Total Synthesis of (—)-Histrionicotoxin
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A total synthesis of (—)-histrionicotoxin was achieved. Our synthesis features preparation of a pseudosymmetrical dienyne through chirality
transfer from an allenylsilane, a dienyne metathesis to produce the bicyclo [5.4.0] system in optically active form, selective functionalization of a
diene via a 5-exo-trig iodoetherification, and an asymmetric propargylation.

Histrionicotoxin (1) was isolated from the poison frog
Dendrobates histrionicus, and its structure was character-
ized in 1971 by Daly and co-workers.! This small spiro-
cyclic alkaloid is a noncompetitive inhibitor of the acety-
Icholine receptor, which results in neural toxicity.” The struc-
ture of histrionicotoxin (1), consisting of a 1-[5.5]undecane
skeleton, two enyne side chains, and a secondary hydroxy
group, poses multiple synthetic challenges. Histrionicotoxin
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has received considerable attention from the synthetic
community, and a number of synthetic studies have been
published to date.** Herein, we report an efficient total
synthesis of (—)-histrionicotoxin (1), featuring the use of
an optically active bicyclic intermediate 12.

Our retrosynthesis is shown in Scheme 1. The two enyne
side chains in 1 would be introduced by elongation of the
aldehyde moieties in intermediate 2, which would in turn
be derived from bicyclo [5.4.0] system 3 via oxidative
cleavage of the double bond. The nitrogen atom and the
secondary hydroxy group in 3 would be introduced from
precursor 4 via Curtius or Hofmann rearrangement of a
carboxylic acid and hydroboration of a double bond,
respectively. Construction of the bicyclo [5.4.0] system
would be achieved by a dienyne metathesis’® of
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intermediate 5. The terminal and internal double bonds in
5 could be differentiated by a metathesis catalyst to enable
preparation of 4 in optically active form. Asymmetric
synthesis of dienyne 5 containing a pseudosymmetric
quaternary carbon posed a considerable challenge. We
envisioned the preparation of this intermediate by means
of chirality transfer from allenylsilane 6.°

Scheme 1. Retrosynthesis
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Our synthesis commenced with preparation of the opti-
cally active allenylsilane 6 (Scheme 2). After silylation of
the known alcohol 7,7 treatment of the resulting trimethyl-
silyl ether with -BuLi induced a retro-Brook rearrange-
ment to afford alcohol 8. Swern oxidation of 8 followed by
asymmetric reduction of the resulting ketone under Noyori
transfer hydrogenation conditions’ afforded the optically
active alcohol (—)-8 in 85% yield and in 99% ee.'® Alcohol
(—)-8 was then converted to the corresponding mesylate,
which, upon exposure to Lipshutz reagent 9,'! underwent
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Scheme 2. Construction of the Quaternary Stereocenter
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Sn2' reaction to furnish axially chiral allenylsilane 6 in
optically active form.'>!3

Having achieved the asymmetric synthesis of allenylsi-
lane 6, we next focused on hydroxymethylation of the all-
enylsilane through chirality transfer. While the synthesis of
homopropargyl alcohols by addition of allenylsilanes to alde-
hydes was established by Danheiser and co-workers, only a
few examples of 3,3-disubstituted allenylsilanes as substrates
have been reported.® In addition, these reactions were ob-
served to be accompanied by the formation of dihydro-
furans.'* After screening a variety of conditions, we found
that treatment of 6 with TiCl, - 2THF and paraformaldehyde
in CH,Cl, at 0 °C afforded homopropargyl alcohol 10 in
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52% yield."> To our surprise, the product retained the
TMS group. Therefore, the reaction seemed to proceed via
a carbonyl-ene-type mechanism.'® Desilylation of 10 with
TBAF followed by acetylation afforded dienyne 11.

With the requisite dienyne 11 in hand, we turned to the
key dienyne metathesis. It was expected that the dienyne
metathesis would be initiated by coordination of a catalyst
to the less substituted double bond'” to afford the product
in high enantiopurity. However, to the best of our knowl-
edge, there has been no report of dienyne metathesis of
optically active, pseudosymmetrical substrates such as 11.
We were gratified to find that heating 11 with a catalytic
amount of the first-generation Grubbs catalyst'® in 1,2-
dichloroethane afforded 12 in 97% yield and in 91% ee
(Scheme 3). It should be noted that the use of the second-
generation Grubbs catalyst' or Hoveyda—Grubbs
catalyst®® provided the product in lower optical purities of
56% ee or 54% ee.”!

Scheme 3. Construction of the Bicyclo [5.4.0] System
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The next task was to selectively functionalize the two
double bonds in 12 (Scheme 4). Methanolysis of acetate 12,
followed by treatment of the resulting alcohol with NIS in
the presence of a weak acid, afforded iodoether 13 via a 5-
exo-trig cyclization. Subsequent hydroboration of 13 pro-
ceeded regio- and stereoselectively to give 14 as a single
isomer. After protection of the secondary hydroxy group as
a MOM ether,” Zn-mediated reductive cleavage of the iodo-
ether moiety produced 15. Sequential oxidation® of the
primary alcohol to the carboxylic acid and subsequent Cur-
tius rearrangement furnished Boc amide 16. Ozonolysis of 16
cleaved the remaining double bond to afford dialdehyde 17.
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Scheme 4. Selective Functionalization of the Double Bonds
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The resultant dialdehyde was subjected to asymmetric
propargylation. After evaluation of several reaction con-

Scheme 5. Completion of the Synthesis
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ditions,** we found that the method developed by Corey
and co-workers® provided optimal results. Thus, upon
treatment of 17 with chiral allenylborane 18, propargyla-
tion occurred preferentially at the less hindered aldehyde to
furnish a 5:1 diastereomeric mixture of homopropargyl
alcohols 191n 95% yield (Scheme 5). The product was then
reacted with the Ohira—Bestmann reagent*® in the pre-
sence of Cs,COj to afford diyne 20.

To complete the total synthesis, the remaining transfor-
mations were elongation of the side chains and construc-
tion of the 1-azaspiro[5.5]undecane skeleton. lodination of
the terminal triple bonds of 20 using I, and KOH, followed
by diimide reduction, gave diene 21. After mesylation of
the secondary hydroxy group, both the Boc and the MOM
groups were removed by treatment with BF;-OEt, to
give 22. Upon heating at 70 °C with triethylamine in 1,2-
dichloroethane, amino-alcohol 22 underwent an intramo-
lecular SN2 reaction with inversion of the configuration to
furnish 23. Separation of the diastereomers by preparative
TLC was performed at this stage. Finally, Sonogashira
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coupling with trimethylsilylacetylene and subsequent de-
silylation afforded (—)-histrionicotoxin (1). The spectral
and physical data, including '"H and '*C NMR, IR,
HRMS, and [a]p, were in accord with the reported data.

In conclusion, we have achieved an efficient total synthe-
sis of (—)-histrionicotoxin (1). Key features of our synth-
esis include preparation of pseudosymmetrical dienyne 11
through chirality transfer from an allenylsilane, a dienyne
metathesis to produce the bicyclo [5.4.0] system in optically
active form, selective functionalization of the diene via a
5-exo-trig iodoetherification, and an asymmetric propar-
gylation.
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