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Abstract : Enantioenriched 2-allyl- and 2-(3-trimethylsilylpropargyl)-2-hydroxycyclohexanone were 
respectively obtained by resolution from the corresponding diastereomeric acetal derived from C2-symmetrical 
dioi or from the camphanate ester. Study of the rearrangement of their corresponding imine derivatives has 
shown that it occurred with complete retention of the stereogenicity. 

The azaspiro[5.5]undecane skeleton is found in a variety of natural alkaloids I which display quite 

interesting biological properties. Among them, histrionicotoxin 1 and its congeners, isolated from the skin 

extracts of the Colombian dart frogs, Dendrobates histrionicus lb. Both histrionicotoxin 1 and its fully 

hydrogenated analog, perhydrohistrionicotoxin, have been used to study the mechanism involved in the 

transsynaptic transmission of neuromuscular impulses 2. 

In connection with our efforts devoted to the synthesis of the histrionicotoxins, we recently described an 

efficient method to synthesize ct-aminocyclohexanone derivatives bearing an allyl or a silylated propargyl group, 

good candidates for the elaboration of 1-azaspiro[5.5]undecane ring system 3. This method involves a benzylic- 

type rearrangement with a 1,2-allyl or propargyl shift (scheme 1). 
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Herein, we wish to report our results on the study of the stereocbemical outcome of the rearrangement of 

optically active a-aUyl and ct-TMSpropargyl whydroxy imines. 

The transposition of ct-hydroxy imines has been well studied by Stevens et al. 4 from a theoretical 

standpoint mainly with phenyl as a migrating group. From kinetic studies 5 and experimental data 6, the 

rearrangement was envisioned as proceeding in an intramoleculax concerted manner. Only one report dealing with 
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the asymmetric induction of thermal rearrangement of an optically active open-chain tt-hydroxy imine with 1,2- 

phenyl shift has confirmed this mechanism 7. 
In order to know whether the rearrangement of Qt-hydroxy imines involving an allyl or propargyl 

migrating groups also occurs through a highly ordered transition state, allowing in principle a 1,2-chirality 

transfer, we synthesized enantioenriched a-ketols 4 and 5. As outlined in Scheme 2, (R and S) a-allyl-a-ketol 4 
was prepared from chiral tx-keto acetal 2, available in 2 steps from a-hydroxycyclohexanone 8 and (2S,3S)-I,4- 

dimethoxy-2,3-butanediol 9 in 54% yield. In contrast with what had been reported with other organometallic 

reagents 10, addition of allylmagnesium bromide in ether to the ketone 2, at -78°C, occurred with almost no 
diastereoselectivity (8% de). Chromatographic separation of diastereomeric tx-hydroxy acetals 3 on silica gel 

followed by treatment with 80% aqueous CF3CO2H provided enantioenriched (+) and (-) 411. 
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Scheme 2 

Resolution of the racemic mixture of 5 3 from its diastereomeric a-hydroxy acetal derived from C2 

symmetrical diol was unsuccessful. Pure enantiomers of t~-ketol 5 could be nevertheless obtained by resolution 

via diastereomeric camphanate esters 14 (scheme 3). Esterification of (+)-5 was effected with (-)-camphanic acid 

chloride in the presence of 2.4 equiv, of DMAP 15 which allowed the reaction to be carded out at room 

temperature. Easy separation of the diastereomeric esters 6 by flash chromatography followed by saponification 
with nBu4NOH in a two-phase system 14 afforded pure(-) and (+)-516 respectively in 33% and 27% yield from 

racemic 5. 
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The absolute configuration of (-) 5 was determined by its conversion to the known(-)-'r-butyrolactone 717 
[a]D-44 (c 1.65, AcOEt) [litt.17[a]D-44 (c 6, AcOEt)], via a method we recently described and involving a 
Wacker-type reaction 18 (Scheme 4). 
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Scheme 4 

Having in hands enantioenriched 4 and 5, we next turned our attention to the study of the extent of the 
transfer of stereogenicity during the rearrangement of ot-hydroxyimines 8, 10. 

As depicted in scheme 5, condensation of (-)-4 with 1.5 equiv, of 2-aminoacetaldehyde dimethylacetal in 
refluxing toluene under Dean-Stark conditions afforded quantitatively imine 8. The crude imine was heated in 
refluxing diglyme for 3 h to provide, after purification on silica gel, a-amino ketone 9, [aiD -15 (c 1.47, 
CHC13), in 50% yield (10% of the starting material was recovered) 20. The optical purity of (-)-9 (90%), 
determined by 1H-NMR experiments in the presence of Eu(hfc)3, showed that the rearrangement occurred with a 

complete transfer of chirality. 
_ OMe MeO)_.., 

O N~'<OMe MeO HN. ~,,~_ 
0~,~ H2NCH2CH(OMe)2 , ~ O H  ~ 0  

A,-H20 I, L ~ " , s . , , ~  A, diglyme,50% 3h 

(-)-4 89% ee 8 

Scheme 5 

(-)-9 90% ee 

Then, imine 10, obtained from (+)-5, subjected to the rearrangement conditions (2h, refluxing diglyme) 
gave a-amino ketone (+)-11 in 62% yield, [a]D + 30 (c 2.8, CHCI3) (Scheme 6). The optical purity of (+)-11 

(>96%) was established 21 by its transformation, in 2 steps, to the a-allyl a-amino ketone 9 and comparison of its 
optical rotation 22 with that of the compound obtained by rearrangement of 8. 

As in the case of a-hydroxyimine 8, 1,2-shift of the silylated propargyl group during rearrangement of 
10 proceeded with total asymmetric transmission. 
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In summary ,we  have demonst ra ted  that the transposit ion o f  a -hydroxy  imines  8 and 10 happens  with a 

total 1,2-chirality transfer.  Moreover ,  the 1,2-shift is suprafacial  with inversion o f  conf igurat ion as it will be 

shown in the fol lowing paper. 

Finally, this rearrangement allows the facile and rapid asymmetric preparation o f  potential intermediates of  

the h is t r ionicotoxin  synthesis .  Work  di rec ted  to a more  eff ic ient  enant ioselec t ive  synthes is  o f  4 and 5 is in 

progress  in our laboratory. 
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