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Glycosides in Natural Products
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Total synthesis of avermectins : 1) Hanessian, S. et al. Pure Appl. Chem. 1987, 59, 299. 2) Ley, S. V. et al. J.
Chem. Soc., Perkin Trans. 1991, 1, 667. 3) White, J. D. et al. J. Am. Chem. Soc. 1995, 117, 1908. 4) Hirama, M.

et al. J. Antibiot. 2016, 69, 31. 5) Danishefsky, S. J. et al. J. Am. Chem. Soc. 1989, 111, 2967 .

Total synthesis of namenamicin : 1) Nicolaou, K. C. et al. J. Am. Chem. Soc. 2018, 140, 8091. 3
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Classical Glycosylation
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a-Selective Glycosylation in Total Synthesis
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1) Urabe, D.; Nakagawa, Y.; Mukai, K.; Fukushima, K.; Aoki, N.;

J. Org. Chem. 2018, 83, 13888.
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a-Selective Glycosylation in Total Synthesis

MeO
HBr-PPh;
CH,CI,
-78 °C to rt
X=H:67%
X =0Ac:69% o7«  HE dine. THE
-pyridine, _
RO 2' pyridine, rt R=TBS
digitoxigenin (X = H) MeO X=H:98% Ly» p=H
oleandrigenin (X = OAc) X=0Ac:71% (a-L-oleandroside)

(. )
via (my proposal)
0" 3 O: 3 ?’

1) Carney, N.; Perry, N.; Garabedian, J.; Nagorny, P. Org. Lett. 2023, 25, 966. 6



B-Selective Glycosylation
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Au(l)-Catalyzed Glycosylation
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Au(l)-Catalyzed S-Glycosylation
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.

2025, 147, 4469.
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Glycosylation Using o-Alkynylbenzoate (ABz)
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Glycosylation Using S-Propargyl Xanthate (SPX)
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Acceptor Scope
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Donor Scope
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Observatlon of Intermediate in TH NMR
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Observatlon of Intermediate in 13C NMR
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Glycosylation for 3,4-Tethered Doner
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2025, 147, 4469. 20
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DFT Calculations

1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
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Inconsistency in Author’s Mechanism
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469. 22



My Proposal for Reaction Mechanism
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2025, 147, 4469. 23



Explanation for Low S-selectivity for
3,4-Tethered Doner
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469. 24




Explanation for Good S-selectivity for
4,5-Tethered Doner
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469. 25




Application for Total Synthesis :
Synthesis of Tetramer
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469.



Application for Total Synthesis :
Synthesis of Tigogenin Pentasaccharide
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469.

2) Olsson, J. D. M.; Eriksson, L.; Lahmann, M.; Oscarson, S. J. Org. Chem. 2008, 73, 7181.



Application for Total Synthesis :
The Remaining Problem
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469.
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Summary
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IPrAu'Cl ) -Removal of EtS by Raney Ni

1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.

2025, 147, 4469.
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Future Prospect
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1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469.
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Mukaiyama Glycosylation

BnO SnCl,, AgCIO, BnO BnO
Et,0, -15 °C o
(o) ROH - o o)
BSG2 F B BEG 2 OR
BnO BnO OR BnO
o B
Alcohol Yield (% ) oL /B
MeOH * 82 » 86 / 14
{H)-OH 88 83 /17
t-BuOH 87 81’ 191%
Chol esterol 76 89 /1
3B-Cholestanol 96 92/8
HO 0, 8 11)
sno@’ %, e 84 84 /16
BnO
BnO 8) 11)
@ ) 91 80/ 20
HO BnO ¢

a) 2eq. of methanol was used.

b) Yield based on 1
c¢) These compounds were purified by TLC and were

identified by 'H-NMR spectra.

1) Mukaiyama, T.; Murai, Y.; Shoda, S. Chem. Lett. 1981, 431.



Synthesis of Intermediate A
(Ethyl-3,4-di- 0-Bn-1-thio-a-L-rhamnoside)
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DMF, rt o H,0, rt o
> o
78% BnO gt 88% BnO
n ONap BnO OH
A

1) Schleyer, P. R.; Maerker, C.; Dransfeld, A.; Jiao, H.; Hommes, N. J. R. E. J. Am. Chem. Soc. 1996, 118, 6317.



Screening of the Solvent

(0 (0

SEt o)
BnO © )|\0(1.5equiv) (o) - (o) 7 00 O>\
Bnom
BnO y / (o) o

BnO Et
O\H/S IPrAu'Cl (15 mol%) : )l\o BnO © /S
S Ag'NTf, (15 mol%) BnO Et
| | MS 4A, solvent B
16 °C,0.5h
I-Pr/Q
entry solvent yields B:a i-Pr
2 PhCI 94% 10.0 : 1 Au'Cl
6 PhCF; 90% 10.0 : 1 i-Pr
7 o-dichlorobenzene 91% 8.3:1 i-Pr
ga) CICH,CH,CI 92% 4.3 :1
IPrAu'ClI

a) 2.5 h.

1) Wang, X.; Ding, H.; Guo, A.; Song, X.; Wang, P.; Song, N.; Yu, B.; Xu, P.; Liu, X.-W.; Li, M. J. Am. Chem. Soc.
2025, 147, 4469. 34



TS Analysis

Table 2. Calculated Physical Organic Parameters of the Transition States TS2, TS2', TS2”, and TS2""

li
ppcp of the
energy barrier of the electron contribution percentage from the C electron contribution percentage from the Au Au—li%'and bond*

entry  TS” TS (kcal/mol) atom of the alkene C—Au bond (%) atom in Au—ligand bond® (%) au.)
1 TS2 +17.1 55.0 26.5 0.1322
2 TS2' +20.4 51.9 23.1 0.1057
3 TS2" +18.0 534 23.8 0.1101
4 TS2™ +24.2 50.3 19.6 0.1248
il
Et El
Et Et F‘:: S|:
< s M \ M 0
:-:\ Mo O‘L MEOe O MBC}c ]
Megw MEOW @NT[ MeQ 1 MeO |
Out, MeO | ’ &/ 0 Syt ©
MeQ | NTH 0@ s NTT, NT,
s + o? 037
s
5 .
P(OPh)a nBu X nBu
LIPr Al A Au
L
Au ~P(OPh)s SiPr
T52 T82' TS2" TS2™

“Transition state (TS). “The Au—ligand bond denotes the Au—C bond jointing Au with the ligand IPr and the Au—P bond jointing Au with the
ligand (PhO),P. 4Total electron density at the bond critical point (BCP).

1) Zhang, Z.; Zhu, H.; Gu, J.; Shi, H.; Hirose, T.; Jiang, L.; Zhu, Y.; Zhong, D.; Wang, J. J. Am. Chem. Soc.
2024, 146, 24681. 35
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