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Background

» Anatoxin-a(s) is a neurotoxin
produced by the blue-green alga
Anabaena flos-aquae (picture
right) and A. lemmermannii

* A potent anticholinesterase with
LDs, 20 - 40 ug/ Kg in mice

* Inhibits AChE in the peripheral
nervous system which leads to the
build up of acetylcholine in the
synaptic cleft

* Symptoms included muscle
weakness, respiratory distress,
and convulsions leading to death

» Responsible for the death of
dogs, pigs, and ducks in the USA
and Canada and water fowl in
Denmark

Araoz, R., et al., Toxicon. 2009i, article in press.
Matsunaga, S.; Moore, R. E.; Niemezura, W. P. J. Am. Chem. Soc. 1989, 111, 8021-8023
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Mechanism of Action

@ AChE © 6
I S “"(“““j“”“”““) 1 90 o
B P
-0} - ’O, \\
HN N HN™ N
«, OMe o , ~/ OMe 5
‘—NMe, “—NMe,

Anatoxin-a(s)

« Similar mechanism of action as Paraoxon,
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Araoz, R., et al., Toxicon. 2009i, article in press.
Apeldoorn, M. E.; Egmond, H. P.; Speijers, G. J. A.; Bakker, G. J. I. Mol. Nutr. Food Res. 2007, 51, 7 - 603
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Biosynthesis

JNLHZW\l)k
Arginine

|[o]

Moore, B. S. Nat. Prod. Rep., 1999, 16, 653 - 674
Moore, B. S.; Ohtani, |.; de Koning, C. B.; Moore, R. E. Tetrahedron Lett. 1992, 33, 6595 - 6598
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Biosynthesis
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Biosynthesis
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Biosynthesis
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Biosynthesis
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Moore, B. S.; Ohtani, |.; de Koning, C. B.; Moore, R. E. Tetrahedron Lett. 1992, 33, 6595 - 6598
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Retro-synthesis

Anatoxin-a(s)
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Retro-synthesis

Anatoxin-a(s)
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Shi’s work on the diamination of olefins

R O 10 mol%
/\/g + }L PA(PPha)s 9\ )J\ /%
Rg™ ™ >(N_N7< benzene- d6
Rz 65 °C R3 R2 R!

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc., 2007, 129, 762 - 763
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Shi’s work on the diamination of olefins

R, O 10 mol%
/\A + }L Pd(PPha)s 9\ J\ /%
Ry™ ™ >(N_N7< benzene-dg
Ro 65 °C R3 R2 R’

substrate product substrate product
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Me = >L )J\NJ< (86%

Me X XX
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ﬂ\ )J\ /% ’/
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Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc., 2007, 129, 762 - 763
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Shi’s work on the diamination of olefins

R, O 10 mol%
/\A + }L Pd(PPha)s 9\ J\ /%
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substrate product substrate product

MeO,C™ X" >L J\ J< (60%) OTMS >L )J\ J<
i W \_S; (90%)

TMSO

MeO,C "—’

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc., 2007, 129, 762 - 763
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Shi’s work on the diamination of olefins

@) @) @) @)
TFA
HN)J\N/% + %NJ\NH D — %NJJ\N/% TFA > HN)J\NH
— ! 98% — 75-80°C ) J
Et = Et = Et = 98% Et
9.3 : 1

TFA, 75 - 80 °C, 96%

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc., 2007, 129, 762 - 763
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Shi’s work on the diamination of olefins

0 0 0
TFA
HNJ\ >L )J\ - %NJJ\N/% AL HN)LNH
)4 )_/ 98% o 75-80°C )/
Et — Et — 98% Et
9.3 ; 1

TFA, 75 - 80 °C, 96%

NH,
é\ )J\ /% ) TFA, 80 °C )\l/\
2) Conc. HCI, reflux Ph A
Ph = 1N ag. NaOH NH,
84%

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc., 2007, 129, 762 - 763

Eric Buck @ Wipf Group Page 19 of 27 10/3/2009



Shi’s work on the diamination of olefins
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Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc., 2007, 129, 762 - 763
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Route 1: diaminaiton of butadiene derivatives

O
O OTMS
A

TMSCI, TEA
> +
TR

48%
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Route 1: diaminaiton of butadiene derivatives

o
2 Tmsc, TEA OTMS
A TR N
48%
Pd(PPhs),
CeHe, 65 °C
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Route 1: diaminaiton of butadiene derivatives
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Route 1: diaminaiton of butadiene derivatives

O OTMS
A

TMSCI, TEA
> +
TR

48%

Pd(PPhs),
CeHg, 65 °C
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Route 1: diaminaiton of butadiene derivatives

0
TESCI, LDA, HMPA , N
'
ﬁk THF, -78 to 0 °C ﬁ XN_NK C;Hg or THF,
85% 65 °C
40 - 67%
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Route 1: diaminaiton of butadiene derivatives

7LNJOLNJ< conditons 7LN)OJ\NJ< o 7LN)OJ\NJ<
ge SRS o

TESO @) O OH
A B

entry conditions yield
1 O3, DCM, MeOH, -78 °C; Me,S A: ---
2 OsOy, NalO,4, THF, H,O A: -
3 mMCPBA, 5% NaHCO; (aq), DCM; B: 50,2

1.5 M HCI, MeOH

4 OSO4, NMO, THF, HQO B: ---

a Yield after isolation
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Conclusion

e Route 1: diaminaiton of butadiene derivatives

e Route 2: ongoing

e Route 3: ongoing

e Screening conditions to close the ring asymmetrically

* Finish the synthesis

Eric Buck @ Wipf Group Page 27 of 27 10/3/2009





