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Abstract A possible formation of a bridged carbonium ion intermediate in the lactonization of 

(E)-B-t-butylcinnamic acid is discussed on the basis of deuteriation and 13C NMR experiments. 

In a previous paper we presented a method for the synthesis of some y-lactones and 3-alkylidene- 

indanones starting from B-alkylated cinnamic acids.’ We found that the E-isomers of the B-alkyl- 

cinnamic acids which contain a tertiary y-carbon form y-lactones and that the isomers with sec- 

ondary y-carbons does not cyclisize to lactones but to 3-alkylidene-1-indanones. The reaction 

mechanism for the formation of the lactones was discussed on the basis of deuteriation experi- 

ments. The results of these experiments indicate that an internal hydride shift is the domina- 

ting pathway (Scheme 1). 
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Scheme 1 

In the %Jresent study, the cyclization of (F)-O-t-butylcinnamic acid (5, Scheme 2). which con- 

tains a quaternary y-carbon, is presented. The cycliration of the ‘2 ‘.~-isomer gave 3,4-dimethyl-3- 
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-phenyl-y-valerolactone (6, Scheme 2). 

Scheme 2 

This result provides further evidence for the hydride shift reported previously,’ since the 

formation of 6 has to be the result of carbonium ion rearrangement in which the methyl group 

with its binding electrons acts as an internal nucleophile. 
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A deuterium exchange of the methyl hydrogens takes 

place when 1 is treated with deuteriated sulfuric acid 

which can be the result of “hyperconjugation”. The deute- 

rium exchange was established on the basis of the CD-trip- 

lets upfield from the undeuteriated methyl singlets in 

the l3 C NMR spectrum. The 13 
C NMR spectrum (Fig. 1, B) 

shows that no deuterium exchange in the methyl groups 

took place in the lactonization of t-butylcinnamic acid 

although the same carbonium ion as that shown in Scheme 1 

should be present in this reaction,provided that the lac- 

tonization proceeds by the mechanism shown in Scheme land 

that the deuterium exchange is a consequence of double 

bond formation shown in Scheme 3. 
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Fig. 1. Proton decoupled 15.03 MHz 13 C NMR spectra of C-a and the methyl groups in the deute- 

rium derivatives of 4 (spectrum A) and 6D (spectrum B). 

Scheme 3 
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The absence of deuterium exchange in the ldctonization of t-butylcinnamic acid indicates a 

somewhat diverging reaction mechanism. 1 therefore propose that the methyl group transfer, 

contrary to the hydride transfer, might proceed through a bridged carbonium ion, resembling a 

nonclassical ion, 
2 

as shown in Scheme 4. 

Scheme 4 

In 7 the positive charge is spread across a three-carbon region with a two-electron three-center 

bond which should decrease the possibility for double bond formation in comparison with the 

more isolated positivecharge in carbonium ion 3. In 7, if present in the reaction, deuterium 

exchange by double bond formation is scarcely likely because it would imply still one penta- 

coordinated carbon atom besides the one already involved in the bridged 

Thus the deuterium exchange through “hyperconjugation” in the methyl 

zation of isopropylcinnamic acid, indicates that this reaction does not 

drogen bridged carbonium ion. The deuterium exchange at C-a of 4 and 6D 

is seen from the CH 
2 

singlet of C-a in the ‘3C NMR spectrum (Figure 1). 

ton transfer from the hydroxyl group also operates. It is probable that 

carbonium ion 7. 

group, in the lactoni- 

proceed through a hy- 

was not complete which 

This shows that a pro- 

the deuterium atom at 

C-a, which appears as a CD triplet in the 13 C NMR spectrum, originates from the OD group and 

not from secondary reactions after the cyclization because 

observed when 6 was treated with deuteriated sulfuric acid 

was, however, completely interchanged to hydrogen when the 

ment was hydrolyzed with sodium hydroxide and converted to 

a deuterium exchange at C-a was not 

for 4 h at 2O’C. Deuterium at C-a 

lactone from a deuteriation experi- 

the corresponding y-hydroxy acid 

which spontaneously cyclisized back to the undeuteriated lactone when treated with hydrochloric 

acid. 

Mass spectra were recorded on a VG-7070 E instrument (70 eV) equipped with a gas chromato- 

1 
graph (50 x 0,2 mm glass capillary column, stationary phase SE-30). H NMR spectra were ob- 

tained on a Jeol FX-60 FT NMR spectrometer at 59.75 MHz and 13 
C NMR spectra on the same instru- 

ment operating at 15.03 MHz. CDCI was used as solvent and TMS as an internal standard. 
3 

(El-3-t-butylcinnamic acid was prepared by alkaline hydrolysis of the corresponding ethyl cin- 

namate, which was prepared from ethyl (Z)-3-chloro-3-phenylpropenoate in a Cul catalyzed 




