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Lyconadin A and B

« isolated from club moss,
Lycopodium complanatum
- 2001 and 2006

 x-pyridinone ring fused
tetracyclic core

 Structural elucidation determined
by HRMS, 1D and 2D NMR, IR,
optical rotation, etc.
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http://www.borealforest.org/ferns/fern10o.htm
(+)-Lyconadin A (-)-Lyconadin B
murine lymphoma L1210 cells not cytotoxic against
IC,, 0.46 ug/mL either cell lines
human epidermoid carcinoma KB cells (IC,, >10 pg/mL)
IC,, 1.7 ug/mL

Kobayashi, J. et al J. Org. Chem. 2001, 66, 5901; Kobayashi, J. et al J. Bioorg. Med. Chem. 2006, 14, 5995
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Lycopodium Alkaloids

« First investigations traced back to 1881, Today 201 alkaloids
identified from 54 species

*Quinolizine, or pyridine and x-pyridinone type structures

- C16N’ C16N2’ C27N3

« Four Major Classes of Lycopodium Alkaloids:
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Gang, D. R., Nat. Prod. Rep. 2004, 21, 752
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Lycopodium Alkaloids

Huperzine A

« 1980’s Potent inhibitors of
acetylcholinesterase

« Huperzine A (HupA) most potent

shiretoko.muratasystem.or.jp/.../060504af.html

« Isolated by Liu and co-workers from
club moss Huperzia serrata

« Found to increase efficiency for
Gang, D. R., Nat. Prod. Rep. 2004, 21, 752

learning and memory in animals Liu, J. S., Acta Chim, Sin. (Engl. Ed.), 1986, 44, 1035
Liu, J. S., Can J. Chem., 1986, 64, 837

. . . Zhang, RW. Acta Ph L. Sin. ,12,
« Potential treatment for Alzheimer’s Disease 1.5, Chong, New Drugs Gl Remoctie, 19562, 167
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First Syntheses of Lycopodine

Stork, G. JACS,1968, 90, 1647
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Me,

Me.
: 80% H,PO,/ HCO,H 1:1 I# I Z 1.) Zn dust, MeOH
m 07N o 2.) LIAIH,
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20 hr ° N O
OMe CO,Me
« 17 steps, (1.1%) from Q\
MeO CHO

Ayer, W. A. JACS,1968, 90, 1648
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Heathcock’s Approach...

Early 1980s...

~ 3N HCI, MeOH,

65°C, 14 days

HN P 64%
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65°C, 14 days
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HN (o) o 64%
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Me
“ 5steps
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1.) 25% HBr/HOAc

2) KZCO 3 MeOH
O Me

Me,
a.)H,S0,, MeOH, H
O3, -78°C;
then Me,S;
N ZY
b.) NH;0 H HCI, Ho
65 °C, 48 h;
NaOH, H,0

1.) KH,Ph,C=0, Benzene

g 2) H,, PtO,

OH
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Synthesis of (+)-Lycopladine A

Toste’s Approach...

BnO
OTBS

O J| 1.) [Pd(PPh3)4] (5 mol%) NaOMe,

OBn  [AuCIPPh J/AgBF, (10 mol%) MeOh/PhH, 83%
, (

>

I >

/
Me — CH,CI/MeOH (10:1), 40 °C ore—?  NoNMe
H Me 2
95% H
— — HO
BnO
o) 10% Pd/C, EtOH
PhMe,1900C, 4 h, 60% | 7N
o N A
67 -electrocyclization Ve NMe, O Me a
H 75% (+)-Lycopladine A
0]
« 8 steps from )é
Me
17% overall yield

Toste, D. F., Angew. Chem. Int. Ed. 2006, 45, 5991
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Retrosynthesis

14 13 42

(+)-Lyco nadin A
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Synthesis of hydrazone fragment

Me_ Me /,
’ 1) (CNF)s3, pyr., CH,Cl,, -20 °C 1.) HN(Me)OMe, AlMe,, CH,Cl,, 0°C
{ ©co,H 2)NaBH,, CH,CL/MeOH, -10°C O  2)TBSCI,DMAP, EtLN, CH,Cl,
COMe O‘
3) HCI, Si0,, CHCI, (88%., 5 steps)
Me- oTES 1.)MeLi, THF, -78-0 °C (96%) Me.. OTBS
N(Me) OMe > Me
2.) Me,NNH,, AcOH, 4A mol. sieves, |
NNMe, Na,SO,, toluene, reflux (97 %) NNMe,

« 7 step sequence, overall yield 82%
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Synthesis of iodide fragment

o) e .
O a) PCI, Et,N, THF & T 1.) s-trioxane, TiCl, DIEA,
o 0
HO/U\/Y\N3 b.) n-BuLi, -78 - 0°C O\)/\/\l/\Ns CH,Cl, -10°C (82%) -
OTBS O N OTBS 5 )TBSCl, DMAP, DIEA,
O/U\NH CH,CL, (99%)
Bn
o O
)k W 1.) LiBH4,MeOH,0 °C (96 %) MSQWM 1.) Raney-Ni, DIEA, 'PrOH
N~ N - - .
o) = digs ’ . OTBS
\/gn \OTBS 2.) MsCI,DMAP,DIEA, OTBS 2.) CbzCl, EtOAc/NaHC O3
CH,Cl, (100%) (89%; 2 steps)

Cbz Cbz
| |
N 1.) HCI, MeOH, 0 °C (96 %) N
OTBS 2.) 1,, PPh,, imid, THF (100%) NoTBS
H H

* 9 step sequence, overall yield 61%
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Synthesis of Lyconadin Core

oTBS
Me. OTBS "BuLi, HMPA CT‘bZ
- Me,, N
Me THF,-78 -0 °C
NNMe, | 1 OTBS
NNMe,
(|3bz
. Me,. N
HCI, THF/H,O PCC, 4A mol.sieves - CHO
(74%; 2 steps) \OTBS CH,Cl,, (66%) H o
O
Cbz O |
HCI,DMSO |Me/, N Cbz //(A\ 84%
— N
70 °C o Me 0 |
0 H OH ™ Me

mp 134-138 °C
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Synthesis of Lyconadin Core

(sz O Cl
HCI H
N Ho, Pd(OH), % MeOH/H,0 -
O%&O MeOH/EtOAG r eflux Me
Me HO 12
1.)NaBH,, MeOH, 0 °C Cbz N y 1.) TBSOTf, DtBMP Cbz\N OTBS
2.)Cbz Cl, EtOAc/NaHCO; (aq) CH,Cl,, -78 °C (70%)
- - OH
Me Me
(51%; 3 steps) 7/ 2.) L-selectride, CH,CI,,
o .78 -23°C
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Synthesis of Lyconadin Core

Cbz

N TBS 1.)H,, Pd/C, EtOH (95%) NH OTBS 41 yNIS, CH,Cl (93%)
OH -~ -
Me 2.) Martin Sulfurane, CH,Cl,, Me 2.)HCI,MeOH,H,0 (100%)
0 °C, (70%)
N OH Dess-Martin
Me NaHCOj;, CH,Cl
(93%)
|
mp 124-126 °C
o) 1.) Mander's reagent, LDA,
HMPA, THF, -78 °C O CONH
N 2.) PdCl,, Et,SiH, 2,6-Lutidine (74%; 2 steps) N | —
Me -
———CONH, Me CO-Me

3.) Cs,CO3,DMSO, 1t, (82%)

Julia Vargas @ Wipf Group 14

4/14/2007



End Game

0]
/l
HN )
Me,NOAc,MeCN, 135 °C, SS (+)-Lycon adin A
. N
o) CONH, 16 hr (71%) Me
| ?
CO Me
Me 1.)H,, Pd/IC, MeOH (100%) HN
_ =
. (-)-Lyconadin B
2.) LiCl, HMPA, 125 °C, N

17 .5 hr (68%) Me
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Summary

o)
sy pd
N N
Me Me
(+)-Lyconadin A (-)-Lyconadin B

« First Total Syntheses of (+)- Lyconadin A (28 steps)
and (-)-Lyconadin B (29 steps)

« Syntheses stem from common advanced intermediate
o Intramolecular aldol/conjugate addition cascade

- 2 new c-¢ 0o-bonds and 3 new stereocenters 2>
tricyclic ring system in one chemical transformation
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