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R A [ A3 R 8 ] A1 R R R SR T P [ [ T e

L;/%f": '___.:__-.;,--.:,--.-.:.:.;.;.;.;.:_.I;

ItBu
tBU'S\l\O

(@]
(@]
Bnoéﬁ 0BZ gy, o8
BnO o} n
110 © BOO 2 (e} Cl
OBn n

e Y bttt mariprnch gt n

- - s
[ i} I i W L] W v mw @w wmw owm

| LJI I IIII]hjL | ‘\ H

210 200 190 180 1T0 160 150 140 130 120 110 100 B0 BO TFO &0 S50 40 30 20 10 ppm
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BnO _OBn
STol

BnO

OH

113

i)

ppm

=T0¢

=<2L0

=660
—66C

66'T
—96'¢C

=0T

= onN
—00'T

=I0¢
(4314
—86T

S*1¢

‘LT
“Let
[°82T
[°8CT
"8CT
"8CT
"8zl
"8zT
"8ZT
"8Z1
"8zl
"62T

T0ET
TEET

“8ET
“8ET
L°6€T

"

70 60 50 40 30 20 10 ppm

80

210 200 190 180 170 160 150 140 130 120 110 100 90
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G0'ET~
ShE-T
ez

FL'S
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BnO _0OBn
BnO

114

0.0

25 20 15 10

30

6.5

(ppm)

o el

[i4

551
IFEL
0LEL
B6'EL
SE'FL
T6'9L
¥ELL

QL AL
E.wﬂ\ﬁ
3

LFE6—

EBLEL
06 LT
E6LEL
Z0rEzl
HBEL
Fa'ETZI

mm”mmw
el

Zregl—

A

[

T T T T T T T T
70O 60 50 40 30 20 10 O

80

100
(ppm)

1o

T T
160 140 120

220 210 200

-10

90

170 150 130

180
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S

l\\
Ty

BRPE R R R R A R K
0k R R AR T F R 2RI

31 ERLS Kz 4k

l’i"'—j )E)iilZF‘\ Bﬁg"ﬁ\ﬂ};f@rﬂ%ﬂ Q\‘félg’T—ﬂ'bmﬁﬂ

T A R R T TR B o

" AR ig»’% FLE e - B pE A= E o (glycosyl building block)

BEAREB/L I VA BES D wFL - L d B R (reducing

end) B 44 %55 - plEd 2238 R (non-reduceing end) B 4o & = o

0
PG="w0
O
O —
PGY//A/LG —Q PG -G
N modification
glycosylation o new glycosyl donor
OH PG~——-OR ~—
0]
pG/\/ﬂ/OR OH
0]
PG\
0]
pG/N/OR

new glycosyl acceptor

B 3.1 d BRAFILNERESL L FR

BRBEFTEME LS GVER > 2/ Nicolaou #3254
1984 & ¥ 22 B T A prEE 1 | (two Stage activation) & = = ;2 @ #-
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pEA & v = (glycosyl flouride) 22— £ 3 S5k erpifin & b- 4 B
Aitpv b § P HBEF CRTREN LB L A
W o Mok T S AR SRR AR AAE T A T

R H T E R (B 3.2) 00

0
PG—™ o
/ﬁp AgCIOy, SnCl, PGE//vaO futher reactions
OH

(@]
PG\ SPh

O
PG\ sph can be isolated

B 3.2. Twostage : pEA & it f» eraflp = & it

2 {8 0gawa F 5% % 21994 #H T AL F R A
B CpHICl, 2 = & 7 g & 42 (triflouromethylsulfonic  silver,
AgOTF) R &R i i A5 ¥ a3 B EmE) i ART > ¥
Wit pEAL V3 5 @ N-g it 7 = fgd= (N-iodosuccinimide, NIS) £
B & TR RRELE ST L E A R 4§ B
PEAG L5 s FIt T % BEAL P (T T R B
H oot % E e

fo 4% % 1994 & > Takahashi B[54 7 §1* BEA = & ¢ I "epe iy
(glycosyl trichloroacetimidate) 22 #rpgdspe > L= " plzfl = 4 7 &
fé (trimethylsilyl triflate, TMSOTS) & * pEAA = & ¢ I "&fkfig ~ € 2

BRI RN - S F Y e r ¥ - PEASH SN-g LT Z e
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N R TRRBREFS S XA R T A F R EFAS

FLF o @I 50% hipt A gAY (hAz 3.1) ¢ °

OH
OMBz AcO 0
MBzO*é&/ AcO SPh

MBZ0 MBzO ° TMSOT, OAc
MBzO
MBzO c|)3n00 then, NIS, TfOH OH
MBzO BzO OC(NH)CClg >
MBzO MBNnO BnOg
MBnO (0]
MBnO MBnOOMe
MBnO

OMBz
MBzO o)
MBzO o}
MBZzO é@/
MBzO BnO
MBzO o 0 o
MBzO BzO
MBzO AcO 0
AcO O]

4% 3.1. Takahashi’s & < pEA it F & & = Rk

B LA PERPREN L - BEAT R 2FRE R
Pe el Bh 5 ﬁﬁélzgﬁﬂﬂ7ﬁ¥£gf?fﬁﬁﬁ7u » T éiﬁ.ﬁg% B X T A
APELAL BRI H A s 2T U b T - BEES A (PR R

BL) EEREAE B2 FV KA B Fadgpd AW L5
EFH O RERBESDEAES N FF R DD
WA AW I FREAFE ARG T UEREFTT - SRR

B? WEIEE S RPEAL F o AP 4 e

E“_E\‘
4ot
fon
F_&
|
-
¥

I BB S R AL A0 (- WPERTF R

(one-pot glycosylation, OPG) | = 3§ #ii? o
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d 2L R A EFEELE S aPEAT F BRE 9T o 52 B
ML) ERpEATF R m kB LG A A AR P LS
HE A s AP A A B s R s BE T A A
i E R (2 B EEPE A E B K ¥ (chemoselective
glycosylation) : % i3 4FpE A= fr H ~enipfd > @ F a3 LBV UL
AR R ARIT A T kALY RGBT - FE PRV Mhme B (1) R
A iR nEE e 7 A (i) I HER s PR A S M E 4 - (i)
T SRRV (WIETES. = CF TR S B $7.9°

; (3) Fg A& i (pre-activation) » L EPE AL S R {ois L FEH T
RAHAAME AL - F P W AR F Y R
PEA R R R x TR BSAPEA M F B K (iterative

sels 2% 4

glycosylation strategy) o 14 T ik - f§ ¥

311 DA F R A R ABBI kR

o o > BB RIPREF T RS fEapendpd A-E 0 kA Rl
TRfEE RS U E R R AR PP e BolkE I pEA
i8.1- 4 (glycosyl bromide) = #§22 7nph ~ O FE A & 1 4 T ML ERpE
pEL . it % (glycosyl iodide) # e rmips ~CPEA = & o I RpLfL

R g S EEA T AL (glycosyl sulfoxide) = k82 mnps ~ ' pEA T E AR

- 288 -



fa (glycosyl phsphite) = #35 femips ~ ° pEA LBk fia (glycosyl
phsphite) = &8 45 fe s pE ~ o A BEAL iy (glycosyl phosphate) = &8 £ 7n
BE s PEAZ & o LRy Y WA 4~ % AP (4-pantenyl
glycoside) ~ '°SBox pE (benzoxalyl thioglycoside) £ z=pE ~ "STaz @
(thiazolyl thioglycoside) £z ~“pE A & it 4 5 #842 glycal pE < &8 -
Bard f v 45 R BCB < 4% % (glycal pE= %82 BCB < &Y

it 2R RebpEE <) (R 3.3) o M

0]
| == | =2
block 1 promoter-1 0 o HO OR
MO&WLGZ

0 promoter-2
HO%WLGZ

block 2 o
(0]

Target oligosaccharides

Y

OR

B 33 T REEAF R AR A CARDEREL S K

Fd BT o APT R L X Ed AR T
Mo &7 EiEechipd ABEE T RT3 e AT R K
PRGBSO A MRS R o aE R R R S P R R
AXMA F R L S 2 RRFATIHE AE R AT

LR M2 A KRB AL FE 7 e K Senié * & 34 7 HR T agf

Pk

Selt o3 Bd AE G APEABYT KPS Lo B

S
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(electrophile) » ¥ s = pE ¥4 & 4 2LpE L& 4 (aglycon transfer) st

Vg E O (hAR 32) 0 P gty fEFILY EH R H

|
bo
=
&
g.
T
-
o

pFed o RURF LEF RS g e ?

aglycon transfer
| P
O+ o} H.O SR
PGD — P, | a ==
/V&)m HO O

SR PG

° ) 1 OH
HO

AR 3.2, ZEPEAAEAS FORAL IS

312 HFEFFANE KRG RS HE L E S
3121 @AY AR AE

% 1988 # > Mootoo # ¥ £  Fraser-Reid # # #& & 7
"armed-disarmed | shPE 4 o 0 P REEAE L ehiE AR ¢ 8

i T M EE L BT R A A E AP A i L

e

Rlg ' MpEAE ~E - aRlg~ FERFRLEDRFIENT %

O RE AR R S A4 R TR AR A BE (apE
AFHS A i FEANMBREFEAS L AT AR
JoApE ML RR] > T A g ABBEE L kT ERE

,‘-_—'I H'ﬁ’i“ mﬁﬁ‘-éﬁ L xifﬂﬁly‘éﬂ* 3 }T& (,,, % 33)
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Flob T e g pE AR e B H - ST enE I RAT
AL EREESEI MEFERL S A B R LR

FOCEPES S o X RS T EERAREAF R

OB
_OBn OH 0
ipcp BRO
B%OO (@) AcO (@] BnO BnO "\q,\,,o
n AcO
BnO OPent AcO OPent 60%

AcO O

Armed donor Disarmed donor AcO OPent

AcO
Pent = 4-pantenyl

n

BnO * AcO
TP N0
BnO—\> O\ ) AcO < —=Q

BnO ——® AcO PRI
OBn OAc
Armed glycosyl cation Disarmed glycosyl cation

Ao

A2 3.3. Armed-disarmed K % 22§ 3 3T fE R

2 f8 0 SEBARBPEEE A PR ME N o S HOEEA
(ZpEty 3%~ BERBE-EIB TR -HBB T B F
FAER) > MEF ARSI A Y11 b ohifE A B & = 50 B pE
A RR RS ez o By NIS & TFOH enid it kA& i 24k
H ~efp$bE i@ (related reactivity value, RRV) » I #-pb ﬁ:@iﬁﬁj »
R A At B R RIRR R - R F Y R
BpmEAE LR 22 TV RS- ERE S
(programmable one pot glycosylation synthesis) » & fi5 s A # -

g v pE A Y F R W vk (reactivity based one pot glycosylation
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strategy) » I 1 pt R EE N EEEELS F (B 34) - 18,19

One-Pot Process

o —O —O
EO: X HOY~\ X HO o~\_—X HO ==\, o)

most reactive less reactive least reactive reducing end
donor donor donor

=

Lewis antigens, polyLacNac, global-H, Fuc-GM1...etc.

O o)
e N
O \NM,O ‘N""”O/\N:WOR

W34, A - g F R

3122 fI* REABMP LS+ HAERES W

%R oer ke R AR RED 0 & T
¥~k Blie® o Fraser-Reid #3274 71 464{5;21‘5%#;% 2Rl
A B A B N-bit T Z Rk R A pES AE T S P
F] o 2 Bk SH oz @5k 4 (torsional strain) i@ pE - 4875 i §8 e
PEAIE A g7 R Flet g A AP 2 AE T o 2423, 46-
g o R R RS L 2 B (L4 C D) RIE T 4%
MpEA M s o @ Steven V. Ley Joet HapE A Rk 48 e34-5
# ;% Boons ##:* BAiFify & (cyclic carbonates) Wi pES 8
23384 5 BHPFRIIPES RMERDOTE Ph AR I HN T 8

ik 2,3-oxazolindone 474 $» cidp BEAT T ¢ 0w BLETIAPER 0L IR %
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(nAg 3.4) 02

A OBn B )ﬁ c )VO D
Ph/%O o 0 o o o
Bno 2 BnO % o
O OPent OPent Xo OPent

Bn
Bno  OPent BnO "0

Hydrolysis time 3hr 6 hr )
(NBS, H,0) 20 hr (B isomer) 65 hr
43 hr (o isomer)

OBn

o0, e
BnO o “opent  DCP BnO
5206 BnO “OPent
N
HO
BnO OPent

AT 3.4, P HEE S STRE MPES REPEH LA R

WA e g3 T 0% KpES IS 0 Bols %3 R % B E R
#7 TBS WikpEAE & o § - Skt TCoipIl e DR S
TCo Al > I dhe T4 RS RAPHE P A e p RAIRT
FORGARTPEAB S > A0 2 F AR WL B OPEAE &

AL B v A pES 1 5 T super-armed donor | (A 35) o

Bno~]OTBS
BnO~ ] OTBS OH cat. HOTf, NIS 0 O
< “seh é@y
BnO CH,Cl,, BnO O
BnO S Ml TBSOTBSO ~ BRO SPh
TBSO OTBS BnO —-85t0 -55°C BnO

86%, a/p = 1:6
super armed armed

A% 3.5, super-armed donor£2 armed donorsng fE & = i *

3.1.2.3. 4-4bapd AEE 534

x$ VAP EEE LA ARMA L g A
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A3 -Roy #4282 &4 3% 1) Tactive-latent ) 24 © Fifs 2 F R+ 4
PR A Blde D TR T g A ERRATY R AR MaEs
Fih Tactive s At A AR € "% MErpES HE M 45 atent | -
242 15 >Oscarson =% 1 HPLC A 17 % e enfefis &2 fnfis 43 A B eh
T Ok H|ETEREE S R eSS ) o T SRRER R R FRES B
S o Fitke mAPEE AR S 0@ FR G SR BN RS BIAR HE
Bl %@ 2009 £ 0 F Z KRR A ROBBHE AL
fooeraz A LB R A TR B g I EE S M Ekd R
S 'H-NMR UL 8 1 B g m et § An R 5 1§ AR X K
HA MEEAR ] F 2484 5 54 8 Pehy 4 o me 1 T3 it

A AP TR PA BT T EBL A (h436) P

Reactivity sequence of sulfide
Oscarson : ScHx > SEt > SMe > STol > SPh > S-pBrPh
Huang : OMe > NHAc > N3 > Br > NO,  --------- (substituents on para position of SAr)

0
N sr! O
"active donor” NS, cat. TioH  HO =\ oR = =20
O v\.0

—0
or DMTST NIS, cat. TfOH

“OR
or NIS, AgOTf

0
HO e~\_ SR?

"latent donor"

oAz 3.6. T Active-latent | & #& & & ek

BB T a2 Yt o Boons HERAE IR D 2 HIRER
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e AR 1T 5 A g o B SR AR S O ik
V2R TR AT T GEE M AR e A EEg B

Ap (mAe3.7) 7

HO
BnO _oBn BnO _OBn N OBn
2 0 BnO
BnO&/SEt Bno% n N
e
g BnO "o _oez NIS, TMSOTY
Br,, AgOTf o
HO _ 0Bz toluene, 71% BzO » toluene, 91%
(o) Bz S
BzO )
BzOS E

o OBz

BZO&&/O OBn
BzO BnO 0
BnO

OMe

oA 3.7, A Ao RRH AR EEE AR

s > Gildersleeve ##:e73 » % T A F R PP A ¢
WA WOEE 25 AE IR Pt gt T MR WS
1 ; Gildersleeve ##2 2% { i&— H 4% = Bt ¢ 26-2 ¢ ¥
FLgd Ao Bl AN B3 F B (CHEAES, aglycon

transfer) (;= 4 3.8) o %
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AcO OAc

AcO OAC
AcO _OAc
gﬁh TMSOTY AcO y
3
)x\(;c;l3 -OTf \ BzO \%e/
4

BzO OH yZ BzO OBz

S f 82%
AcO ;OAc

aglycon transfer product
is not detected

A2 3.8, I Frd Az Rt g AR

ek o Crich 1% 38 g R s §REIEME - & 46-
SERE R eH 5 M A LA (glucosyl sulfoxide) » B- - e d A
WeE M am a-Fe e d e B it o Az SBox L 4td AR

FRG A PRG (A2 3.9) 0

OBz OBz
SBox BzO
é//%oo

O

B-SBox anomer : 95%
o-SBox anomer : no reaction

/H %_‘}_3 9 r!éﬁ-'i é (hadl '?’ ?2%&7}}&”: f‘::', }J:"

AT ARSI R ERT WiE Ley RRe H g4 )
* g (selenoglycoside) & REAR$>CAipES M B Bl 7 e

SRTEACCRPERAIE A Bt AR N FH FEAS (high
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mannose type) 4 pEdd o ¥

",f 1 ELPE R2%E 0 ladonisi F 2 3 ¥ 4 Tactive-latent | & * 3t pE
o TRpefasE W @ R oz & B 4R (YB(OTF)) = =
i R pass (Bi(OTR)g) i® 5 it it & > BV ApEa iz 2

o G EFLf A BERBUNELZ L o ToRpmE A

(glycosyl triflouroacetamide) 5 » £ e » B R pE< 2 ¥ - @it §
EAEBE B BEF - AL F R (5423.10) 0 %
BnO
BnO
A||o‘$j$1
active
cc:|3 BnO
BnO
A||oﬁﬁ BnO
Bn(&i @L‘
BnO BnO
%ﬁ&%
less active
CF3 BEQ)O
BnO
BnO OMP
Bno& 3 steps, ca. 30% yield
BnO
reducing end \©\
OMe
A2 310, PR TVREEARSE S el IPEATF R
3124 fI* BALHEPML R REFERE D
%O ERRIE R e T S BLeET g I PER AR A DALY,

ROEEAREFEREREANF oL VRALCFERMATF R

Kws o bl4e : Takahashi #32d]* — srg g - s A P e
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REEPERAF R

& & core-2 4k 3-v ¥k - 2@ Magnusson

F ook AT EE AL (540 ¢ N-tetrachlorophthaloyl) =z §8 1%

R M P L Lewis-a R £ F (42 3.11) 0 ¥

OAc BnO OBn
AcO Q OAc O F
AcO BnO
NHTroc NH AcO 0 OBz
AcO O
ZrCp,Cl,, AgOTf
CCl; BF;0Et, NHTroc gpo
5o OTMS o then, NIS, HOTY
70% HO NHZ
Ho A SPh Na HOY?\H/OBn
N3 Me O
OAc
AcO O
AcO 0o
NHTroC gno
OBn
BnO O
é&/ O o~ o8
BnO 3

68% for 2 steps

A2 311, iV EEEME S core-2 k30 LR

3.1.3 Fp LB 14 (preactiviation) 22 1@ § ;X pE A v & R K vk (iterative

glycosylation strategy)

PEBHBELAP R HBAE AR E X T R ey 2
&I ARE PSS A PERIPRT F LR WART M

XA 0 B A S - R AR PR A e
Fle? @EmALFE B 7ty B AE AR Lt A enil &
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#BE TS B R F RN Sk .

Kronzer # Schuerch % 1973 # » § L * = £ " BB § §
WhF PP —78°C TALRLE I - FERAZL"RER
(glucosyl triflate) ® B A I {8 > L4 r P B (FpEAT F B> 73

BE iR ELBANE B (RAe3.12) ¥

OBn OBn OBn
BnO Q AgOTf BnO 0 MeOH BnO O
BnO BnO BnO
BnO¢ solv., =78 °C BnOoy Bno ©OMe

solv. = CH,Cl, : 40%, o/ = 0/1
Et,O : 82%, o/ = 7/13

A2 312, FEBAF LI AECERALF R

A fs Khane sz * 2 & P REFUEATRRE L - L4
PEX A4 r F e TR IIEAT Ay DT - I PEAT R

Ji= 8 7| Ciclamycin = 4% * & Crich 32 0] &% 4,6- 45 F3L 4 &

<k

A TS R F T 0 ¥ 41997 £ 1998 £ A u|* A b eipE
WE 5 F-NMR el Sk e A F Bf A FE ofrih= 4
" B pe (o-glycosyl triflate) ey - 2t Bt f8 ¢ B2 PR 1

EHMEA 4N 120F N 4R (nAr 3.13) 0
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OBn

Ph/%o o
BRO O
SPh Tf,O0, DTBMP
\ lgF NMR

OBn

Ph"N0 OBn
o) o] PhSOTf, DTBMP /Vo OBn
Bng&h Ph o ROH  Ph" L0\ [o
BnO
oTf OR

h/VO OBn
&L‘ yield = 80 ~ 95%, o/p = 1:10 ~ 1:>25

AgOTf, DTBMP

42 3.13. Crich § 2% % 2235 & a-glycosyl triflate

2001 # - David Gin ##& 254 4 % - 5 A LA (DPSO,
diphenylsulfoxide) ~ = & 7 & & g2 p¥ 2k = S5p% (9lycosyl hemiacetal)

EAAMHMETRERE ﬁ%—ié{ﬁ—ﬁ“é’ﬁ%i Rie » PR L BT RROKEEA (YR

—~

f& (dehydrative glycosylation) » 2 =z 8L E 5 .—Lqﬁ—ﬁ}_‘%g BEA T
AFT D RSN ETAE AT B BB RS T

FRPEATF i, (hae3.14) ¥

w DPSO, Tf,0, DTBMP

O)ﬂo o)

Repeating
OH ACO@%
HOW

O

55 <

iz 3.14. Gin i R EE R F s Rk

fo & 0 p oA 8% B Yamago Fakflt g AR (T s A

s BibAts o F 1 C2 AT AE T Bb A PR AT
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i EML S ;%2 15 42004 £ 5 Yamago ##ex ¥ Bofd s AR T
SEREE A F 27 BSP-TF,O-DTBMP & it % 5012 55 L J& (4 60 2 38 (7
AR o & wlplEE T BSP-TH,0-DTBMP £2 £ 4 phenyl sulfonic
triflate e/ it 25 % o BB A NPEACF B R LEpaoT 71 %
@ j7 jfchvan der Marel 5% 3576 0 BER L SERES AU 21T A A
PRI AD T - M REIEACF R TELRNEREL S

2 2

(stpeswise oligosaccharides synthesis) e it— 1t g (5m A2 3.15) o %

Bno OBN DPSO, Tf,0, TTBP, 1h DPSO, Tf,0, TTBP, 1h
0
then, then,
BnO o AcO OBz OBn
(@] 3
. SPh BnO ~ e
OBz t

(@)
Bn
z

BnO OBn
O OACOB
BnO z OBn
(e} 3
0 v
¥ NPht 3

80% for one-pot synthesis,
44% for stepwise synthesis

A2 315, A Ae- it B ENEACE &

» 2

MofAt R R

TLREE L IR D BRI AT B

She

- fEad A T - i F N EpE LS S (one-pot iterative
glycosylation) ; > 1 * * A #x = 4 ¥ & p&  (tolyl sulfenic triflate,
TolSOTS) ersiv ks> 2 Z & F RgfbA Fim M%) » WIELB e

Reg s - it &S HMET B e fRaOE ST (R423.16)

- 301 -



OBn OH

BnO
BzO z AgOTf, 'Bno STol AgOTf,  BnO
Qoo TolSClI NPht TolSCI OPant
BzO 0
-60°C

OBz ~60°C to RT -60°C  -60°CtoRT

BzO OBz

OBn
éj‘o
0 (0]
BzO e Bn(&ﬁ/o
NPht

BnO

o
54%yield  °hoo

OPant

oAz 3.16. — 45 it @“g';\ ﬁ%f&ﬂ )3 )’7@

WERFEOMSEREPES RFF I RET R > PF RIS

A AR Y 2R - AR &= Es -+ (hybrid strategy) °

314 FREPaF kK
FAF B R R BRI T Y Y AR AR A R R
X F B ORET e R R AL F e SR

Rvs B ARE 3 2 AR E R B S g o

o
B
=~
?m
~=h
W
“D"
S
0%
&
)
ﬁn
=

[

TR RN E S W R AR R Ak S
FELIAPEATF B EEHPEALF R T M WS
T GE R FEA R R AR MBS s RS T
R PES S T

- 302 -



i

T 0T e P RRPE S A

el
REREl

=

- A'"\

XN
!

PR PR R i Ao PR VB S § o T

S

CprAz 4 o IRphfs - “pEAR S pefs (glycosyl xanthate) ~ 4- & i
Wk~ Ctpipa ApE - YpER S ARp - CCpERaE - fkse (glycossyl
phosphorodiamidate) ~ fs A aifefin £ % s gm0t 2575 5 ARE

F et kR (% FORA & 100mM~36mM 2 ) ¢ iR -

F

A s s kY h A AN R o 5 L kiR i

R
e

A F BT ED a-te RSP -

OPG _
GPO CO,Me R = N3, NHTFA
GpoI,Q,, o I :(; = OP(tOIBth)z, STol
= protecting grou
PG p g group

l

CHs;

UL c RPN o7
C ®N 1 C CO,Me
ROl 2 R! = sialyl sulfide
ACON——~ 5 75co,Me ACO\—r~G7~0Rt
R 2 R 1. thiocresol deprotection
AcO AcO

2. phosphite formation

o- anomer

3. sialylation
4. acetylation
5. repeating 1~4

mA23.17. ik S KiarEp R E R L

TRl = R SRR R A R LA TRy (Sialiyl

phosphite) pE+ %8 ek pl A ¥+-£17 F  (sialyl p-thiocresol) pE =
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a%a

CEFPERAF B TREMAL R T AR L TR A~ P
BEF-XFEATCF R PIEINBREERELETERKR e B (A2
3.17) - ®

Fukase § & 2 P|ié * vip fe A = & ¢ LR 2 F AT 8
A F s % (micro-reaactor) ® i (TpE A 1Y & R 0 Fukase ik E-pE

B PR RS R A A2 B AL MR REY R

FIPES WL MBI ERL F RESRR T TR DA

& (;%423.18) - ¥

0.1M 0.15M 0.05M 21% expected product
0.3 M 0.1 M 03 M 62% expected product
| donor \ ‘ acceptor ‘ promoter

micro-reactor
product

o-#23.18. Fukase 7 2% 3 A F B E & SR E

Nakahara #c422r 2 & 4 g ¥ 24 srF AL L= M2 § 5 4%
mg A LSRR Blod & B1o3 Bk A
o WAL FAESBASEA S T F R A G epE T T 7RI
e P13 ER P

Ikegami #$#:2 Hashimoto #c4% i¢ * &% Bk A7 = % (sialyl
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phosphorodiamidate) % % pEAA H ~ - 3 i3 &rgg o F iR LT 4
St 3217 armed-disarmed - F:EHE HEA T K R Hashimoto %
A ek e A SRR 17 5 PES AL 2 X S g i L

p& < 18 (galactosyl tetramethylphosphorodiamidate) - & {7 active-latent

chpE AL F g o

BnO _-OBn OBn BnO _OBn
HO o TMSOTH, o o
BnO EtCN, -78°C | BnO
BnO N (0) 0]
OMe i * BhO
@) BnO

c:c|3

48%, a/p = 4:96  OMe
CC|3
NHTMS
B Ogn BnO _OBn (ii)
+
(0] ) 0,
Bnogéé%QM%N/ﬂ\ 37%
ccl
N3 H 3
Et—CN
BnO _ogn - O O BnO OBn

0=r

o} OB iii
e NHTMS | Bno Bnoééu o( )
N3N+ N3N BnO N)&\Et

i ({Y N3
¢ N PN
L, 7%  Cl,C” SNH
c:c:l3
. o (v
OAc OH CA%O
AcO Q o BnO o  TMSOTf, N3
CO " BI‘IO _— N\ Et
N; O-P(OPh), s EtCN, 78 °C hd
OMe o  79%
l BnO Q
BnO
BnO o\ve

OAc OAc
AcO O+ EtCN ACO
AcO \
N3 Nt
N; ||| (expected glycosylation product = 7%)

i #23.19. Hashimoto #t# B % 3| chgl A 4 &2 3R ek s i
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&Rl hepE A

gﬁﬂ

2_ s » Hashimoto #c<#-@icfaps » + i
AT HE A o T H R kA S AR Y AR e
R EAEL S o B0 Hashimoto &k A E AT ¢ PRI 1 F K
EHEES M SR R ROCIEE A (Bl F R0 45 4)

MR s BEAR Y A AE B § b7 Ritter £ st

OBn

o
o OH B%%oégww
Bnoéﬂw o TMSOTY, N, O
BnO P(OBuU), MeCN, 40 °C Oé//oa
T

Oo
(o}
[C] =120 mM [C] =100 mM 60%, o/p = 1.5
OBn
OBn
BnO HO Q
BnO O»P(OBU)Z Bré%o 0} 5 BnO =
TMSOT, PivO QP \leOTfDTBMP
PivO BnO (0]
CH2C|2, -78°C BnO CH2C|2, o°c
BnO
BnO 83% SEt 68%
OBn
B”O/é&/o
BnO o OPiv
BnO )
BnO OBn

ol
BnO —

/”LﬁE_B 20. ﬁ’%‘:i@kﬁ’xﬁq’f ’J’r C2 % I}T&m_]_ (fjﬁ‘ﬁgl"}; }@;

st eb > Seeberger Frat ¥R PEABAFLAL (FLPES W ho &
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TR KT R TE PR F et i Y Seeberger
PR B AR A 2 A BAR ARG B T 20 AT RN R 5

ROFE R A F S AR AP AERE (e 3.20) 0 OF

4
“;;‘\‘
—A-\
»x;p

r/%"'ifh'f'J > ‘Jl”ﬁ C-Zﬁxﬁgi"{[@é’ﬁ,j‘s v WEDTR

R A S e FR s G MGRR MR AT 2T d 2B Ry

W E AL S HS - i F Y EREBEEEH TS e o

32 i eidm
321 I RPEEATF JaupE
3211 FEHEHF M eniplER

AF % Ed ERFLELFE A 246-= F & =
(trichlorotriazine, TCT) ¥ = # A @ g e (N,N-dimethyl formamide,
DMF) ;= Vilsmeier-Haack ##| > %7 F iF3k 5 i3 4F P & = 5508

wiEFE I F o P& 2 FEEAF (glycosyl chloride) A F o™

A FRERE e 115 TF S pEA A B B LU ) B8 A X

ERRAR EAZ L T BRALL EMRPE R TRAREALE B

(% 3.1)
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%031 PERE iRl

OBn

o OH
OBn o BnO O
AgOTf, (1.8 equiv BnO
eno oé% 5 gOTY, (1.8 equiv) “S\g
n (0] solv., T°C o)
BnO ° céy%
cl 58 \f 116 )02

115 o

1.5 equiv, 1.0 equiv,

[D] = 15 mMm [A] =10 mMm
entry CH2Clz : MeCN : EtCN T (°C) time (h) yield (%), a: B
1 25%: 50%: 25% -70 to -50 18 0
2 25%: 50%: 25% -20to 25 48 0
3 90%: 10%: 0% -20t0 0 5 30,1:2
4 80%: 20%: 0% -20to 25 12 <10

& —70 °C 3] —50 °C ehif i+ T » ¥ ABLRF|IPELRL & AE L IR
% (231 F% 1) aF~ }}% » Koenigs-Knorr * J& % 2% #7044 %
B RF AAZRATETRAF R (WAL ABEAL M F
500) o 0 F BRI R RF BRI AR R TR LA
BATEAF AL ARG (£ 31 95 2) 0 2 (58 % 13 55
A ] > B @ D] 30% FEt AR A e 116 (£ 31 % 3 4) o

S T AR F A 20% 0 PEA 1 F i k-
APEE T 3 g F G P b eiE i apub it e it 5

%o 2t 2R BE 7 Koenigs-Knorr & g eif 3 4p B o
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3.21.2 BEAZ & ¢ fiphifiy g
ST Rt B S PE A S F C VR ORI e L 2 F IR

F RS F o fREf 107 A PES R 6-33 AR 4B 118 1F

IR
a

Wo02FR=" PRz Ak --T0°CTerAF I (%32

% 3.2. PEFA = F © fpiRfiq i)

o HN OBn

OBn
BnO O)X\cma o Bnoé& OAL
117 BnO BnOO o BnO CCly

N
TMSOTf (0.2 equiv) =" BnO }

OH BnO

CH2C|2, MeCN, EtCN, Bnoﬁ/ 120

BnO 0 o o BnO STol

BnO STol (1:2:1), -70°C N
119

118 BnO

1.0 equiv, [A] = 10 mm

entry  Donor (equiv) Time (h) 119 (%), a: B 120 (%)
1 1.2 1.5 65,1:>19 15%

2 1.6 0.5 85,1:>19 20%

3 1.6 0.5 87,1:>19 17% a

815 % 40 2E B (inverse addition) o

12012 F BRI M 1T e FF 0 VU E T 65% A Fdg
#F 95% EHM (232 7% 1) FpES WS 16% £ T
ERE 19 S AT 8% LA BE RS AL T G 20%
PlA S 120(% 32> 9% 1-2)-

L@ A 'H NMR Bl# 2 4 5.6 ppm = #4255 > °C NMR
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|4 4 5 @S 8 A 98 ppm e C-1 3055, fe 12§ 161 ppm hfipi=in 5L o
Ad NMR RIS~ gt 8 > 2875 1-2 & ¢ fpiRA 4 o iRl 5 4t

FAFRATIEABRET SenE % (£33

# 33. 2 A H| T

OBn OBn
BnO O HN Bno/ég\H o
BngéﬁM P BnO
=0 0~ ~CCla o CCly
117 120 H

Compound "H NMR H-1 (ppm) 13C NMR C-1 (ppm) [Ref]

117 5.4 96, 101 -

120 52,56 81,78 56

PRIZFGEARLE FAS A EREF-HIFERATE

Boo RIT i G L 5 nd £ oo svh o fed o e ft R YRR

-

PR BE S MR FPEEA T F P 46 B Schmidt %3 i * i b

—_

#Z (inverse addition) 17 j* 18 Il 4T chF F oo 4 ﬁ} L P g
BV ERALAMERRE RS B A rPES BT E Y o et

LRl F O HEGEREACNF I P A (4 32 9%
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3.2.1.3 ALy T B g 2R

2B RANUE AR e AR T IPEATF RPGEY 2

RORE Y BEA S TR, 121 5 S W6 4 122 4
EX > 2 P PRl L P RSB EH - (£ 34)

# 3.4, PE AR g - B EE AR M iR

OBn

Q
BnO 0 P(OPh
Bno/&,\,V O/ ( )2

OBn OBn

121 1.2 equiv, [D] = 12 mm B%O(;é&mw
n
TMSOTf BnO (@)
OH CH,Cl,, MeCN, E{CN, B”O/é&g |
o ToC il NG \
o STol

BnO

OBn
Bn

OBn
118 1.0 equiv, [A] = 10 mm

entry TMSOTf (equiv) T (°C) time (h) 119 (%), o : B
1 0.2 -70 to -40 6 30,1:>19
2 1.2 -70 1 82,1:>19
3 0.2t0 0.7 -70 to -40 5 56,1:12a
4 1.2 -10to O 0.5 70,1.2:1°®

[A]=30mM » ° % CH,Cl, % £ Jisi3 Al > [A] =30 mM -

e B R BB ES M 02 F B eniE AT RE ) mpEL AT

AR 40°C T4 AAi4LE o BV LR b0 Al

fr g
—_
—
—\\

<
& ¥

R 3K 30% R AL - NMR BlsE 285 < 3 95%0:h P-4t

Ab (2 340 F% 1) Mtk e b dme i dLiRlBRL
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B BRGNP AR VR OB MEL s vItEAS RS
FHACERFERNNTAELEREFSFHER R Z RS
WE BB AEEMEATF B &-T0°C~ - ] PP T L4584
EEE L RGPSy (234 F%2)

EHF BERE L 30mMM SRS ELEHRLE 02E R F R
BTLC et 29k 1@ B ppris iV B2RE 4307 % £
F et MBS 0 pEY b F T @ F| 56%iEt A 0 A E R
3R (234 FH ) FERY -DFIRITLFERAMFRE

S 121§ BeniE @M 10 C 2L A HBRT %K F - P

OH

o}
é:N 9 oBn
BnO 0 P(OPh) BnO 0
i o’ i ° BnO 0
OBn then, 00 BnO
121 \(/ d
TMSOTf (1.2 equiv) (1.0 equiv) B%%O 3
OH CH,Cl,, MeCN, _70°C BnO o %oa
EtCN, —70 °C \ﬁ
0 1 00
Bnoé&sm 122 /<

BnO o
118

OBn
85% yield, single isomer isolated

Az 321 - #h= g F P16 st s S 122

BT - B AR O RER S TR R Sk

e FAE T0°CTRENMES 121 SR 118 £ 40 » 1Y
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ERpE 12l F £ sV @E2F FEXMAEAZ SR o r TVER

e

5882 N-fL it 7 Z i (T - XA F B 5 F B> ¥ ok

F R A it v 8 5] 85% ipitz At 122 (Gife 3.21) 0 At

PR R BB A PR TS s A M e (£ 35)

% 3.5, %o sorm MRS R ipR

OBn 0 TMSOTf (1.2 equiv), OBn OBn
BnO O 'p(oph), ROH (1.0 equiv) 0
Bnoéﬂwo/ Nk B%ﬂoéﬂm or Bréooé&w
OBn CHzclz, MeCN, EtCN, OBn n OBnN STol
121 12equiv, [D]=12mm  (L: 27D TC 125,126 127
OBn OBn
ROH = 0 o}
%%oéﬁ/STol 1_NHaopoéﬁ/STol
123 ©OBn 124 Ns
entry Acceptor (equiv) T (°C) time (h) Product (%), o.: B
1 123, 1.0 -70to-40 8 125,53,1:>10-2
2 123, 1.0 -70to-50 6 125, 55,1 :>10°b
3 124,1.0 -70to-50 6 126, 44,1 :>10¢
4 124, 1.0 -70to-60 8 126, 47,1 :>104d

240 5] 10% ZiAE A A P27 30% AE L A8 1230 P b 4 BE B v e 30%4E

B 1230 Cw yz 45%E % B 124 5 Y v 4 R A w o 30%4E % 4 124 o

CUFE MR S CEEERE 121 5 pES A A-r AR E H 4R 123 L pE

LR ERBIRME R O p A A BRI R o TR



BtA3|-40°C G 8 | PFiS s ERRL LG 423 o S PERE BV
Gk A s T ow el 30% pE X R 0 53% hTp it g 1250 3
b3 A F (conversion yield) 5% 80% > H ¢ B4 A b &
90% o fe b K v AR E RN 10% 24 A EH 8 A 4 127 (& 3.5
P )  HEFEFRye B> LA T0°C TREMBIA 123851
BRI ALG IS A &SR BPES W21 F 7% i 0 F i (50
mM 5 A4) B8R T —50°C o bt gk (T A F | { 4F ik
f 2% (4355 F5%2)-

OF R RS B A A F R 124 18 G
EXMEERF LB FH 1230 23RS By & 905032
BT OABZEREI AR FRBRA BUEEY L E B A AZHL
17w F] 45% rpE A8 124 21 44% HEEEA 4 126 (% 350 F
% 3)d BHBRFHRCBRNMREBFHECLERAS Y 93 >90% o
B-A+ (%35 F%4)-

g e e > AP 2 2 2L - g AR
RE 15 BPELREE B bt AR FPEA M F R 5 L INA 0T %

B3P Fip B ?’5%‘?15‘—“'{52 s IHPE 1 E IR RE ek o
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322 -FEHEMAF BRI

B R P L% 2 disarmed iR AR AT A S F MR

L

A

TR AP A RCERPEA N F Y XL PR LR Ty
Sl AT ARt B P EERBANF AR o

HAF AL S 57 (FLpES M 28-S A ¥ Y A g e 6-
A F FAEAET Famps 128 5 L M 7R (h4e 3.22) -

F

OBn OBz CH,Cl,, MeCN, EtCN, BnO
i 128 (1:2:1),-70 to -60°C BzO

_ BnO _OLev
BnO OlLev OH NIS (1.2 equiv), o
0 0 TMSOTf (0.2 equiv BnO o
Bno&psm B%%&&sm Bl 8o \
STol

OBz

75% yield, o/B = 1/19

nAR 322, 1V BIEEBEEL L E R

H-T70°C TP L FRPFF BT AR D>EE (W9 10% B
5 88), @3] 60% ehigt A4 129 4 £ R AR d —70°C 2 3 F]-60
°CHr v @ fd4Fng & (7T5%) 0 @ o/f-EHME =1:190

BEF AR AP EEEFT - M HE REEAHE
¥ L & (n4z 3.23) o
HAR124% EpES 572 104 B rpES R 1285 5 e R
LA Y 5 A-T70°C T e r 12 % B N-g it 7 - fpier 0.2 %

Pz " AL RML G EESBEATI-60C d TLC %



f‘]ﬁ%%%ﬁ%’f{@ ’ #%—1@&;&1,1_;@7}%%%& 58 g1 11%_2 N-rt it = =

fikide » F s 0 b —60°C & (7 % = S pEA T F o

BnO _OLev BnO _OLev

0] (0]
Bno&pm NIS (1.2 equiv), TMSOTY (0.2 equiv) Bnogg/o
OBn CH,Cl,, MeCN, EtCN, (1 : 2 : 1), 70 to -60 °C BnO
57 : BnO O
(1.2 equiv) BzO O

then, >( OH | NIS (1.1 equiv), =60 °C BzO
O O
OH gﬁ 130 \# 00
BnO O
E &N/STOI (1.0 equiv) © )<

BzO

128
(1.0 equiv) 49% vyield, single isomer

OBz

A2 323, - #h= = RS SR

2, 2 v»-r-_\J_

FERR (S U= Lo T oA W {E T X 49%407E 3
Z AP 130 ﬁ‘h%"/@ii}é@;—& RT3 95% hH - = fE R

4 (in423.23) -

RS

33 &%
§ 0 e SRS PR AR AT R D LA R
HFLAA FERERAT F BT [ A PR R
APFREA R E S A S R BT R e BB
facd i FAE A F {HAvad AR BT R L7 R

AOF R AR A F Rt o G 3 5T LR (7T %o 4D

BMIRRPEAT F it %7 BPEE F WG k3 5 - LR -

P
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341 - 5P % iF kit

5y LAl oy it

342 it £ s &k 2 e L gdE

For p-Tolyl 2,3,4-tri-O-benzyl-1-B-D-thioglucopyranoside (118):

OH
" y L PRCH(OMe),, TSOH Ph—TO\ BH3 THF, O(';
HO STol 2. BnBr, NaH BnO STol Cu(OT): BE%O STo

30 OH s13  OBn 118 OBN

White solid (60% from 30); *H NMR (300 MHz, CDCl,): §7.52-7.46 (m,
4H, ArH), 7.43-7.31 (m, 13H, ArH), 7.17 (d, J = 10.9 Hz, 2H ArH),
5.01-4.90 (m, 4H), 4.82 (d, J = 10.2 Hz, 1H), 4.72 (d, J = 10.2 Hz, 2H),
3.95 (dd, J = 2.1, 12 Hz, 1H), 3.82-3.744 (m, 2H), 3.65 (t, J = 9.3 Hz, 1H),
3.533 (t, J = 9.3 Hz, 1H), 3.47-3.42 (m, 1H), 2.36 (s, 3H, CH,).

For p-Tolyl 2,3,4-tri-O-benzyl-6-O-(2',3',4’,6'-tetra-O-
benzyl-1-B-D-glucopyranosyl)-1-B-D-thioglucopyranoside (119): Add
TMSOTT (42 uL, 0.234 mmol) into a cooled mixture of glycosyl donor
121 (176 mg, 0.234 mmol) and glycosyl acceptor 118 (100 mg, 0.18
mmol) in a mixed solvent of CH,Cl,, CH;CN, and EtCN (1:2:1 v/v,
overall volume = 18 mL) at —70 °C under N,. After completed, add
EtzN (0.05 mL, 0.4 mmol) into reaction. The quenched reaction crude is
then extracted with CH,Cl, (30 mL) and saturated aqueous NaHCO; (20
mL). The separated organic layer is dried over MgSQO,, filtered,
concentrated and then purified through column chromatography (SiO, gel,
hexane/AcOEt /CH,Cl,=4:1:1 to 2:1:1) to afford the expected
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glycosylated disaccharide 119 as white solid. *"H NMR (300 MHz,
CDCly): §7.51-7.49 (d, J = 10.9 Hz, 2H ArH), 7.47-7.16 (m, 35H, ArH),
7.08-7.05 (d, J = 11 Hz, 2H ArH), 5.02-4.83 (m, 8H), 4.79-4.56 (m, 8H),
4.47 (d, 3 =7.8 Hz, 1H), 4.23 (d, J = 10.9 Hz, 1H), 3.81-3.62 (m, 8H),
3.57-3.46 (M, 4H), 2.35 (s, 3H, ArCH,): 13C NMR (75 MHz, CDCly):
0139.1, 138.9, 138.87, 138.63, 138.61, 138.56, 138.49, 137.85, 128.96,
128.84, 128.83, 128.80, 128.73, 128.63, 128.5, 128.39, 128.33, 128.28,
128.2,128.1, 128.05, 127.99, 127.91, 88.1, 87.2, 85.2, 82.7, 81.2, 79.3,
78.4,78.3,76.2, 75.8, 75.4, 75.3, 75.26, 73.9, 69.4, 69.1, 21.1.

3,4,6,-Tri-O-benzyl-D-glucopyranosyl phosphate (121): Diphenyl
chlorophosphate (0.42 mL, 2.0 mmol) was added to a stirred solution of
2,3,4,6-tetra-O-benzyl-D-glucopyranose (0.9 g, 1.67 mmol) and DMAP
(0.6 g, 5.0 mmol) in CH,Cl, (10 mL) at 0 °C. After completed, the
reaction was quenched with icy NaHCO; (10 mL), followed by stirring
for 10 min. The mixture was poured into a two-layer mixture of CH,Cl,
(10 mL) and extracted with CH,Cl, (30 mLx2). The organic extract was
successively washed with saturated aqueous NaHCO; (30 mL) and brine
(30 mL), and dried over anhydrous MgSQ,. Filtration and evaporation in
vacuo furnished the crude product, which was purified by column
chromatography (hexane/AcOEt = 3:1 with 3% Et;N) to give diphenyl
phosphate 121 (880 mg, 70%) as a white solid; "H NMR (300 MHz,
CDCly): §7.42-7.19 (m, 30H, ArH), 6.06 (dd, J = 3.2, 6.5 (JH-P) Hz, 1H,
H-1), 4.99 (d, J = 10.9 Hz, 1H), 4.94-4.84 (m, 3H), 4.75 (d, J = 10.9 Hz,
1H), 4.67-4.50 (m, 3H), 4.01 (t, J = 8.7 Hz, 1H), 3.91-3.81 (m, 2H),

3.78-3.71 (m, 2H), 3.35 (dd, J = 1.6, 11.0 Hz, 1H); 13C NMR (75 MHz,
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CDCls): 6150.9, 138.9, 138.5, 138.3, 130.2, 130.9, 128.9, 128.7, 128.6,
128.5, 128.4, 128.38, 128.3, 128.27, 128.2, 230.9, 120.93, 120.7, 120.65,
97.55,97.47,81.5, 79.6, 79.5, 77.0, 76.2, 75.7, 73.9, 73.5, 73.2, 68.0.

1,2;3,4-di-O-isopropylidinyl-6-O-[2°,3’,4’-tri-O-benzyl-1-B-D-
glucopyranosyl-6’-O-(2”,3”,4”,6”-tetra-O-benzyl-1-B-D-
glucopyranosyl)-1-B-D-galactopyranoside (122): Add TMSOTf
(46uL, 0.257 mmol) into a cooled mixture of glycosyl donor 121 (194 mg,
0.257 mmol) and glycosyl acceptor 118 (110 mg, 0.198 mmol) in a mixed
solvent of CH,Cl,, CH3CN, and EtCN (1:2:1 v/v, overall volume = 20
mL) at —70 °C under N,. After completed, add glycosyl accepter 58 (51
mg, 0.198 mmol, dissolved in 1 mL CH,Cl,) and NIS (47 mg, 0.208
mmol) into reaction at —70 °C. After completion juged from TLC, add
Et;N (0.05 mL, 0.4 mmol) into reaction. The quenched reaction crude is
then broughted to rt. Saturated aqueous NaHCO; (20 mL) and a small
lumps of Na,S,05 are added into the crude. The vigorously stirring crude
Is then dried over MgSQy, filtered, concentrated, and purified by column
chromatography (SiO, gel, hexane/AcOEt /CH,Cl,= 6:1:1 t0 2:1:1) to
afford the expected glycosylated disaccharide 122 as white solid; *H

NMR (300 MHz, CDCl): §7.56-7.29 (m, 35H, ArH), 5.65 (d, J = 5.1 Hz,
1H), 5.2-5.02 (m, 5H), 4.94-4.82 (m, 6H), 4.74-4.58 (m, 6H), 4.57-4.52
(m, 2H), 4.39 (dd, J = 2.4, 4.8 Hz, 1H), 4.33 (d, J = 10.2 Hz, 1H), 4.21
(dd, J = 3, 10.5 Hz, 1H), 4.15-4.09 (m, 2H), 3.83-3.54 (m, 12H), 1.64 (s,

3H, CHs), 1.61 (5, 3H, CHy), 1.57 (s, 3H, CHy), 1.53 (s, 3H, CHy): 13C

NMR (75 MHz, CDCls): 6139.2, 139.1, 138.9, 138.7, 138.67, 129.2,
128.9, 128.8, 128.7, 128.69, 12836, 128.46, 128.4, 128.3, 128.2, 128.1,
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1280, 127.9, 109.8, 109.0, 104.9, 104.4, 96.8, 85.3, 84.9, 82.3, 82.0, 78.5,
78.3,76.2,76.1,75.5,75.4,75.3,75.2,75.1, 74.7,74.0, 71.8, 71.2, 70.9,
70.5,69.4,69.2,67.9, 26.6, 26.5, 25.5, 24.8.

p-Tolyl 2,3,4-tri-O-benzyl-6-0-(2',3',4',6'-tetra-O-
benzyl-1-B-D-glucopyranosyl)-1-B-D-thioglucopyranoside (123):

white solid (58% from 30) ; *H NMR (300 MHz, CDCly): §7.58-7.28 (m,
17H, ArH), 7.15-7.12 (d, J = 9.8 Hz, 2H, ArH), 5.03-4.98 (m, 2H), 4.87
(d, J = 11.4 Hz, 1H), 4.83 (d, J = 10.2 Hz, 1H), 4.72 (d, J = 9.3 Hz, 1H,
H-1), 4.68 (d, J = 12 Hz, 1H), 4.62 (d, J = 11.7 Hz, 1H), 3.90-3.80 (m,
2H), 3.73 (dt, J = 1.8, 10.2 Hz, 1H), 3.63 (d, J = 8.7 Hz, 1H), 3.59-3.50
(m, 2H), 2.77 (brs, 1H, OH), 2.39 (s, 3H, CHa).

p-Tolyl 6-O-benzyl-2-azido-2-deoxy-3-O-(1-naphthylmethyl)-1-B-D-
thioglucopyranoside (124):

1. Na, MeOH

b OBn
5 2. PhCH(OMe),, TSOH, Ph/voo/% TES. TEA HOé&/
ACA(EO sTol _CHICN 1-Napo STol _=> "™} 1.NapO STol

s N 3. 1-NapCl, NaH, DMF N3 124 N3

Colourless oil (55% from 26); "H NMR (300 MHz, CDCl,): 58.20 (d, J =
8.4 Hz, 1H, ArH), 7.84 (t, J = 7.8 Hz, 2H, ArH), 7.58-7.41 (m, 4H, ArH),
7.35-7.30 (m, 5H), 7.06 (d, J = 7 Hz, 2H, ArH), 5.33 (d, J = 11.4 Hz, 1H),
5.27 (d, J = 12 Hz, 1H), 4.59 (d, J = 12 Hz, 1H), 4353 (d, J = 12 Hz, 1H),
4.39 (d, J = 9.6 Hz, 1H), 3.79-3.68 (m, 2H), 3.59 (t, J = 9.3 Hz, 1H),
3.46-3.39 (m, 2H), 3.29 (t, J = 9.9 Hz, 1H, H-2), 2.60 (brs, H, OH), 2.34
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(&3H,CHQ.

p-Tolyl 2,3,6-tri-O-benzyl-4-O-(2',3',4',6'-tetra-O-
benzyl-1-B-D-glucopyranosyl)-1-B-D-thioglucopyranoside (125):

Add TMSOTT (47 uL, 0.26 mmol) into a cooled mixture of glycosyl
donor 121 (195 mg, 0.26 mmol) and glycosyl acceptor 123 (120 mg, 0.22
mmol) in a mixed solvent of CH,Cl,, CH;CN, and EtCN (1:2:1 v/v,
overall volume = 22 mL) at —70 °C under N,. After completed, add EtzN
(0.1 mL, 0.8 mmol) into reaction. The quenched reaction crude is then
extracted with CH,Cl, (30 mL) and saturated aqueous NaHCO3; (20 mL).
The separated organic layer is dried over MgSO,, filtered, concentrated
and then purified through column chromatography (SiO, gel,
hexane/AcOEt /CH,Cl, = 6:1:1 to 2:1:1) to afford the expected
glycosylated disaccharide 125 as white solid. *H NMR (300 MHz,
CDCly): 67.52-7.49 (d, J = 10.9 Hz, 2H ArH), 7.41-7.30 (m, 29H, ArH),
7.25-7.19 (m, 6H, ArH), 7.05 (d, J =11 Hz, 2H ArH), 5.17 (d, J = 11.1
Hz, 1H), 4.93 (d, J = 10.8 Hz, 1H), 4.86-4.72 (m, 7H), 4.62—4.49 (m,
5H), 4.43 (s, 1H), 4.07 (t, J = 9.3 Hz, 1H), 3.89 (dd, J = 3.9, 11.1 Hz, 1H),
3.78 (d, J = 11.4 Hz, 1H), 3.72-3.57 (m, 7H), 3.49-3.36 (m, 4H), 2.34 (s,
3H, ArCHjs); 13C NMR (75 MHz, CDCls): §139.6, 138.99, 138.85,
138.8, 138.75, 138.7, 138.6, 138.1, 128.8, 128.77, 128.7, 128.7, 128.6,
128.5,128.4, 128.3, 128.2, 128.1, 128.05, 127.9, 127.8, 127.7, 102.96,
88.0, 85.5, 85.4,83.2,80.5, 79.7, 78.4, 77.7, 76.8, 76.1, 75.8, 75.4, 75.3,
73.7, 73.6, 69.3, 68.6, 21.6.

p-Tolyl 6-O-benzyl-2-azido-2-deoxy-3-O-(1-naphthylmethyl)-
4-0-(2',3,4',6'-tetra-O-benzyl-1-B-D-glucopyranosyl)-1-B-D-
thioglucopyranoside (126):

Add TMSOTT (44 uL, 0.24 mmol) into a cooled mixture of glycosyl
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donor 121 (184 mg, 0.24 mmol) and glycosyl acceptor 124 (110 mg, 0.20
mmol) in a mixed solvent of CH,Cl,, CH;CN, and EtCN (1:2:1 v/v,
overall volume = 20 mL) at —70 °C under N,. After completed, add Et;N
(0.1 mL, 0.8 mmol) into reaction. The quenched reaction crude is then
extracted with CH,Cl, (30 mL) and saturated aqueous NaHCO;3; (20 mL).
The separated organic layer is dried over MgSO,, filtered, concentrated
and then purified through column chromatography (SiO, gel,
hexane/AcOEt /CH,Cl, = 6:1:1 to 2:1:1) to afford the expected
glycosylated disaccharide 126 as white solid. *"H NMR (300 MHz,
CDCly): 68.22 (d, J = 8.1 Hz, 1H, ArH), 7.88 (d, J = 7.5 Hz, 1H, ArH),
7.81 (d, J = 8.1 Hz, 1H, ArH), 7.64-7.51 (m, 5H, ArH), 7.42—7.30 (m,
26H, ArH), 7.24-7.14 (m, 8H, ArH), 7.09 (d, J = 7.8 Hz, 2H, ArH), 5.62
(d,J=11.4Hz, 1H),5.26 (d, J = 11.7 Hz, 1H), 4.98 (d, J = 10.8 Hz, 1H),
4.91-4.52 (m, 5H), 5.67—4.45 (m, 6H), 4.37 (d, J = 10.2 Hz, 1H), 4.30 (d,
J =12 Hz, 1H), 4.24 (d, J = 12 Hz, 1H), 4.08 (t, J = 9.3 Hz, 1H), 3.96 (dd,
J=3.6,11.4 Hz, 1H), 3.79 (d, J = 11.1 Hz, 1H), 3.73-3.38 (m, 10H),

3.30 (t, J = 9.9 Hz, 1H), 2.35 (s, 3H, ArCH3); 13C NMR (75 MHz,
CDCly): 6139.1, 139.0, 138.8 ,138.7, 138.66, 138.58, 134.7, 134.5, 134.1,
132.2,130.2, 128.8, 128.7, 128.6, 128.4, 128.35, 128.3, 128.2, 128.1,
128.05, 128.0, 127.8, 127.77, 127.4, 127.2, 126.6, 126.0, 125.6, 103.0,
86.7,85.4,83.2,83.1,79.9, 78.4, 76.6, 76.1, 75.6, 75.5, 75.3, 73.7, 73.6,
73.5, 69.3, 68.3, 21.6.

p-Tolyl 2,3-di-O-benzoyl-4-0O-benzyl-6-0O-(2',3’,4"-tri-O-benzyl-6'-O-
levulinoyl-1-B-D-galactopyranosyl)-1-B-D-thioglucopyranoside (129):
Add NIS (47 mg, 0.21 mmol) and TMSOTT (7 pL, 0.04 mmol) into a
cooled mixture of glycosyl donor 57 (137 mg, 0.21 mmol) and glycosyl
acceptor 128 (100 mg, 0.17 mmol) in a mixed solvent of CH,Cl,, CH;CN,
and EtCN (1:2:1 v/v, overall volume = 17 mL) at —70 °C under N,. The

reaction temperature is brought to —60 °C for 30 min. Upon completed,
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add Et3N (0.08, 0.6 mmol) into reaction. The crude is then added
saturated NaHCO3(,q) (0.2 mL) and a small lump of Na,S,03). After the
dark color of crude ceased, the reaction mixture is then droed over
MgSO,, filtered, concentrated, and purified by column chromotagraphy
(Si0, gel, hexane/AcOEt /CH,Cl, = 6:1:1 to 2:1:1) to afford the expected
glycosylated disaccharide 129 as colourless foam. *H NMR (300 MHz,
CDCly): 68.05 (d, J = 8.1 Hz, 1H, ArH), 7.93 (d, J = 7.8 Hz, 1H, ArH),
7.57-7.50 (m, 2H, ArH), 7.47-7.30 (m, 22H, ArH), 7.19-7.16 (m, 3H),
7.09 (d, J = 7.8 Hz, 2H, ArH), 5.74 (t, J = 9 Hz, 1H), 5.35 (t, J = 9 Hz,
1H), 5.04 (t, J = 11.7 Hz, 1H), 4.96-4.82 (m, 5H), 4.75 (d, J = 11.7 Hz,
1H), 3.67 (d, J = 7.8 Hz, 1H), 3.93 (d, J = 7.8 Hz, 1H), 3.89-3.75 (m, 5H),
3.59-3.50 (m, 2H), 2.76-2.72 (m, 2H, Lev-CH,), 2.53-2.49 (m, 2H,
Lev-CH,), 2.46 (s, 3H, Lev-CHs), 2.34 (s, 3H, ArCHs;); 13C NMR (75
MHz, CDCl,): 6206.5, 172.8, 166.1, 165.7, 139.1, 138.8, 138.7, 138.5,
137.8, 133.6, 133.57, 130.3, 130.2, 130.1, 129.9, 129.8, 128.9, 128.8,
128.7,128.5, 128.3, 128.2, 128.1, 127.9, 104.7, 86.2, 82.6, 79.7, 79.4,
76.7,75.7,75.1,74.8, 73.7,73.5, 72.5, 71.2, 68.9, 63.6, 38.3, 30.3, 28.2,
21.5.

1,2;3,4-di-O-isopropylidinyl-6-O-[4"-O-benzyl-2",3"-di-O-benzoyl-
-1-B-D-glucopyranosyl-6’-0-(27,37",4"-tri-O-benzyl,6 "-O- levulinoyl
-1-B-D-galactopyranosyl)-1-B-D-galactopyranoside (130): Add NIS (57
mg, 0.25 mmol) and TMSOTT (9 pL, 0.05 mmol) into a cooled mixture of
glycosyl donor 57 (161 mg, 0.25 mmol) and glycosyl acceptor 128 (120
mg, 0.21 mmol) in a mixed solvent of CH,Cl,, CH;CN, and EtCN (1:2:1
v/v, overall volume = 21 mL) at —70 °C under N,. The reaction
temperature is brought to —60 °C for 30 min. Upon completed, add
another NIS (57 mg, 0.25 mmol) and glycosyl aceeptor 58 (53 mg, 0.21
mmol) into reaction. After completed, add EtzN (0.08, 0.6 mmol) into
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reaction. The crude is then added saturated NaHCO3(,q) (0.2 mL) and a
small lump of Na,S,03). After the dark color of crude ceased, the
reaction mixture is then droed over MgSQ,, filtered, concentrated, and
purified by column chromotagraphy (SiO, gel, hexane/AcOEt /CH,CI, =
6:1:1 to 2:1:1) to afford the expected glycosylated trisaccharide 130 as
colourless foam; *H NMR (300 MHz, CDCl,): 58.01-7.88 (m, 4H, ArH),
7.53-7.29 (d, J = 5.1 Hz, 1H), 7.19-7.14 (m, 3H, ArH), 7.09-7.06 (m,
2H, ArH), 5.68 (t, J = 8.1 Hz, 1H), 5.38 (m, 2H), 5.04 (d, J = 10.2 Hz,
1H), 5.02 (d, J = 10.2 Hz, 1H), 4.91-4.77 (m, 4H), 4.68 (d, J = 11.4 Hz,
1H), 4.53-4.39 (m, 4H), 4.30-4.25 (m, 2H), 4.20-4.16 (m, 2H), 4.06 (dd,
J=15,8.1 Hz, 1H), 3.99-3.91 (m, 2H), 3.87-3.74 (m, 6H), 3.57—3.53 (m,
2H), 2.74-2.72 (m, 2H, Lev-CH,), 2.70-2.52 (m, 2H, Lev-CH,), 2.42 (s,
3H, Lev-CHy), 1.37 (s, 3H, CHs), 1.22 (s, 3H, CHy3), 1.20 (s, 6H, CHs);
13C NMR (75 MHz, CDCl5): §206.4, 172.4, 165.6, 165.3, 138.7, 138.3,
138.25, 137.4, 133.0, 132.8, 129.9, 129.7, 129.5, 129.4, 128.4, 128.3,
128.27,128.2,128.18, 128.1, 127.8, 127.64, 127.60, 127.5, 127.4, 109.4,
108.3, 104.0, 101.2,96.4, 82.2, 78.9, 77.2, 75.2, 715.1, 74.7, 74.5, 74.3,
73.2,73.0,72.0,70.7,70.4, 68.3, 68.0, 67.1, 63.1, 37.8, 29.8, 27.7, 25.8,
25.7,24.8, 24.1.
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Diastereoselective electrophilic #-amination of camphor N'-acyl
N*-phenylpyrazolidinones: the metal enolate-dependent synthesis

of two possible hydrazide diastereomers
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Ampanons

B mal o snanae Coviny
(Bdral awdliany

tioms are disoussed.

tComplemen@ry approach es under enolate amination eactions for the synthesis of both oh ydrazidoacy]
diastereomers have been achieved. Both i omers are o btaimed with high to excellent chemical yields and
tigh stereosdectivites {up to 9% 5 drywhen oy bsubstituted camphor T a.n::..-]J'd2 phenylpy razolicin one
was treawed with potastum hexamethyldisl ylamide {KHMDG) and Bthium heamethyld s lamide
{LHMI®), respectively, followed by the addiion of ditent-tuty]l asndicarbonylate. The nondesructie
removal of the chiral awdlary, which can be camied out under mild condition, afforded the hydrazido
alcohaol with high enantiomen c ratio. The facal stersoselecinvity and stersachemical course of the reac

& 2008 Elsevier Lid. All rights reserved.

The slectiophilic a-aminstion o carbamyl oomponds consti-
tutes one of the lundasmental challenges in modem organic synthe-
35" Several mymmetric variants have been developed in recent
years for the construction of the nitrogenas malaodes by using
appdicarbaxylates x5 the nitrogen source. The resulting hydrazine
derivatives serve ai vesatile precursars lor the prepanation of a-
aming acils, &-hdrazing scidy snd other important sy hetic
intermediates ? The metal-based catalytic enantioselsctive o ami-
matiom of N-acylaaeolid inones” a-keto eters. and p-ketoaae mt
provides sn exy entry o optically sctive a-amind scidd and a-
aming-f-hydrocy estern with high to excellent enantioselectivi-
ties. More recently, the organocatalytic electrophilic @-aminstion
of unmodilied aldehydes, a-cyancacetste, and f-keto esters has

1 2

T %{ﬁ“

slan besn ieparted ® On the mher e, oy limitsd sssmples of
diastereoselactive lectrophilic smination ol metal enolates have
besn doammentsd” The metal enolate-hased methadology for the
carbon-nitragen bond Tommation remainsd e plonsd. Further,
Iromm & practicsl synthetic point ol view, the preparation of boh
ateredizomens [rom the same cddral source has many syt hetic
slvanteges amd i received condiderable sttention in recent
yeurd® The stersochemical outcomes can be inllusnced by several
lzctors such & solvent, the structure of metalsubstrate complex,
and rexgent components amployved. W have recently develaped
1 movel camphor-derived awsdliary, cam phor N-pheny] pyrasolidi-
noie, that his proved to be elledive in mymimetnc syuﬂu&i:.“'
We wiih to repart hergin that electrophilic amination of chial

?Eﬁ‘”r

af =CeHe d A = 3-MelH,
bRe=i-Maphttyl @ R= 2THeny
oA =4MelliH, TR =tEUY
Figure 1.

b o amdoe Tel: +836 3 353 158310 Gax: +336 2 293 HI45.
Emid adifee s, Roes@arno e do tw (K Dl

Q40- 4G - nee Soer sarne O 2008 Boevier Lull Al righes msenad
dod: 100 irerie s 2008, 11,008
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K -zeyl N phenylpyrazalidinonss to give s-aminated dervatives
with excellent chemical yviekl and high dizsters melectivity in the
presence of di-test-butyl azadicaraxylste. In sddition, the steres-
chemical @ure o the a-amination is metal enolste dependent.
The lacial steremelectivity and the stersochemical course ol the
resctiong are discussd.

The staring camphor K'-sc0 K -phenylpyrazalidinons 1a-l
can be resdily prepared bom camphor N-phenyl pyr aeolidinone
Tollowing standard scylstion conditions (Fig- 11 The phenylace-
tyl-subatitited pyraeslidingie 18 wid chiden x4 prabe subatiste,
and di-tert-butyl seodicarbosxyiste was wied x5 the electraphilic
nmitrogen source. The desired Iydrazides were oltainsd with low
b mider ste chemical viekls by trestment of 1a, when LDA, n-Buli,
and KO B were used lollowed Iy the addition of di-tert-butyl aeo-
dicarbaxylate 2t ~78 °C {data nat shown) A reasonsble che mical
yiekl {53%) wis schisved when 1a was trestsd with KHMDS in
CHz Ok &t - 78 °C lollowed by the sddition of an electrophile { Talide
1. entry 1 L Mo resction ocourmed whenthe reacionwas carmied ot
i Bra0 i entry 23 The chemical yvield wis improved to S1%, when
the same resction wia carmied out in THF {entry 31 We were not
aMe to interpret the "H NME spectrum of the crude products for
the determinstion of ateremelactivity. This & dus to the presence
ol isomer aind the tautamenc lonms comed by the restricted fots-
tian sbow the Boc groups in the hpdraside, which has been doou-
mentad inthe literature ® The spectrum of a purilisd hydrazide 2a
isinterpretable sthough with the presence of tutomerd A carelul
anlysis of "H NME spactrom ol hydraside 2aindicated the charsc-

Tablke 1
D o sl e ammimarion of campior N'-acpl N penypae didinones a-et

Esry K= Solvesr  Bane wield (81" De(2aF
1 (1] GH, CHyl;  BHMDS 53 i
E [} GHy Er EHMIDS o =
E] (la] GH, THF HHMDE a1 aFar
4 [} GH, THF LHRADS a4 [t
H (L] Sy THF Mined bases® 92 ma
g (L] GH, THF Mined basest 90 =
T (M} I Mapheld  THF HHMDE 90 Wl
] (] IMapheid  THF LHMDE 91 [t
3 [lc]4-MeOCH, THF HHMDE 90 e

0] (i} 4-MeOCH, THE LHMDS a8 G

1" (M} 3MelH,  THF HHMDS 75 il

1z (M} 3MelH,  THEF LHMDS a1 [

11 (1] 2-Thiemyl  THF FHMDS 50 E

14 [ B} 2- Thimspl THF LHMADS &1 (3

4 Unless b g ified, all mactions were Carded oun in fhe solvens indi-
camed af =78 C ming 1 (31 sewod] Bae (053 menol], and d5-oeri-Rasyl anodi-
carkooane (035 med],

b Tow bnlaned yield (243}

¥ o of disr PR divy "HNME analigis of mherast pals
amd by HPLC amalyses of cnade pradecrs (Aghes Techsologies, ZOSEAY SH,
4.8 s 250 e, B g sl PR = 55713, flowe rane = 5 onl lendn

“ Tha albeiliae stesenchen Iy of [he mewiy genemnd s ogedc cener im 3a
s ik By simgle o Mo s X vy analy Tha abGoleny SIne-
charmmisnry of Bo-g amd Y- s asigeed by 'H KR speova amallyses | see fex].

® EHMDS (0.6 aquiv | was added Sxllovwad by S addisos of LHMIDS (06 apuiv]

f LMD (005 aquiv] wi adided Sollowed by B additions of KHMDS (005 aquiv]

e

terstic C-5 methine proton (this nomenclsture system ) that ap-
pears at 349 ppm, while the arbonyl @-methine proton located
at 601 ppm. However, two NH proton 2ignals appear st 6.76 amd
G449 ppan, respectively, in 2 ato o 1.9:00. High pedommance li-
queidl dramatography (HPLC) studies indicated anly one dixtersg-
mer in the purified product A 20 NME experiment (HMOC) was
caried owt, and the resubs indicate that both signals appesring
At 5758 and 545 ppm come [iom the same KH proton n addition,
vt byl -tem peratirs studies of "H NME spectra demorstrated the
exigtene of atructur sl aalarmers in hydiaeide 20 An equil il wm
mixture of st lesxt two structursl conformers of 2a in CDCL was
proposed ' The newly generatsd sterepgenic carbon @amsr in
the major diztereamer 24 wis aigned & an £ conliguration by
singlle crystallographic X-ray analysis.

I aldlition to the stenc Mndrance, the tatome o equil ibration
ol 2a insalution may ake maociate with the lydrogen bonds and
the prelerential disposition of the carbonyl dipoles. & clae lack of
the X-ray orystallographic ORTEP structure of 2a shows that the
NH forms hydrogen bands with the nesrly carbanyl groups
(Fig 21

To our surprise. the newly genersted stereogenic center of the
aiminated sddwct wis revered. when LHMDS wis uaed. Treatment
ol 1a with LHMDS st - 78 %0 gave 3a i the major dixstens aner
wilth SO de {entiy 4L The distinet charscteristics of 'H NME spec-
trawm in 3a are warth noting. In sddition to the two signals of the
ypelrazicle NH protan 5t 558 2nd 5,49 ppm, the C-5 metline proton
alio sppesred x5 2 set of twosignals st 441 and 431 ppm, res pec-
tively, in the same ratiool 1L8:100 similar to that of NH signals. The
signilicant dvemical shilt dilference of C-5 pratonsignal in "1 KME
apectrum betwesn hydrasides 2a (3.49ppm) and 3a (441 2nd
431 ppm) can be attributed to the diamagnetic anisotropy elisct
ol the phenyl sulstituent. Thic repretents, fo the best of our kol
edge, the first example of a @mplementary electrophilic a-amination
reaction for the synthesis of both diastersameric by dragddes by simply
changing the hase" Having developed reaction conditions that -
Tord complementary disstersomens in the aminstion resctions, we
aotght tobest the soope and leasilility of the sudlisry srchitecture.

M A

Figure 2 A Chren¥) sscnordl dravieg of 2a regesemnnd Som e Xoray onpstal
codedinane s Ml Bateoges (e pe e O3 prome] ane comimad for dhe saie of dasing.

H, Fh
M
|

HH.
Boo

[E}4 [EEM] [l = +34:5 (0= 1.0 CHOI)
R4 [82%) []p = -30.0 [0 = 1.0 CHly)

Scheme L Recovwe oy of chiral awiliary om Madrazides 2aasd L.
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This complementary smination process i applicable to various
aryl=utstituted substrstes Ib-e. Toward this end good to high
levels o sberemelectivitien ol the sminsting adducts with £ config-
uration {except for Ze due to the priority numbering) were ob-
tainsd, when 1h-e were treated with KHMDS lollowed by the
sddition of di-fert-butyl aodicarbaxylate (entries 7, 9 11, and
131 The "H KME signal of the correspanding ©-5 methins protan
in 2b-¢ consistently appeared in 2 range of 3.50-3.62 ppm. On
the ather hand reverssl of steremelectivity of the sminsted -
ducts Ib-¢ (B omliguration. except for 3e) wn observed when
LHMDS was wsed under the same conditions {entries 8, 10, 12
sl 141 The "H NME signal of the C-5 mething protons in 3l-e ap-
pears in a range of 4.41-453 ppm as expected. The charscteristic
Teatures of the 'H KME spectra of the hydrazides 2 and 3 permitted
the asignment of the newly generated stereogenic centers. No
resction occuired when & bulky sulstitient 1 (R = -batyl ) was
wsed. To complete one cycle of the chiral susiliary, the 2minsted
adducts (5)-2a and | K)-3a were then subjected to reduction oonmdi-
tioms. Expesure of 24 to NaBH, in THF 2t smbient tem peratire pro-
wided the desired hydrazida sloohol | 5-4 {655 (), +34.5(c 1.0
CHOI L and camphor 5% phenyl pyrazalidinone was recoversd in
B4T vield (Scheme 11 Similar conditions were applisd to give
(R (el - 3900 (e 1.0, OHCh )) with 82 ekl when 3awas used.

The mechanitic expanation for the 2symmetric 2mination has
ot yet been slucidsted st this mament snd can be rationalized by
the strudurally well -delined metal enal ste geosmetries in the tran-
siticn states s depictad in Figurs 3 The hydrogen bond formed
betwesn the a-hydrogen and the carbonyl group of di-tert-hutyl
avodicarbaxylate mey play arolein sabilizing the Lvored enaste
complexed The eight-membered potmsium Z-enalste is preleren-
tially formed, when 1a is treated with KHMDS to give the oorre-
apanding sdduct 2a On the other hand, the six-membered
lithivwm Eenolate & energetically Tavored, when LHMDS i3 used,
resulting in the lormation of 3a a3 the major isomer. The siee of
the metsl cmmterion may sko be important in lomming the
eight-membered and % membersd enolates.

An interssting imino intermediste 5w isolated, when the
amination resction wis carmied out st -78 °C fallowed by warm
g to 050 graduslly (Scheme 2) When phenylscetyl-subs tituted
pyraeslidinons 1a was trested with KHMDS and di-ters-bagyl aeo-
dicarbaylate at -78°Cand warmed up to 0°Covera period ol Sh,
the iming product 5 was molsted with lHgh chemicsl vigld On the
ather hand. when the resction tempersture was raised to - 30°C,

hyedrazide 2w isolatsd s the major product (7O, 2nd the imi-
o inte nmediste 5w ol sinsd with 200 chemical visld. Tributyl-
i el de reduction of 5 in THF alorded the Doe-pratected (B
aming prochect 6 {70 de ) as the major diztereomer in 2 vl of
B3 chemical vield. The hydride sttacks from the bottom & lace
ol the imino Renctionality in 512

I conchsion, complementary metal enolste smination of the
sumiliary-derivad N-scyls was developead far the synthesis of two
poszille hydraside disstersomerns. Either Bomer can be oltainsd
with excellent chemical vield and high disteremslectivity {up to
0% de ), when aryl-subs tituted camphor N'-zo0 K-pheny pyraeo-
lidinomes are trested with KHMDS and LHMDS, respectively, lal-
lowwesd by the sddition of di-tert-butyl seodicarbosylate This
exbends the synthetic applications tothe versatile and general wtil-
ity of camphor K- phenyl pyerazalidinone x5 2 good stersooonal-
ling element in dixitenemelective readion
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employs inexpensive trichlorotriazine (TCT) and DMF as a chlorination reagent and is compatible with
Wypical acd-labile hydroxyl protecting functions. The scope and limitations, reaction mechanism and
its application in the sequential glyoosylations are discussed
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Developing inexpensive and operationally simple procedures
for organic reactions is always attractive to chemists, which is
illustrated by the application of trichlorotriazine (TCT) in func-
tional group conversions." " As for example, TCT and DMF (TCT-
DMF adduct) have been used for chlorination of aliphatic alcohols®
but there have not been any elaborative studies about using such
TCT-DMF adduct for chlorination of glycosyl substrates.

Glycosyl chlorides constitute an important class of carbohy-
drate building blocks in oligosaccharide synthesis:? moreover, they
are precursors for preparing O-glycosides,™ C-glycosides, " N-gly-
cosides."™ and glycals.'™ Therefore, a facile production of glycosyl
chlorides is highly desired. Typical preparation of glycosyl chlo-
rides involves the treatment of peracyl glycosyl substrates with
highly acidic reagents that renders them incompatible with acid-
lahile protecting functions.)*' Though milder reagents for chlori-
nation of glycosyl hemiacetals have been developed including
PPhs-CCla, ™ Wiehe's salt,”™™ chloroenamine,'™ chlorodiphenyl
phosphate.!® and triphosgene,'*® either such reagents are not
commercially available or their efficiency is inadequate for dis-
armed glycosyl substrates,’™+ To pursue a milder and efficient
methed for glycosyl chloride production, we herein describe for
the first time the use of inexpensive TCT and DMF for preparation
of glycosyl chlorides, and its applications in sequential functional
group transformations and glycosylations.

In the model study, peracetyl lactosyl hemiacetal 1 dissolving in
CH4Cl, was treated with pre-mixed TCT (1.1 equiv) and DMF (ca.
2.2 equiv)at room temperature based on literature procedure (Table
1, entry 1)_""" Disappointingly, the expected lactosyl chloride 2 was
furnished in moderate 58% vield after 48 h. Such a sluggish reaction
is atrributed to the highly disarmed nature of peracetyl-protected
substrate and sub-optimal reaction conditions.'® After some
experimentations, several reaction parameters are found essential
for TCT-DMF chlorination which include: (1) addition of proton

* Coresponding author. Tel.: 886 35712121x56585; fax: 4885 3 5723764
E-maill address: tmongiFmall nctwedwtw (K-K.T. Mong )

O040-403974 - see front matter © 2009 Elsevier Ltd_All rights ressrved.
dod: 101016 jtetle 2000005077

scavenger to reaction mixture such as diazabicyclo-[5.4.0]-undec-
7-ene (DBU), triethylamine or K;C04: (2) application of higher
reaction temperature (45-60°C); and (3) optimization of TCT-
DMF stoichiometric ratio to ca. 1:4. With all these parameters in
hands, reaction times of chlorination were dramatically reduced to
1.5-4 h and yvields were improved to 75-87% (Table 1, entries 2-6).

Based on the aforementioned parameters, we explored the
scope and limitations of TCT-DMF chlorination (Table 2, entries
a-r). Thus various glycosyl substrates 3a-20a were prepared by
standard methods and treated with either chlorination protocol A
or chlorination protocol B.)7® Protocol A employs DBU (1 equiv)
as the base and is performed in dichloroethane (DCE) at 60 °C This
protocolis presumably suitable for less reactive glycosyl substrates
such as 3a-10a, 14a, and 20a (Table 2, entries a-h, |, and r). While
protocol B employs excess KoC04 (5 equiv) and is conducted in
CHzCl: at 45 #C (Table 2, entries i-k and m-g), both K:C0s- and
TCT-derived byproduct of protocal B are readily precipitated in

Table 1
Elucidation of essential reaction conditions of TCT-DMF chlorination
TCT-DMF,
AcO DAL '
o Ko.nu: base, T °C, MOSOA’: oac
- 1
A0 o2 solvert, MOLS OO
AL -
QAC ACO OACAEO' e
1 2 cl
Entry Base Solvent T{C) Time () Yield (%)
1 Mone CHALh 25 A48 58
P Mone DCE (] 4 a5
3 DEL DCE (] 15 a7
a DEU DCE 50 25 83
3 EtaM DCE 50 4 £l
& KoLy CHLL, 45 4 75

4 Jsolated wield via brief chromatography purification
® 50 equivef KO0y was wed
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tiom. "9 Theneg b f-glyeoayl chloride Tormation was reporbed in pre-
vious study, hinwever nodwch fe-glvoosyl dilorides were isolated in
present chloinstion experiments ™ This may be moribed to the
decompodition of the wnstable f-glycosy] anomers dunng duans-
tography punlication
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e mentioned that similar conversion explained in previous study
recuines four resction stepa®! Thus trestment of glyomyl orthoss-
ters 16a. 174 with the modilied procedure of provocal Bresulted in
the formation of glymayl chlorides 161170 in lhgh yislds (Table 2
entriss nand o)1=

Particulaily intgeing i the dilarinstion of glyeasyl hemisce-
tals 182 and 19a; esch of these substrstes contsing non-anomeric
aned anameric hydrosyl Tunctions. Applying TCT-DMF chiarination
pratocal Brasulted in chemoselective snameric hydra chloins-
tian 2nd C-2 hydroscyl Tormylation. No traces of crossly henctionsl -
iz products were detscted. (Table 2, entries pand qL

Altherugh TOT-D0F chlorinstion is uwselul Tor 2 wide rangs of
ghymayl sulstrates, its application to NeuSAc hemiscetal 204 gave
rise to elimination product, NeuSac glycal 20b {Tale 2, entry 1L
Tivis reslt iy be sxplained by the ligh prapensity ol NeuSAcgiy-
ooayl diloride lor elimination Nevertheles, NeuSAc glyeal 20 is
the valusble precumar lor preparing salidase inhibitos™ thus
by serendipity, our method provides an exy antry te NeuSae gly-
cal denvative

It is worth mentioning that armed glyomyl chlorides (110130
and 16b-19b) are prons to decomposition; neverthelss, briel
chromatography purilication over short pad o silica gel & tolers-
e, However, a pralonged contsct woull lead to substantisl
decompasition of both armed and disarmed glyasyl chiorides;
wihile the extent of deoompaition is much greater lor the armed
chilorides than for the disammed chlorides ® Noted that TOT-DRF
chiorination method is amenable to larger scale preparation (5=
10 g of glyeosyl hemiscetall dor wiich 2 slightly longer rasction
tiime is requined.

Based an the literature review and experimental olservations, a
plau=ible mechanim of TCT-D8F chlornation is outlined in
Scheme 175 Ap first, TOT was rescted with DMF giving Vilkme-
ier-Haack (VH) sdduct and cyanurate; VH-sdduct wi then cou-
pled to glyossyl hemisostsl Rernishing glycosyl iminiwm The
presence ol glyeosyl iminiem wi supported by isolation of its
hydralyeed product, glyomyl formate {data not shown] Subse-
quent cle avage of the “sxg’ anomeric C-0 band in glyomsyl iminium
wims pramated by the “pudh snd pull sterecslectionic laatie of
substrate, wiich genersted glycosyl axocarbemium. Note that the
absence of such a stereoelectranic feature &6 i the case in aliphatic
sleahel results in hydrosyl Tarmylstion. Final eoupling of socarbe-
niwm intermeadist e with cilaride jon femdshed q-glyeosyl dilarids.

A glyooayl chlondes are vesatile donors for Koemgs-Knom
ghyamaylation™ it is remonsble to streamiine TCT-DMF chiotins-
ticm A Koerndgs-Knoarr glyomylation to a sequentisl process such
that apparently glycosyl hemiascetals act &5 donors lor ghoosyla-
ticms. Kobayashi repartsd for direct sctivation of glycosyl hemisce-
tals with the Agpelles (PPh,-Chi, ) rasgent snd DME, theugh the
glymaylations were slow {raquired 1-3 days) % In present corest,
o-galactogy ranosyl hemiscetal 122 was st treated with TOT-IRF
protocal [ giving galsctopyrsnayl chloride 121 (Scheme 2a)
Crude galsctopyranosyl chilonide 121 obtsined slter simple fira-
ticm and solvent removal was wied directly &5 a donar for glyomsyl-
stion ol aceptar 21 without tedious chromatography dolstion of
ghyaayl chiloride. Desired disscchanide 22 was obtainsd in 725
overall yield a3 a 5:1 af-anomeric mixture_ Swch sequential chio-
riation- glyooavlation sl works well Tor thioglveoside scceptor
rendering an orthogonsl glyomylstion pasible (Scheme 2b) Thus
12a was chilarinated and thereal glycosylated with thiogalsctopy-
ranside 23 Rernishing thisglyeaside 24 in 75T oversll yvisld znd
excellant a-selectivity.

In summary, we report for the first time 2 mild and effident
TCT-DMF chiorination method for dillerent arbohydrate sub-
atrates inchiding ghomyl hemiscetal and glyveosyl onhossters
Based on this new chionination method, glycosyl cidorides in dil-
lerent protecting group settings become amily avsilae which

imturn enables the development of sequential chioarinetion-glyoo-
aylation. Such 2 mild chloinstion method should fnd wssful for
aligoascdunide synthesia

Acknvwledgmenis

W thank the National Science Council Taiwan (95-2113-M-
009016 ) and the Institute Francsis de Taipei lor inand sl suppare

S upple men Lary data

Supplementary dats msociated with this article can be Tound, in
the online version, at dod: 101016 j vetl @ 2008 05077,

Referemnces and notes

1. Eecess meeves for wes of TOT i gyededc chemistey: (2] Glaomwell, G
Frechadds, A (ure O Chem 2004 §, 1437-1519; (¥] Bloosy, G Teculakon
AE, i, GI0THIIT.

Baste, B P Fantic, 5. § Termbafron Lo 2003, 43, 34133414,

] Do Lisca, L Glacoensli, G Foeckaddis A | Org Chem, 2000, 87, 5133-5155;

o] Glacomell, G.; Parchadde, A ; Salaris, M O, Lees 2008, § 3753717

By, G. Taratadma Law, 2003 44, 1499 1500,

D leca, L) Gacomells, G.; Parchedty, & | Ong (em. 2003, £7, 3726374,

Bastgae, B P o, . 5 Kamisie, W T Sawans § 5 Asar | Them, D008, 51,

T1-334

Bangasd, C 0. Day, B W, Org Lawt D008, 13 36452643,

fa] Gald, H. | e, 1960 72, 936939, (4] Tandle, § & | Org Chem,

BT, 15 3957-3900; (<} Hepters 0 B: Hufsos, H B | Chest S, Redn

Trs, | M78, 754-757; (d] De Luca, L; Glacomelli, G Poe Badidis A Org Lo,

A2, 4 IT-535

9. sy L Wada M Masabe, 5 Yamageos, ¥.; (rake, K Ko K b, Y.L
A Chem, Soc, 2008, (35, 34023403,

10, Tosima, K b Qpcoidence; Faserfeid, B, Tatsem, K, Thiem, |, Eds; Speager
Bardin, Hesidelle oy, B003; ppr 423-449.

11 (al Demcheni A V. bs Hiudbak of Chemicl Glcaplasins WieyWH, 2008:
pp 29-85; (B Baro-Arias, ML s Symohess ond Choran of Gy
Spdnger, T00S; pp 15 1- 161

12 Kim, O Hioasg, & Thoodemiés, £ A O Lere 1999, 1, 1395- 1297

13, {a] Hayees, L |; Mews, F. H Afe, Qayd, Chem. Siochen 1935, W, 207-
398 (] Peromn G, & Krepieaigy, | | Tevdhadmn Lo, B987, 1, 3593-593;
(e} Kaovac, F; Edgag | | | O Chem. 1992, 57, 2435-2467; (] Mossem, |-L;
Wissem, | ¥ Leyder, A Bamal, M Favia, A A Rapee, |-F. CorbolydE, R,
1997, 257, (75~ 130, (¢] P sgay, V.; Dubois, E F.; Faseell, L ), Org Chem 1997,
£2, 332 TR4E; [f] (Roak, & (o lwaborty, A Mait, § Termhedon Lere 2004,
43,963 1-9534; (3] Wasg, O B By, | Pang | B Codolpds Gei, 2008, W3,
1935-2991. and misend e cted Bemin

14 Kociedsis, F. | bn Profecring Groggs; Georg Teeme: Germany, 2005, pp 137-
EED

15. {a) O, HL; Fou, L] Termhe doon Lew, 1973 14 0951 1934, (] Cogeland, C;
MicAdtam, . F; Suck, B V. Asst | Oem, 1983, 36, 39-1M7; (0] Breas B
Wisiies, T. Terrahedma Lex. 1989, 303, 308 1- 3084, (4] Hong, 5.0 Wieg, C H.
Tesahadme Lare, 1996, 37, 43034908 (¢] Qochilly & AL ; booss, P Gfahdr,
R, MO0, 33 431-434.

16. Moome, 0K | Boeratssos, F; Utodong, U E; FaserReid, B | Am. Chem, Sic.
1984, | 10, T543-534.

I7. Preparasion, of gyoosd Bemiacemls 3a-20a wee demilad o rhe
Sippe mentary data.

18. TCT-DMF chlorisarion prorocal A DWF (155 mil, 200 menol] was added o
I 4Erickiore L35 Fidazine (TCT) (10§, 55 menod] and the ressitieg
anpecion Wi sirmd ar o for 15min ender Ny Glyoosyl Bendaoeral
[S0memd] (1, 34 44, 54, 84 Ta 8a, 9a, 1@, o Ma] in dckloetane
sl (ICE | v s addied rorhe TT-DMF suspension fdlowad by addinio of
DEU (a8 ml, 55 mmal]. mmmmmu&mda:mtmm
of maTion wi mosromed by TLC (ca, 1-4 B} Upos c omgd
e CenperaTee s Beneg e i o7 a s B0 wi adted i She sbme S the
previpitarion of Cyameric salr. After remotal of Crametc saln by Maranion the
comtimed Eme was ooecenand ro Weld rhe orede ghyomyl chlodde.
Fosmher porificagons was pedfiomad by il chromanograpty elulion oo a
shuoen pad of silica gelro Saressh the respe v o-gycon calindite 2, 3, b, 5b,
G, T, B, 9, 108, o 14h TC-DAMF calodeaton porocel B (114, 123, 134,
154, ¥a, 17, 184, 19a): Selar to proocd Aexeps ar (Hyd: and Smad
ety of By, wime il sy and PIoos SCavengen ey, I
risplace DCE asd DB is proocd A The reactos wis condemed ar 45°C and
fir gycnayd orfuenes 060 and 174, KO0y Wi omimal Subdaques
fllivwed B same as described n pmamcol A abowe ad rhe
respecive u-glycoy] chiogide 110, 125, 135, 15k, 168, b, 18k, o 198 wa
P

e R

o

19, Jmasari, B Cosvas, G Terdtafma 1992, 52, 50195087
0. Fugiyama, 3 ke, | ML O, Lece 2000, 2 3713-2715.
1. Woae, A |acyuine, |- Corbatipds, Res, 1990, 20§, T5-245.

- 349 -



4540

37 Dewing rhe revision of rhis momsige, we paparsd 2-O-aceryld,55-wid-

e

ez g - -liscopramaad Clodite Broen B Comepoading o-glatnpieant oyl
T i B i W e e T PrOCETE

Bt G | Desciasie, A V. Che Bev, 000 100, 45354565,

By, M. Saplr, AL AL Eoeomoy, L0 S 006, 4003-4004. amd
o s Cnd R i

T~V Chang o ol Terratadma Leves 50 (2005 45984540

25, (a) Blesigs W Beaer B O Ban 19000, M, 957 (] Hasegawa, Al ¥
Dada, HL; Bene, ML ) Cordafvpds Ohett. 1989, § 125-133,
6. (a) Miskada, ¥ Seiage ¥ Dol H Bobayebd B Ong Lew 2003 5, 553-885;

(1] S
s, 3

-350 -

¥ Akl A M YO K il B Raskda ¥ Gl BeL



Tetrahedron Letters xx (2010) xex-xxx

Contents lists available at ScienceDirect
Tetrahedron Letters

journal homepage: www.elsevier.com/locate/tetlet

Joined use of oxazolidinone and desymmetric amino protection: a new

strategy for protection of glucosamine

Shih-Che Lin, Chin-Sheng Chao, Chiu-Ching Chang, Kwok-Kong T. Mong *

Depariment of Applied Chemistry, Nationa| Chigo Tung University, 1001, Te-Hsueh Road Hsinchu 200, Taiwan, ROC

ARTICLE INFO ABSTRACT

Article history:

Received 25 December 2009
Revised 3 February 2010
Accepted 5 February 2010
Available online xxex

Joined use of N-benzyl oxazelidinone and N-benzyl-N-benzyloxycarbonyl (N-BnChz) desymmetric
amino-protecting function is reported. The new synthetic approach enables the facile preparation of type
1 and type 2 LacMAc disaccharides in satisfactory yields. One-pot deprotection of N-BnCbz and O-benzyl
ether is achieved by hydrogenolysis under mild conditions.

@ 2010 Published by Elsevier Ltd.

A number of naturally occurring glycoconjugates contain N-
acetyl glucosamines that glycosylate at -3 and C-4 positions.'
Typical examples are the Lewis blood group antigens, which con-
tain either Gal-p{1-3)-ClcNAc (type 1 LacNAc) or Gal-f{ 1 —4)-Glc-
NAc (type 2 LacNAc) backbone? Some of these blood group
antigens such as Lewis Y antigen have been proven to be specific
tumor markers for cancer diseases; thus, they are attractive targets
for various biomedical investigations.? To sustain these research
activities, the supply of pure oligosaccharide samples and their
conjugates is crucial. One of the important factors in oligosaccha-
ride synthesis is the effective formation of glycosidic bonds. How-
ever, due to steric hindrance and hydrogen-bonding interaction,
the C-3 and C-4 hydroxyl functions in N-acetyl glucosamine are
weakly nucleophilic, and therefore glycosylations of these hydro-
xyl functions are often problematic? To solve these problems, dif-
ferent amino-protecting groups have been designed, which incude
N-phthaloyl (N-Phth)® N-tetrachlorophthaloyl (N-TCPhth)” N-
dithiasuccinoyl (N-Dts) N-trichloroethoxycarbonyl (N-Troc)® N-
trichloroacetyl (N-TCA)'® N-trifluoroacetyl (N-TFA),'" N.N-diacetyl
(N-Acz),'? N-p-nitrobenzyloxy-carbonyl (N-PNZ),'? N-dimethyl-
phosphoryl (N-DMP),'* and others.'® In routine practice, the amino
function of glucosamine is often masked with a protecting function
in the early stage of synthesis. After a series of protecting group
manipulations and glycosylations, this amino-protecting group
has to be removed in the final stage. This standard strategy de-
mands the use of a robust protecting function to survive different
conditions, but such a function has to be taken off in the end.
Therefore, it is not easy to design a single protecting function
embracing both features. A point in case is the use of N-Phth pro-
tection, which is stable to different reaction conditions,” but its re-
moval is non-trivial.'*'®

* Corresponding author. Tel.: +886 3 571212 1x56585; fax: +B86 3 5723764,
E-mail address; tmong@mail.nctuedutw (K-, Mong).

0040-40397% - see front matter & 2010 Published by Elsevier Lud.
doi: 101016/ jtetlet 2010.02.021

In 2001, Kerns and co-workers reported using N-unprotected
oxazolidinone for the protection of C-3 hydroxyl and C-2 amino
functions in glucosamine.'” This function was later elaborated to
N-acetyl'® 22 and N-benzy| oxazolidinone derivatives ™ ** The pri-
mary goal of using oxazolidinone function is to search for a good «-
directing glucosamine donor."” Subsequent studies reveal some
degree of inconsistency in the stereochemical preference of gly-
cosylations.***2% We speculated that other than stereochemical
preference, the unique feature of N-benzyl oxazolidinone may im-
part additional utilities (Fig. 1).

Our rationale is grounded on the following facts. Firstly, the
‘tied-up' C-3 hydroxyl and C-2 amino functions reduce the steric
hindrance at C-4 position and therefore should facilitate its glyco-
sylation?' Secondly, the oxazolidinone protection has been shown
to decrease the reactivity of the anomeric-leaving function 27
which paves the way for the reactivity-based glycosylation®®
Thirdly, the hydrolytic opening of axazolidinone and reprotection
of amine function lead to the formation of desymmetric amino-
protected glucosamine, which to the best of our knowledge has
rarely been studied in the literature ® In the light of the discussion
above, this study reports a useful strategy for the protection of glu-
cosamine capitalizing the N-benzyl oxazolidinone and its derived
desymmetric N-benzyl-N-benzyloxycarbonyl (N-BnCbz) functions.

unreactive thic-function «, reactive thiofunction |

—_—

unhindersd L
C-4 acceptor site C-3 acceptor site -

Figure 1. N-Benzyl oxazolidinone-protected glucosamine and its derived disubsti-
tuted-desy mmetric amino-proteded glucosamine,
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In the beginning, 2-Troc-2-deoxy thioglucopyranoside 1 pre-
pared from glucosamine®® was converted to 4,6-O-benzylidene-
2N-benzyl-2 3-N,0-carbonyl-2-deoxy thioglucopyranoside 3 wia
benzylidene acetal intermediate 2 (Scheme 1).** However, the
reductivering openingof benzylidene acetal 3 required considerable
experimentation(Table 1). Previous efforts using either sodiumcya-
noborohydride-hydrogen chloride (NaBHsCN/HCI?® or triethylsi-
lane-boron trifluoride etherate (Et:5iH/BF3ELOT? led to Brat
anomerization. Thisundesirable reactionis attributable to the coor-
dination of BF; to ring oxygen atom that promotes the endocyclic
cleavage of C1-05 linkage **' After some investigations, using tri-
ethylsilane-trifluoroacetic acid (EGSIH(TEA) at low reaction tem-
perature was found to be effective for the reduction of f—u
anomerization.™ To our delight, N-benzyl-2,3-N,0-carbonyl-pro-
tected p-thioglucopyranoside 4b was formed exclusively in high
80% yield at -20°C (Table 1, entry 3). However, anomerization of
4b to s-anomer 4a and trace amount of complete deacetalation
product 5 were observed at higher reaction temperatures (Table 1,
entries 1 and 2). Noted that the use of the literature procedure re-
sultedin al:6 o franomeric mixture (Table 1, entry 4) HThe f-ano-
meric configuration of 4b was supported by the 13C chemical shiftat
86.7 ppm and ' oy coupling constantof 161 Hz.**

After the preparation of glucosamine acceptor 4b, this study
proceeded to synthesize a desymmefric amino-protected glucosa-
mine acceptor (Scheme 2). In this regard, N-benzyl oxazolidinone-
protected glucosamine thioglycoside 6% was treated with t-BuOK
to produce benzylamine derivative 7,2 which was chemoselective-
ly converted to desymmetric N-benzyl-N-benzyloxycarbonyl (N-
BnChbz)-protected glucosamine thioglycoside 8 Subsequent gly-
cosylation of aglycon acceptor 9 with thioglycoside 8 using N-iodo-
succinimide (NIS) and trimethylsilyl trifluoromethanesulfonate
(TMSOTF) as promoters furnished glucosamine glycoside 10
Noted that the assignment of "H NMR spectra of 8 and 10 was dif-
ficult due to the peak broadening of the resonance signals.® None-
theless, their preliminary identifications were evidenced by HRMS.

OH CegHsCH(OMe)s,
o cat. TsOH, PO o
Hﬁgﬁ,&,sm CHLCN, 1t 5 _STol
1 NHTroc gz 2 MHTroc
BnBr,

EtsSiH, CFaCOzH
4 MS, CH,Cl,, T°C,

yield% (refer Table 1)

OBn OBn i?H
0; -STol 6’)&?_,,.4' HOOXZ, sl
ol

o]
}—NBn
4b 4a o 5

Scheme 1. Synthesis of glucosamine acceptor 4b.
Table 1

Reaction conditions and results of reductive benzylidene ring apening of thioglyco-
side 3

Entry  Acid {equiv)  EtSiH (equiv) T(*C) Yield (3)of4* oup

1 TFA(6) 5 25 35 1:1

2 TFA(6) 5 0 57 1:10
3 TFA(6) 5 20 80 B only
4 BF; (2) 12 ShE 1:6"

4 Total vield of 4a and 4b after chromatography purification.
™ The method was referred to Ref. 23,

o BuOK, DMF, SOBn
B0 0 FBUOK, DMF , A0
STl — Bnlo NS sl

0
_—HBn
o s

MHER
7

HO{CHZJ:Cl 8, NIS,

ChzCl, NaHCO,, OE:; cat. TMSOTY, 44 MS
MeOH, rt BrLS)O_ STol CH,Cl,, -85 °C,
N(Cbz)Bn
B2% 8 B8%
OBn QBn

PdClg, EtaSiH,

B”ﬁ’(&mos,on EtgN, CHLCl,, 1t B"ﬁo’x -0 _oR
{Cbz)Bn P NHBn
10, B = (CHz)sCl 11, R = (CHz)sCI

Scheme 2. Synthesis of desy mmetric (N-BnChz)-protected glucosamine acceptor 10,

Further support of their structures could be obtained by high tem-
perature NMR spectroscopy, as demonstrated for glycoside 10 (ca
VT-NMR from rt to 100°C in deuterated DMSO solventl” The
broadening of resonance signal is due to the presence of the Chz
carbamate function because such a broadening phenomenon had
sone for glucosamine glycoside 11, in which the Cbz function
was removed.

With glucosamine acceptors 4b and 10 in hand, the stage was
ready to study their glycosylations with known thioglycosides
12-16 (Table 2).* Glycosylations of 4b with thiogalactopyranoside
12 and thiofucopyranoside 13 produced Gal-2(1-+4)-ClcNAc disac-
charide 17 and Fuc-2(1—-4)-ClcNAc disaccharide 18 as the single
anomers (Table 2, entries 1 and 2 ). Intriguingly, the thiotolyl func-
tion in thioglycoside 18 underwent f— anomerization forming an
inseparable 1:3.5 aff-anomeric mixture. Though this anomeriza-
tion can be explained by C1-05 endocyclic bond cleavage as de-
scribed before it is unclear why the same anomerization did
not occur in the glycosylation of 12, Due to the deactivation of oxa-
zolidinone function, seli-condensation of 4b did not occur under
the present reaction conditions.® 7 Glycosylations of 4b with thio-
glycosides 14 and 15 furnished type 2 LacNAc disaccharides 19 and
20 in high vields (Table 2, entries 3 and 4). For glycosylations of

OBn

o OBn
BnQ _OR OBnBO; O om
M{Cbz)Bn  BnO gfo - N{Cbz)Bn
-OBn or ~" 0Bz
BnO%B" 2@ cHlcl  BO 22 R = (CHy)sCl
<5
1. Pd{OH),, Ha, AcO7 0 OR
4:1:5 AcOH/H-OEtOA: for 21; NHAGC
4:1:2 AcOH/H-O/EtDAC for 22 OF one
&0 °C, overnight, T
2. AcgD, pyr, 1t A Fram 21,
24 H = (CH)sCl, 50%
or Oac
A0 =0
Oac _ CR
AcQ NHAC
OBz
AcO From 22,

25 R = (CHy)eCl, 58%

Scheme 3. Deprotection of disaccharides 21 and 22,

-352 -



S-C Ln et al /Tetrahedron Letters oo (200 0] xooe-x0 3

Table 2
Glycasylation studies of glucosamine acceptors 4b and 10

thioglycoside donor 4

glucosamine acceptor

NIS, cat. TMSOTT,

4A MS, CHaCla, TOC
disaccharide

12,13, 14, 15 or 16; 4bor 10 17,18, 19, 20,
21,22, 0r23
Entry Thiog lycoside donor Glucosamine acceptor T(*C) Disaccharide product Yield (%)
s
Lev o
e =
1 Bn0- =Ll ab —70 0o O sl 70
CBn 12
J—hBn
Q
17
BnOOBn
STl OB
mgno aii L En
CBn s}
Eno 13
2 ab —60 o . 85
J—NEn
o
18 {e:p=1:3.5)
Bno BN gno ~OBn OBn
BnO- STl Bno- o STl
3 Olev 14 ab 65 Lev N 65
o
19
BrO 0B8N Bno 08" oBn
-0 [N | o
BnO " STl Bno % STol
4 ol 15 ab -70 0Bz 80
J—NBn
o
20
En
Lo}
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5 13 10 —70 . N{Chz)Bn a3
OBn
BroBn R= (CH2)eCl 21
OBn
og% Bnoo_ Q oR
6 15 10 65 BHO\%‘?Q/ N{Cbz)Bn £l
OBz
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22
Bnt OBn OBn
e}
mlok&\\ﬁ STol 08B, oR
Bno{ O
7 OBz 16 10 —65 NICEz)Bn 73
OBz
Al R = {GHzgCl
23

glucosamine acce ptor 10, thioglycoside donors 13,15, and 16 were
employed. All the glycosylations furnished the expected disaccha-
ride products 21-23 in high (73-93%) yields (Table 2, entries 5-7).
For NMR spectroscopy of disaccharides 21-23, the phenomenon of
resonance peak broadening was also observed.

After studying the glycosylation properties of glucosamine
acceptors 4b and 10, we next explored appropriate deprotection

methods for selected disaccharide products. As the deprotection
methods for oxazolidinone have already been developed,™ this
study focused on the deprotection of desymmetric amino protec-
tion of Fuc-2{1 = 3)-GlcNAC glycoside 21 and type 1 LacNAc glyco-
side 22 (Scheme 3). An advantage of using N-Chz protection in
glucosamine is that it can be removed along with the benzyl ether
and benzylamine functions during Pd-catalyzed I1ydmgenulysis.39
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In our hands, the optimization of reaction conditions was required.
Ultimately, Pd{OH}; was found to be the most effective catalyst for
the deprotection of N-BnChz and O-Bn in 21 and 22
(Scheme 3). 234241 Bath hydrogenolysis reactions were performed
in AcOH/H,0/EtOAC solvent mixtures under 1atm Hz at 60°C
For NMR characterization, the resulting debenzylated products
were further acetylated to produce the peracetyl Fuc-a2(1 -3 }-Glc-
MNAc glycoside 24 and type 1 LacNAc glycoside 25,

In summary, this study reports a versatile amino protection
strategy for glucosamine by the joined use of N-benzyl oxazolidi-
none and desymmetric N-BnChz function. The scope of investiga-
tion includes the installation, deprotection, and application of
these protecting functions. As glucosamine constitutes the key
component in different oligosaccharide structures, the results of
this study should be found useful for their preparation.
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