Stereoselective Total Synthesis of Optically Active Tetrodotoxin (Puffer fish toxin) JOC, 2008, 1234-42
Match the list of reagents (letters) to the synthetic steps (numbers). A key is available at:
http://www.csupomona.edu/~psbeauchamp/courses.html
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Regents used in synthetic steps above are shown below. Simplistic structures are used to present possible mechanisms, just below.

20% Pd(OH),-Carbon
@ THF / H,

(o]
o™
S
,Hsc/ \CH3 cl
Cl
(o]
CHs;
=TMSCN
HyC——Si—CN
EtsN / CH5OH

CHg3

NBS (N-bromosuccinimide)

CH4CN, H,0
(o]
o @
HC—N®  CHO Na
CHZOH
)
nBul F®
THF
]
NalO,
CH3OH/H,0
\
NaBH, / CH;0H
1

70% HOAC/H,0

LDA (lithium diisopropylamide)
CH,Cl, / THF / -78°C

CrO3 / pyridine (PCC) - no water

CH3S0,-Cl
EtsN / CH,CL,

© & 06066 ® © 0 @ ©

-

1. potasium t-butoxide
@ 2 03, CGH5CH3

3.Zn, HOAc
Ph
@ t—Bu—S|i—CI
/ F|,h EtsN

NaH
@ PhCH,-Br
@ H,C=——=P(Ph);
0 0
@ )J\o)k
pyridine and DMAP
(4-dimethylaminopyridine)

(0]
@ \ TsOH
0\ CH,Cl,

(Used 3 times.)
@ Na* HCOY
CH30OH/H,0
1M NaOH
@ THF/H,0
10% Pd-C
@ H, / EtOH
@ 85% HOAC
H,0
Y

W] S

\ P205 / CH2C|2

(Used twice.)

@ mCPBA

s s
@ e T Ny

n-butyl lithium
@ (i-Bu),Al-H
o s o}
t—BuO)J\N)J\N)J\OI—Bu
H H
/ (BOC) (BOC)
HgCl, / DMF

NaN3 / DMSO (15-crown-5)

\

@ Jones (CrO3/H,0)

90% |

4M HCI / dioxane
@ 30% CF3CO,H

20%

4% HOAcC / H,0

Equilibrates the aminal to an
aminol in a 20% / 80% ratio.

80%

This is how you learn the logic of synthetic organic chemistry. You study the masters at work (literature
synthesis papers) to discover options and experimental details. You also discover that many of the first
year reactions that you learn don’t always work the way you were taught. You learn alternate methods,



and sometimes you have to invent your own reaction to make a transformation work. There are also lots
of lab skills that only come from actually working in the lab, doing reactions from start to finish:
purifying your solvents and reagents, monitoring reactions, working up reactions, collecting spectra and
physical properties on your compounds, etc. Being a synthetic chemist requires healthy doses of
optimism, persistence and patience.

Several interesting mechanism problems from simplified structures in the synthesis.
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It really helps to count the carbon atoms
to keep track on this one. The reagent is
just a ketal of acetone . That way water
does not have to be removed.
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DMAP makes acetic anhydride into an even more reactive acylating electrophile, which reacts with the OH to make an ester.
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First an aminol (addition reaction) forms with acid catalysis. Step 2 is an Sy1 reaction to make the aminal.




Key - Stereoselective Total Synthesis of Optically Active Tetrodotoxin (Puffer fish toxin) JOC, 2008, 1234-42

(-)-tetrodotoxin (TTX)

Tetrodotoxin is one of the best known marine toxins. It
is found in puffer fish. It is also found in newts, frongs,
octopi, crabs, shellfish and several other animals. It is
not actually produced by the animals, but produced by
various kinds of bacteria in the animals. Larger amounts
are wanted for pharmaceutical studies. It interacts with
elements of the sodium ion channel in cell membranes

and has been used as a tool to study molecular events that

occur there.
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Protect "OH" as benzy! ethers. Make alkoxide
anions, do Sy2 reaction at benzyl R-Br.
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Using 70% acetic acid deprotects one ketal. Later the
other ketal is deprotected in 85% acetic acid.
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Anion forms at carbon between the two sulfer atoms
(inductive and/or resonance) and undergoes conjugate
addition at the beta carbon to the nitro group. Dithiane
gives a lower yield (the normal "sulfur” group used).
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Deprotection of ketal to release alcohol and aldehyde.
Stronger acid needed than first ketal removal.
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"Aldol-like" reaction between C6 and C1.

SPh

o o
pyridine and DMAP
(4-dimethylaminopyridine)
100% o

Protects free alcohol groups as acetate ester groups.
DMAP catalyzes the acyl substitution reaction.
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Deprotects acetates and selectively reprotects the
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Protection of free OH as MOM group (methoxymethyl
acetal). P,Os acts as a Lewis acid catalyst. Similar to
step 26.
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Sulfur nucleophile brominates with electrophilic NBS,
and becomes a leaving group, and is replaced by water
at the C,, position. After the other sulfur repeats C,,
becomes a carbonyl group (aldehyde).
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1. potasium t-butoxide
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3. Zn, HOAc

"Enolate-like" anion generated using RO®
is ozonized and reduced with zinc to ketone
(McMurry's transformation).
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using "palladium hydride"-like Sy2 reaction.
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Reprotect vicinal diol as ketal (transketalization).
Similar to steps 1 and 15.
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LDA (lithium diisopropylamide)
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Carbanion nucleophile made (inductive effects of
the chlorine atoms), and it reacts with the C=0
electrophile.
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by intramolecular Sy2 to form epoxide.

Hydrogenolysis of benzyl groups (deprotection), possibly
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Trimethylsilylcyanide (TMSCN) makes the cyanohydrin
with 56% desired epimer (stereochemistry). The other
17% epimer could be epimerized to 12% more of the
desired stereoisomer. TMSCN likely acts as a Lewis acid
with the C=0 group, releasing cyanide, which attacks the
C=0. The TMS part is lost in the workup.
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Same as step 16.

P,05 / CH,Cl,

N

v

O,
0o OTBDPS

(i-Bu),Al-H

DIBAH (diisobutylaluminium hydride) reduces
the nitrile and workup makes aldehyde from iming
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Oxidizes aldehyde to carboxylic acid.
Deprotects one OH at a MOM acetal to make a
lactone(lactone = cyclic ester).
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10% Pd-C Catalytic hydrogenation of
H, / EtOH azide to primary amine.
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Deprotection of silyl ether (fluoride Sy, attack at sulfur)
releases protected oxygen using strong Si-F bond
energy as the driving force.
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Nitrogen substitutes for sulfur to make guinidine
derivative. Doubly N-BOC protected nitrogen atoms.
Hg*? acts as Lewis acid for sulfur to make a better
electrophile.
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CrO; / pyridine (PCC) - no water
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50% (3 steps)
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Aqueous acid solutions deprotect ketals and MOM
acetals and liberated alcohols react with lactone. The
aldehyde makes an aminal with the guanidinium group
and one of the OH groups.

NH,

4% HOAc / H,0

Equilibrates the aminal to an
aminol in a 20% / 80% ration.

80%

Tetradotoxin is the extremely poisonous puffer
fish toxin. The overall yield of 34 steps in this
synthesis is 0.38 %. That's an average yield of
about 85% per step overall.




