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History and Biological Activity

B Ginkgolide family contains Ginkgolide A, B, C, M and J,
which differ only in the number and location of hydroxyl
groups. Ginkgolide B is the most potent platelet-activating

factor (PAF) antagonist of the ginkgo extracts with an 1Cso
Value of 0.6 mM.
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Ginkgolide B X=OH, Y=H, Z=OH
Ginkgolide A X=H, Y=H, Z=OH
Ginkgolide C X=OH, Y=0OH, Z=OH Ginkgolide B
Ginkgolide M X=H, Y=0H, Z=OH

Ginkgolide J X=OH, Y=OH, Z=H
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History and Biological Activity

A,B,C,M
ISO!‘?:)t'tetd Synthesized by
as -pier . . Crimmins (30 steps
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was isolated
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Structure Enantioselective

confirmed by Synthesized by  synthesis?
X-Ray Corey (30 steps)
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Biosynthesis Pathway

Nakanish, K et al. J. Am. Chem. Soc. 1971, 93, 34%6. X S%\I%war.z, ' ide Biosynthesis /n: Barton DHR et al, eds.
Natural Product Chemistry. 2. New York: EIsen'ﬂlé?, 999’ %ﬁ'ﬁ@hﬂ@éﬁ,E@M&
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Corey (1988): Retrosynthesis
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HO
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Intramolecular ketene-olefin
[2+2] cycloaddition

Nicolaou, K et al. Angew. Chem. Int. ECLLKP&%E]’BM&-&%% é@@ﬁﬁE@lﬁk@J) J. Am. Chem. Soc. 1988, 110, 649-651.



Corey (1988): Total Synthesis

OMe MeO MeO
1. O OMe )\O
9. AcOH; ic
2. 6N HCI 6. LDA, PhNTf 11722 =
K/N » TMSO 2 » 07 0 g > WBu
t 0 Y 10.1N HcI
3. 'Bu,CuCNLi, """Bu 7. A, Sonogashira coupling .
11. pH~11; pH~3 CO.H
4. TMSCI, Et;N 2
12. (COCI),
13."Bu3N
19. LiNEt,, OMe
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—__/\0 20. CSA ,_/k 14. Ph;COOH, NaOH
- 21. NBS, hv z 17. HIO,4, MeOH, H,0 15. HS(CH,);SH
wW ‘ ‘
fo) 22. AgNO; 18. CSA, MeOH 16. PDC, AcOH
23. PPTS, pyr.

24. Ph;COOH
then P(OMe);

25. LDA, HMPA OH
f HO
C,H5CO,'Bu rBst \)\o
26. CSA z = 29. I,, CaCO,
—_— —
27. TBSOTf 30. BF;*OEt;
28. 0sO,

Ginkgolide B
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Crimmins (1999): Retrosynthesis

Ginkgolide B

EtO,C
2 \ SR G—

[

TMSO  'Bu TMSO  'Bu
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Crimmins, M et al. J. Am. Chem. Soc. 1999, 121, 10249-10250. ; Crimmins, M et al. J. Am. Chem. Soc. 2000, 122, 8453-8463.



[2+2] Cyclization: Selectivity Undesirable

Li
o N EtO,C E 0
O  a.Ph;P=CHCO,Et , \cozEt 2 N |, t02C AN [,
J W SN / > _ ‘ A
OHC b. tBUZCUCNLiz tBu OH ?Bu éH ?Bu
c. DIBAL-H 3.3:1
(o]
CO,Et
EtO_ __OTMS ZnCl,*OFEt, COAEt , °
X -~ > /
CuBr-DMS -
)22“ -
OH Bu
(0]
O co,Et O co,Et
O,
CO,Et ’ 0 b =20 2‘\\0
+ )
Y Z > 350 nm / w "'l/
OR Bu HO "tBy HO “tBy
o o ?
Product COZE\tO .0
- ) ! PPTS, C¢Hg oI 1
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W "y 80 °C W "y
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R=TMS MeOH 80 >25:1
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R=H THF 79 7:1
= MeOH 75 > 1
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Stereoselectivity: Steric or H-B

@) -
10 How to stabilize the
/ o 0 desired conformation?
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[2+2] Cyclization: Two Solutions

Two possible solutions: Increase the strength of hydrogen
bond or create dual-equatorial substituent groups.

Q  CONMe, Q  CONMe,
hv H n\o s n\o
/) + /
> 350 nm Wy '
hexane HO 'ltBu HO 'ltBu
o
85% 3:1
0 Q co,Et
COEt ; WO
1 L |
/ > 350 nm w "
= hexane TMSO™ 1ty
TMSO ‘Bu 100%
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[2+2] Cyclization Path
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a. DEAD, PPh; CO,Et
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Ring Opening: Acidic Conditions Failed

o (o)
o) BF;°OEt,
o /> or HCI
SN\ MeOH
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Solution: Block Enol Ether

0 OH
DMDO MeOH
Q N} H,0, acetone - CH(OMe);
"oy
gy then p-TsA p-TSA
HO 0
OMe
TsOH, PhH
"By reflux

NOT observed

Luo Group Meeting (CCME@PKU)



Retrosynthesis: Block Carbonyl Group

a. CS,, DBU, Mel
b. Bu;SnH, AIBN

c. Davis' reagent
BuLi, cat. Et,NH

Ginkgolide B
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High Nucleophilic or Conformation Lock

OMe 0
HOI:.')\O o
% o}

~—{=OMe a. Ac,0, Et;N HO
OH/'''Bu o \o

2,

H

o a. BBry

(o)
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VO(acac),

BuOOH
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Step by Step Ring Formation: Failed

a. BBr;
b. A92C03, H20

"'OMe . NaOH, then H*
OAC d CH2N2

decompose
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Methylation: Very Close to the Target

a. Ac,0, Et;N

b. LDA

a. NaOH
b. CH,;N,
c. p-TSA, MeOH, HC(OMe);

Mel, LDA
THF, -78°C

with and without
HMPA

NO REACTION!
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Propionate: Curtin-Hammett Principle?

a. (EtCO)zo, Et3N a. BBI'3
. _—
b. LDA "OMe |, ag,CO,
‘Bu
a. NaOH
b. CH,N,

c. p-TSA, MeOH, HC(OMe);

OMe
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Isomerization Before Epoxide Opening

"'OMe \1oOH

50% after one recycle
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Crimmins (1999): Total Synthesis
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N
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- ' u -
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Ginkgolide B
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Summary

B Similar strategy for A and F ring
B Corey: Construct both B and D

B Crimmins: Construct E by [2+2]

B |nvolve t-Bu by 1,4-addition Corey

Crimmins

B Construct both E and C?

B Radical reaction?
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