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Abstract : After hydrolytic work-up, intramolecular Michael-type alkylation of imine 11 gave Spiro adduct 13 
with a high degree of control of the two newly created asymmetric centers. 

Although Spiro centers are widely distributed in natural products (e.g. in sesquiterpenes p-vetivone 1, 

a-cedrene 2, a-chamigrene 3, __.)‘, very few methods have been devoted to the enantioselective construction of 

such carbon unit$. 
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Spiro centers -which are, in fact, particular cases of quaternary carbon atoms- might easily be created 

by using an intramolecular variant of the highly potent asymmetric Michael alkylation that we disclosed3, 

epitomized by the conversion [4 + X]. Thus, imines 5, derived from racemic a-substituted cyclanones 4 and 

optically active 1-phenylethylamine, add to electron-deficient alkenes 7 (the reactive nucleophilic species 

being tautomeric enamines 6) to give, after hydrolytic work-up, regio- and stereoselectively a-disubstituted 

cyclanones 8 with high yields and excellent enantiomeric excesses. 
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In this paper we report the successful intramolecular application of this method to the preparation of the 

Spiro [5.5] undecane derivative 13, with a very high level of control of the (relative and absolute) 

configurations of the two newly created asymmetric centers. 

The requisite starting material 10 -a cyclohexanone a-substituted by a methyl heptenoate side-chain- 

was readily prepared as follows. The lithio salt of the imine derived from cyclohexanone and cyclohexylamine 

(LDA, THF, -78 “C, 0.5 h) was first alkylated with 1-bromo-5-hexene (20 “C, 12 h, then aqueous AcOH), 

giving quantitatively ketone 9. Ozonolysis of the latter compound (CH,Cl,, -78 “C, then Me$), followed by 

Wittig condensation (Ph,P=CH-COOMe, 20 “C, 24 h) gave the desired (E) keto-ester 10 (65 % overall yield)4. 

9 10 

lmine 11, prepared from this keto-ester and (R) 1-phenylethylamine (3 h in refluxing cyclohexane, in 

the presence of an activated catalys$, was obtained quantitatively, as an equimolar mixture of 

diastereoisomers (‘H NMR)6. Thermally-induced cyclization of this imine (DMF, 120 “C, 12 h) led to the Spiro 

derivative 12 (85 % yield) with a high stereocontrol of the two newly created adjacent asymmetric centers (‘H 

NMR)‘. Hydrolysis (aqueous AcOH) of this imine then gave quantitatively keto-ester 13. This compound 

exhibits a high stereochemical homogeneigv, as established by the inspection of its ‘H and i3C NMR spectra*. 

Note that the “one pot” conversion [lo - 131 could easily been performed, by heating an equimolar 

mixture of keto-ester 10 and chiral auxiliary amine in refluxing toluene (24 h, with azeotropic removal of 

water), followed by hydrolytic work-up. 

The virtually complete control of the two asymmetric centers in keto-ester 13 was definitively proved 

by the following experiments, which established the homogeneity of its ester 149 and amide lS1’ derivatives. 

These were obtained by quantitative derivatization of adduct 13, using (R) l-phenylethanol or (R) 

I-phenylethylamine as chirality markers, respectively. Careful HPLC analysis of ester 14 thus revealed the 

presence of only two minor accompanying isomers (each accounting for less than 5 % of the mixture), while 

the melting point of crude amide 15 was found to be almost unchanged, by fractional recrystallization in three 

different solvents (EtzO, cyclohexane, iPr,O). 

The absolute configurations of the two contiguous asymmetric centers created during this 

spiroannulation reaction (lS,2R, as shown in compounds 12, 13, 14, 15) were unambiguously established by 
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(a) i : LiOH then H,O+ b : (I?) 1-phenylethanol, DCC, DMAP 
(b) i : LiOH then H,O+ _ : (COCl), iii : (I?) 1-phenylethylamine 

the X-ray structure determination of amide 15 l1 (Fig. l), taking advantage of the (R) 

moiety as an internal stereochemicalprobe. 

Discussion 

1-phenylethylamine 

The spiroannulation process described here shows that the intramolecular Michael addition of imines to 

a crotonate-type acceptor proceeds smoothly, compared to the related inrermnlecular alkylation3d. Moreover, in 

close analogy with the aforementioned intermolecular reaction [4 - 81, intramolecular addition in compound 

11 is highly regioselective, taking place at the more substituted cc-position of the imine, with the formation of 

Spiro derivative 12 alone. 

The relative configuration of the two newly created asymmetric centers in this adduct (CZ-Cl2 bond of 

the acetate side-chain syn to the Cl-Cl 1 bond of the ring system) may easily be rationalized by assuming that 

this spiroannulation proceeds through the compact approach 16 (the reactive tautomeric enamine form of imine 

11). This approach involves a gauche (synclinal) arrangement between the ethylenic ester and the enamine 

parts, thereby allowing the transfer of the proton borne by the enamine nitrogen atom to the vinylic carbon 

center in the o-position to the ester, concertedly with the creation of the C-C bond (aza-ene-synthesis-like 

cyclic transition state)3d. Stereocorrelation model 16 also takes into account the observed absolute 

configurations of the two newly asymmetric centers in adduct 12, making the assumption that this 

intramolecular Michael addition occurs, as indicated, on the x-face of the enamine opposite the phenyl ring of 

the chiral auxiliary amine appendage, the latter being depicted in irs energetically preferred confomiation3d,3g. 

Fig. 1 : Molecular structure of amide 15 




