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R e c e n t  i n t e r e s t  i n  t h e  p e n t a t r i a f u l v a l e n e s  ( c a l i c e n e s ,  F i g .  t )  h a s  l e d  t o  s e v e r a l  

p r o j e c t s  o f  r  c a l c u l a t i o n s ,  b a s e d  u p o n  v a r i a n t s  o f  t h e  S C F  m e t h o d  [2, 3], 
I n  o r d e r  t o  s t u d y  t h e  u s e f u l n e s s ,  i n  t h i s  d o m a i n ,  o f  t h e  s i m p l e  t I / i c k e l  a p p r o a c h .  

Table.  Longest wavelenqth electronic transitions o/pentatria/ulvalenes 

Calcula ted  F o u n d  

A B C 
Compd.  (be ta  uni ts)  (m~z) Compd.  (m~) so lven t  Ref.  

I a  1.4893 244 
I b  1.3078 27t  
I I a  t . t 6 9 8  295 
I I b  1.1626 297 
I I d  1 . t567  298 
Ic  1.0710 312 

I I I a  1.0463 320 
I I f  i .0168  328 
I I h  0.8486 373 
I d  0.8406 375 

I I I b  0.7732 397 

I I a  335 C6HI~ [ /0]  
I I c  363 MeOH [11] 
I I e  365 M e O t t  [11] 
Ir 338 MeOH [12] 

345 MeCN [13] 
349 C~HI~. [13] 

I I I a  353 C6H12 [16] 
I I g  355 MeOI-I [15] 
I I h  [9] 
I d  371 MeCN [7] 

377 C6H12 [7] 
I I I b  437 MeCN [9] 

478 C6HIx2 [9] 

R1 R 1 

R 1 R~ 

I a  1% 1 = H ,  1%~ = H 

I b  1%1 = CHt~, 1%2 ~ CtI3 
Ie  1%1 = C1, 1% 2 = C6HH 6 
I d  1~ 1 = CeHIs, 1~ 2 = Csi'I 5 

3 

I I a  1% 1 = H,  1%~ = H, 1% 3 = CHIa 
I I b  1% 1 = COOCI-Ia, 1% 2 = I-I, 1%3 = CHIa 

I I I a  1%1 = CH3 
I I I b  1%1 = C6I'I5 

I I e  1%1 = COOCHs, 1%1 = H,  1% 3 = CI'I2CI'I2CI'I3 
I I d  1%1 = COOCHH~, 1%~ = Br,  1% 3 = C t t  3 
I~e 1%1 = C00CHt~, 1%z = Br,  1%~ = CHtCHICHH~ 
I I f  1% x = CN, 1%~ = H,  1%~ = CHt~ 
I I g  1%1 = CN, 1~ = H,  1%3 = CI'I~CI'I2CHa 
I I h  1~ 1 = H,  1% 2 = H,  1%, = C6I.I 5 

Fig.  1. P e n t a t r i a f u l v a l e n e s  
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we have applied it to the calculation of the longest wavelength electronic transi- 
t ion of a number  of pentatriafulvalenes. The results, in beta units, are summarized 
(column B) and compared with the experiment in the table. 

The parameters  used were [~]: 

for methyl  substitution (Car-Cat Ha): ~(Car) = -0 .1 ,  V(C~r-C~) = 0.7, ~(G~) = 0.0, 
~)(G~-tIa) = 2.0; 

for substitution by ehIorine : 

for substitution by  bromine: 

for the C=O grouping: 

for the C-O bond: 

d(C) = 0.15,  v ( c - c 1 )  = 0.5,  d(c1) = 2 .0;  

d(C) = 0.2, w(C-Br) = 0.7, ~(Br) = 2.0; 

u(C=0) = 2.0, ~(O) = 0.7; 

v(o-o)  = 0.9, ~(0)= 1.9. 

In  spite of the large variation in substitution and the number of parameters 
introduced, the results predict correctly the trend of the bathochromie shifts 
observed in the series. 

In  order to obtain absolute wavelengths from the results, further relations are 
needed. I t  has been shown [5] tha t  the first ultraviolet transition band of fulvene 
can be fairly well reproduced from Itiickel theory in conjunction with an empirical 
relation developed for the ~La transition 
ofeataeondensed hydrocarbons. Applying 
this approach to the pentatriafulvalenes, 
we get the results reproduced in column C 
of the table. The agreement seems satis- 
factory. 

Ground-state dipole-moments, direct- 
ed from the three- to the five-membered 
ring, have also been calculated in this 
study. Not  nnexpectedly, the results are 
too high [6] ; thus, a moment  of about i3D 
is calculated for the parent compound (In), 
and of about 10 D (as compared with 
the experimental value 6.3 D [7]) for the 

/ 1 
(§ % j -0 .1567  
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Fig. 2. n-electronic charges of the ground 

(excited) state of pentatriafulvalene 

hcxaphenyl derivative (Id). In  addition, there exist ~ dipole-moments of the same 
direction; a calculation by the semiempirical method of D=L ~ [8] yields 0.03 D 
for the a dipole-moment of the parent compound. 

On N - ,  V 1 excitation, dipole moments diminish, as exemplified by the molec- 
ular diagram (Fig. 2 : ground-state 7r-electronic charges; in parentheses - -  excited 
state charges). This relation corroborates the arguments used [9] to explain the 
spectral solvent-shifts observed in several eases. 

Note added in pro@ Recently, the 0z-electronic properties of Ia and Id have been investigated 
by the modified Hiickel approach which takes into account the effect of bond alternation on 
the resonance integral (T. NAKAaIMa, S. J~OHDA, A. TAOIRI ~nd S. K~ASKWA: Tetrahedron 
23, 2189 (1967)). The dipole moment thus calculated for the z-conjugated all-carbon compound 
Id, is in very good agreement with the experimental value. 
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