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AbstractbxAn improved method for the synthesis of 4-azatricyclo 
[5.2.2.0 ’ Jundecan-11-one (1) is reported. The synthesis in- 
volves hydrogenolysis of 8-hydroxyethyl-2-azabicyclo[3.3.l]nonan- 
7-one 3 followed by intramolecular alkylation of the result- 
ing secondary amine 7. The required azabicyclic alcohol 3 was 
obtained by oxidative cyclization with mercuric acetate of the 
a-alkylated methyl 4-piperidineacetoacetate 5. 

The 2-azabicyclo[3.3.l]nonane (morphan) skeleton is found in many biologically ac- 

tive natural products, including st~y~hos alkaloids as well as nonindole-containing 

alkaloids such as morphine. For this reason, functionalized 2-azabicyclo[3.3.1] 

nonanes have attracted our attention as versatile intermediates for the synthesis 

of more complex structures, such as pentacyclic S.taychno6 alkaloids' and heteroaro- 

matic analogues of 6,7-benzomorphans. 
3 

A variety of synthetic routes for constructing the 2-azabicyclo[3.3.l]nonane 

skeleton have been exploited so far. 4.5 In this context, we have recently developed 

the oxidative cyclization of 4-piperidineacetoacetates, which we have successfully 

applied to the synthesis of several 2-azabicyclo[3.3.l]nonan-7-ones.' 

At present, in order to further elaborate the pentacyclic framework of S.t~~y~hno~ 

indole alkaloids by a methodology that implies the construction of the indolenine 

ring in the last synthetic step, we focus our attention to the synthesis of the 4- 

azatricyclo[5.2.2.04'8~und;c;n-ll-one system 1, starting from appropriate 2-azabi- 

cyclo[3.3.l]nonan-7-ones. ’ In a previous paper' we have reported the synthesis of 

tricyclic ketone 1 by closure of the five membered ring in the key step on treatment 

of the N-(2-hydroxyethyl)morphan 2 with mesyl chloride and further base-catalyzed 

cyclization. We describe here a new and shorter synthetic sequence to this ketone 1 

based on the intramolecular N-alkylation of an appropriately 8-substituted 2-azabi- 

cyclo[3.3.lJnonan-7-one 3. 
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According to our synthetic plan, the required azabicyclo 3, having a functio- 

nalized two-carbon substituent at C-8, would be prepared by our reported procedu- 

re' for the synthesis of 2-azabicyclo[3.3.l]nonan-7-ones, consisting in the mer- 

curic acetate cyclization of 4-piperidineacetoacetates. However. it is worth com- 

menting that in this case the nucleophile is a methine carbon, which 

a newness in this type of processes. 8 
Scheme 2 outlines the two-step 

quence that we have successfully developed for the synthesis of 3. 
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Thus, the requisite a-substituted 6-keto ester 5 was obtained in 63% yield by 

alkylation of 4 with E-bromoethyl acetate in the presence of sodium iodide. by using 

sodium hydride as a base in refluxing dimethoxyethane. 
11,12 

Compound 5, which gave 

negative the ferric chloride test, has the carbonyl form as preponderant as acyclic 

6-keto esters normally do. Mercuric acetate cyclization of piperidineacetoacetate 5 

was effected in aqueous solution at reflux temperature. After removal the excess of 

the oxidizing reagent with hydrogen sulfide, the resulting cyclized 6-keto ester, 

which was not isolated, was heated in the presence of diluted hydrochloric acid in 

order to induce hydrolysis of the two ester groups and decarboxylation of the resul- 

ting 6-keto acid. Purification of the crude reaction mixture afforded the expected 

azabicyclic alcohol 3 in 20% yield. 

Azabicyclo 3 was isolated as an epimeric mixture, from which the major exe 

isomer was separated in a pure form. The assignment of the relative stereochemis- 

try of the two diastereomers was made on the basis of their spectroscopic data. In 

the l3 C-NMR spectrum of ~~0-3, as compared with that of benzylmorphan 6 (see Table 

1). the shielding of C-6 and C-9 by a y-effect and the deshielding of C-l and C-8 

can be observed. This comparison led to the conclusion that the 2-hydroxyethyl chain 

located at C-8 is axial. The l3 C-NMR data of the minor epimer eNdo- not only in- 

dicated that C-8 had the opposite relative configuration than the exe isomer but 

also a conformational change on the nitrogen atom. In this case, the N-benzyl group 

is axially oriented to relieve the steric crowding with the equatorial side chain 

at C-8. Accordingly, a shielding effect on C-9 and C-4 was observed as well as a 

strong deshielding effect on C-8. The latter can be explained by the disappearance 

of the y-gauche effect exerted by the N-benzyl group when it was in equatorial dis- 

position 

I 

Scheme 3 
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Table 1. 13C-NPIR Data of 2-Azabicyclo[3.3.l]nonan-7-ones 

1-c 

3-c 

4-c 

5-c 

6-C 

7-c 

8-C 

9-c 

CH2Ar 

CH2 
CH20H 

P-c 

m-C 

o-c 

ip40-c 

58.9 58.9 

44.8 41.3 

30.9 26.1 

28.9 29.7 

44.9 47.1 

215.3 212.8 

44.4 53.9 

28.9 27.8 

59.3 57.7 

34.8 30.8 

60.3 60.8 

127.3 127.0 

128.4 128.3 

128.7 128.9 

138.8 138.8 

53.9 

44.7 

31.1 

28.7 

47.1 

211.5 

40.1 

33.0 

59.5 

__ 
__ 

126.9 

128.2 

128.6 

138.8 

a. These assignments have been effected on the basis of the two-dimensional 
proton-carbon chemical shift correlation: J. Bosch, N. Casamitjana, J. 
Bonjoch, and M. Rubiralta. An. p&n. 1987, 83C, 000. 

The next synthetic step was the debenzylation of benzylmorphan 3 by hydrogeno- 

lysis in acidic medium. This reaction was carried out from a mixture of the two 

epimers, in which the isomer ~0-3 predominated. This fact did not constitute a 

serious trouble 13 since carbon 8, in a-position with respect to the carbonyl group, 

is epimerizable. Once debenzylation was done, an epimeric mixture of the secondary 

B-amino ketone 7,14 in which the most stable endo isomer was preponderant. was ob- 

tained. This isomer has the C-8 substituent in equatorial disposition and, hence, 

IS suitable for cyclization. In the 'H-NMR spectrum of 7 a one-proton signal at 

63.4 attributable to the 1-H methine proton of endo-7, can be observed. The strong 

Scheme 4 
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2.60 (dd, ~=16.5 and 6.5 Hz, lH, 6-Ha), 2.64 (qd,J =13.5, 6.5 and 1.8 Hz, 1H. 3-He), 
2.96 (t, ~~8.5 HZ. lH, 8-He), 2.98 (br s, lti. l-He), 3.60 and 3.66 (2d. J=l4 Hz, 1H 
each, ArCH ), 3.6 (m, ZH, OCH ), 7.1-7.4 (m, 5H. 
274 (3),27?3 (M+, 12). 172 (7&)), 

ArH); MS, m/e (relative intensity): 
149 (22), 91 (loo), 65 (15), 55 (15). 41 (12). 

(Found: C, 74.88; H, 8.60; N, 5.17. Calcd. for C,7H23N02: C, 74.70; H, 8.42; N. 5.12). 

4-AzaizicycLo[5.Z.Z.04'8] undecan-II-one(l). A suspension of azabicyclic alcohol 
3 as amixture of the two epimers (680 mg, 2.49 mmol) and 10% palladium on charcoal 
(204 mg) in methanol (10 ml) was acidified with methanolic 5 N hydrogen chloride 
and hydrogenated at room temperature and atmospheric pressure until total disappear- 
ance of the starting compound was observed by TLC. The catalyst was filtered off 
and the filtrate was evaporated to give 7.hydrochloride. The unstable free base was 
obtained after the hydrochloride was treated with aqueous 10% sodium c,arbonate and 
the resulting aqueous solution was extracted with methylene chloride; H-NMR: 1.25- 
2.25 (m, 6H). 2.25-2.80 (m. 6H), 3.44 (m, lH, l-He), 3.56-3.74 (m, 2H, OCH ). A sol- 
ution of 7.hydrochloride (526 mg. 2.4 mmol) in 33% hydrogen bromide in ace?ic acid 
(6 ml) was stirred at room temperature for 2 h 30 min. The solution was basified 
with aaueous sodium carbonate solution. stirred at room temperature for 10 min, and 
extracted with chloroform. Evaporation-of the dried extract'furnished an oil which 
was chromatographed (AlgOa, 3:2 hexane-chloroform) to afford azafricyclo 1 (165 mg. 
40%) identical in all r s ects with that previously synthesized. 
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