mfz:  caled
CigHys CNa 0 S 15196707 [M4Na)t; found: 15196702

i-Chlorohexyl 4 0-[3- - a-D-galact opymnosyl)-[i-D-galactop yranosyk 1-
|-p-glacopymnoside, isoGh, derivative (49): Protected &oGh, 48
(280 me, 1.8Tmmaol) in a mixture of AcOH (95 %, 025 mL) and THF
(5mL) was treated with TBAF {1 in THF, 1.8 mL1L™ After stirring at
room temperature for 13 h, the mixture was diluted with CHOL
{4l mL), washed with Hy O {2215 mL}, dried over M50, filtered, and
concentrated for the next debenzoylation. The resulting crude product
from  desilylation (approximately 200mg) was dissolved in 1:2wiv
MeOH/THF (3mL) and treated with 2x NaOH (2 mL), followed by stir-
ring at 0°C for 36h. Upon completion of benzoyl ester remaoval, the
mixture was diluted with CH.CL (40mL), and the solution was then
washed with 1w HC (15 mL}, HO (15mL}, brine {15mL}, dried over
MgS0s, filtered, and concentrated for next hydrogenolysis. The crode
resdue from debenzoylation step was dissolved in a mixture of formic
acid (L35 mL} and MeOH (7 mL), followed by addition of 5% Pd/C
(100 mg). The mixture was stirred at room temperature under H, for
16 h. Upan completion of hydrogenolysis as judged by TLC, Pd/C was re-
moved by filtmtion over celite, and the filtrate was concentrated for
column chromatography purification on Cl8 coated revese phase silica
gel (Cosmosil TSCIE0PN; elution: HyOWMeOH gradient from 10 to
4:1) to fumish desired trisaccharide 4% as a colorless glassy salid (&4 mg,
55%: from 48). [o]f =+5300 (c=0.80, in MeOH); '"H NMR (300 MHz,
COLOD, 2550 4=507 (5, 1H}, 445 {d, 7=66Hz, 1H), 432 (d, =
TEHz, 1H), 424 (t, J=6.3Hz, 1H), 4.07 (5, 1 H), 3%-3.53 (m, 18H),
344-3.42 (m, 1 H), 3.34-332 (m, 1 H), 3.27 (1, J=&1Hz, | H), 1.8-1.75
(m, 2H; CH), L71-1.62 {m, 2H; CH;), 148143 ppm (m, 4H; CH,);
B NMER (75 MHz, CDLOD, 25°C): 4= 10503, 104,16, 9766, 80,99, 7953,
TH5T, T6.42, T35, T46T, T2.22, T130, 7108, TO9E, TOT3, TO.11, 66.60,
6271, 62.42, 6196, 45.71, 3371, 30.56, 2769, 26.32 ppm; HRMS (ESI)
iz caked CaHgClO Na: 6452132 [M+Ma)™; found : 6452132,
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