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ABSTRACT
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A short, highly convergent total synthesis of racemic isostrychnine, and thus strychnine, has been completed. The route involves 14 steps
in the longest linear sequence and is highlighted by a cobalt-mediated [2 + 2 + 2]cycloaddition of an alkynylindole nucleus to acetylene.

Strychnine 1), the most famous of th8trychnosalkaloids framework of only 24 atoms, has resulted in the continued
and a commonly used rat poison, has long held the appeal of the alkaloid as a target on which to demonstrate
fascination of organic chemists. The elucidation of the the utility of novel synthetic methods.

structure of this heptacycle took more than a century, and
its construction by R. B. Woodward, first reported in 1954,
remains a landmark in organic synthes&ince then, several
syntheses ot ? including those of both enantiomettave
been achieved. Indeed, the inherent complexity of strychnine,
with its seven rings and six stereocenters displayed across a
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wide variety of functionalities which participate in this
reaction include a number of aromatic heterocyclic double
bonds, such as those of pyrréfejmidazole® furan,
thiophené®® and benzofuraf More pertinently, the indole
nucleus is also active in these cyclizations, providing an
efficient entry into polycyclic, alkaloid-like structures, and
suggesting its use in a cobalt-mediated approach. tAs
shown in Figure 1, indoles, including those substituted at
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Figure 1. Some cobalt-mediated [2 2 + 2]cyclizations of the
indole nucleus.

C-3, can be cyclized, both intra- and intermolecularly, with
a wide variety of alkynes to yield functionalized products
in moderate to good yields.

Our strategy begins with tryptamine, which is converted
into the tetracyclic core of strychnine as shown in Scheme
1. The commercial starting material was first acylated at its
primary amino group with acetic anhydritend then at the
indole nitrogen with the enynoyl chlorid2 under phase-
transfer conditions, witlin situ deprotection of the alkyne,
to afford the N-protected enynoylindo&®

The production o8B set the stage for a partly intramolecular
[2 + 2 + 2]cycloadditon which would construct the carbazole

Scheme 1
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core of 1. Thus, in THF solution,3 was converted to
tetracyclic lactam4 in the presence of CpCofH,),'° and
acetylene ga¥. The reaction proceeded with complete
selectivity, producingd in 47% vyield as a single diastere-
omert?

Synthesis of acid chlorid2 began with propiolic acid and
is outlined in Scheme 2. The acid was selectively iodingted
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to the cis isomer and then esterified with the methoxy-
ethoxymethyl group to afforé. Protection of the carboxy
function proved to be necessary for the success of the
subsequent Sonogashira-type couplingbafith trimethy-
silylacetylene. Acidic hydrolysis of the resulting est@r
afforded the acid? which, on reaction with oxalyl chloride,
was converted to acid chlorid2 This five-step sequence
proceeds in 42% overall yield to afford multigram quantities
of 2.

The synthesis of strychnine continued with the organo-
metallic intermediatd as shown in Scheme 3. The exocyclic
nitrogen was deprotected with KOH in boiling methanol
water, highlighting the use of the CpCo diene moiety as a
protecting group. Closure of the pyrrolidine ring occurred

(5) Saa, C.; Crotts, D. D.; Hsu, G.; Vollhardt, K. P. Synlett1994,
487 and references therein.
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(11) Critical to the success of this reaction is the addition rate of the
cobalt reagent, the initial concentration ®{0.05 M), the temperature (0
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upon oxidative demetalation af with iron(lll) to afford
pentacycle8 in a formal [1,8]-conjugate addition of the amine
function to the unsaturated lactamsystem. Alkylation of
the amine nitrogen withZ)-1-bromo-4-[(tert-butyldimeth-
ylsilyl)oxy]-2-iodobut-2-ené&? followed by base-catalyzed
isomerization of the diene unit into conjugation with the
amide carbonyl, afforded vinyl iodid@.

The vinyl iodide functionality in9 presents a number of
opportunities for the formation of the desired piperidine ring,
including, metat-iodide exchange/conjugate additi®rRd-
mediated Heck/anion capture sequenfesnd radical-

and AIBN generated the desired hexacyclic silyl eth@y
previously reported by Rawal in his synthesislgi as a
1:1 mixture with itsZ-isomer11 in 71% overall yield.
Apparently arising from the extremely facile isomerization
of the intermediate vinyl radical before the desireéx®-
trig ring-closurel’ the 1:1 ratio ofE/Z isomers could not be
further optimized® However, the two isomers were separated
without difficulty by column chromatography. An alternative,
two-step cyclization procedure involved an intramolecular
Heck reaction o to form, following S-elimination of the
C-8 hydrogen and aromatization, the pyridoh22¢ This
compound could be selectively reduced by LiAlid furnish
108

As in Rawal’'s synthesis, deprotection of the silyl ether
under acidic conditions provided isostrychnid&)(in almost
quantitative yield. Identical bjH and**C NMR, TLC, and
mp with the natural compound, the alcohol can be converted
to 1 by the well-known base-mediated isomerization of
Prelog et aP®

In conclusion, we have completed the shortest reported
synthesis of the complicated strychnine framework to date.
This synthesis serves to demonstrate the continued utility of
the cobalt-mediated [2- 2 + 2]cycloaddition reaction in
the construction of complex natural products.
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