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Abstract : Regardless of the conditions, catalytic or thermal, lactooes 1 and 8 undergo kinetically controlled 
DieBAlder cycloadditions to cyclopeotadieoe with pronounced exoselectivity. The activation parameters are 
reported for both reactions. It is suggested that such exoselectivity is a general property of conformationally 
rigid cyclic cisoid dieoophiles. 

Literature offers many examples of substrates which violate the prevalent Alder-Stein principle’, giving 

predominantly the corresponding exe stereomers in kinetically controlled DieBAlder reactions”. Hoffman0 and 

Ismad have shown that the stereoselectivity in the addition of o-alkylated alleoic esters to cyclopeotadiene 

depends essentially on the experimental conditions. Thus, formation of the exe adduct is preferred under 

thermal conditions (endo/exo ratio 4&88), whereas usual eodoselectivity is observed when a Lewis acid is used 

(endo/exo ratio 76:24)‘. 

IO contrast, we describe for the first time catalyzed Diels-Alder reactions which exhibit the same 

exoselectivity as does the thermal process. 

1 X= C=CHs 2x X= C=CHs 2n 

8 x= Cl& 9x X= CH, On 

We have investigated here the addition of a-vioylideoe-T-butyrolactooe 1 with cyclopeotadiene’ under 

different, however typical, conditions. varying solvent and catalyst. Results are summarized in Table I. 
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Table I : 20/2x Ratios for DieIs-Alder Reactiotu of Allenic Lactone 1 to Cyclopentadiene 

entry catalyst solvent temperature endo/exo yield 
ratio’ %b 

I toluene reflux 12z88 97 

2 CH&lx refhlx 13~87 98 

3 waterc r.t. 21:79 99 

4 ZnCl*d CH,Cls r.t. 22~78 97 

5 AlCl,” CH,CI, -3OV 13~87 74 

6 TiCI,d CHP, -3ooc 1090 40 

7 Eu(fod)sd” toluene 0% 1 I:89 36 

Clearly, all the reactions exhibit remarkable exoselectivity. regardless of the conditions. 

Several exocyclic methylene dienophiles, such as a-methylenecyclopentanone 3”. 2-(tert-butyl)-5- 

methylene- I ,3-dioxolan-4-one 4*, a-methylene tetralone Sk, 2,2-dimethyl-6-methylene cyclohexanone 6& 

and itaconic anhydride 7M have been reported earlier to give predominantly the corresponding exo adducts 

with cyclopentadiene, either under catalytic or thermal reactions conditions. 

erlr*rr rrttea of 
cyclope~t8~l~ac 9 : 91 4 : g5 3:n 11 : 89 0:l.O 

rddmctr 

These examples seem to illustrate a more general phenomenon. Indeed, a tight relationship appears 

between the rigid cisoid conformation of the conjugated double bond of the cyclic dienophiles and 

exoselectivity. However, with these substrates, this peculiar exoselectivity remains to be tested under different 

conditions. 

In order to confiim our assumption, we investigated in a similar way the addition of cyclopentadiene to 

a-methylene-7-butyrolactone 8, the ethylenic equivalent of 1. In fact, the exe stereomer 9x9 was obtained 

predominantly (92-984). whatever the experimental conditions. 8 Behaves very like 1 toward cyclopentadiene, 

with enhanced exoaelectivity (Table II). 
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Table II : %/9x Ratios for Dials-Alder Reactions of Methylane Lactone 8 to Cyclopetttadiene 

lC AlCl,OR* tolueW -1goC 298 

2 toltlette reflux 892 96 

3 CHP, &hlX 8:92 95 

4 ZnCl,d CHP, r.t. 7:93 % 

5 AK&d CHZCI, -15°C 694 72 

6 TiCl,d CH,CI, -15°C 4% 51 

Moreover, the observed endo/exo mtios of adducb 2 and 9 do not result from an equilibrium process to 

give the supposed thermodynamically more stable exe stereomersloo, but are determined by the energy gap 

between the transition states leading to the undo and exe isomers respectively, through a kinetically controlled 

PfoCesS. 

In fact, kinetic measurements were performed in toluene at different tempemtures for reactions of both 

dienophiles with a large excess of cyclopentadiene. We noticed that the stereomers proportiotu remained 

constant throughout the course of each reaction, indicating that neither isomerization of cycloadducts nor 

preferential degradation of one of them occurred”. 

Allenic lactone 1 reveals high reactivity towards cyclopentadiene. undergoing cyclcmddition about two 

times faster than its ethylenic counterpart”. The activation parameters determined from the tempemtun 

dependence of the rate constants, using Eyring’s model, are presented in Table III. 

Table III : Activation Rammeters for the Formation of Cyckmdducta. 

adduct AH* 
kcal mol-’ a 

AS* 
cal mol“K-’ b AASt eudc-exe 

2n 15.5 -33.3 
1.6 0.4 

2x 13.9 -33.7 

90 15.1 -36.5 
1.1 -1.9 

9x 14.0 -34.6 

The activation pammeters are in the same or&r of magnitude as in other Diela-Alder reactions*. The 

values of the enthalpy and entropy gaps between the endo and exe transition states indiate that 

stereoselectivity is mostly enthalpic in origii. This result accords with our general knowing about Diels-Alder 

additions and ascertains that the reactions studii are under kinetic control. 
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Conciwively. exoselectivity in the reported Die&Akler reactions of conformationally rigid cyclii cisoid 

dienophilea with cyclopentadiene seems to admit no exception. Exoselectivity being conspicuously related with 

o-substitution of the dienophii”, one can suggest that it may result from unfavorable ateric interactions of 

substituenta with the methylene group of cyclopentadiene in the end0 transition state of the cycloaddition. 

Nevertheless, numerous other factora can interfer and general studies are now in progreds to evaluate the 

respective influences of steric. conformational, electronic or dipolar effecta on the stereoselectivity of the 

Diels-Alder reaction. 
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