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The two benzonzi,hthaleneo, nhcninthrene and anthracene, 

differ greatly in their properties, ?hennntarene naviny a 

sienificnntlv larger resonance enemy and bei,lg much less 

reactive. Since nn2hthnlcne and azulene aye isoseric aror?atic 

hydrocarbons, one rni~~!it exnect similar differences to Zxist 

between the three possible benzazulenes, a co,ilnlusion which 

seens at first si;:ht to be sun‘lorted b'r the failure of various 

at t e 7 1 yl t R to obtain the 4,5-isoncr. 

,Sor,:e tine aye, rio::ever, one of us suggested (2) oh the 

basis of :I si9ple -orturoational M'LI treatment that azulene is 

best rTey,nrded as a -,:onoc\rclic aroqntic system, the central bond 

contributing little to its resonance stabilization sn;i serving 

::aini:r to enable the rinc: to exist in an unstrained 7lrinar 

cohfi,*uration. This idea has since been su0aorted ov ,an x-rav 

stmcture tin _terr-iinatioi? ::r;iich sr<oi's t!?e centrsl bond of ,azu- 

l<?llC to be essenti,all:i sin,Tle (7), Xl.? 0: ::ore cietailcd calcu- 

lations (4) usin" a rlore refined '!C' hG qrocedure. if tnis 

conclusion is correct, then one rlir,ht zxnect the three benz- 

azlulenes to be ver‘: sirnilip in t,ieir 9ro9erties; for if 
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azulene .is indeed essentially a monoyyclic aromatic system, 

the poln; of annelation with the benzene ring should be 

relatively unimportant - and indeed crude calculations 

by the Hickel method suggested that this might be the case (5). 

IJe nave therefore calculatPd the properties of the 

three benzazulenes, using a modified Pople SCF MO method 

which has been described In detail elsewhere (4, 6). Two 

sets of values were used for the repulsion integrals; one 

(PPP) similar to those recommended by Pariser and Parr, 

the other (SPO) corresponding to a modified split E-orbital 

approach. The calculations were made self-consistent for 

variations in the one- and two-electron Integrals with bond 

length for all pairs of neighboring atoms. 

Table I shows n-binding energies calculated for the 

three hydrocarbons, together with derived (4) resonance 

energies; the values ,given by both methods agree closely, 

and the last column of Table I lists mean estimated values 

for the heats of formation at 25". Possible strain energy 

has not been included. 

TABLE I 

Calculated n-binding energies, resonance energies and 
heats of formation at 25' (AHf) for the three 
benzazulenes (In e.v.). 

Compound n-binding energy resonance energy AHf 

PPP SPO PPP SPO 

1,2-Benzazulene 18.24 16.87 2.32 2.35 123.68 

4,5-Benzazulene 18.25 16.87 2.37 2.41 123.70 

5,6-Benzazulene 18.25 16.90 2.37 2.37 123.69 
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It will be seen that the predicted resonance energies 
5 
and heats of formation of the three benzazulenes are indeed 

virtually identical. The resonance energies are much less 

than the values calculated (4) for anthracene (PPP, 3.09; 

SPO, 3.08 e.v.) or phenanthrene (PPP, 3.46; SPO, 3.43 e.v.). 

They are somewhat smaller than a sum of the resonance 

energies calculated (4) for benzene and azulene (PPP, 2.54; 

SPO, 2.54 e.v.). The general picture seems entirely con- 

sistent with our formulation of the three compounds as bi- 

cyclic aromatic systems, formed by fusion of the CsH6 and 

CloHlo "Huckel" hydrocarbons but mildly perturbed by the 

presence of the additional transannular bond. This con- 

clusion also seems consistent with the values calculated for 

the dipole moments (Table II) and bond lengths (Table III) 

in these three compounds. The calculated values indicate 

a marked alternation of bond lengths in the five- and 

seven-membered rings; it is to be hoped that the structures of 

these molecules will be determined experimentally, to test 

this prediction. 

Since our SCF MO method has proved very satisfactory 

(4,6) for a wide range of conjugated hydrocarbons of varying 

type, both aromatic and non-aromatic, we feel that the 

calculations reported here are fairly reliable. If so, the 

-failure to prepare 4,5-benzazulene cannot be attributed to 

any lack of aromaticity or resonance stabilization. 
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TABLE II 

Calculated dipole moments (D) for the benzazulenes. 

Compound Dipole moment 

PPP SPO 

1,2-Bencazulene 1.86 1.32 

4,5-Benxasulene 1.96 1.41 

5,6-Benzasulene 2.01 1.41 

TABLE III 

Calculated bond lengths (w) for the benzazulenes. 

Compound Bond PPP SPO 

1,2-Benzasulene 

4,12 

11,12 

10,ll 

10,111 

12,13 

13,111 

5,13 

586 

6,7 

7,3 

a,9 

9,14 

1.417 1.419 

1.382 1.379 

1.412 1.416 

1.384 1.380 

1.415 1.418 

1.405 1.397 

1.441 1.450 

1.370 1.362 

1.447 1.455 

1.465 1.469 

1.375 1.366 

1.437 1.450 

1.369 1.360 

1.437 1.450 

1.366 1.357 

1.449 1.461 
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TABLE III (continued) 

Compound Bond PPP SPO 

4,5_Benzazulene 1,12 

192 

293 

3,13 

12,13 

11,12 

5,6+enzazulene 

4,13 

4.5 

5,6 

6 ,A4 

11,111 

7,14 

798 

899 

9,10 

10,ll 

1,ll 

192 

5 2~3 

3,12 

11,12 

9rl4 

9rl0 

10,ll 

4,12 

4,13 

1.373 1.366 

1.431 1. 441 

1.370 1.363 

1.438 1.449 

1.464 1.468 

1.451 1.468 

1.377 1.367 

1.437 1.449 

1.366 1.358 

1.446 1.457 

1.405 1.397 

1.413 1.415 

1.384 1.382 

1.411 1.414 

1.394 1.381 

1.414 1.417 

1.374 1.365 

1.430 1.441 

1.370 1.362 

1.439 1.450 

1.448 1.461 

1.446 1.457 

1.362 1.355 

1.448 1.461 

1.374 1.365 

1.445 1.455 
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TAB&E III (continued) 

Compound Bond PPP SPO 

5,6-Bensazulene 
(continued) 

13,111 1.405 1.396 

5,13 1.415 1.417 

516 1.383 1.380 

6,7 1.413 '1.417 

7.8 1.382 1.379 

8,14 1.416 1.419 
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