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In a recent conxnunlcatlon, one of our research groups described the successful synthesis 

I. 
of a number of annelated sermbullvalenes In partxular, we noted that 2,8-brldgmg of the 

sermbullvalene nucleus with a butadiene moiety gives rxe to a neutral hydrocarbon (1) tilch 

1s (clearly) devoid of cyclopropsne character and (less evidently) characterized by homoaro- 

matic delocallzatim of its ten perxpheral electrons. We now show that the W photoelectron 

spectrwn of 1 and semlemplrlcal molecular orbztal calculations support the earlier conclusions 

concernxng the unique electronic propertles of 1. 
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F1@;ure 1 gives the photoelectron spectrum of 1 taken on a Vacuum Generators ESCA-2 spec- 

ixxaneter usm@; He1 discharge radiation and operating at a resolution of 40 meV The structure 

of the spectrum is remarkably similar to that of naphthalene and other 10% aromtlc systems 

in that four dlstrnct bands mth large separations are evident m the region from 7-11 eV.2 

In view of the mtensity and line width of these bands and 111 hne with recent work on serm- 

bullvalene,s these ionlzatim potentials are assigned to four nondegenerate J[ levels 

To mterpret the photoelectra results, extended H&kel (MT) and perturbation molecular 

orbltal (PMO) calculations have been performed using two model structures Model 1 consists 

of a ttclass~cal.t~ senubullvalene zn which a butad.lene chain spans carbons 4a and 8a In sp" 
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4 
fashim. Model 2 differs from the first model U-I that allnonbrldgehead atoms are conflned 

to a cornnon plane and thus corresponds to a structure with ~~~UXUU n overlap. 

i 9 lb Ii 12 
IP (eV1 

Fqurel He1 Fhotoelectrcm Spectrum of 1 

Results of the EHT calculations given u1 Figure 2 are sl@flificant 111 that they show the 

fust three levels of the classical. structure lie close together presumably due to c-n muting 

and that this lnteractlon is significantly reduced 111 passmg to the plansr structure While 

MT calculations are lmown to reproduce absolute orbital energies poorly, the observed crrder- 

ing of orbitals 1.6 generally 111 good agreement rnth the photoelectron results with experlmen- 

tal splittmgs between orbital levels being approxunately 1 5 tunes larger than those calcu- 
5J6 

lated With this 111 rend, the experunental lanlzatlon potentials are seen to agree best 

tnth those predicted for a planar structure u that the ratlo (ns-n,)/(~,-n,) found expert- 

mentally (1.8) 1s m good agreement with the value (1.5) predlcted by Model2 

m0 calculations support our c~~cluslon that a localized non-planar x system does not 

adequately explain the molecular orbital properties of 1. Figure 3 gives the lonlzation poten- 

teals pedlcted by a "molecule 111 a molecule 'I model m which we construct the II levels of L 

fram the lnteractlon of oleflnlc and Walsh e type cyclopropane orbital6 These calculations 

were done using the ionizatlan potentials of cyclopropane, 
5 
cis-butadlene, 

7 
and "pentadlene"5 - 

as kas~ orbltals and an lnteractlon integral S of -1 9 eV z Agam the large spllttlngs ob- 

served experunentally between K levels ace not reproduced by calculatLons in which we regard 

1 as being formed from cyclopropane and olefrn fragments Changes m the basis IP's or 

vsrlatlon of the II overlap between C s and Cs does not effect any better agreement 
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MODEL I 

7- 

EXP 

Ccmpariscm of fi ionization potentials wedlcted by extended 
for model structures land 2with experimental 

values. An energy zero of 4 eV has been used f& the MT results. 

Since calculatlcns of this kind have been successful at ~dictmg the ionlzatlcn potentials 

of semibullvalene and related systems to wlthln 0.2 eV, the lack of agreement in this case 

means that the basis orbitals used fcn?&areincorrect Since the multiplicity and small 

separations between energy levels 111 the PM0 calculations are due essentially to the twofold 

degenerwy of the centralLy positloned Walsh orbitsls, we mterpret the results 1~1 Figure 3 

as indlcatmg that 1 has little cyclopropane character This would be consrstent with this 

molecule achieving a more planar structure (result- 111 a llftlng of the degeneracy of the 

Walsh e orbitals) end with exlstmng m1 and cmr8 data far 1. 

Usw a 10n model2 in which S' and S" are treated as variable,' we find that the ex- 

B 
,i ; ,,,i 

23 

2 

perunental ionization potentutls correlate best with H&cel calculaticms 111 which S'&" z 

-2.0 eV thus rndicating cmsiderable delocaLzation All of the combined evidence Lndlcates, 

therefore, that 1 exists 111 a mesovalent fw.-m and 1s ccmsequently a neutral homoaromatic 
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BOSIS Predicted 

Butadlcne A 825 

Cyclopropanr S 
Pentadienr A 

Pentadiene S 101 

Butadienc S JLU 

Ww-= 3 Comparison of the data derived from psrturbatxm molecular 
arbltal-(PMO) calculations vnth experunentalvalues. Levels are labeled 
with respect to the plane of symmetry 111 1. Cyclopropane Walsh orbltals 
are doubly degenerate with cne being of A and the other of S symmetry. 

molecule. 
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