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We wish to report the results of our analysis of the He(I) photoelectron spectra of aeta- 

and para-xylene, [2.2btacyclophane , 1 and its 5,13-dimethyl derivative, 2.l This analysis 

leads to a different assignment of the first band for the parent metacyclophane, different 

vertical ionization potentials for the first ionic states of the xylenes and a different inter- 

pretation of the origin of the methyl shift than previous work would impl~.~*~ 

The experimental spectra (Figure 1) were obtained using a Perkin Elmer PS-18 photoelectron 

spectrometer calibrated against argon-xenon mixtures. The preparation of the 5,13-dimethyl- 

metacyclophane has been described previously. ls4 The [2.2]metacyclophane was prepared by the 

method of Allinger. 5 

The gross features of our rylene spectra are similar to those of Klessinger. 3 However, 

the O-O vibrational bands appear to be of maximum intensity (V z 16OOCm') which leads to 

reductions in the vertical ionization potentials compared to those estimated from the previous 

work. 3 The increased resolution of the present spectra argues in favor of the present esti- 

mates of the vertical ionization potentials. 

The basis of our assignment of the first band in the spectrum of [?.Z]metacyclophane c-8 

from comparison with the dimethyl derivative and the shifts expected for methyl substitution. 

We quantify the metnyl shift from the experimental spectra of benzene versus toluene and 

mesitylenel versus meta-xylene. In these cases the positions of the first tvo bands can be 

considered to be the result of the interaction of the lpthyl substituents with symetric ($$ 

or antisymsetric ($A) arene ion structures. For the benzene-toluene pair, the methyl pseudo 

Ii group interaction6 lifts the degeneracy (w.25 eV in benzene) of tnese two states with the 
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I.&(I) Photoelectron Spectra' 
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a) Spectra of the metacyclophaaes were recorded at elevated (YO-1OO'C) temperature using a 

Perkin Elmer PS-18 SpectroPter. 
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J& band maximum at 8.82 eV and the qA baud ruilM at 9.3 eV. The ethyl shift (‘ML43 eV) la 

thus eylratry aalective. The spectra of masitylene and meta-xyleae can be compared la the 

reverse aenae In that the tvo state8 (A and S) are degenerate (‘M.42 eV) la resitylaae. Rc- 

moval of one of the rthyl groups lifts the degeneracy and the antisymmetric state la assigned 

the first Ionization potential of e-aylene (JI,, 8.55 eV). The second band corresponds to 

the a-tdc structure (6,. 9.03 eV) . The methyl shift In this case is 0.61 eV. The dlscrep- 

aucy between the two estimates of the swrthyl shift can be explained by Jahn-Teller effects 

which vould lead to an ~dereatlmate for the bensane-toluene comparison and an overastimate 

for the usitylene-uta-xylene comparison. The effective mathyl shift is therefore taken aa 

the average (0.52 eV). 

The letacyclophanes ahaw four states corresponding to ionization potentials of lees than 

10 eV. These arise from antlsywtric (*&,. #a-$,,,1 ) and a_triC (6,+$,, , 6A+‘#At ) Co&i- 

nations of the V, md JIA structural palra. The 5.13-dfmathyl coqound shows a splitting pattern 

expected from large Interaction betwaen $, Vs,, and a smaller interaction between qAI,, VA, glv- 

lng the or&r #S-Jl,, (7.98 l V), $A-$A, (8.21 eV), $A+VA, (8.7 eV) and Vs+Jls, (8.82 eV). The 

effect of ramotig both tha 5 and 13 mthyl groups should give rise to a shift of +0.52 eV on 

the tvu cabinations of amtric (JI,) basis structures leaving the combinations of antisyntric 

basis structures ($A) \nchangad. The parant matacyclophane is thus predicted to have band 

W at 8.21 eV (6A-$Aq, obs. 8.24 eV), 8.50 aV (Vs-$s,, oba. 8.45 a@, 6.7 (6A-$A,, obs. 

8.75 eV) and 9.34 eV ($+$S,, oba. 9.25 eV). Tha moat serious discrepancy is the fourth band 

uhich should be louerad by interaction with the totally symatric II structures which haa 

been neglected here. 

Ue believe the present aaaignwnt la preferable in that it doas not require my sudden 

lncreasa In the interring interactlao cocutmt as vu necessitated by the previous one.2 Tha 

chamlcal reactims of the pctacyclophanea, which lead to ring closure, are adiabatic and must 

occur In smite of, rather thm because of the nature of the louast vertical ionic state. 
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Figure 2 shows a schematic representation of the positioning of potential surfaces required to 

accommodate both the pes and the chemical reactivity data. The vertical and adiabatic ground 

states may differ substantially. 

Finally, we wish to emphasize6 that the methyl shift can be derived frolP the spectrum of 

1.4-cyclohexadiene where hyperconjugation is demanded to explain the assignment of the first 

oand. The shift6 from 9.25 eV, for US interacting with the pseudo II representation of a methyl 

group, is 0.41 eV using the interaction constant derived from the cyclohexadiene spectrum. We 

consider the methyl shift to be of hyperconjugative rather than inductive 3 nature. 
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FIGURE 2 

Schematic Potential Surface For [Z.Z]Metacyclophane Closure7 
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The absissa represents the geometrical changes for formation of the C15-Cl6 bond of the 

pyrene system. The inset at the top left Shows the implied viorational structure of the 2Au 

state and the diffuse character of the 2Bu state. 


