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1) Me2NNH2;
TFA; Toluene, Δ, 95 %
2) LDA, HMPA;
THF, -78 °C to 0 °C; R1, 85 % 3:2 dr
3) NaOAc;
HOAc/THF/H2O, 25 °; 95 %
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1) aq HCl,
THF/DME; 95 %, 3:2 dr
2) BzCl,
py, then HPLC pur.; 58 %
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Synthesis of (-)-picrotoxinin from (R)-carvone - exploration of C-C bond construction

Main reference from R. Shenvi: J. Am. Chem. Soc. 2020, 142, 26, 11376-11381 
Corey: J. Am. Chem. Soc. 1979, 101, 5841–5843
Trost: J. Am. Chem. Soc. 1999, 121, 6183–6192
Yamada: J. Am. Chem. Soc. 1984, 106, 4547–4552
Yosikoshi: J. Am. Chem. Soc. 1989, 111, 3728–3734

• Isolated by Pierre François Guillaume Boullay in 1812

• Found in the fruit of Anamirta cocculus

• Highly toxic: LD50 = 3.0 mg/kg

• GABA antagonist in synapses

• Inhibits opening of Cl- ion channels
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Reagents, catalaysts etc.

Br OMe

OMeR1

Li

1) HgO, BF3•OEt2
THF/H2O, 65 %
2) BzCl, DMAP,
Py, 96 % NaOCl

THF, -78 °C, 99 %

H2O/THF, 25 °C,
96 %

≡

1) LDA, THF, CH2O
-78 °C, 64 %, 12:1 dr
2) TBSCl, imidazole,
DMF, 60 °C, 95 %

1) LiCH2CN
THF, -78 °C, 73 %, 5:1 dr
2) pyHBr3, 0 °C 96 %

1) DIBAL-H, Toluene, -78 °C
then NaHSO4, H2O
2) 

THF, 0 °C

MgCl

Pd(OAc)2 (10 mol %)
L1 (10 mol %); L2 (10 mol %)

CO2H

PPh2

DCE, 60 °C, 70 %

P P

L1 L2

1) Hg(OAc)2

OEt

2) LiAlH4, Et2O
-78 °, 92 %. 99:1 dr

185 °C, xylene 9 steps

1) NBS, MeCN, 89 % in two steps
2) MeLi, Et2O
3) Ac2O, py, 91 % in two steps
4) Zn(Cu), NH4Cl, H2O, EtOH
5) CrO3, H2SO4, Acetone

1) LiHMDS, Et2O, CO2 g
2) CH2N2, Et2O, DCM
78 % over 4 steps

3) NaH, MeOH, THF, DMF;
4) CrO3, H2SO4, 92 % in two steps
5) Pyrrolidine, PhCO2H, C6H6
6) aq. AcOH, NaOAc, CHCl3;
Al2O3, C6H6, 85 %

1) LiAlH4, Et2O
2) MnO2, CHCl3
3) H2O2, NaOH, MeOH

4) Ac2O, py, DMAP
74 % over 4 steps
5) (CHO)n, PhNHMe
CF3CO2H, THF, 80 %
6) R2, EtOH, 92 %

R2
BSePh(OEt)3Na

1) LDA, MeI
THF, -78 °C to 0 °C, 90 %
2) LDA, MeI
THF, -78 °C to 0 °C, 97 %

NaHMDS, MgCl2, THF
-78 °C to 0 °C␣

R3, - 78 °C,
68 %, 20:1 dr α, 3.3:1 dr β

β α

1) SOCl2, Py
DMAP, MeCN, 67 %

2) LDA, THF
0 °C to 23 °C, 90 %
3) NBS, THF, 98 %

≡

1) mCPBA
KHCO3, DCM, H2O
23 °C, 84 %, > 20:1 dr
2) OsO4 (1 equiv.), citric acid
NMO, tBuOH, H2O, 23 °C, 7d
81 %, 20:1 dr

AgOAc, I2, hν

DCM, 23 °C
51 %

TFDO, NaHCO3

MeCOCF3, 0 °C
47 %, 77 % brsm

2.5:1 dr

AgOAc, I2, hν

DCM, 23 °C
45 %

AIBN, Bu3SnH

Toluene, 85 °C
then NaHCO3, MeOH

64 %

1) Pb(OAc)4, I2, hν
CaCO3, C6H6, 23 °C

2) Zn, NH4Cl,
EtOH, 95 °C, 96 %

Transition states, mechanisms etc.
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Transition state? TS2
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Desired Undesired

AgOAc + I2 IOAc + AgI

Hg(OAc)2 + I2 IOAc + Hg(OAc)I

Pb(OAc)4 + I2 2IOAc + Pb(OAc)2

PhI(OAc)2 + I2 IOAc + PhI

mechanism? M6
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