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Simple Hiickcl Calculation on Triphenyl Cyclopropenyl Cation 

By 

R A M A  B A S U  ( n ~ e  B H A T T A C H A R Y A )  and  SWAPAN K U M A R  B O S E  

Simple Hfickel  t heo ry  predic ts  a roma t i c i t y  for cyc lopropenyl  ca t ion (I) b u t  
not  for the  anion (II)  [4]. 

The ob jec t  of  the  present  inves t iga t ion  was to  make  a complete  Hiicke] calcu- 
la t ion on t r i pheny l  cye lopropenyl  ca t ion  ( I I I )  which has  been well charac ter i sed  [1] 
and  see wha t  add i t iona l  informat ions  m a y  be ob ta ined  abou t  these r ing systems.  
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The m e t h o d  of  ca lcula t ion is well known. All  carbon a toms  were t a k e n  as 
equ iva len t  and  all C-C bonds  were set equal.  Over lap  was neglected and  the  
Coulomb and  resonance integrals  weIe set equal  to  cr and  fl respeet ive]y.  

I t  is sufficient to  consider  the  s y m m e t r y  group Car, the  represen ta t ion  can be 
expressed in t e rms  of the  i r reducible  represen ta t ions  of  the  group as follows 

F =  5 A  1 q- 2 A  2 § 7E 

which enables  us to  factorise the  secular  d e t e r m i n a n t  in to  a fifth, a second and  
a seventh  order  de te rminan t .  

The basis  for r ep resen ta t ion  A 1 is 

C 1 = C 2 = C3~ C 4 = C 5 = C6~ C7 = C 8 = C 9 = C10 = C l l  = C12 ~ 

C13 = C14 = r = 616 = C17 = 6i8~ C19 = 620 = 621 

t h a t  for A 2 is 

C7 : - -  CS : 69 = - -  610 : 611 : - -  C12~ 613 = - -  614 = ~15 ~ - -  616 = 617 : - -  6187 

rest  zero 
and  for E is 

63 : (D261~ 66 : (D264~ 611 : (D267~ 617 : (D2613~ G21 ~ 5026197 618 : 0)2614~ 612 : ~0268 

62 : (D61~ 65 : 0)C4~ 69 : 0)67~ C15 : 09C13 ~ 620 ~ (O619 , 616 : 0)614 ~ 610 : (068 

and  e i ther  c 7 : %, 61a = c14; or c 7 = -- Cs, q3 = -- c14 

where (0 = e2"~/a and (09. = ea~i/a. 
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The species E appears in doubly degenerate pairs. The AO coefficients of the 
other degenerate MO are obtained by replacing co by its complex conjugate w* in 
the above relations. The degenerate MOs with real AO coefficients were then 
constructed by taking the sum and the difference of the complex MOs. There are 
twenty electrons in the cation (III) so the ten lowest levels will be occupied. 
The AO coefficients and energies of the occupied MOs (and the lowest unoccupied 
MO) of the species A D A2 and E are given in the Tab. I. 

Coeff. 

Table I. MO energies and AO coe/ficicnts ]or triphenyl cyclopropenyl cation 

Symm. 

X 

C 1 
C4 
C7 

C13 
C19 

A1 

2 . 6 0 9  1 . 7 9 0  0 . 7 5 5  

0 . 4 5 6  0 . 2 4 9  0 . 2 2 t  

0 . 2 7 8  - - 0 . 0 5 2  1 - - 0 . 2 7 6  

0 . 1 3 4  - - 0 . 1 7 1  - - 0 . 2 1 5  

0 . 0 7 3  - - 0 . 2 5 4  0 . 1 1 4  

0.055 --0.284 0.300 

w h e r e  x s t a n d s  f o r  + ( e - -  a)/fi 

A2 E 

.000 2.064 1 A55 i.000 --0.504 

0.000 0.089 0 A 4 8  0.000 0.253 
0.000 0.273 0.321 0.000 0.126 
0.289 0 .238 0 .110 0.289 0.316 

I 0 .2 ,6-0.192 0.289 i0 .092 
0.289 I 0.21t 0.000 --0.334 0.0O0 0.074 

I c ~  = c ~  = = - -  = 

Charge and Bond Order: From the values of the coefficients given in the Tab. i 
it is possible to calculate the ~-electron densities q~ = 2Zc~ and bond orders 
Prs : 2Xcrcs over the occupied MOs. The values are given in the Tab. 2. 

Table 2. Electron density and bond order in triphenyl cyclopropenyl cation 

ql,  2, a = 0 , 7 5 8  

q4, 5, 6 = 1 . 0 2 0  

q~, s, 9, 10, 11, r2 = 0 . 9 6 1  

g13, 14, ~5, 15, 1~, ls  = 1 . 0 0 2  

q19, 25, 21 = 0 . 9 6 8  

Pl, 2; 1, 3; 2, 3 = 0.577 
P~, 4; 2, 5; ~, 5 = 0.393 
PT, 13; 5, 1r 9, 15; 10, 15; ~1, 1~; ~ ,  ls = 0 . 6 7 9  

P4, 7; 4, s; 5, 9; 5, lo; 6, 11; ~, 12 = 0 . 6 1 1  

/913, 19; 14, 19; 1,% ~o; 16, 20; 17, 2x; 15, 21 = 0 . 6 5 8  

I t  is interesting to note that  the a-electron density in the phenyl rings stays 
close to unity while it is much less than one in the cyclopropane ring. This evidently 
means that  the positive charge is concentrated mainly in the cyclopropane ring. 
Further the electron densities in the phenyl rings indicate that  the nucleophilic 
substitution reaction should take place at the meta position of the phenyl ring. 
The calculated bond order values suggest that  the exocyclic C-C bonds have high 
single bond character. 

Effect of IIetero Substitution in the Phenyl Ring: CO~LSON and LONGVET-HIGsISS 
[2] showed that  ff the Coulomb integral of the atom r is altered by a small 
amount (~ar, then the change in energy of any MO involving that  atom is given by 

where Cr is the AO coefficient in the MO under consideration. This relation along 
with the Tab. I enables us to calculate the MO energies of Cyclopropenyl cation in 
which the phenyl ring is replaced by aza-ring systems like p3a'idine, taking 
~ r  = an  -- ~c = 0.2 ft. 
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The MO'energies m a y  be used to calculate two impor tan t  molecular quantities 
namely  the resonance energy and the longest wave length ~-z* transit ion 
energies. 

Resonance Energy:  The calculated resonance energies of t r iphenyl  cyclopropenyl 
cation and its aza-derivatives are given in the Tab. 3. 

I t  appears t ha t  the t r iphenyl  cyclopropenyl  cation is s trongly resonance 
stabflised. The aza-eompounds should be more stable except the ortho triaza- 
compound.  

Table 3. Resonance energies of cyelopropenyl cations 

Compound Resonance energy 
(fl-units) 

Triphenyl eyelopropenyl cation 
19-aza- ,, 
19, 20-diaza- ,, 
19, 20, 21-triaza ,, 
8-aza- ,, 
8, 9-diaza ,, 
8, 9, 12-triaza- ,, 

8A04 
9.168 
9A48 
9A42 
9A68 
9A54 
8.060 

Longest Wave Length ~-~*-Transition Energies: I t  is assumed tha t  the longest 
wave length electronic transi t ion in cyclopropenyl cation arises f rom transit ions 
involving the ~-electrons and not  the a-electrons. The energies of the highest 
occupied (of species A1) and the lowest unoccupied (of species E) orbitals were 
corrected for overlap using the relation [5] 

8Hiiekel ~ 0r -- ~ 

eCorrected = 0r -- ~1~ 

where ~1 = _  and Y = fl - S~ 
J - ~ S  

S being set equal to 0.25. The corrected energy difference between the highest 
filled and the lowest unfilled MOs obtained in units of ? were converted to cm -1 by  
setting [3] y = 23,000 cm -1. The results are given in the Tab. 4. 

Table 4. Longest wave length electron transition in eyclopropenyl cation 

Compound 

Triphenyl cyclopropenyl cation 
19-aza- ,, 
19, 20-diaza- ,, 
J9, 20, 21-triaza- ,, 
8-aza- 
8, 9-diaza- ,, 
8, 9, J2-triaza- ,, 

Transition energies 

ealc. 
[era-l] 

27,876 
28,037 
27,554 
27,4t4 
27,414 
27,4J4 
27,414 

exp. 
[em-~] 

3J,545 

I n  view of the drastic simplifications used the agreement between the calcu- 
lated and the experimental  t ransit ion energies for t r iphenyl  eyclopropenyl cation 
is fair. The calculation predicts t ha t  the introduct ion os nitrogen atoms in the 
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phenyl rings will cause red shift in the longest wave length electron transition 
except for the i9-aza compound. 

Some Comments on the Stability of Triphenyl Cyelopropenyl Anion: I f  we assume 
that  the triphenyl cyelopropenyl anion differs from the cation in containing two 
more electrons and none of the molecular parameters are changed, then the present 
set of calculation will hold for the anion with the only difference that  one more MO 
will be occupied in the anion as compared to the cation. I t  has been mentioned 
that  the topmost filled MO belongs to the species A 1 and the first empty MO to 
species E. The two additional electrons in the anion will therefore go to the orbital 
of symmetry E. But the E-orbitals can accomodate four electrons. Hence the 
anion will contain an incompletely filled MO and will be a highly unstable biradical. 

Concluding remarks : Although a number of interesting correlations have been 
obtained in this calculation , it should be remembered that  Hfickel LCAO method 
makes several simplifying assumptions, one of these, the neglect of electron 
interaction is particularly serious for ions. 
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