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Strychnine & Brucine

Strychnine Tree (Nux Vomica) is native to India and Indian subcontinent

' rheumatic arthritis, and hydrophobia.

It is known as Kuchla or Kajira in Hindi & Kanchiram/Ettirmaram in Tamil & Malayalam
It is used as a remedy in chronic dysentery, paralytic and neuralgic disorders, epilepsy,

Green to orange fruit of this tree is the main source of highly poisonous and intensely
bitter alkaloids strychnine and brucine

Isolated from Strychnos nux-vomica in 1818

Review: Chem. Rev., 2000, 100, 3455-3482
Elemental composition was established in 1838

Dried seeds contain 1.5 % Strychnine by weight
H
(0)

11D

\\ Dried blossoms contain 1.0 % Strychnine by weight

l Consumption of 50 mg and above of Strychnine is fatal.
Strychnine

_\ Discussed its usage in many novels or poetry for killing people
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Strychnine & Its Mention in Novels

Many novels mention the use of Strychnine: some as a cure for insomnia and some as a weapon for murder

Invisible man, The Sign of Four, Psycho, The Mysterious Affair at Styles, Mr. Mercedes, Practice of Pharmacy,
Conan Doyle Detective, A Mussoorie Mystery are some of the novels where Strychnine was mentioned

Strychnine has been used in Asia mainly for controlling pests especially rats

Strychnine entered the European market when ship trading became more popular. All ships have rats and the
sailors used Strychnine as rodent controller in merchant vessels

By late 1800, 500 tons of Strychnos seeds have been imported in London per year to take care of rodents
Though it was difficult to get Strychnine from Pharmacy, it was available under the name ‘Vermin Killer”

Vermin Killer. mixture of flour, soot, and strychnine, to be applied to a piece of bread or cheese and
left on the kitchen floor overnight to kill rats and mice

—
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Misuse of Strychnine

Ignorant people started selling this “Vermin Killer” powder to more ignorant people, even if they had murderous
intent or suicidal thoughts.

The use of “Vermin Killer” powder was then extended to kill stray dogs and cats.

One such purchaser was writer “Henry N. Randolf”. He bought this powder to poison an annoying cat.
He labelled it as “POISON” and kept it near his bed table along with a bottle of “QUININE’. Unfortunately,
in the dark, one night he consumed Strychine instead of Quinine and he was found dead after 4 hours

French Physicians during Napolean era assumed that if quinine, a bitter powder was medically useful,
any other white powder which is bitter in nature should be beneficial.

William Palmer, a surgeon and apothecary who made a habit of insuring members of his family, and then
poisoning them with strychnine to collect the life insurance money.

In the summer of 1911, two British female spiritualists arrived in Musssoorie and stayed at Savoy Hotel.
One of the guests was suspected to kill the other using Strychnine
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Perkin, Robinson & Birch
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William Perkin Jr. Sir Robert Robinson Arthur J. Birch
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Robinson & Strychnine

Robert Robinson began studying strychnine in 1910

Worked with William Henry Perkin

Robinson published 47 papers on strychnine

Many structural proposals were developed over several decades

January 14, 1946: Robinson proposed the correct structure of Strychnine

Published in Experientia

His proposal was based on accumulated chemical evidence and this became a major milestone in the
strychnine story
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Robinson’s Proposed Structures

1910 1928
Me
”x _.,.-*
0
N
0
1928 1928
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Robinson’s Proposed Structures

C2H7
——
HC CH

1928
1930

1932 1932 1932 1936
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Change of Mind

N
N 0
o)
Robinson, Robinson,
Submitted January Submitted February
14,1947 14, 1947

February 1947: Robinson abandoned his earlier correct structure(above left one)
Proposed a different structure (above right one)
His reasoning involved the possible biosynthetic relationship of strychnine

July 1947: He moved back toward his earlier structure
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Woodward Enters the Story

R. B. Woodward independently analyzed the available evidence

Submitted a JACS paper on July 28, 1947

Assigned the correct structure

He acknowledged Robinson’s earlier observations

Woodward presented additional evidence supporting the structure
Full paper submitted: January 28, 1948

Published in JACS in June 1948

Conclusion: “The Structure for strychnine is established.”
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The Famous “Rubbish Formula”

Woodward showed the proposed structure to Robinson

Robinson reportedly rejected it strongly

Derek Barton later recalled Robinson saying: “That’s rubbish,
absolutely rubbish!”

Woodward referred to it as the “Rubbish formula”
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Lessons from Strychnine

Chemistry is not always a straight line

Scientists can propose a structure, reject it, modify it, and return to it

Experimental evidence is more important than simply being confident

Complex molecules can be solved step-by-step

A wrong hypothesis is not necessarily failure- it can be part of scientific discovery
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Synthetic Challenges

Strychnine

7-Fused rings

6-Steroecenters and out of which 5 are in one ring (contiguous)

Presence of a unique 7-membered ring
If we can’t make Strychnine,

Presence of a unique spiro center we will take it - R. B.Woodward
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Strychnine

A

CH,(CO,H),
Ac,0,NaOAc,
HOACc

Wieland-Gumlich Aldehyde

Isostrychnine Wieland-Gumlich Aldehyde
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ged Key Disconnections of Strychnine

+ ,Ts
\
J\—cozEt
I
N Ar
H RO,C
Woodward / Overmann
,COzMe ]
N Strychnine
Z
NT R
!
Me0,C CO,Me
Rawal
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1) OHC—CO,Et
r

2) p-TsClI

/
1) —
) N@

7
OMe PPA | |
+ O —_— N N7 OMe
NH H
| OMe

2) Mel

NH,
O | OMe
N

AP
OMe

1) NaBH,, EtOH
>

2) Ac,0, Py
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S, Woodward’s Total Synthesis of Strychnine
Ts
N/TS N/Ts N/
“sco,et O3 AcOH “co,Et ~ MeOH “CO,Et HI, Red -
¥ I,,"' OMe w "Il,' / COZMe HCI COZMe
Ac Ac X . CO,Me 0
OMe
JAc
JAc N
N "
CH,N, “CO,Me NaOMe
N“ XY Nco,me MeOH
N7 CO,H _
O E ° ° ° O / A O
C
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CO,Me O
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TsCl, Py
— i
CO,Me
N,Ac
A
wH Ll
KOH «H
— -« Relay Compound
NTXY Nco,Me  MeOH
Z N7 XY, ““CO,H
o P (
0)
\
\

Epimerisation
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Woodward’s Relay Approach

Strychninolone Isomerization
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UM Woodward’s Relay Approach

1) H,0,, Ba(OH),
'

2) Ac,0, Py

ACZO, Py
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Woodward’s Relay Approach
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Woodward’s Total Synthesis

1) HBr
'
2) H,SO4, H,0

Isostrychnine Strychnine

R. B. Woodward et al. J. Am. Chem. Soc., 1954, 4749-4752.
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Rawal’s Total Synthesis
N

H
O H
A o)
Isostrychnine
Strychnine
/COZMG
N~
CO Me N—
Diels-Alder x> CO,Me /NR
—> —
NH,
COzMe MGOzc COzMe

g\CN
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9 °
M Rawal’s Total Synthesis
()
Br\/\ I ]
©f\CN Br> ©\XCN DIBAL-H ©\XCHO BnNH2,> _NBn
NO Base, PTC MgSO,
2 NO, NO, NO,
|z |
TMSCI ™S Bn NBn
~ CICO,Me
— G hen —» G . cicome_
Nal
NO
NO, NO, 2
HO
HO AIBN —
_»
—\ TBTH
4 ) |
~_ ,NCO;Me N X -C0O;Me CO,Me
Pd-C, HCO,NH, X/ CO:Me o=
y
PDC —
NO
2 NH, —>
\_ J
CO,Me
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Rawal’s Total Synthesis

NH, COzMe

0= N
‘Coz""e *co Me
N N\COZMG
C02Me C|C02Me
MeOZC CO,Me

NaH, THF
r

O
OTBS

H

O

Dieckmann cyclization
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Rawal’s Total Synthesis

Pd(OAc),
v e

TBACI
K,COs, DMF

Isostrychnine

Strychnine
V. Rawal and co-workers. J. Org. Chem., 1994, 59, 2685-86
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G0 Overman’s Total Synthesis

0000

» First asymmetric total synthesis of (-)- strychnine

» This highly efficient total synthesis features the use of the cationic aza-Cope-Mannich reaction to assemble
the pentacyclic strychnan core

» 20 step total synthesis with 3% overall yield

Wieland-Gumlich Aldehyde

Strychnine

CH-845 Course on Organic Synthesis; Course Instructor: Krishna P. Kaliappan 27



Overman’s Total Synthesis

OR OR OR
Y/ Y/ /
=N N
NR; RO NR; NR,
\ RO
RO OCO,Me
\ OR; — \ —
Bu.S OR;
|:> , OR; UsSn OAc
’ + CO + o
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) °
G080 Overman’s Total Synthesis
0000
CH;COOH Pd(PPh;), ”O\Q/OAC Alcr?‘o AcO OAc
@ ~ - -
NaOAc, Na,CO; AcOH,THF (+ )
O'BuCH,COCH,CO,Et
MeOCOCI 2 2005k,
EEC. bH 6.93 HO OAc MeQ NaH, 1% sz(dba)3, H COZEt
e N ool Dm0 18P [ heo
89%, >99% ee THF o t
O'Bu
H
CO,Et
NaCNBH3,T|CI4 Acoﬂi\ DCC,CuCl COzEt DIBALH ,@{:‘20“
P AcO
benzene
t
O'Bu . .

anti:syn >20:1
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) ®
G080 Overman’s Total Synthesis
0000
CH,OTIPS
CHOH  TIPSCI CHOTIPS  Jones oxidation 2
HO \ > HO \ > \
Base, DCM acetone
t
O'Bu O'Bu O'Bu
MeGSnz,
L-Selectride, CHOTIPS  10% Pd(PPh;),,LiCl Me.Sn CHOTIPS
PhNTY, TfO \ - ’ \
- THF
THF Lo
O'Bu

Fragment A

CH-845 Course on Organic Synthesis; Course Instructor: Krishna P. Kaliappan 30



O Overman’s Total Synthesis
80G0
0
Me\ N,Me Pd,(dba); t-BuO,H,
CH,OTIPS ) Ph3As Triton-B
Me;Sn > >
? \ + CO (50 psi), R,N THF
LiCl, NMP
O'Bu
Fragment B
OTIPS o OH 1. MsCl, i-ProNEt, DCM
PhyP=CH, ) \ LiCl, DMF
- r
RaN Vg, TBAFTHF RN Y By 2. NH,COCF3, NaH,
DMF
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G080 Overman’s Total Synthesis

OtBu OtBu

NHCOCF,  T3C~g° F,C._ 0O
/ T/

Me NaH, benzene N
| - g\\“\ S Me —_—

N
\\\\

IrL—-Z=2

Ou,
e rNYO KOH, EtOH-H,0 ™ KNYO
N\/"* N N
Me ~""“Me
OtBU OtBu D'ELI
V.
{ ® 4 vﬁé
NSNS "N HO——®
H rll o (CH20), \\ Ve N
> —> —>
N\/ M I‘II/ \K NﬁN
e N~ “Me L o
N
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Overman’s Total Synthesis

Zn dust,
10% H,SO4-MeOH

N
N
= LDA, NCCO,Me,
1 o o'Bu THFA O ’ S
r j 5% HCI-MeOH N OH
N N\ H CO,Me
Me” \"/ Me 2
(0
N N
N CH2(C02H)2, AC20
i-BUZAlH ,DCM NaOAc, HOAc
H H OH > >
C02Me )
o- ester HO™ £
H Strychnine
NaOMe, MeOH Wieland-Gumlich Aldehyde
- ester
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Strychnine

» This synthesis was based on new tandem condensation, sigmatropic rearrangement, and cyclization
sequence

» Racemic synthesis (14 steps)

» This synthesis approach goes through isostrychnine

Kuehne, M. E.; et al. J. Org. Chem. 1993, 58, 7490-7497

34
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BF; Et,0
110 °C
CHO

>

H \
B
N
—_— ~
N™
H
M902C

Kuehne, M. E.; Co-workers. J. Org. Chem. 1993, 58, 7482-7489

Ph
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Synthetic Strategy Towards Strychnine

Ph Ph

N\/ M902C C02M9 N
tBuOCI @\_j/\/ - |
NaOMe N CO,Me
H

C02MG
Ph Ph
BF; Et,0
L|CI Pd'C/Hz 110 °C
CO,Me -
EtOH CHO
C02M9 \
MeO
OMe

Kuehne, M. E.; Co-workers. J. Org. Chem. 1993, 58, 7482-7489

36
CH-845-Classics in Total Synthesis; Course Instructor: Krishna P. Kaliappan



10%
HCIO4/THF

OMe

MGOzc

Me3SI

37
CH-845-Classics in Total Synthesis; Course Instructor: Krishna P. Kaliappan



Synthesis of Pentacyclic Core

Ph

Ph
o E
I “m\\OH
I N l N 2
H H OH
MGOzc

M902C
Kinetic Product

Thermodynamic product

38
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Synthesis of Pentacyclic Core

th
N@ N
PdIC,H2 NaBH3CN
_> >
H OH H OH
MeO,C MeO,C
Thermodynamic product
N
ACZO, Py O o
+
,}l 5
OAc
Ac  Co,Me
3:1
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Forward Synthesis

\ LiN(f,lime?,)2 /
A teoe NG

T

LIN(SIM93)2
THF
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Forward Synthesis

DBU 100 °C

5:1 dioxane/H,0

3 10
Swern (EtO),POCH,CO,Me
Oxidation KN(SiMe;),, THF
>
OH
1 1
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Strychnine

y L Isostrychnine
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Vinyl Grignard Addition Route

PdCl,(MeCN),

1. KOH, THF/H,0
F;CCO,H

y
2. Swern Oxidation

43
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1. NaBH,/CeCl,
2. Ac,0,Et;N

Strychnine

>

OAc
\_ Y,

Isostrychnine acetate

KOH
EtOH

(Isostrychnine)
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