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(-)-Gephyrotoxin

*Isolated from dendrobates histrionicus (15 mg
from 3200 frogs)

«Structure determined by 1-D and 2-D NMR,
mass spectrometry, and X-ray diffraction

*Perhydropyrroloquinoline core with 5
stereocenters

*Absolute stereochemistry established via X-ray
diffraction of the HBr salt

«Affects K* conductance at neuromuscular
junction and has antimuscarinic properties

*Does not interact with acetylcholine binding site

Helv. Chim. Acta. 1977, 60, 1128.
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Kishi's Synthesis - Racemic

OH
0
EtO,C E0,G < o  OoH
1. H,, 10% Pd/C , PPTS
N-Bn  HCIO,, MeOH CN—Cbz 3 steps I::NH OH
» — » N
\ 2. BnOCOCI, pyr. 65% 80 °C
88% 85%
EtO,C EtO,C ( ° BnO
OBn
1. MsCl, Et3N O OH,
2. LiBr, DMF :
3. H, (1 atm), 10% Pd/C by 1. Hz (5 atm)
HCIO4, MeOH 5% Pt/Al,O5
> N > N
83% 2. Ac,0 H
HO AcO

J. Am. Chem. Soc. 1980, 102, 7154



Kishi’'s Synthesis — Completion and Enantioselective
Synthesis

1. TBDPSCI, imid, DMF
2. 5% RN/AI,03, Hy (1 atm)

dr=10:1

Gephyrotoxin

6 steps 24 steps, 2.8% yield

J. Am. Chem. Soc. 1980, 102, 7154

Enantioselective Synthesis (Unanswered Stereochemical Questions)
OH

O (-)-Gephyrotoxin

d F Previously

NH 11 steps from lit. known _ Reported

) > N=Bn P> Synthetic: ap +50.0°
via Eschenmoser

:CozH contraction of the
thioamide Natural: ap-51.5°

-
-

L-pyroglutamic acid OBn

Tetrahedron Lett. 1981, 42, 4197
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HCO,H

79%

Hart's Synthesis - Racemic

o R /
4 steps O DIBAL-H o \ 17
35% N 80% b H
HO

\ OCHO . 11 steps (£)-Gephyrotoxin
> H N — 22 steps, 1.8% yield
3 H

N-Acyliminium lon Cyclization

Starting Material: Synth. Comm. 1979, 9, 391
J. Am. Chem. Soc. 1983, 105, 1255



Overman’s Synthesis - Racemic

OMOM o 0
CHO BzC (MeO)zP\)j\/\(o
“NH H . J
110°C,1.5h LHMDS, -70 °C O
+ > CHO >
endo/exo = 9:1 93%
MOMO 81% 1*NHcbz
OMOM OMOM
H,, Pd/C NaOH
O —>
TFA, EtOAC H 94%
0 @)
I
OJ (
NHCbz  NHs
H - —
. Boat-like TS _
favored for large Nu
LiAIH,4 MOMO m 11 Steps (#)-Gephyrotoxin
— o) 1
85% —® 15 steps, 6.5% yield
f— N 4 uH-u
F\" \/1
‘\R_)
J. Am. Chem. Soc. 1983, 105, 5373
_ Chair-like TS _

favored for small Nu



Selected Formal Syntheses

Ito and Saegusa:
OMe OMe OMe

NMe, 1. n-BuLi, TMSCI, DMAP NMeBr |
2. MeBr CsF
' —_— N
NH NH 65 °C

HO/\)W TMSO/\)W | TMSO

3 steps, 69%

OMe O

AH Intersects Kishi's Route

~H H, (70 atm), Rh/ALLO
2 ( ), 203

EtOH, 70 °C
70%

o
71%, 3 steps
d.r.=5:1

HO HO

Tetrahedron Lett. 1983, 24, 2881



Selected Formal Syntheses

Hsung:

O
OH 1. O O N
NH,OAc |
then M OO|_| "\
en nO,
HoN > >

2 NH toluene, 150 °C

Hio 2. TBDPSCI, imid.
40%

TBDPSO TBDPSO
HO
o)
H
1. Hy, Pd/C . N
2. TBAF
HO

Intersects Kishi's Route 60:40
60%

Angew. Chem. Int. Ed. 2001, 41, 1516



Smith’s Retrosynthesis

enamine/
O O Michael

4

sp-sp?
coupling H —
hydroxy- ’
one-carbon Y
homologation dlrectgd /
reduction
Grignard

Wittig olefination addition/reduction

/ I O[F] O[PG]
— N N —> "
\ A o~ )
Boc Boc
Key steps

Grignard Addition/Reduction
Enamine/Michael Cascade
sp-sp? coupling

Angew. Chem. Int. Ed. 2014, 53, 1



Synthesis of the Cascade Precursor

> > pJOTBS @\/\/M B
gbr
p—’ TBSCI \ o

o” N then Boc,0  © L then BF3sELO
84% L-Selectride
L-pyroglutaminol 66%, d.r. > 20:1

100 g / $280 (Oakwood)

Angew. Chem. Int. Ed. 2014, 53, 1



Cascade Cyclization

TFA
o
.H then CHCIs;, 40 °C

O H CFsCOy

NaBH(OAc
(OAc)3 -

79%, d.r. 10:1

H
© HH

Confirmed by X-Ray

Angew. Chem. Int. Ed. 2014, 53, 1



Synthesis of the Penultimate Compound

- +
Cl PhsP” “OMe

Oxalyl chloride, DMSO, Et;N KHMDS

87%, 2 steps

LiTMP
(EtO),POCI HCI, H,O
then LiTMP .«H  then NaBH,4
79% 91%

Angew. Chem. Int. Ed. 2014, 53, 1



Hydrometalation/Cross-Coupling to (-)-Gephyrotoxin

Pd,(dba)3;eCHCI3 (0.5 mol%)
Tri(2-furyl)phosphine (4.5 mol%)’

|———TMS

H HInCI2, Eth
—>

HO

*X-Ray confirmation of HCI salt

*Preparation of Both Mosher Esters
Confirms Enantiomeric Purity

then K2003

MeOH
68%

*Optical Rotation: -52.3 (c = 1.0, EtOH)

*Kishi Reports +50.0 (c=1.0, EtOH) for

HO same absolute configuration!

(-)-Gephyrotoxin )
*Not Enough Natural Product to Confirm
Structural Assignment

Angew. Chem. Int. Ed. 2014, 53, 1
Org. Lett. 2002, 4, 2993
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Conclusions

*Total synthesis of (-)-gephyrotoxin (9 steps LLS, 14% overall from L-
pyroglutaminol)

o[ntramolecular enamine/Michael cascade

1. TFA; then CHCIs, 40 °C
2. NaBH(OAC);

79%, d.r. 10:1

'

*Poor step/redox economy (alcohol homologation)

*Possible revision of absolute configuration for natural product



