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Abstract: The synthesis of 6-benzyloxycarbonyi-1-oxa-6-azaspiro{4.5 Jdecane-2-one 7a and 6-benzyloxycarbonyl-1,6-
diazaspirof4.5 Jdecane-2-one 7b from (D.L)-pipecolinic acid is described. The exiremely clean decarbonylation of the -
substituted amino acid 9d promoted by diphenylphosphorazidate (DPPA} is the key step of our strategy. The iotal synthesis
of (+)-8-coniceine (16) from the enamine ester 10a has been successfilly achieved.

Synthetic efforts leading to azaspiro[4.5]decane and azaspiro[S.5Jundecane systems are well known!.
Among them, the diazaf4.5]spirolactams came very recently into the literature because some representatives of
this kind of compounds seem to mimic certain secundary structural features of biologically active peptides,
namely, the type-11B and type-II"B turns? (1 and 2, Fig. 1). Furthermore, the [4.5]spirolactam and the
[4.5]spirolactone moieties are present in some naturally occurring piperidine alkaloids. (+)-Pandamarine (3) and
(-)-pandamarilactone (4) have been isolated from the leaves of Pandanus amaryliifolius (Pandanaceae) stem
from the Philippines3. According to ethnomedical information the leaves and the seeds of this Pandanus species
induce interesting biological activities?. The structure of (+)-pandamarine has been confirmed by X-Ray
diffraction and a biosynthetic pathway has been suggested to explain the formation of the racemate based on the
cyclization of a symmetrical intermediateS.
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We now wish to report an easy route to the l-oxo-6-azaspiro[4.5]decane-2-one and 1,6-
diazaspiro[4.5]decane-2-one systems based on the clean decarbonylation of the (D,L)-pipecolinic acid derivative
9d promoted by diphenylphosphorazidate (DPPA).

Qur approach, retrosynthetically depicted in Fig 2, is based on the classical oxidative olefin cyclization of
y,8-unsaturated acid derivatives. The cyclic enamines 6, substrates for the cyclization process, were envisaged to

be easily accessible from N-Cbz-(D,L)-pipecolinic acid 5:
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1t has been established that the a-aminoacid derivatives with a tertiary nitrogen atom are capable of
undergoing decarbonylation. However, in order to promote the fragmentation reaction the carboxylic moiety of
the a-aminoacid derivative needs to be activated (acid chlorides, azides and acylisoureas, etc, are frequently
used)®. We have made use of the diphenylphosphorazidate (DPPA) to activate the carboxylic moiety of 9d
(Scheme 1) to promote the fragmentation 7.
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Scheme 1

The c-allyl derivative 8 was obtained from (D, L)-pipecolinic acid § as the result of a three-step sequence
with 40% overall yield, according to a procedure reported by Johnson?.

Hydroboration of the terminal double bond followed by treatment with alkaline hydroperoxide lead to the
primary alcohol 9a (74%) which was further oxidized with PDC in dimethyl formamide to yield the carboxylic
acid 9b (91 %). Treatment of 9b with an ethereal diazomethane solution lead quantitatively to the methy] ester 9c.

Removal of the tert-butyl ester in 9¢ by treatment with trifiuoroacetic acid at room temperature gave the acid
9d m.p. 104-106°C (hexane) which, by treatment with diphenylphosphorazidate and triethylamine in toluene at
90°C uaderwent clean decarbonylation to afford the enamine methylester 102 with 84% yieldS.

Mechanistically, the reaction takes place in two steps, the first of which is phosphate formation. A balanced
equation requires the formation of the triethylamine salt of hydrazoic acid in addition to the phosphate®. Then, the
decarbonylation takes place (bubbles). Our assumption is that the formation of the enamine 10a is accomplished
through the intermediate immonium salt 11 (Scheme 2) which, finally collapses to the enamine by proton
abstraction. The active conformation of the substrate 9d may have the carboxy group in axial orientation in order
to account for the stereoelectronic factor in the fragmentation reaction, which, generally corresponds to the
requirements of a synchronous displacement of electron densities from the electron cloud of the free electron pair
of the nitrogen to the carbonyl-leaving group!0.



The methyl ester 10a was hydrolyzed by treatment with methanolic 10N NaOH soln. to the carboxylic acid
10b. Transformation of 10b into the amide 10¢, m.p. 64°C (hexane) was succesfully achieved by treatment of the
acid with DCC and N-hydroxysuccinimide followed by treatment with an aqueous ammonia solution (52%)!1.

The oxidative cyclization of the y,5-unsaturated acid 10b by treatment with NIS and sodium bicarbonate in
dichloromethane at 0°C lead to the iodolactone 13a (75%)12 which proved to be unstable under flash
chromatographic conditions. An analytical sample was obtained to confirm the structure of the bicyclic
iodolactone, and the crude product was inmediately reduced by treatment with tri-n-butyltin hydride and AIBN in
THF at 40°C to give 6-benzyloxycarbonyl- 1-oxo-6-azaspiro|4.5]decane-2-one 7a (72%) m.p. 84-86°C (hexane)
which was fully characterized by spectroscopic methods.

Analogous transformation of amide 10¢ required the generation of the N O-bis(trimethylsilyl)imidate 10d
as intermediate!3. Treatment of the unsaturated amide 10c with trimethylsilyl triflate in pentane and further
reaction with NIS in THF lead to the iodolactam 13b which was further reduced to 6-benzyloxycarbony!-1,6-
diazaspirof4.S]decane-2-one 7b (54% ) as described above!4.

We have successfully achieved the total synthesis of (+)-6-coniceine (16), the least complex representative
of the indolizidine alkaloids, as an ideal model system for investigating a general synthetic strategy for the
construction of more complex indolizidine alkaloids.
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Scheme 2

Catalytic hydrogenation of enamine ester 10a followed by heating in refluxing toluene lead quantitatively to
the bicyclic amide 15. Reduction of 1§ by treatment with diborane at room temperature for 15 h. aliowed us to
isolate (+)-8-coniceine (16)}5 in 75% overall yield from 10a. (Scheme 2)
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