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Glycosides
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Diverse physiological functions




Why Stereoselective

. Glycoside Type: |
! a-Galh-(1-+2)-Rha
|- Rha-(1—4)-Gals, |
v [RhE- 1+ E}-Gal
Bzl =3 Gal
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U oo-fAra(1—+3RAm
i wAre-{1—+4-Rha |
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B 240jsomers?

Tiehai Li, et al. J. Am. Chem. Soc. 2025, 147, 8422—8432.



Major Types of O-glycosides

1) OH OH
2 1 o) " o) o~ oH HO &
HO HO 0
HOA— HO HgSE:Lﬁ Haj:ﬁij
R HOR

R R
1 9-cis a-D-Gluco- a-D-Galacto- a-D-Manno- a-D-Xylo
pyranoside pyranoside pyranoside pyranoside
OH OH
o
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2 HO&& Hoé& g
1 HO R HO R HO
HO AcHN HOR
B-D-Gluco- 2-Acetamido-2-deoxy B-D-Xylo- a-D-Arabino-
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o
classified as HSO AcHN- Q OR
a or B only R HO HO
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glucopyranoside

B Synthetic difficulty: 7,2-cis > 1,2-trans

Alexei V. Demchenko, et al. Chem. Sci. 2015, 6, 2687-2704.



Outline of Chemical Glycosylation

x~—0 ~—0 Y (glycosyl acceptor)
A=, T, PO, (P%—“&E\
OH FG promoter v
native sugar glycosyl donor glycoside

three types of donors

——0 +—=0 —-O0
(PO),—= (PO)n , (PO)h—
LG = Br, |, OTf, etc. FG = Li, SnBus, B(OR), FG =H, COOH, Br, |, etc.
glycosyl electrophile glycosyl nucleophile glycosyl radical precusor

M Differ in strategies to selectivity and application




Glycosyl Electrophiles as Donors

po==—0
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2 possible stereocisomers
1,2-cis | 1,2-trans
alp

Jeroen D. C. Codee, et al. ACS Cent. Sci. 2019, 5, 781-788.



Participating Protecting Group at C-2

particapating group at C-2
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Geert-Jan Boons, et al. Angew. Chem. Int. Ed. 2005, 44, 947-949.



Participating Protecting Group at C-2

g; . ¢
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BnO 0 BnO (0] (OP) o) ( n
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S:95%, a: = 20:1 S:94%, a:8 = 18:1 S: 92%, a8 = 12:1 S: 94%, a:B = 4:1
R:93%, a:B = 1:5 R: 89%, a:8 = 1:1 R: 88%, a:8 = 1:3 R: 89%, a:8 = 1:8

Geert-Jan Boons, et al. Angew. Chem. Int. Ed. 2005, 44, 947-949.



Directing Group at C-2

C4Fol (o]
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Dawen Niu, et al. Nat. Chem. 2022, 14, 686-694.
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Directing Group at C-2

o OH 455 nm LED
le) 11 C4Fgl (5 equiv.)
Ro—‘“:ﬁwﬁ\/g . BnO 0
VR O BnO B Ph3PO (30 mol%)
OMe (NH4)2HPO, (5 equiv.)
MTBE, r.t.
6 (1.5 equiv.) 12(1.0 equiv.)
BnO
(0]
BnO BnO
o} OBn
o 0 ““O>< o]
Ij.r OBn OBn . g
OBn OBn )I__O OBn
27k 77% 271 85% 27m 75%
cis:trans > 19:1 cis:trans > 19:1 cis:trans = 6:1
OBn
(0]
OBn OBn BnO
BnO
BnO
BnO O BnO C BOO
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Single isomer Single isomer

Dawen Niu, et al. Nat. Chem. 2022, 14, 686-694.
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Participating Protecting Group at Remote Sites

OEWG
BnO Bno\g)
BnO
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OBn
Brn0BM° /o
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HO
BnO O

BnO
BnO

EWG
BnO
TMSOTS (15 mol%) 200 Lo

OMe

DCM, -78 °C o)
OMe BnO/%
BnO
BnOOMe
entry EWG a:f Yield/%
1 Bzp-NO, 5.2:1 83
2 Bz 6.8:1 83
3 Ac a only 84
OBn
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BnO
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1 Bzp-NO, 1.7:1 83
2 Bz 9.8:1 83
3 Ac 25.9:1 84

Kwan Soo Kim, et al. J. Am. Chem. Soc. 2009, 131, 17705-17713.
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Participating Protecting Group at Remote Sites
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Kwan Soo Kim, et al. J. Am. Chem. Soc. 2009, 131, 17705-17713.
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Empirical Understanding of the Glycosylation Reaction

A Donor C2-Position:
S Z-'t;u_atorial ik Axial )
( Pproduct favored | ( a-product favored ||

____________________________ <— D D I D D D I G S - —
|
Temperature: Solvent: Water Content: :
8 | Low: [-product favored ' | Cation Stabilizers: Highly Sensitive : :
c :\ High: a-product favored I Il a-product favored poor selectivity ) |

QO 9 ossashhDinammaaaae 202 elaeetotEetiE oo oD SSSTT
= 1 I
frm |
c Solvent: Temperature: |
L N\ I
o i NuclP: [-product ; | Low: mild a-favorability ' |
8 :\ Coor LP: a-product p L High increased a-, productl |
e c-------" T =====- [~~~ ~~~~ |
(eT] i ] |
8 Activator: Activator: |
{ |
\  Increasesinherent : \  Increases inherent : I
:\ [-favorability ) :\ a-favorability ! :

________________________ oo

Acceptor . Acceptor *fluormateJl

e Nucleophilicity:* |~ acceptor

Low: a-product favored |

Nucleophilicity:

] S 3 3
+ Low: poor selectivity Increases inherent :
\ High: -product favored | p—-favorability !

High: poor a-selectivity )
________________________________________ S
Acceptor Acceptor
Stoichiometry: Stoichiometry:
o L8 S
( Increased equiv. 1 - Increased equiv. 1
: Increased [3-formation : : Increased -formation |

- - - - - - - - - - - -

Peter H. Seeberger, et al. J. Am. Chem. Soc. 2018, 140, 11492—-11953.



Glycosyl Acceptor and Reaction Conditions

OAc
AcO
OAc OTr AN
AcO Q PO Q
Aco’éh\,SCN + p&ﬁ TrCI04 PO o
PO

BnO 1,2-DCE PO
OMe PO
OMe
1 2:P=Ac 5: P =Ac, 65%, w/p> 251
3:P =Bz 6: P =Bz, 78%, o/p > 25/1
4-P =Bn 7:P =Bn, 72%, o/ = 8.3
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Nu NO
O r —_— PO~
(PO)n—T;ﬁ — (PO)y O~ Me H s
POJ+ oP Nu
|v|e> Me
o iz (PO WL po SR
(POJ o N~ — " ool PO
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A. V. Demchenko, et al. Carbohydr Res., 2010, 345, 2146-2150.
B. K. Mong, et al. Chem.—Eur. J. 2011, 17, 12193-12202.
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Intramolecular Aglycone Delivery

R R
" o O)\ONUI IAD 0)
[~ [~ |~
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o) OBn
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Ole Hindsgaul, et al. J. Am. Chem. Soc. 1991, 113, 9376-9377. 16



Aminoboronic Acid Catalyst

b
0 ﬁ Mild activation
(HO), S —_— (HO), S X
O \.‘c
7 8 A wo
| Catalyst-controlled (HO),—%
- | selectivity (this work)
[ > o]
_ | e
Designed catalyst —— .. (HO),, == : OR
IIIIII OH
L/O 3
[Ho}ninR
9
2
. Me
i 1 0 0 o -
O/\?xo - \C‘Jt = 80 ——0\0\3 - -H, e % D\'}J OH
Lz 1 0/<L42 I~ H_ b
' N . ~ M —B
on” 0" 13 o—58 o 0 o—F on? 0 os
I
1 "\ 16K N&/ [ p 16M
N N
N 5‘;:? \
W Me
TS-l {to 12a) TS-1l {to 12a) TS-ll (to 12b)

C4-0H attack (0 kcal mal)
C3-OH attack (2.2 keal mol)

C4-0H attack (3.7 kcal mol-)
C3-OH attack (8.5 keal mol-T)

Dawen Niu, et al. Nature. 2024, 632, 313-319.

C4-0OH attack (1.0 kcal mol-1)
C3-0H attack (0 keal mal-1)
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Aminoboronic Acid Catalyst

a
F'h/T'O o Catalyst 16K
v
0
H Ph—X-0 o
4M o} S
- HO Tl
ﬁ HO ©O
OH
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HO
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> HO
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OMe
37b, 79% yield 38b, 66% yield

o-(1",2):e-(1°,3) = 1:16

o-(1°,2):0-(1",3) = 1:14
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OH - P
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3o
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4 HO HO
HO" 4 .
0 0 <« HO
3o HO O=
0 Me 3o o]
OMe OMe
HO ><
o Me HO HO
34b, 60% yield® 35a, 47% yield 35b, 52% yield
*A)e-(1,3) = 1:11 (1" 4):e-(17,3) = 7:1 a1 4)a-(1°,3) = 1:7
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HO OTBDPS
o OTBDPS
BzfO 1
HO
TBDPSO o
Ho&g TEDPSO
HO
3 2
OMe HO 2
39a, 66% yield 40a, 63% ylelda OMe
o-(1"2)0-(1°,3) = o-(1",2):0-(1",3) =
Ph
o ,OTBDPS o
o o] OTBDPS
BzfO o
Jo] OTBDPS o 30 + OTEDPS
HO OH HO OH
HO" 0 o 0
o 2 0
3 2
OMe 3 OMe
39b, 79% yield® 40b, 65% yield

o-(1",2)0-(173) = 1:9

Dawen Niu, et al. Nature. 2024, 632, 313-319.

a-(1',2):e-(17,3) = 1:10

18



Tsuji-Trost Reaction

OP
HO
ArOH o
Pd(Il), ligand <> H
op OAr
HO ROH O. O OoP
o Pd(Il) or Pd(0) Y
— OR = - 0
ligand o _
H
oP
HO
ArOH o)
Pd(0), ligand ) OAr
H

O op

Pd(ll)LXz ﬁ’ Pd(0)L,
O o — é':"‘ 0= 0 (0P
o ﬁf&
ql[ del_,, S E

PdL,,
/ an@ PAINLX: HO OP A \
Po° & \
% /_L—-

henol
D pcnos OAr ® _

1 G P-.rCIH a-glycoside H :‘.‘,‘ D
= 1.
e XL, @ 1 .
\ = pd- -0R HO _OP EpPd L,
alcohols POY I"D &
- Pd(0)L,,

F P.:n:II]L Az ;;gwcﬂsnde c

Xue-Wei Liu, et al. ACS Catal. 2017, 7, 5456-5460.
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Glycosyl Nucleophiles as Donors

0
PO~ * Q- ———
M

NO

(PO)n/%

a or B anomers

>/
(PO) =\ (PO)y "\Snsu?’

Li

(PO), "+
B(OR),

B Functional group compatibility?
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Stereoretentive Stille Coupling

Pd,(dba); (2.5 mol%)
JackiePhos (10 mol%)

0O CuClI(3 equiv), KF (2 equiv —O : :
(Po)n/‘/\ + Ar-X ( d ) ( g ) (PO)n/\/\ E Pr Pr .
SnBu, 1,4-dioxane, 110 °C, 48 h Ar : CF4/2 '
X=1,Br : '
aorf only a or : !
d . ' Pr JackiePhos !
Selected Examples
OBn OBn
BnO 0 BnO 0 CO,Me
BnO OH BnO 2
BnO BnO NHBoc
84% 72% 83%
X= X =Br X = Br
OH OH OH OH
2 "o ~be °
HO HO HO
HO Ph HO HO HO Ph HO
Ho Ph Ph
84% 88% 92% 92%
only B only a only B only B

Maciej A. Walczak, et al. J. Am. Chem. Soc. 2016, 138, 12049—-12052.

21



Stereoretentive Stille Coupling

AG
(kcal/mol)
L=JackiePhos

Q

0
Pdl—L W,SnMe
- 3
54

-

i
Br

126
Br—Pc|!"—L
Ph

125

o)
: S’ \
OMe Ph PdO-L
Br

Rd'—L

Figure 4. Reaction energy profile of the Pd-catalyzed Stille coupling of bromobenzene and tetrahydropyranyl stannane 127 using JackiePhos ligand. All
energies are with respect to the reactant complex 125. Calculations were performed at the M06/SDD-6-311+G(d,p)/SMD(dioxane)//B3LYP/SDD-6-
31G(d) level of theory.

Maciej A. Walczak, et al. J. Am. Chem. Soc. 2017, 139, 17908—17922.



Stereoretentive Copper(l)-Mediated Cross-coupling

PO\

____________________________

CuCl (0.5 or 3 equiv)
m-xylene:DCM, 130 °C

o) . or

CuCl (1.5 equiv)
KF (2 equiv)

SeR

1,4-dioxane, 110 °C

1,4-dioxane, 90 or 130 °C

RSe-SeR CuCl (55 mol%)
or N—-SR JackiePhos (55 mol%)
RS-SR

0
(PO~

SR

Selected Examples

(a)Maciej A. Walczak, et al. Angew. Chem. Int. Ed. 2018, 57, 7091 -7095.
(b) Maciej A. Walczak, et al. J. Am. Chem. Soc. 2018, 140, 18140-18150.

OBn OBn
BnO O 0 OBn
BnO 0 BnO o
N BrO
n
BocHN/ﬁo( 7 N7 COozMe
~

'Pr
44% 48%
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Stereoretentive Copper(l)-Mediated Cross-coupling

OBn OBn
o PhS.SPh CuCl (3 equiv) o
BnOS SnBuz ] solvent (0.033 M) BnOZ SPh
BnO N, 130 °C BnO
entry solvent time (h) o:p Yield/%
1 m-xylene 24 S only 20
2 DCE 24 f only 42
3 1,4-dioxane 24 1:2.1 28
44 1,4-dioxane 72 [ only 15
4CuCl (50 mol%), JackiePhos (55 mol%)
-
O FT
Phs,
. . ome \ o VY \
B Contact ion pair @ Su 0 i 7 )
MeO RN r‘ '~ {
MeO / N 219A
. . veo ;:S s
W Short-lived anomeric Cu(lll) int11 ¢
. . . l
intermediate int11

(a)Maciej A. Walczak, et al. Angew. Chem. Int. Ed. 2018, 57, 7091 -7095.
(b) Maciej A. Walczak, et al. J. Am. Chem. Soc. 2018, 140, 18140-18150.



Glycosyl Radical Precursors as Donors

—O0 ') NO
PO\, {(Pony ] - QY —— vo %
a or B anomers
0 (PO) o=\ PO) e (PO) =\
(PO)y Ax BF 3K o ‘/\OH H
X =ClI, Br
0O 0 (PO W (PO), ‘/ﬂ —
(PO == I N
@] DHP
F
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Conformation of Glycosyl Radical

OAc OAc
ACOL
(0] (0]
AcO
<o O/g% — Acow
AcO
¢ OAc

chair-boat interconversation

OAc Ac OLO
AcO 0 ACOW
AcO
X X

favored when
X =NHTs, D, "Pr

favored when
X =0Ac, OMe, F

= -0 -0
O R y-0
OAc Me" Me

ring annelation hydrogen bonding

Bernd Giese, et al. Angew. Chem. Int. Ed. 1989, 28, 969-1146.

AcO

OAc

ACOL o)
9

OAc

OAc
AcO &
AC(&\%H
AcO :
Y
a-attack
OAc
AcO (O ¢
AcO
AcO H
B-attack
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Conformation of Glycosyl Radical

(@)

AG = 3.2 keal/mol
AG = 1.38 kcal/mol

C,

- .
Mannopyranosyl radical- Mannopyranosyl radical- Ribopyranosyl radical- Ribopyranosyl radical-
C, conformer “C, conformer 'C, conformer “C, conformer
OAc
0
© 8 (d)

OAc
AcO AcO
orcQ AcO H ao( 8 8
0 AcO AcO N H
L)
OAc AcO
D7 é -
Glucopyranosyl radical-*C, :

AG‘ ! R e

c, Cy NGy

G, =025 kcalmol  AG, = 0.57 kealmol B>®

Glucopyranosyl radical-'C, Glucopyranosyl radical-B%5 Ribofuranosyl radical

Figure 2. Relative DFT stabilities of conformers of glycosyl radical intermediates.

B Stereoelectronic effects

Masaharu Nakamura, et al. J. Am. Chem. Soc. 2017, 139, 10693—10701.
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Direct Radical Functionalization of Native Sugars

Nucleophilic substitution (capping)

(‘: NEt3
H_ _CsFuN
o DMC, EtsN ~~—0 ') S 0 ®
HO—“\':A_LL O, HOR . MO
oH  -EtsNHCI (0 ~EtgN-HCl g~ CsFaN MeN” “NMe
Native sugar MeN /\k@ Thioglycosyl donor
N NM@ DMI
Cl
Desulfurative cross-coupling — ]
N \/\N ||||||H Me
"/
(0]
0, HE, DABCO HoO= . bET
g—CsFaN Q —-[DABCOJH®
Thioglycosyl donor 1
Proposed charge-transfer complex
Me  cOat s© ragmanttion
= Ho Sl o w7 o F F
N / + - HOS\/ + X <—|
\S Unprotected
glycoside . =
Me CO,Ft Glycosyl radical F N F
e
- @) o o o} oy
HC HO HO HO
HO s HO o HO o HO HO o
HO HO HO HO 0 HO
HO HO HO HO HO
HO
Unprotected Unprotected Unprotected Linprotected Unprotected
C-glycosy| compound S-glycosyl compound Se-glycosyl compound O-glycosyl compound C-glycosylprotain

Ming Joo Koh, et al. Nature 2024, 631, 319-327.



Direct Radical Functionalization of Native Sugars

Coupling partners:

HO R

HO 0 HO : X 2

N 0 o e e e
HO CsFaN HO

2 Photoinduced HO
Isolated or glycosylation Unprotected R< Se/se\ . Ar\s/ S<
generated in situ glycosyl compound
L — v Vv
HO
HO
Ho rBu
0} MeQ-C
HO OH HO Y\NHBOC
HO HO
O © HO (,)
Bug
29
, HO CO,Bn
(from p-maltotriose) 66% (619%), 73% (51%),
74% (65%), >95:5 o 5955 5055 ap

58%, >85:5 a::p (in situ)

HO
HO 0,
HO HO ° HO
HO HO HO 0,
AcO
OAc

Bn
45 48
31% (22%), 40% (36%), 34% (17%), PstS-Man-Ala57 66% (77%)
>95:5 a:fp >95:5 a:pp

>05:5 PstS-Gal-Ala57 80% (75%)
PstS-GlcNAc-Ala57 78%

Ming Joo Koh, et al. Nature 2024, 631, 319-327. 29



Inversion of a- to B-Pyranosides via Intramolecular HAT

X\Y'

R —— R
H H

X~y -H

x;;iS*/oR BusSnH

X~y -H

OR
1,2-trans
H
PR 20
BzO H
OMe

Ph/%O OO BU3SHH
BzO H

OH
Ph o2\ [0
BzO

OMe
up to a:B=1:1

David Crich, et al. J. Org. Chem. 1996, 60, 605-615.
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Cross Coupling of Halosugars

OP RZnBr (3 equiv) opP
NiCl, (10 mol%
Pgo/ﬁ/x P IB : ((15 |:/)) Pgo/ﬁ/l?
ox mo
PO y ’ PO
opP ArZnBrLiCl (1.5 equiv) oP
PO o) Ni(COD), (10 mol%) o
PO X t oy PO Ar
Bu-Terpy (15 mol%) PO
PO PO
OP
ArMgX (1.5 equiv) OP
Co(acac); (5 mol%
"Po X Tl(leDA)s(; |°/;) i chéow/”
mo
PO ’ PO

AcO O
AcO
CO,Et
70%, a:3 = 8:1
AcO AcO OAc
AcO & Ph AcO O
AcO AcO
AcO Ph
71%, a:f=1:12 80%, a:8 > 20:1
AcO AcO OAC
AcO O AcO O
AcO AcO
AcO pp, Ph
96%, a:8 = 3:1 76%, a:B> 91

(a) Michel R. Gagne, et al. J. Am. Chem. Soc. 2007, 129, 1908-1909.
(b) Michel R. Gagne, et al. J. Am. Chem. Soc. 2008, 130, 12177-12183.
(c) Janine Cossy, et al. Angew. Chem. Int. Ed. 2012, 51, 11101-11104.
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Fe-Catalyzed Cross Coupling of Halosugars

AcO AcO E :
~’r ~r O f
A0 DA X | Q Q |
FeCly(TMS-SciOPP) (5 mol%) . TMS P\ /P ™S

B only 1 TMS e ™S

Ar,Zn(tmeda)-2MgBrCl : c' C E

R THF, 0°C tort. : :
Acom ACO% : :
AcO AcO 5 FeCIz(TMS-SmOPP) ;

AcO ¢y

a:f=1>99 to 99>1

Selected Examples

AcO
(0] (0]
ACQ/V&/Q AcO
- OAc OAc
AcO OAc OAc

OAc MeO
81%, a:B > 1:99 86%, a:B > 1:99 65%
T T RS
~ AcO OAC C Oéc
/" AcO AcO O
! AC% AcO AcO
N 96%, a:B=73:27 98%, a:8 > 99:1 89%, a:8 > 99:1

Masaharu Nakamura, et al. J. Am. Chem. Soc. 2017, 139, 10693—107042



Ni-Catalyzed XEC of Halosugars

: Y w0 =0 !
| q VPO Ar  POY :
PO [NI]-Ar | or ‘:Oﬁ :

H {1 pisomer arisomer |
137" or :
qr . : 0
/ PO H : PO
! OAC
o - AOpiar Ln-[NI-X Br
(»[Ni”]-Ar Ln = t-Bu-Terpy L 137|'_I1 __________ : 138 131
Por/g ) H
OACK— [Ni"]-Ar L = pyridine, DMAP
1
Ln
PO
AcO
139
X Ln
N\ /
(Ni"]
X-[Ni"-Ln I
A Br
136 INi%-Ln 134
135
ArBr, MgCl, Zn
(a)Gong, H., et al. Org. Lett. 2018, 20, 7991-7995. 33

(b)Gong, H., et al. Sci. China Chem. 2019, 62, 1492-1496



Ni-Catalyzed XEC of Halosugars

Selected Examples

O_ .o _Ph
AcO N
AcO™ ""OAc
OAc

81%, a:8 = 8.3:1

. O ..Br N
O o LY Ni(ClO4)2 6H,0 Ni(acac), O oKLY
Py/DMAP/dtbbpy t-Bu-Terpy POC\J'
+
MgCly, Zn MgCl,, Zn, THF
DMF/MeCN PN
a-C-glucosides | I B-C-glucosides
x/\/
OAc
COZMG
AcO O OAc
AcO
AcO g 0 AcO
ACO 7 tey
AcO AcO NPhth
X OAc
Ph
71%, a:8 = 32:1 53%, a: > 1:20 67%, a:6=1:19
(a)Gong, H., et al. Org. Lett. 2018, 20, 7991-7995. 34

(b)Gong, H., et al. Sci. China Chem. 2019, 62, 1492-1496



Dual Photoredox/Cu-catalyzed C(sp3)-O Cross-coupling

Cul(10 mol%)
BPhen (25 mol%)
Xantphos (25 mol%)

—0O
DTBMP (1.5 equiv) PO _ o

MeCN, Blue LEDs Oﬁ’ﬁ

25°C, 24 h PG
standard conditions

a-1,2-cis
Up to dr > 20:1

oligosaccharide synthesis

OAc 1) standard conditions OH
83%, a:B > 20:1
BnO 0 2) NaOMe, 90% BnO (o}
AcO BnO
BnO g, BnO Ome
OAc OH OAc
BnO o standard conditions BnO (0] standard conditions BnO (0]
oo HO AcO
BnO g, BnO o BnO g
BnO O BnO O
BnO BnO
BnO de BnO g,
OAc
BBOO o
OAc n
BnO o
BnO O (0]
BnO Bnod
BnO 0o BnO o

Bno(;&% Bno- 0
BnO BnO
BnO
(0} n
AcO Bnog BnO o)
BnO BnO
OMe BnO
BnO

AcO

63%, a:8 > 20:1 58%, a:B > 20:1

Hien M. Nguyen., et al. ACS Catal. 2020, 10, 5990-6001.
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Dual Photoredox/Cu-catalyzed C(sp3)-O Cross-coupling

[LnCu!(ORY)]
HBr A
. _— Blue LED

nucleophile excitation
ROH coordination
[L,Cu'Br] [LnCu!(OR)

| B
(0]
li electron BnO g
BEO OR couping transfer c

0 0
(ROJH-‘E:.-}A/ (Ro:ﬁi}g
path A

\ B BnO
F LiCu—OR IL.Cu"(OR)Br D

TOSNG [es

(RO), 2 R-OH (RO), O [L.cu(oR)

BnO oR * A

H G BnO

70%, a:8=13:1

Hien M. Nguyen., et al. ACS Catal. 2020, 10, 5990-6001.

OBn

4%

Me"” Me

78%, a:=19:1
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Photoredox/Ni-dual-catalyzed C-glycosylation

Walczak et al. Hirai et al.
Arl (1 equiv) ArBr (1 equiv)
Ir[dF(CF3)ppyla(dtbbpy)PFg (2.5 mol%) o IF[dF (CF3)ppyla(dtbbpy)PFg (2.5 mol%)
O) >/O NiCl,(dme) (5 mol%), dtbbpy (5 mol%) (PO)nZﬁ NiCly(dme) (5 mol%), dtbbpy (5 mol%) (PO) >/0 BF,K
n > - n S
BE.K CsF (1.5 equiv), 1,4-dioxane Ar KoHPO4 (2 equiv), DMF
3 blue LEDs, r.t.,, 24 h blue LEDs, r.t.,, 24 h
selected examples
' t ¢ t
OBn 5o QBN OH : Bu S.B“ Bu
n . P P -
' IBU/SI\ 0] 0 By~ I\ 0] o) tBu/SI\ @) o
BnO 0 O BnO 0 : 0 0
BnO BnO BnO | TBSO TBSO TBSO
CHO : CF3 CN CN
82%, a only 95%, a only 67%, a only : 1%, a: =11:1 59%, a:p = 14:1 76%, a:f = 14:1
5 OTBS
OBn OBn ! HO HO OTBS
5 0 o
BnO 0 BnO O ; TBSO TBSO
BnO BnO !
SPMP SePMP E
63%, a only 48%, a only 5
: 53%, a:3 > 20:1 CF3 53%, a:8 > 20:1 CO,Et
(a) Maciej A. Walczak, et al. Org. Lett. 2021, 23, 4289-4293. 37

(b) Go Hirai, et al. Org. Lett. 2021, 23, 1940-1944.



Photoredox/Ni-dual-catalyzed C-glycosylation

-

8
b
2 /*‘L
BL;‘\"' C::/\Nio hv
. A v [ir ;’

cross-coupling cycle SET photoredox

/\ cycle [| r
i’ N

Bg‘ CL‘ SET
Ni'—Br \7 0
+ L |||-"'Ar L/ mBFaK

L C ‘Ni ~B
L/ \Br W
8

(a) Maciej A. Walczak, et al. Org. Lett. 2021, 23, 4289-4293.
(b) Go Hirai, et al. Org. Lett. 2021, 23, 1940-1944.
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Conclusion and Perspective

Sn BU3
glycosyl nucleophile

NO

(PO~

FG

glycosyl radical precusor

B Protecting groups B Doner B Condition

There is no universal glycosylation method to synthesize all possible glycosides.

39



Acknowledgement

B Prof. Yan Xu

B Prof. Jianbo Wang

B All members in Xu group
B Everyone here

40



4. Detailed experimental procedures for compounds 10

-124
Bno -0Bn
e
BnO SnBu,

OH
10

(3.4,5-Tri-O-benzyl-f-D-galactosyl)tri-n-butylstannane {lll).2 To a solution of tri-
O-benzyl-D-galactal’ (1.04 g, 2.50 mmol) in a cooled (0 °C), vigorously stirring
biphasic solution of CH2Cl; (20 mL), saturated aq. NaHCO; (33 mL), and acetone (2.0
mL), a solution of Oxone® (6.16 g, 10.0 mmol) in HO (25 mL) was added dropwise
over 15 min. The reaction mixture was stirred at 0 °C for 0.5 h then at rt for 2 h, the
organic phase was separated, and extracted with CH2Clz (2 x 20 mL). The combined
organic layers were dried (Na;SOs:) and concentrated to afford the epoxide as a white
solid. The crude epoxide was dissolved in anh. and degassed THF (30 mL), cooled to -
20 °C, and a solution of MeMgSnBu; (1.24 g, 3.75 mmol) in THF was added. The
reaction was stirred at -20 °C for 2 h, quenched with H,O (30 mL), filtered twice
through Celite®, and the organic phase was separated. The aqueous phase was
extracted with CH»Cly (3 x 20 mL), and the combined organic layers were dried
(Na,S0,), concentrated, and purified by column chromatography on Si0;
(Hexanes: EtOAc, 1:0 then 20:1) to afford 10 (1.10 g, 61%3) as a pale yellow oil: [a]3* =
+4.9 (c = 1.00, CHCL); IR (ATR) v =3029, 2918, 2857, 2359, 1453, 1358, 1207, 1064,
574, 731, 694, 595 cm-1; '"H NMR (300 MHz, CDCls) § 7.38-7.27 (m, 15H), 4.89 (d, J
=11.7 Hz. 1H), 4.75 (d,.J= 1 1.5 Hz, 1H), 4.59 (d, J= 11.7 Hz, 1H), 4.54-4.49 (m, 2H),
445 (d, /= 11.8 Hz, 1H), 4.24-4.17 (m, 1H), 4.05-4.04 (m, 1H), 3.62-3.52 (m, 2H),
3.48-3.40 (m, 2H), 3.34-3.30 (m, 1H), 2.22 (dd, J = 2.6, 1.9 Hz, 1H), 1.65-1.40 (m,
6H), 1.36-1.24 (m, 6H), 1.06-0.91 (m, 6H), 0.87 (td, J=7.2, 1.1 Hz, 9H); *C NMR (75
MHz, CDCl;) 6 139.2, 1383, 1382, 128.7, 128.5, 128.3, 128.0(3), 127.8,127.7, 127 .4,
86.6, 81.3, 76.2, 74.5, 73.7, 73.6, T1.7, 70.3, 69.4, 29.2, 27.5, 13.9, 9.1; HRMS (ESI)
m/z caled for C3oHs60sSnNa [M + Na]™ 747.3042, found 747.3043.

ﬁ&l‘éﬁ:a"“
OBn OB
"
(2.3.4-Tri-0-benzyl-f-D-arabinosyl)tri-n-butylstannane (11). To a solution of 3.4-
di-0-benzyl-D-arabinal® (500 mg, 1.69 mmol) in a cooled (0 °C), vigorously stirring
biphasic solution of CHzCl; (10 mL), satd. aq. NaHCO: (18 mL), and acetone (1.0 mL),
a solution of Oxone™ (4.16 g, 6.76 mmol) in H>O (18 mL) was added dropwise over 15
min. After the addition was complete, the mixture was stirred for 0.5 h at 0 °C then for
2 h at rt. The organic phase was separated, and the aqueous phase was extracted with
CH;ClL; (2x 10 mL). The combined organic phases were dried over Na,S0; and
concentrated to afford the epoxide as a white solid. The crude epoxide was dissolved in
anh. and degassed THF (15 mL) under N> and cooled to -20 °C for the addition of
MeMg8nBu; (837 mg, 2.53 mmol). The solutions were stirred at -20 °C for 2 h and
then quenched with H.O (18 mL). The mixture was filtered twice through Celite” and
the organic phase was separated. The aqueous phase was extracted with CH2Cly (3x 15
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Figure 4. Automated glycosylation instrument consisting of three
sections: multipart reaction section, HPLC analysis, and automation.
For complete system details, see Supporting Information.
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