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\,ia CO:-Elimination from a Spirofused P-Lactone 

Ye 
Y-J=f” (RI-1 

Pig. I. 

The syntheses of axtally chiral olefins for Instance I-t-butyl-4alkylidenecyclohexanes has attracted much 

attention over the past decade? The ethylidene derivative 1 has been prepared in non-racemic form by three 

groups so far. Hatlessran et al.’ used optically active phosphonate\ for the synthesis of (R)-1 from 4-t-butyl- 

cyclohexanone via Hornet- olefination. whereas Gais et al ’ prepared (S)-1 by a nickel catalysed cross coupling 

of dimethyltinc and the correspondin g opticall\ pure alkenylsulfoximine. Halterman et al.‘. finally, obtained 

(S-l by catalytic t\ornertsatton of achiral trana-+-hut>]- I-vtnyl-cyclohexane with a chnal titamum catalyst. 

Only the method by (ial\ furnt\heJ 1 In a satisfactory op~rcal purtty Ire 98%)‘. 

We descrtbr a simple route to olefin tf?-1 with an ee of >98W (Scheme I ). Acid chloride 2 (cis-trans mixture) 

is converted into the amtde 4 by treatment wnh the i%ltthtum-imtdazolidinone 3b’. Aldol addition of 4 to acet- 

aldehyde furnishes twu dtastereomer\ 5 and 6 III a ratto of 90: IO and a combined isolated yield of 3.570. By 

chromatography 5. 6 and unchanged amrde 4 are readdy separated [RFvalues (ethyl acetate, hexane 1:l) 

stlicagel: 5 (0.30). 6 (0. 19). 4 (0.5 I )I. 

By recycltng the retsolated am~cir 4 the effecttv~e vteld of 5 is rarsed to about 70% in two successive runs. 

Possibly the dia\tereoselecttvtty can even he tmprov)ed by means of Evans’ enolborinate methodology6. Never- 

theless. gram quantmea of pure crv\talline 5 can he procured vta rhe route m its present state. 
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tTBuy~ + RpN~NAle 
Cl 

Ph Me 

2 3b R=LI 
(a R=H) 

1. LDA I THF / -78°C 

2. CHsCHO 
+ 6 (second diastereomer) 

5 

Scheme I. 

The structure of 5 ha\ been clarified by an X-ray cry\tal structure analysis (Fig. 2)‘, whereas the configuration 

of 6 is unknown. 

Fig. 2. Crystal Structure of 5 

The stereochemical course of the formation of 5 may be rationalised (Scheme 2) by assuming that amide 4 is 

deprotonated to the two configurationally stable axially diastereomertc enolates shown in formulae 8 and 9. The 

attack of the aldehyde occurs from the axial direction. which is unusualx and may be understood in terms of 

product development control’. as the bulky amtde stdechatn surely haz a strong tendency to adopt the equatorial 

position as \oon a$ possthle. 
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Me ‘Li 

9 

unreactive 

Scheme 2. 

.4s a consequence 01 the ‘axial’ preference. the aldehyde approaches the enolate from the face opposite to the 

methyl and phenyl \ubstituent m action complex 8. This leads to a sterically favorable (‘matched’) situation. In 

arrangement 9 the attack occurs on the face syn to methyl and phenyl, which creates an unfavorable 

(‘mismatched’) situatton; most likely arrangement 9 I\ not reactive at all which might explain the fact that 60% 

of the startmg matertal IS recovered unchanged. It I\ reasonable to assume that in 8 the aldehyde is attacked 

from its re-face to avoid a stertc interaction of the aldehyde methyl group with the imidazolidinone oxygen 

Sapomficatton of5 generates the hydroxy actd 7 under quantitative recovery of the chiral auxiliary 3a (Scheme 3). 

PhS@CI, pyridtne 
Me 

10 

Scheme 3 

Lactonisation wtth benzenesulf’onyl chloride furnishe\ the stable fi-lactone 10 which eliminates carbon dioxide 

on heating to 160 -C to give (RI-~ tn htgh yield. The enanttomeric purity of the olefin was analysed by chiral 

GC’a.” which shows base lme separation for the racemate and es-values between 98% and 99.5% for our 
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samples of (R)-1. This mean5 that the decarboxylation of the P-lactone 10 proceeds with complete retention of 

configuratlon as us~al’~. In conclusion. we have found an efficient route to optically pure 1, which provides 

gram quantities of the product”. Apparently, our method creates axial chirality by combining two independent 

stereochemical elements, namely the axial-equatorial dichotomy on one hand and the formation of two 

diastereomeric enolates with different reactivity on the other hand. This provides the possibility of achieving 

matched and mismatched arrangement\, and hence, of kinetic resolution in favor of reaction mode 8 

As the chiral auxiliary 3a IS available also in its enantlomeric form, the synthesis furnishes (S)-1 equally well. It 

should be applicable to other axially choral olef.ins with small modifications. An alternative approach entails 

fl-lactone formatlon from t-butylcyclohexanone and choral propionate enolates. This route is also actively pur- 

sued in our laboratory 
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