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1. Ginkgolide

Isolation
from the leaves and root bark of the Ginkgo biloba tree
Ginkgolides A, B, C, M (isolated in 19321), elucidated in 19672))
Ginkgolide J (1987)3)

Biological activity
strong antagonists to PAFR4)

Total synthesis of Ginkgolide
Corey (1988, (±)-Ginkgolide A, B)5), 6)

Crimmins (2000, (±)-Ginkgolide B)7) 

(see also 150206_LS_Kosuke_Minagawa)
Barriault (2022,(±)-Ginkgolide A, B, C)8)

Structural features
six 5-membered rings, three lactones,
four quarternary carbons, t-butyl group

Ginkgolide A : R1 = OH, R2 = R3 = H
Ginkgolide B : R1 = OH, R2 =OH,  R3 = H
Ginkgolide C : R1 = OH, R2 =OH,  R3 = OH
Ginkgolide M : R1 = OH, R2 =H,  R3 = OH
Ginkgolide J : R1 = H, R2 =OH,  R3 = OH
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5https://thebarriaultlab.com/louis/
https://science.uottawa.ca/chemistry/people/barriault-louis

Introduction of Prof. Barriault

1993 B. Sc., @ University of Sherbrooke
1997 Ph.D., @ University of Sherbrooke (Prof. Deslongchamps, P.)
1997- Postdoctoral fellow @ Ohio State University (Prof. Paquette, L. A.)
1999- Assistant Professor @ University of Ottawa
2010- Full Professor @ University of Ottawa

Research topic:
asymmetric synthesis, development of new synthetic methods, total synthesis of natural products

https://thebarriaultlab.com/louis/
https://science.uottawa.ca/chemistry/people/barriault-louis
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Retrosynthetic Analysis
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Construction of B, F-ring
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Formation of Carboxylic Acid
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[2+2] Cycloaddition
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Baeyer-Villiger Oxidation
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Attempted E-ring Formation
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Alternative Route of E-ring Formation (1)
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Alternative Route of E-ring Formation (2)
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Stereoselective Aldol Reaction (1)
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Total synthesis of Ginkgolide B
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Total synthesis of Ginkgolide A (1)
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Total synthesis of Ginkgolide A (2)
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Retrosynthetic Analysis of Ginkgolide C
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Claisen Rearrangement and B-ring Construction
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E-ring Construction (1)
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F-ring Construction under Acidic Condition
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Introduction of t-Bu Group
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Formal Synthesis of Ginkgolide A, B

NaOH
THF/MeOH/H2O

85 ℃ O
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Ph

92%

HO
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OMe
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HO
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C-O σ*
H OR

R = Me, H

O3, CH2Cl2
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O
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H

HO O

OO

O

OMe
H

O
IBX, MPO

DMSO, 75 ℃

41%91%

D

O

O

OO

O

R HO
O

HO

O

known steps

Common intermediate
of Corey’s syntheses

(±)-Ginkgolide B (R = OH, 6 steps from intermediate)
(±)-Ginkgolide A (R = H, 10 steps from intermediate)

O
O

Ph

OH

HO

OMe
H

O
IⅤ

O

OHO

N OMeO

IBX MPO
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O
O

H
OMe

Ph

AcO

intermediate B

SeO2
dioxane, 110 ℃;

Dess-Martin
periodinane

dioxane/CH2Cl2
60 ℃

85%

O
O

H
OMe

Ph

AcO

O

t-BuLi, CuCN;
TMSI, THF;

O
O

Ph

O

AcO

H
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O
N

Ph SO2Ph O
O
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O

AcO

H
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OH

Attempted α-Hydroxylation
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O

O
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O

HO OH
O

HO

O
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O

N
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Modification of Phenyl Acetylene Group

O
O

H
OMe

Ph

AcO

O

t-BuLi, CuCN
THF

−78 ℃ to −45 ℃;
TMSI, −78 ℃;
n-Bu4NF
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O
O
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O
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H
OMe

O
O
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O

O

H
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NaOH
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75 ℃
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O

O

H
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O
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O
O

O

H
OMe

O

Ph OH

H OH

MOMBr, n-Bu4NI
i-Pr2NEt, CH2Cl2

55 ℃

99%

O
O

O

H
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O

Ph MOMO

80%

KN(TMS)2, −78 ℃;
Davis’ oxaziridine
THF, −78 ℃ to rt
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B

O
O

O

H
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O

N
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Oxidative Fragmentation and D-ring Construction
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X = 18%
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MOM

Dehydroxylation
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OO

O

H
OMe

BzO

O
H

NaBH4
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0 ℃ to rt;O
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H
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O
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O
O
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H
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O
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H
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O
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H
OMe
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reduction
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O
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O
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O
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C-ring Formation (1)

O

OO

O

H
OMe

HO O

OO

O

H
OMe

O
1. IBX, MPO, DMSO,  75 ℃, 31%

PPTS, pyridine
PhCl, Ac2O

135 ℃ O

OO

O
O

OH

O

O O

O

OO

O
O

OAc
66%

1. Dess-Martin periodinane
    CH2Cl2, 0 ℃ to rt
2. PhSeCl, HCl, EtOAc/THF
3. H2O2, pyridine/H2O
    (75% over 3 steps)

O
MOM

O
MOM
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C-ring Formation (2)
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HO

HO

Ph3COOH
DBU, CH2Cl2
−25 ℃

57%

EtCO2t-Bu
LiN(i-Pr)2

THF/HMPA = 4/1
−78 ℃ to −30 ℃

59%

OAc
OAc

OAc OAc

O

OO

O
O

O

Corey’s intermediate
difference : existence of OAc group
stereoselectivity :  explained by the same reasons

CSA, CH2Cl2
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Total Synthesis of Ginkgolide C
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O
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O
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O
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O
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57% over 2 steps

K2CO3
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from less
hindered β face

oxidation
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Summary
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Appendix
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Conversion of Ginkgolide B to Ginkgolide A

O

O

OO

O

HO OH
O

HO

O

(±)-Ginkgolide B

MOMCl, i-Pr2NEt
MeCN O

O

OO

O

HO OMOM
O

HO

O

1

C1-OMOM : C12-OMOM = 1 : 3

89%

O

O

OO

O

O OMOM
O

HO

O

KH, THF;
CS2

23 ℃ to 45 ℃;
BnBr

SBn

S

O

O

OO

O

HO
O

HO

O

1. n-Bu3SnH
    dioxane
    reflux, 71%
2. BF3•Et2O
    PhSH, CH2Cl2
    −10 ℃

(±)-Ginkgolide A

71%

1 12
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Ot-Bu

condition : THF, −78 ℃

O

O

OO

O

O

t-Bu
O

major

Stereoselectivity of aldol reaction
(proposed by Nakamura-san)

O

O
O

O

O

O

Li

O
t-BuO

Li

O

O

O
O

O

O

O

in the presense of Li+…

O

OO

O
O

O

O

OO

O
O

O

Li

Li

Li

This chelation is thought to be difficult
because the direction of lone pairs of
E-ring oxygen is not proper to this chelation.

These chelations should be easily formed.
→induce aldol reaction from back side

E

HO


