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O-Glycosylation reaction 4T3
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Reaction mechanism of O-glycosylation reaction
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Utilize protecting groups !!
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To control the stereoselectivity of glycosylation

Preferential stereochemistry

Glycosyl
Anomeric  Neighboring group Stereocontrol
donor S
effect participation

D-Glc

D-Gal |
D-GIcNAG a § Possible
D-GalNAc

D-Man o 0} Difficult

L-Fuc o B Possible

RESAC B none Difficult
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Anomeric effect 433

Dipole Minimization
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protecting group
at C-2 position

A e

'— o'cx

No %‘T_

Effective for Sy1-like reaction mechanism
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Neighboring group participation s ge
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To prepare difficult-to-form 3-mannoside

Intramolecular aglycone transfer

////////////// SEIKEI Univ. (Department of Materials and Life Science)



To prepare difficult-to-form a-sialoside

OAc COoMe
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Synthesis of high-mannose-type core pentasacc

Totani, K.; Matsuo, |.; Ito, Y. Bioorg. Med. Chem. Lett. 2004, 14, 2285.

O
HO y NHAc
LS
HO OH

Chemical Formula: C34Hs5N>O56
Molecular Weight: 910.82
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Synthesis of core pentasaccharide ~Part 1~
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Synthesis of core pentasaccharide ~Part 2~
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Synthesis of core pentasaccharide ~Part 3~

@ OAc NPhth
&Bno p-TsOH+*H,O, CH5;CN,

BnO O ' 5h(87%)

BnO NPhth >
BnO o)
OAc

BnO BnO S
HO Ogc B%%O § :,L‘O: AgOon, toluene, CICH,CH,CI,
HOO | % 30" Ctort, 7h (72%)
BnO
BnO *0
BnO OAc

BnO OAc
BnO O
BnO

OAc NPhth
&&B”O
BnO
BnO NPhth
BnO *0
OAc

////////////// SEIKEI Univ. (Department of Materials and Life Science)



Synthesis of core pentasaccharide ~Part 4~

NPhth
HO&BnO /&/O
BnO \/\
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BnO *0
Bho— OAC 1) H,NCH,CH,NH,, nBuOH, 80 ° C, 18h

2) Ac,0O, pyr., DMAP, rt, 2.5h

3) 1M NaOMe, MeOH, rt, 3.5h (89%, 3 steps)
4) [Ir(COD)(PMePh,),]PFg, Hy, THF, rt, 2h

5) HgO, HgCl,, acetone-H,O (10:1), rt, 5h

HO—  oH , e
Hﬂ&ﬁ‘ 6) H,, PA(OH),/C, MeOH, rt, 2.5 h (85%, 3 steps)
v
10) HO 0
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Anomeric effect is less potent in 1,2-cis-a-glucoside formation

1,2-cis-a 1,2-trans-
NO
H — :
0o = ° HO o\s“

5

Neighboring grou
Anomeric effect 9 99 P

articipation
P P -

Yield: 0 ~ 100% |
Xl Solvent Effect alB: 1:1 ~ 20:1 A. Ishiwata and Y. Ito Tetrahedron Lett. 2005, 46, 3521.

X High-mannose-glycan . Matsuo, K. Totani, A. Tatami and Y. Ito Tetrahedron 2006, 62, 8262.

synthesis Mana1-2Manoa1-6

Manao1-6
Mana1-2Manao1-3 Manp1-4GIcNAcp1-4GIcNAc 1-protein
(90%) (45%) 3Manal-2Manal-2Manoi-3
|

Glca1-2Glca1-3Glca 1
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Development of 1,2-cis-a-glycoside formation reaction

using stereoelectronic effect K. Totani et al. RSC Advances 2015/ 5/ 75918
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1 Bn 10 85 82:18
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H3S>C_jl\_ci TBS group is effective for high yield and a-selectivity
TIPS TBS effect : Steric effect or Electronic effect?
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Possible stereocontol modes
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Entry Solvent Participation Yield(%) a/f

(o)
) o
1 CH.Cl, None 96 >95 : 5 0
2 Toluene None 41 >95:5 H9¥ :o
3 Et,0 B 20 >95 : 5 t&f
4 MeCN o 21 48 : 52 °% MeCN

The steric bulkiness of TBS group does not affect the stereoselectivity
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Stereocontrol mechanism of the a-glucosylation S Qg
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Versatility for glycosyl acceptors S&g

Entry Donor Acceptor Yield (%) a/p

Ph—\-0 Ph/vo i

1 %\BO QA spn 0 % _omp 96 >95:5

OoTBS 3-OH Ac
4-0H HQ 0Bz

2 g : 77 93:7
OH 2-OH _

3 AcO 43 92:8

AcO

OH
6-OH
4 S .e.zooéﬁ 82 >95 : 5
6-OH
S \% Armed Bng&‘ 96 >95:5
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Effective for oligosaccharide synthesis
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Trisaccharide synthesis

Mana1-2Manao1-6
Mana1-6

1,2-cis-a-linkage Manai-2Mana1-3 Manp1-4GIcNAcp1-4GIcNAcp1-protein
l l 3Mana1-2Mana1-2Mana1-3
|

Glca1-2Glca1-3Glcal . Matsuo, K. Totani, A. Tatami and Y. Ito Tetrahedron 2006, 62, 8262.

BzO
BzO (o)
BzO Z ° o SM
BzO SMe BzO o) e
BnO OR

BnO BzO BnO

> BnO
MBzO o)
e 0 (90% MBzO (45%) MBzO
4 MBzO
MBzO (o) MBzO (o)
@ HO MBzO

OPMB
R =PMB — H — C(NH)CCI,

Three types of monosaccharide units are required

Four steps are required for conversion to target trisaccharide

Low yield for the second glycosylation
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Trisaccharide synthesis ~Proposed approactiy

Mana1-2Mana1-6
Mano1-6

1,2-cis-a-linkage Mana1-2Mana1-3 Manp1-4GIcNAcB1-4GIcNAcB1-protein
l l 3Manoi1-2Mana1-2Mana1-3

I
Glca1-2Glca1-3Glcai
Ph—X~0
P o MeOTt, MS4A, OMOMP
Ph/voo 0 Ph/vo&/ CHCL, 0" C X ~0—~F° OAc
0 SPh omP &
P~ % + Ho (96%) y

0
TBSO OAc Ph—£-0

a-only

TBAF/THF/AcOH — R =TBS
Ph/vog oo d (87%) > R=H
N TBSO Ph/VOO PhO/TOO§:‘O .
MeOTf, MS4A, CH,Cl,, 10° C ~ Z0° éTEBSio\ 1 OAc
> Xo 0
(80%) - \20 o)
a-only

Monosaccharide units (3 — 2)

Synthetic steps (4 — 3)

Yield for the secong glycosylation (Low — High)
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Glycoprotein quality control 103

Retention ]
A Malectin Folding
o A CNX/CRT
2 M A Glc’ase II
-
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M
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Central mechanism of glycoprotein quality control ~CNX/CRT cyclées

Folding
acceleration

~

CNX/CRT
cycle G1M9

@-UDP
|
Folding check
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SBB"" Development of optimal synthetic route for large scale glycan supply

VI

0—\ OAc NPhth ¢ OBn
() O BnO o 0o
t-BuPh,SiO 0 o BnoO é@b OCH,CH=CH,
OBn

OAc NPhth ¢ OBn
BnO o
"o é‘“’ & Bno és, OCH,CH=CH,

SEIKEI Univ. (Department of Materials and Life Science)



What is the best substrate for glycan processing analysi
K. Totani et al. Angew. Chem. Int. Ed. 2005, 44, 7950. K. Totani et al. Biochemistry 2009; 48?! 4

G3M9 G2M9 G1M9

Molten globule-like aglycone is required for substrate recognition of UGGT

;:g.._ - aﬁ' é&”\H/\NJ\/\, YQ J I

OH NHAc

NHAc HOOC
X wo Q
OH o
H

NHAc NHAc H muoos o
u

XMQ-PA ;
O M9-Gly-Glu-BODIPY

VI

SEIKEI Univ. (Department of Materials and Life Science)



K. Totani et al. Angew. Chem. Int. Ed. 200544447 930

Examp IeS Of Sy nthetlc SUbStrateS K. Totani et al. Bioorg. Med. Chem. 2006,/74, 522(,
y 4

) 4

UGGT reactivity: High
Misfolding model I

> < o B i o MTX
- Goon

Proper folding model

H 0 H N
LLL:NL(\HJJ\/\;,N“/@

i o
COOH
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Z-§
- T
MV/R
z
Z

¥

\.

10 glycans x 3 functions = 30 substrate
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Glycan specificity of CRT

CRT
@'O'C3H7 — @@-0-03% X Low affinity for G1M8B
y

Y. Ito et al. Curr. Opin. Struct. Biol. 2005, 15,48

y 4

x Specific recognition of G1 glycans

x Branch Man for B-, C-arm is essential

VI

OC,H,

‘TR
e Y

OC,H,

G1IM9 G1M8B G1M8C G1M7 G1M5 G1M4 G1M3

OC.H, OC,H,

i

OC,H, OMe
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Glycan specificity of Glc’ase Il « tanietal. J. Bio. chem. 2006. 21fs
vmax

Glc’ase ll
MTX > @MTX i
Substrate (uM) (umol/h/mg)

G1M9-MTX 78 7.87
Reactivity differs
between structural G1M8B-MTX 56 6.78
isomers G1M8C-MTX 93 5.26
MTX

100 ol G1IM7-MTX 102 5.25

>
:‘g 80
©
o 60 MTX
2 (- o, Terminal Man trimming at the B-arm
S 40 gives has little influence on the activity
12

20 Terminal Man trimming at the C-arm

leads to reduced reaction efficiency

0
G1IM9 G1M8B G1M8C G1M7
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Glycan residues recognized by Glc’ase Il K. Totanietal. J. Biol. Chem. 2006, 281 434503 SUKF T

/177

(10 eq)
Glc’ase |l 0-C;H,
MTX > MTX
J
AB

C
70 OC,H,
S 60 OC:H,
2
>
o 40
(3]
e OC,H, OC;H, J
2 20
<
B The terminal Man at the C-arm

is important for the recognition

M9 MsB mM8C M4
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Glycan specificity of UGGT « votani et al. Angew. chem. int. £d. 2008447

UGGT,
UDP-Gic
AB
C
MTX

|
..?“
e

Relative activity
(2]
o

MTX X
40
20
0

M9 M8B M8C

VI

M7 MS8BGN1

Substrate (Z\"}, ) (n mc‘)//%;mg)
M9-MTX 207 32.3
M8B-MTX 197 15.4
M8C-MTX 448 23.8
M7-MTX 46 4.8

Terminal Man trimmings at the B- and
C-arm lead to reduced reaction efficiency

GIcNAc2 is required for Glc-transfer
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Glycan residues recognized by UGGT K. Totani et al. Biochemistry 2009,/48, 25? .

1eq)
uGeT “;O(IMTX
B UDP-Glc
A MTX > MTX
V.

[X] Man3GIcNAc2 structure
is mainly recognized

Inhibitory activity (%)

GN1 GN2 M1 M3 M5A M7A
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UGGT =
) UDP-Glc =
-deriv. < deriv. | 8
37° C,1h ]2 5
©
5 5\ Hydrophobic part = 25
: “iimivHAN 4.~ (BODIPY)
°  PEGO .
2 _Hydrophilic part | = = 1
e HT(\HJ\/\Q’\/O\/\O/\/O\/\H _N =
) PEG4
3 HO HT]/\N)?\/\O/\/OV\O/\/O\/\O/\’O\/\O/\,OV\H (o) :'33-/ Z
3 PEGS =
4 HO

H
N“/\HJj\/\o/\/0\/\0/\/0\/\0/\/0\/\0/\/0\/\0/\/0\/\0/\/0\/\u

PEG12

VI

Substrate recognition
ability decreases as
increasing hydrophilicity
near the reducing end
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Substrate recognition of CRT, UGGT and Gic’ase’ll

Glic’ase Il

Quality control that skilfully uses the recognition part
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