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     9-Azabicyclo [4.2.1] nonane skeleton was formed in one step 

by Lewis acid promoted reaction between 1-methoxycarbonyl-2,5-

dimethoxypyrrolidine and 1-ethoxy-1-trimethylsiloxy-1,4-

pentadiene, and it was converted to (±)-anatoxin a.

     Anatoxin a (1), a potent postsynaptic depolarizing neuromuscular toxin 

produced by certain strains of Anabaena flos-aquae,2) has been an interesting 

target for organic synthesis, since it has significant biological activities and 

also it is the only naturally occuring alkaloid containing a 9-azabicyclo [4.2.1]-

nonane (9-ABN) skeleton. Although some successful methods for the synthesis of 

racemic3) and optically active4) 1 have been reported in recent years, all of them 

require multiple steps for the formation of 9-ABN skeleton. We wish to report 

herein a new method of formation of the 9-ABN skeleton and its application to

synthesis of (±)-1. Scheme 1 shows our strategy of synthesis of (±)-1, in which

the annelation reaction between a dication 2 and a dianion 3 forms the 9-ABN

skeleton 4.

Scheme 1.

We have expected that 1-methoxycarbonyl-2,5-dimethoxypyrrolidine (5) would be
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an appropriate precursor of 2, since we have already found that treatment of 5 

with TiCl4 forms an active species equivalent to 2 and it can be trapped with 

allyltrimethylsilane to form an 8-azabicyclo [3.2.1] octane skeleton.5) It has also 

been presumed that 1-ethoxy-1-trimethylsiloxy-1,4-pentadiene (6)6) could play as 

an equivalent of 3 owing to the well-known nucleophilic character of C-C double 

bonds of 6 toward acyliminium ions.5,8) In fact, the annelation reaction of 5 

with 6 catalyzed by TiCl4 has successfully proceeded to give 79) in 60% yield

(Eq. 1).

(1)

      In order to elucidate the mechanism of this one step annelation yielding 

the desired 9-ABN skeleton, a stepwise preparation of 7 was also investigated 

(Eq. 2). Namely, the reaction of 6 with 1-methoxycarbonyl-2-methoxypyrrolidine 

(9)10) prepared by the anodic methoxylation of 8 (80%) gave 1011) in almost 100% 

yield. Subsequent anodic methoxylation of 10 (74%) followed by treatment of 

the a-methoxylated product 1112) with TiCl4 gave 7 in 70% yield. This result 

suggests that the annelation of 5 with 6 proceeds with stepwise mechanism 

involving intermediary formation of 12 which is the same intermediate formed in 

the step of conversion of 11 to 7.

(2)
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The reasonably easy conversion of 7 to (±)-1 seems to make our annelation

method more valuable. Thus, the hydrogenolysis of 7 using Ra-Ni catalyst under

basic conditions gave dechlorinated product 1313) (95%). The hydrolysis of

the product to a carboxylic acid 1414) (=100%) and subsequent treatment of 14

with excess methyl lithium followed by hydrolysis afforded 1515) (40%) (Eq. 3).

The conversion of 15 to (±)-1 has already been reported.4c)

(3)
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