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Poison- Frog Alkaloids

Daly, J.W. et al. Tetrahedron 1987, 43, 643.

<> Leading provider of compounds from poison-frogs’ skins
— Daly laboratory at the NIH
<> Code system implemented in 1978
— Designated by molecular weight with letters to identify isomers

<> 500+ compounds 1solated - “dendrobatid alkaloids”
- Steroidal batrachotoxins

- Histrionicotoxins
— Gephyrotoxins
- Pumiliotoxins
<> Pumiliotoxins A-C originate from a Panamaniam poison frog,
Dendrobates pumilio
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1 Out of the 500+ f}%
Alkaloid (-)-205B L

(-)-205B

<> Provisionally reported in 1987 (diastereomer)

<> Assigned in 1998 (Daly et al.) by extensive FTIR, NMR, and
HRMS studies in conjunction with molecular modeling

<> First synthesis of (+)-antipode by Toyooka et al.?
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(+)-205B

<> (+)-Antipode selectively blocked the a7 nicotinic receptor?

<> Naturally occurring (-)-enantiomer
- No previous reported synthesis or biological activity

"Toyooka, N. et al. Angew. Chem., Int. Ed. 2003, 42, 3808.
7. Benedum @ Wipf Group 2Tsuneki, H. et al. Mol. Pharmacol. 2004, 66, 1061.
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3-Component Linchpin Background

. -BuLi, THF
¢ Tietze (1994) - Tandem SK\S Tt (&S N
bisalkylation of TMS- IS 't
dithiane! e e o o
1 (+)-2 (2.2 eq) (-)-3
12-Cr-4, -20°C, 2 d
<  Presumed 1,4-Brook r
rearrangement B N
5 : : %3 R‘/\‘ LiQ <s\s
<> 48 h reaction times X : |
R3S| Li 2eq R1 SIR3
< Single electrophile only 4 5
¢  Limited synthetic utility |
ReSI0 Vs s  OH ReSIO s>s
R‘I . R1 R1 . Li
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Tyler Benedum @ Wipf Group 5 7/1/2005



3-Component Linchpin Methodology

Smith, A. et al. J. Am. Chem. Soc. 3008, 125, 14435.

<> Initial contributions from Smith’s group:

a) tBulLi, THF
HMPA (4 eq)
m -78 °C, 5 min
S S > TBSQ s's OH
b) BnO .\\\O BnO ; OBn
85 (e @5eq)
8 78 — -45 °C, (+)-10 (86%)
30 min

< Sequential addition of 2 electrophiles failed:

a) t-BuLi, THF

HMPA (10%)
-78 °C, 5 min
b)
BnO\/ﬁ <\
B H
m (-)-9 (1.2 eq) ¢ ss Q
S-S -78°C, 1h X X2
TBS ¢) O (#)-10  X'=X2=0Bn (26%)
8 PMBO A\] (#)-12a X' =08Bn,
(-)-11 (1.5 eq) X2 = CH,OPMB (5%)

78°C—rt,1h (+)-12b X'=X?=CH,OPMB (29%)
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A Solvent Kiffect

Utimoto, K. et al. Tetrahedron 1998, 52, 503.

< HMPA induces Brook rearrangement

TBS  a) RCHO (1.0 eq) Lo
- TBS
4™l THF,-78°C R
Cl ClI
13
TBSO / b) E*, HMPA
-78°C—=-20°Cornt
R c) HO*
Cl ClI
15
a (e}
) /<\ TBS OLi Li OTBS
R HMPA
13 gl IPNYS CI" ¢
o~ | Cl R R
THF,-78°C |~ ol ci
16 17
)/b) E*
E OTBS
CIM'd R
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Smith's Methodology Revised

Smith, A. et al. J. Am. Chem. Soc. 1097, 119, 6925.

< Successful 3-component coupling strategy:

a) t-Buli, Et,0,
-78 —-45°C,1h

b) E;* (1 eq), Et,0,
m 78 > -25°C, 1 h
Y

S > Product
c) Ex* (2 eq), Et,0,
TBS HMPA (0.3-0.4 eq)
8 78 >0°C,1h—>rt, 1h
Entry E E,' Product Yield (%)

o)
1 Bno\/{(\) [ OTBS BnO oTBS 56
(-)-9 (-)-24 (+)-25
4 BnO_ -~ > _¢ BnO\/'M 60°
(-)-9 (-)-30 (+)-31
7. Benedum @ Wipf Group

Tyler Benedum @ Wipf Group 8 7/1/2005



Scope:  Aziridines?

Smith, A. et al. Org. Lett. 9004, 6, 1493.

m a) t-BuLi Lio & HMPA TBSO &

S S —4m—» s S 2 S S
o <9 | AN AN,
TBS R 1/\, R; TBS R; Li

Brook Rearrangement

TsN &
|>\ R, TBSO ~s'S  NHTs

R; R,

a) t-BulLi, Et,0, -78 — -45°C, 1h

o)\ Et,0,
m TBSO" -78 —=-25 °C,5h

S S (+)-3 (1.0 eq)

TBS c) ONTs
:  HMPA/ELO, -78 — 0 °C

4(1.2€eq)
((-)-5 (1.3 eq)

S S
s s
OTBS OTBS
NHTs * H
7 TBSO TBSO

( ()-2 (56%) ()12 (24%)
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Current l.iterature

< Retrosynthesis

— Linchpin coupling

—  One-pot bicycle formation

7. Benedum @ Wipf Group
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One-Pot
Sequential Cyclization

OBPS

Three-Component
Linchpin Coupling

OBPS
>(4\NTS +S St NN
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\_/ TBS -
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Component Svnthesis

<+ Route to the aziridine coupling partner

OH 1) TsCl, EtN, CHoCl,
(89%) }NTS MeLi (1.05 eq)
MeO,C -
e0, NHZCl 2) Ph3l?gg£;’\D THE MeO,C THF, -78°C
()7 (+)-8 (92%)
NTs TMSO  OTMS NTs
=~ 107 Yo
o TMSOTf, CH,Cl,, 0°C | \ /
(+):9 (74%) (+)-4
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Component Svnthesis

<> Accessing the first electrophile

—  One-pot Fraser-Reid epoxide protocol

i) (+) IpczB\/W CH
/”\\J/f\\¢/J BF3°OEty, TBSO//\\\//N\\//\\f//:§

TBSO
OTBS ii) NaOH, H,O, oTBS -
()-10 (81%, 11:1 dr) (-)-11
1) BPSCI, Imidazole (_)BPS
DMAP, CH,Cl» NaH
- Ho/\/\/\/\ _—

2) CSA, MeOH/CH,ClI,
(88% for 2 steps)

Trislm, THF
(99%)
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Key Steps - Coupling & Cyelization

< Note use of DME, not HMPA to trigger Brook
rearrangement

a) +-BuLi, Et,0
-78 - -45°C, 1 h
b) (-)-6 (1.0 eq),
S. .S Et,0, -78 — -20 °C, 2 h

TBS ¢ (+)-4 (1.3 eq)
THF/DME, -78 — 0 °C

5(1.2eq) (53%)

s

1) TBAF, THF (98%)
2) MsCl, EtzN, CH,Cly,

P

W

3) KoCO3, MeOH o) Acetone, reflux
5% Na-Hg, NaoHPO, (83%)
(70% for 2 steps) 0
(+)-13
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Tricvele Formation

g
wn
"I

1) LHMDS, TMSCI  \ s
THF, -78 °C

H

2) 14 (0.1 eq)
Benzene, 65 °C
(81% for 2 steps)

Mes—N N—Mes

CI,Y Ph

e Il
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g sy
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!
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1) PhgP*CH,OCH,CI"
+BuOK , THF (4:3 dr)

P
-

2) 6M HCI, THF, 0 °C, 24 h (4:1 dr)
3) NaBH,4, MeOH

Final Stages

H3O*
Electrostatic Repulsion

(+)-16 (+)-17
(74% for 3 steps) (18% for 3 steps)

1) MsCl, Et3N, THF
2) LiIHBEt;
THF, reflux
(83% for 2 steps)
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Stork Protocol and Tovooka's Endgame

<  Smith’s synthesis:
— Longest Linear - 19 steps
—  Overall Yield - 5.6%

1) Ph3P+CH3Br'
PhlI(O,CCF3),

n-BuLi, THF (91%)

CF4COOH
CchN'Hgo (1 31)
(91%)

2) p-TsOH, Benzene
(70%)

W

Alkaloid (-)-205B (1)
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Stork Protocol for Dithiane Removal

Fleming, F. et al. J. Org. Chem. 3001, 66, 6502.

I
. Ph" " TFA

/.eN” G CFsCOH
2a

S (TFA)>IPh
S0 SEAD
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Summary & Future Research

<> First total synthesis of (-)-205B
<> Extended multi-component coupling methodology to aziridines
<> Concise construction of tricyclic 8b-azaacenaphthylene system
<> Perform biological testing on (-)-205B
<> Prepare congeners using methodology (SAR studies)
< Higher order multi-component coupling:
a) t-Buli, Et20
-78 —-45°C, 1h
°) C|)>\/OBn (-)-9 (2.3 eq) <\ />
m Et,0, -78 — -25°C, 1h TBSO s's OH OH §'s” OTBS
S_ _S ~ Bro_ z OBn
c) © 0
\gs >SN (+)-63 (59%)
(+)-62 (1.0 eq.),
8 25eq  HMPA (1.3eq.), THF
-78 - rt, 3h
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