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In view of the recent work by Winstein et al.' on the trishomcyclopropenyl 
carbonium ion and by Roberts and co-:uorkers2 on the cyclobutonium ion, the chemistry 

of carbonium ims derived from bic.gclo[3.l.O]heqyl systems has attracted special 

interest. During the course of a current investigation3 concerning the nature of 

intermediate carbonium ions derived from substituted bicyclo[3.t.O]hexyl dsriva- 

tives of thujane type we have studied the cationic species generated by dissolving 

thujyl p-toluenesulphonates in cmcentrated sulphuric acid. 

The solutions of all four epimeric thujyl p-toluenesulphonates (I-IV) in 

concentrated sulphuric acid (96 $) became slightly yellow. Surprisingly, the 

spectral data of the four solutions were identical. The W spectrum of such a 

I (-)-Thujyl II (-)-Neothujyl III (+)-Isothujyl IV (t)-Neoisothujyl 
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solution exhibits a maximum at 292 w with strong absorption (log c = 4.20). 

The NUR spectrum of the solution is shown in Pig. 1. If the solution was kept 
. 

at room tem.oerature for 24 h under nitrogen atmosphere its IIPX _Tectnan did 

not change. Similarly, no spectral changes were obnerved after heating the 

sample at 100' for 1 hour. 

The spectral data of these sulphuric acid solutions show that the thujyl 

p-toluenesulphonates were transformed quantitatively into a single cationic 

species. The structural assignment of this cation (V) is based on a comparison 

of its spectral data with those of various aliphatic alkenyl cations recently 
4 studied by Deno et al. . 

v VI 

The UV spectrum of cation (V) agrees very well with those of a tri- 

substituted cyclopentenyl cation5'6 (Table I). The NMR spectnun of the cation 

VII V-III Ix 

is also in very good beemeat with the assigned structure. The doublet at 

1.X ppm (J 6.5 cps) must be due to the methyl protons of the isopropyl group. 

Cf. trie corresponding signal of cation (VI)7 Vmich has its resonance position 

at 1.43 ppm with a coupling constant of 6.6 cps (Table I). The methine prdton 

of the isopropyl group of cation (V) resonates at about 3.4 ppm and is thus 

partly overlapped by the slightly broadened band assigned to the C(4)- and C(5)- 

methylene groups. The integrated area of this signal goup corresponds to five 

protons. In a decoupling experiment an irradiation at this frequency caused a 

collapse of the isopropyl doublet into a singlet. The frequency difference 

between irradiation and observed frequencies for optimum decoupling was 1x) cps. . 
The slightly broader band at 2.91 ppm and the sharp bsnd at 2.19 ppm, 

both with integrated areas corresponding to three protons, are assigned to the 

C(3)- and C(2)-methyl groups, respectively. 
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Fig. 1. NMR spectrum of thujyl p-toluenesulphonata in concentrated 
sulphuric acid. Shifts are in ppm fmm tetramethylsilane. 

3.50 2.90 2k3 2.l9 1.38 

I I I i \ I , 

4.0 3.0 20 1.0 0 PPM(6) 

Fig. 2. NMR spectrum of thujyl 
deuterosulphuric acid. 
15 minutes at 1cOc. 

p-tolusnesulphonate in concentratad 
The spimtrum is recorded after 
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The ::harp aiLma at 2.43 ppm is due to the methyl pup of p-toluene- 

sulphonic wid. The signals due to the aromatic proton:; of the acid are not 

shown in Pi,:. 1. They appear as an ATLqunrtet centered at 7.60 ppm. 

The ;tmctural assimment of cation (V) is supported by data from spectra 

taken in concentrated (96 $) deuterosulphuric acid. At 100’ the intencjty of the 

band at 3.W ppm due to the C(4)- and C(5) -methylene protons and the isopropyl 

methine proton rapidly decreased due to hydrogen-deuterium exchange. Parallel to 

this the isopropyl doublet became a singlet. A much slower exchange rate was 

observed on the methyl carbons at C(2)- and C(3)-positions. Fig. 2 shows the 

spectrum after about 15 minutes at lOa’. These observations agree with those 

reported by Deno et al. ’ for similar cations (e.g. VI and VII). 

If the NiW spectrum of a deuterosulphuric acid solution of a thujyl 

p-toluenesulphonate is recorded at room temperature immediately after the 

preparation of the solution, the signal due to the methylprotons of the isopropyl 

group is not a doublet but a three line signal. The intensity ratio of the bands 

was about 1:2:1. This three line pattern did not change even after several hours 

at room temperature. The obvious explanatim for this pattern is that, during 

some step in the transformation of a thujyl p-toluenesulphonate to cation (V) 

the methine hydrogen 

0 

tj 
F 

X 

The mechanism 

It is interesting to 

be analogous to that 

of the isopropyl group is partly (50 $) replaced by deuterium. 

oyb, (JJ 9 

COOH 

XI XII XIII 

for the formation of cation (V) is probably rather complex. 

note that this reaction from a mechanistic point of view might 

of the acid treatment of thujone (X) to give isothujone (XI)‘. 

The extensive rearrangements which take place with the tiujane derivatives con- 
10 

trasts to the bahaviour of lactone (XII) studied by Sauers . The structure of 

this compound was assigned on the bases of its NPx spectmm taken in a solution 

of concentrated sulplxric acid. The stmcture of the cationic species of the so- 

lution was proposed to be of the trishomocyclopropenyl type (XIII). 
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Excerimsn-&: 

The NMR spectra were recorded on a Varian A-60 instrument. The positions 

of the NMIt bands were calibrated by reference to the methyl signal of ptoluene- 

sulphonic acid (internal reference). The chemical shifts are expessed as the 

difference in pp relative to tetramethylsilane (TMS) using a value of 2.43 ppm 

for the internal reference. This value is based on the measured difference of 

2.43 pp between the resonance positions of the methyl protons of p-toluene- 

sulphonic acid and the TMS signal in a chloroform solution. 

The-alkenyl cation was generated by adding the crystalline thujyl 

p-toluenesulphonate to cold (about 0') concentrated (96 %) sulphwic acid 

(a 50 mg sample ;n 0.5 ml H SO 
2 4 

). A homogeneous solution was obtained when 

the temperature was raised to room temperature (about 25') with continuous shaking. 
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