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ON THE FORMATION OF THE l-AZA-[3.1.1]-BICYCLOHEPTANE RING SYSTEM 

J.A. Christensen +*, M. Engelstoft+, K. Schaumburg', H. Schou+ and F. WB.tjen+ 

+Research and Development Dept., Ferrosan A/S, 5, Sydmarken, DK-2860 Soborg, 

Denmark. ODept. Chemical Physics, The H. C. Orsted Institute, 5, Universitets- 

parken, DK-2100 Copenhagen 13, Denmark. 

Summary: The previously unpublished bicyclic system 1-aza-[3.1.11-bicycloheptane has been shown 

to exist as an unexpected intermediate in the synthesis of Femoxetine, a CNS active drug.' 

Femoxetine (4) is a new potent antidepressant drug developed in our laboratory+ during the 

last decade.' The synthesis of 4 is outlined in scheme 1. 

4 exsists in four different stereo- 

isomeric forms, where the (+)trans iso- 

mer is the active isomer. (+)trans re- 

fers to the configuration (3R*,4S*), @ 0 

and the term (i)cis is used to denote OH OH GI CIS 

configuration (3R*,4R*). 
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In a preparation 172.4 mole (?)I 
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was dissolved in 175 d toluene. 1 kg 

Raney nickel was added and the mix- 1 o-sop 

ture hydrogenated overnight to yield ? ? 

2 as a mixture of 85% (+)cis and 15% 85% (Sltrans pa HOOOC& 
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15% iS)cis NaOH 
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(+)trans isomer as determined by HPLC. 

The Raney nickel was removed and 
CH, 

to the stirred solution 228.6 mole 

(C2H5)3N was added followed by 230 

mole benzenesulphonyl chloride added 

at such a rate that the temperature 

4 3 

Scheme 1 

was kept below 30°C. Both isomers of 2 are transformed with benzenesulphonyl chloride into the 

sulphoesters 3 with retained stereochemistry. 

The mixture was left overnight, washed with 40 r of water whereafter 175 14-methylpentanol-2, 

22 e NaOH 50% and 254 moles of p-methoxy-phenol were added. This mixture was refluxed for 4 hours, 

subsequently cooled to 25'C and treated with water (100 II + 50 g t 30 e). The aqueous layers were 

discarded and the organic phase containing 4 was isolated. 
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Analysis of -I by HPLC showed the composition to be 15;: (?)cis and 85'; (z)trans. It is there- 

fore evident that the conversion of 3 to 4 does not proceed via the expected SN2 mechanism. 

If pure (?)trans sulphoester(3) is used as'the starting material in the step 3 - 4 pure 

(t)trans Femoxetine (4) is the product, indicating in this case a clean S 2 
N 

reaction. This 

leads US to proposethat the (5)cis isomer of 3 under the conditions describedreacts via the inter- 

mediate 1-azonia-1-methyl-4-phenyl-[3.l.llbicycloheptane cation (5) shown in scheme 2. 

In order to substantiate the proposal a sample of 13 C labelled (?)cis sulphoester 3 was prepared2 

(scheme 3) and the step 3 + 4 was carried out as above. The enrichment in 3 was 3? determined 
1? 

by "C NMR in 1 and 2. 

After the completion of the reaction 

and isolation of 4 the enrichment in 4 is 

found exclusively in the C(2) position of 

the piperidine ring. Care was taken to en- 

sure accurate measurements of signal in- 

tensities by inserting an appropriate delay 

between successive accumulations. 394 

The cis-trans ratio observed in the 

reaction 3 + 4 can be envisaged as a ste- 

ric effect in the bicyclic intermediate. 

The attack will occur from the less crowd- 

ed side, opposite to the phenyl group lead- 

ing to a trans configuration in 4. 

A few similar observations have been 

published for the azetidine structure 596 , 
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but only for cases where the azetidinium salts have been part of 

larger condensed ring systems like tropane6 and lupinine5. We find the 

observation in the present work of the highly strained bicyclic azeti- 

dine ring surprising since it is formed in presence of a strong nucleo- 

philic agent which normally favours the SN2 reaction pathway. 
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