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Summary: Strychnine has been synthesized by a short, 
highly stereocontrolled route that involves the efficient 
transformation of commercially available 2-nitrophen- 
ylacetonitrile into isostrychnine, a known precursor to 
strychnine. 

It was with words of awe and excitement that R. B. 
Woodward described “Strychnine!” (11, a heptacyclic 
alkaloid that has fascinated organic chemists for centuries.l 
Well over 100 man years of effort, related through several 
hundred publications, was required to secure the correct 
structure of this natural p r o d ~ c t . ~ ~ ~  Soon after this 
achievement, in 1954 Woodward reported a brilliant 
synthesis of strychnine. Remarkably, it took nearly 40 
years to repeat this feat, despite considerable effort from 
many groups. Over the past 2 years, however, several 
groups have reported solutions to ~trychnine.~ We report 
here a simple solution to the structural challenge posed 
by strychnine 

1: strychnine 

The present synthesis highlights the strategy that we 
have developed for the synthesis of the pentacyclic 
strychnan ~kele ton .~  Thus, commercially available o- 
nitrophenylacetonitrile was transformed into pyrroline 3, 
having an aniline unit a t  the 3-position. This five-step 
sequence proceeded in high overall yield and, more 
importantly, could be performed on a large scale, so that 
up to 25 g of 3 could be prepared with ease. 

t Dedicated with affection and respect to Professor Michael P. Cava, 
whose original work with Woodward provided the inspiration for this 
project. 
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Pyrroline 3 was converted into strychnine as described 
in Scheme 1. In the presence of an excess of unsaturated 
aldehyde 4,6 pyrroline 3 was transformed quantitatively 
into the expected imine.8 Upon quenching the reaction 
mixture with excess methyl chloroformate and diethyl- 
aniline, the desired diene-carbamate 5 was obtained in 
high yield. Diene 5 underwent a smooth intramolecular 
cycloaddition upon heating in benzene in a sealed tube at  
185-200 “C. The reaction gave in quantitative yield and 
with complete stereocontrol the desired tetracycle 6, with 
three of strychnine’s stereocenters correctly set. The ester 
and the two carbamates could then all be demethylated 
at  once by heating 6 with an excess of iodotrimethylsilane. 
Upon quenching the reaction mixture with methanol, to 
hydrolyze the presumed intermediate trimethylsilyl car- 
boxylates, pentacyclic lactam 7 was obtained in good yield. 
The efficiency of this transformation is remarkable since 
formally seven different reactions are taking place. 

In preparation for the bridged ring, the secondary amine 
7 was alkylated by treating it with allylic bromide in 
acetone-DMF (5:l) in the presence of K2C03. The 
resulting vinyl iodide 9 was now set for the pivotal C-C 
bond-forming reaction. Under the Jeffrey modification 
of the Heck reaction conditions, 9 was smoothly trans- 
formed into a hexacyclic strychnan in 74% yield.lO 
Removal of the silyl protecting group under acidic condi- 
tions afforded isostrychnine (10) in quantitative yield.” 
The final step, a base-mediated isomerization of iso- 
strychnine to strychnine, was carried out as described by 
Prelog et al. during the course of structure elucidation 
work.I2 

The strychnine synthesis described here is noteworthy 
for the quickness with which the framework is assembled, 
the total control of all stereocenters, and the high overall 
yield of all new steps. 
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0 Key: (a) RCHO (4) neat, rt; then CICOzMe, PhNEtz; (b) PhH, 185 "C, 4 h, (c) TMS-I (10 equiv), CHC13, reflux, 5 h; MeOH quench, A, 
6 h; (d) 8, acetone-DMF (51), KzC03; (e) Pd(0Ac)z (0.3 equiv), BUNCl, DMF, KzCO3, 70 "C, 3 h; (0 2 N HCl, THF. 

Supplementary Material Available: Experimental pro- 
cedures and copies of NMR spectra (16 pages). This material 
is contained in libraries on microfiche, immediately follows this 
article in the microfilmversion of the journal, and can be ordered 
from the ACS; see any current masthead page for ordering 
information. 
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