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Features of lycopodium alkaloids:

•first isolated from clubmoss 
lycopodium complanatum (1881)

•over 200 lycopodium alkaloids 
have been identified

•members of this family are 
known to have cardiovascular 
and neuromuscular effects
(Huperzine A is being studied
as an Alzheimer's treatment)

•seven racemic total syntheses 
and two racemic formal 
syntheses to date

•synthetic challenges include
poly-fused/bridged system and 
4 contiguous stereocenters
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Today's Paper: Enantioselective Total Synthesis of Lycopodine
Yang, H,; Carter, R. G.; Zakharov, L. N. JACS, 2008, 230, 9238-9239.
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Stork Synthesis (1968):
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1) pyrrolidine, TsOH
2) H2C CHCONH2
dioxane, reflux, 12 h
3) H2O, 2 h N
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80% H3PO4

HCO2H, 
rt, 20 h
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4 steps
O3, MeOH
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R = CHO

R = OCHO

SeO2, H2O2
t-AmOH, 
70 °C, 3h
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Heathcock Synthesis (1978):
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2) Zn(Cu), 
MeOH, H+
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CN 1) CuI, THF,
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1) 3.2 M HCl, 
MeOH, reflux, 14 d

2) H2, Pd, EtOH, H2O, HCl
3) KOtBu, PhCOPh,
PhH, reflux, 30 min
4) H2, Pt, EtOH

N O

12 steps
(second gen. 8 steps)
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Wenkert Synthesis (1978):

Kraus Synthesis (1985):
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1) BH3, THF; 
H2O2, NaOH

2) PhSO2Cl, py
3) PBr3 OBrPhO2SO

H2N(CH2)3OH

DBU N O
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CO2Me
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CO2Me

N

tBuOK, tBuOH
reflux, 12 h
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OMe

1) LiAlH4, Et2O

2) HCl, H2O N O

E E 1) THF, -78 °C, HMPA (6.6 eq)

2) DCC, DMSO, PhH,
TFA·py, rt, 12 h
3) HgCl2, HgO, MeOH (9:1), 
reflux

N O

CHO

HOAc-HCl (9:1)

reflux, 3.5h N O

1) H2, Pd/C, EtOAc

2) NaOMe, PhH, 
rt, 20 min N O
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1) HS(CH2)3SH, 
HCl, HOAc

2) Raney-Ni, EtOH
reflux, 18 hH
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Ayer Synthesis (1968):
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Grieco Synthesis (1998):
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NaBH3(CN), MeOH
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1) H2NOH·HCl,
EtOH, NaOAc
2) SOCl2, 
dioxane Cl
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Carter's Synthesis of Lycopodine

Cyclization Sequence:

Synthesis of Linear Precursor:

N
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$51/500 mg

*

MgBr

1) CuBr·DMS,
LiCl, TMSCl, 86%

2) Mg(OMe)2,
MeOH, 99%

MeO2C

5 6

Br

Br

NaSO2Ph, DMF, then

NaN3, H2O, 47%

SO2Ph

N3

O

SO2

N3

Ph

LiTMP (2 eq)
THF, -78 °C
then 6, 74%

O

G2 Grubbs-Hoveyda
(5 mol%)

CH2Cl2, rt, 63%
(83% BORSM)O
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ON3

i-Pr2NH, 
IPA/CH2Cl2 (4:1)

rt, 13 h
89%

PPh3, THF
reflux, 4 h
then TBSOTf

i-Pr2NEt
82%

N
OTBS

SO2Ph

5% Na/Hg, 
phosphate buffer

O

NH

R

R=SO2Ph

O

NH

H
ICH2CH2CH2OH
K2CO3, NaHCO3

THF, H2O

O

N acetone
68% (2 steps)

lycopodine (1)

ICH2CH2CH2OH
K2CO3, NaHCO3

acetone
68% (2 steps)

t-BuOK, Ph2CO
PhH, 110 °C, 50 min;

then [(Ph3P)CuH]6
PhMe, rt, 57% (2 steps)

Zn(OTf)2
(3 eq)
DCE, 96 °C
16 h, 54%
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