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Strychnine: A Nasty Alkaloid

(-)-strychnine
* Estimated LD,, = 15-30 mg/kg oral
and 5-10 mg/kg intravenous
* Used as pest control in 16t and
17t Europe

Strychnos nux-vomica
* Also known as: poison nut tree
* Indigenous to India and
southeast Asia

* Onset of seizures
after ~15 min,
lasting 12-24
hours

* Death comes
from cardiac

arrest,
asphyxiation, or
multiple organ Thomas Hickg® ;
Sir Charles Bell, 1809 failure - 87_5_19%3 :ﬁ m a1 Sl) Ios
5 2
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https.//en.wikipedia.org/wiki/Strychnine. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



The Most Complex Natural Product of It's Time

* Isolated with Et,O from

lgnatius bean (closely “ .. forit’s molecular size, it is
related to the Strychnine the most complex substance
tree) by Pelletier & known.”

Caventou -Sir Robert Robinson, 1952.

e Structure was not
elucidated at the time

Pierre-Joseph Pelletier

* First total synthesis completed
1788-1842 y P Robert Burns Woodward

1818 by Robert Woodward | ro5s 1917-1979

1992

1948 _I

_‘ * 40 vyears

¥ .+ Structure solved by Robert Woodward until the
‘ using degradative evidence and UV next
spectroscopy synthesis

"« Sir Robert Robinson & Friedrich Leuchs led
the extensive investigations into

T determining the structure throughout the
Joseph Bienaimé Caventou Sir Robert Robinson earIy 1900s

1795-1877 1886-1975 :
* Between Robinson & Leuchs, >300
Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288. papers pu blIShEd exa mining the
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Woodward Synthesis: Retrosynthetic Analysis

HO,C” >CO,H TN
KOH, EtOH Ac,0, NaOAc,
AcOH, 110 °C
28% yield 80% yield
isostrychnine Prelog, 1948 Robinson, 1953 Wieland-Gumlich
aldehyde
alkylation
& allylic oxadative
rearrangement cyclization
> >
7/

7

isostrychnine

Pictet-Spengler

O | Mg cyclization
</
N l OMe <
H
OMe

N“XY” “CO,H
/
Dieckmann
condensation
oxadative
veratryl o,
_ cleavage CO.Me
N

Prelog, V.; et al., Helv. Chim. Acta. 1948, 31, 2244. Anet, F.A.L.; Robinson, R., Chem. Ind. 1953, 245. Woodward, R.B.; et al., J. Am. Chem. Soc. 1954, 76, 4749. Woodward, R.B.; et al. Tetrahedron
1963, 19, 247. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.
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Woodward Synthesis: Rings A-C & G

Me
HsPO 4 st
Ph .NH oM 3 4 seps
54% yield
ol OMe 76% yield

L@ S 1. NaBH,
JJ\ "'COZEt 2. Ac,0
H” ~CO,Et OMe 2 U5
—_— —_— —_—
2. TsCl, pyr. 24% vyield
M
59% yield OMe

“CO,Et
HCl. MeOH ? _NaoWe
CO,Me
75% yleld 2 Dieckmann CO:Me Coptl
cyclization
O\\’l
¢S§Ar
NI S oS HZN\)L
L o Ar OFt
OFEt CO,Et
NN
o) Z

COgMe N CO,Me

Woodward, R.B.; et al., J. Am. Chem. Soc. 1954, 76, 4749. Woodward, R.B.; et al. Tetrahedron 1963, 19, 247. Overman L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Woodward Synthesis: Rings E & D

NTs NTs
! OH
“CO,Et
s veove [ _J_J I
COQMe —> —_— N™ COzMe
57% yield 88% yield =
O @)
1,3-diaxial
A
N COzMe KOH, .
4 steps H  H,O/MeOH . Ac20O, pyr
— — CO,H
45% yield 59% yield ii. HCI, AcOH
O 42% yield
SeO,
é
12% yield @
~

Woodward, R.B.; et al., J. Am. Chem. Soc. 1954, 76, 4749. Woodward, R.B.; et al. Tetrahedron 1963, 19, 247. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Woodward Synthesis: The End Game

@)
@)
N
1. N\a—=——H
H
= 7 2. H,, Lindlar’s cat.
N ') 46% yield
1. HBr, AcOH
—_—
2. H,S0O,4, H-0,
A

13% yield
isostrychnine

(Use of Masking Groups

?@:OMG — ¥ CO:Me

OMe MeOQC Z

veratryl unit dienyl ester
. y,

Woodward, R.B.; et al., J. Am. Chem. Soc. 1954, 76, 4749. Woodward, R.B.; et al. Tetrahedron 1963, 19, 247. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Highlighted Strychnine Syntheses

Rawal ) Vanderwal
1994 Martin E. Kuehne 2011

David MacMiillan

Larry E. Overman

G- 1931-2017 1968-
Kuehne MacMillan

N /
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¥
Viresh H. Rawal “—‘
1959- Chris D. Vanderwal 3

1974-



Overman Synthesis: Retrosynthetic Analysis

carbonylation
N = and indole aza-Cope rearrangment/ HN —
H JoO synthesis N - Mannich cyclization R,N OBU
j OtBU N
OH >
NH o .
NR,
(-)-Wieland-Gumlich .
aldehyde metheylenation
and epoxide
opening
TIPSO
Pd-te-allyl R carbonylative
coupling Stille coupling

ACO*@’OAC E———— Messn y —— AN

enantioselective
enzmatic hydrolysis OBu

Knight, S.D.; Overman, L.E.; Pairaudeai, G., J. Am. Chem. Soc. 1993, 115, 9293. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Overman Synthesis: aza-Cope Precursor

M N
TIPSO M \©
ACO\Q,OAC 10 steps
—>» Me3Sn \ >

Pd,(dba)z, PhsAs, MeN
CO

29% yield
OBu 80% yield
ee >95%
TIPSO
_"II_B%OOI;I, Me 4 steps
rion ®) N e —_— o)
v I
EUHe Mj\r ?u 67% yield  MeN
91% yield ~ 58y ~
.
NMe
4 steps U, ) HN =
e 1. NaH S, OB
67% yield  \eN 2. KOH
e 75% yield, OH
2 steps

10
Knight, S.D.; Overman, L.E.; Pairaudeai, G., J. Am. Chem. Soc. 1993, 115, 9293. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Overman Synthesis: aza-Cope-Mannich Sequence

0 Me N —
NMe (CH0)y, X OBu
MeN™  yT NN = Na SO, Mez’ )
O'Bu 80 °C
OH 98% vyield
N ® N =
( kN — [3,3] N
I ; OBu
RoN R OBy aza-Cope RN OBu | Mannich
RoN O
OH

Me
s
5 st
MeN S eps
\/N
30% yleld
-)-Wieland-Gumlich

aldehyde

Knight, S.D.; Overman, L.E.; Pairaudeai, G., J. Am. Chem. Soc. 1993, 115, 9293. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.
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Rawal Synthesis: Retrosynthetic Analysis

N 7 N
OH Heck /\(\ intramolecular

cyclization I OTBS ' Diels-Alder =
— S |

7 N A

MeO,C CO,Me
@)
isostrychnine

cyclopropane
Uring expansion

NO

2

'COZMG
CN N
3 steps _NBn TMSCI, ~N\Bn —
Nal |
—_— e
N02 NO2 . N02 [\l N
92% vyield, MeO,C CO,Me

from o-nitro benyzlnitrile

via_co,Me
then CICO,Me

73% yield

12
Rawal, V.H.; lwasa, S., J. Org. Chem. 1994, 59, 2685-2686. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Rawal Synthesis: Diels-Alder & Heck Cyclization

'COZMe

N
benzene,
= sealed tube
—»
l 185 °C
N

R
! 99% vield
MeOZC COQMe Y

i. TMSI, A

—>
ii. MeOH, A .

(favored)  (%)-isostychnine

Rawal’s Intermediate

\.

Intermediate for several
formal strychnine syntheses

Rawal, V.H.; lwasa, S., J. Org. Chem. 1994, 59, 2685-2686. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.
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Kuehne Synthesis: Retrosynthetic Analysis

HWE nuceluophilic
oleflnatlon cycllzatlon
/ COzMe
COQMe

-)-Wieland-Gumlich

aldehyde
oxidation and
decarboxylation
[ MeOC. @ T MeO,C
iminium ion NBn Mannich/Cope/

Mannich cyclization

CO,Me formation \ )
C T % —=|Co . | ¢ O Q _
N Me Me

H COQMe COzMe
(S)-Trp-OMe - a

N\

14
Kuehne, M.E.; Xu, F., J. Org. Chem. 1998, 63 (25), 9427-9433. . Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Kuehne Synthesis: Mannich/Cope/Mannich Sequence

MeOQC
O NBn
| e
. NH, —> \ NHBn - P
H 76% yield H CO,Me benzoic acid, 80 °C ” Me
(S)-Trp-OMe 84% yield COsMe
ee >99%
de >95%
I H__co,Me
2N H
CO,Me n Mannich
~ —
N -
CO,Me MeO,C  H H' Co,Me
N Si-face Re-face
disfavored favored
H' COzMe COgMe COQMG MeOQC
- NBn
NBn [3,3]-Cope NBn N(Bn Mannich
et e
= \
” CO,Me H COMe N)  CO,Me N R
H . CO,Me

Kuehne, M.E.; Xu, F., J. Org. Chem. 1998, 63 (25), 9427-9433. .

Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.
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Kuehne Synthesis: End Game

MeOQC
NBn
NBn OH 1. TSQO N O
7 steps 2. Hy, Pd/C
_> —>
Y —> . 0 i

N Me __. . N H 91% yield, = ~CO,Me
1 e 25% yield N D

2Vie CO,Me L) NH

N
2 y H Jo
Eé(t)o_'P\/COZMe N CO.Me 4 steps
> H —> NH  OH
KHMDS, THF — —~CO,Me 60% yield
o
60% yield NH
ElZz=171 (-)-Wieland-Gumlich
aldehyde
( Mannich/Cope/
Mannich cyclization
r MeOzC ® 7 MeOgC
NBn NBn

COQMe \

(e — oL | — CoL
Z N Me
H CoMe N Me H
2 CO,Me CORNE
L L il

Kuehne, M.E.; Xu, F., J. Org. Chem. 1998, 63 (25), 9427-9433. . Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.
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Vanderwal Synthesis: Retrosynthetic Analysis

conjugate intramolecular
addltlon OR D|els Alder
H H

(x)-Wieland-Gumlich
aldehyde Zincke pyridinium
ring opening
N
Zincke Reaction
Cl
NO,
R
| A RNH, f\L\ R NH2
@ 2 2eauv) | SNHENY X NO,
N ’me@ — NO, —’|N/+
o'®
©/ GIFg NO,
NO,

17
Martin, D.B.C., Vanderwal, C.D., Chem. Sci. 2011, 2, 649. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Vanderwal Synthesis: Zincke Aldehyde Formation

_ e
<:\/ Z:> N/\/ NTN\F
-DNP
I of ; \
HN. © |\ /7 == I _
H (0.5 equiv.) N H
EtOH : SNDNP
Lewis acid, protic W NTNF
acid, or thermal
NaOH (aq) KQBHdTigh ©\§ A
81% yleld 80°C N N
CHO 64% yleld H I-H CH H
e 07 H
Zincke aldehyde
poor 4t component
N/\%
MelN ;F '
HO\/\ o I[‘§ ; | B
Me,Si~ . MesSi  OH

Me2@t®)érHH

18
Martin, D.B.C., Vanderwal, C.D., Chem. Sci. 2011, 2, 649. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



Vanderwal Synthesis: Brook Rearrangement/Conjugate

Addition

Me

4
NTNF Me Nle

oL e
Pd(PPh3)4

O 'en

NMesSi  OH TMS OH
y
iProNEt

(£)-Wieland-Gumlich mOStb%;?,%emass

aldehyde N e mmmmmmmmmmmm———————

N N
HH o o |NMe 9% yield HH &o
B Me O
N Z  TOSiM
c [Cu]
CuBr-SMe; Siy. 00 CI [Cu] 7
o o > Mes Me3 NH CHO
0°Cto65°C .
N
HH tho HH L
N — ' ;
N — ! N 7 '
o r*% H-_JO ; H OH:
. NH : -
5-10% yield ' N o '
: HH Cho ;

19
Martin, D.B.C., Vanderwal, C.D., Chem. Sci. 2011, 2, 649. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



MacMillan Synthesis: Retrosynthetic Analysis

(-)-Wieland-Gumlich
aldehyde

N -

= M
b H ©

aspidospermidine

H

COzMe
vincadifformine

. Heck
i O cycllzatlon

acylation

/ deformylatién, NBoc
OH alkylation CHO
(GwE
b
PMB OH PMB

Common Intermediate
. J

enantioselective
organocatalytic
alkyne Diels-Alder

‘\l/‘) NHBoc
I
2 N Z SeMe

kopsinine 1
PMB
O'N N
: N§ g N H N
H H  Co,Me
2" Me
kopsanone akuammicine

Jones, S.B.; et al.; MacMillan, D.W.C., Nature 2011, 475, 183. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.
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MacMillan Synthesis: Stereoselective Diels-Alder

O j .

M Jg NBoc
N
H

3 steps NHBoc
EI I :NBoc Ej: :E :/\SeMe

63% yield

(20 mol%) CHO
- CL O

z"
tribromoacetic acid (20 mol%)
-40 °C to rt, toluene

82% yield,
ee 97%
, Boc @
MeN 1-Na 2 NH NRZ
f ( 4 . endo I
Bu* PMB selective
MeSe I| — N P
\\ | ‘SeMe o
BocHN PMB
Boc
Ns-l O) NBoc OH NBoc
—
1J —
N N
@ 1 1
PMB PMB PMB

21
Jones, S.B.; et al.; MacMillan, D.W.C., Nature 2011, 475, 183. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



MacMillan Synthesis: Heck Cyclization

NB
o¢ 1. [(Ph4P),RhCI] NBoc NN

CHO  {oluene, 120 °C 3 steps I OH
N 2. COCl,, MeOH N \

) 46% vyield
PMB PMB CO,Me  from D-Aadduct I'!’Ml-é on
N — N —
Pd(OAC),, H_Jo - H_Jo
NaHCO4 N, OH Ny OH
TBACI A TFA
58% yield 66% yield

(-)-Wieland-Gumlich
aldehyde

22
Jones, S.B.; et al.; MacMillan, D.W.C., Nature 2011, 475, 183. Overman, L.E., Cannon, J.S., Angew. Chem. Int. Ed. 2012, 51, 4288.



(-)-strychnine

Conclusion

NMe
cl MeN ) HNTN=
NH, by
| OBu
\ OMe H NBn
H O 42 _co,Me o
Woodward OMe Stork Overman
1954 19092 CO:Me 1903
CoMe  MeOC, A\
N NBn 0 NHAc
= |
l O ‘ Z N I
N N Me o P
H NO, 0
Bonjoch-Bosch Vollhardt
1999 2000
HO
o)
o OH
I N Ar
NN +OMOM | /fo
H —
CO,Me i
Shibasaki Mori Fukuyama Padwa
2002 2002 2004 2007

0]

CN
Br\)LNBn NV NBoc
CO,Et
N & NC P N p \ O
0 H Co,Me CHO PMB

Ressig Andrade Vanderwal MacMillan
2010 2010 2011 2011
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