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HOMO- AND SPIROCONJUGATIVE EFFECTS IN THE SIGMATROPIC 

REARRANGEMENT OF 1 ,I'-SPIROBITNDENES 

Herbert Kiesele 

Fakultgit fiir Chemie der Universitgt Konstanz 
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Summary: Due to homoconjugative interactions 2,3-dihydro-l,'l'-spirobiindene and 
'l,l'-spirobiindene yield isomeric benzofluorenes in thermal, photoche- 
mical, and electron transfer induced rearrangement. 

Recently it was shown that the electron transfer induced rearrangement of l,l- 

disubstituted indenes proceeds by a dianion', following a concerted, suprafa- 

cial pathway2. 

&' ;z;:_ &'p.5lshift* &z]' 

R = alkenyl,aryl 

R’= alkyd, aryl 

The exceedingly high reaction rates are in sharp contrast to the predictions of 

Woodward and Hoffmann3. Therefore we assumed homoconjugative assistance. An 

analogous interpretation has been given by McCullough for the "forbidden" pho- 

torearrangement of I-arylindenes4 (see also 576) . 

To test the influence of homo- and spiroconjugation on sigmatropic shifts we 

studied the thermal, photochemical, and electron transfer induced rearrange- 

ments of 2,3-dihydro-1,l' -spirobiindene 1 and 'l,l'-spirobiindene 2. With com- - - 
peting alkyl-, alkenyl-, and aryl-substituents, a geometry allowing for homo- 

and spiroconjugative interactions 7 , and three electronically very different 

rearrangement mechanisms, 1 and 2 seemed especially suitable for that purpose. 

The experimental results are summarized in Table I and will be discussed with 

the aid of HMO-calculations. The yields listed in Table I refer to chromato- 

graphically puri,fied products. 
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Table I 

Educt 

2 92 % 

Products 

hv 

3 74 % 

4 13 % 

2 61 % 

e- 

2 28 % 

A 48 % 

s 15 % 

1 90 % 

The "allowed" thermal isomerization of 2,3-dihydro-l,l'-spirobiindene 1, per- 

formed at 200°C in diphenylether as a solvent, specifically yields 6,11-dihy- 

dro-5H-benzo[a]fluorene 2 by aryl migration and succeeding hydrogen transfer 
438 . 3 is partially oxidized to IIH-benzo[a]fluorene 2. Just the same products 

are obtained in the "forbidden" photorearrangement, which was realized by ir- 

radiation of 1 in cyclohexane at IO'C with a high pressure mercury lamp. Re- 

duction of 1 with freshly distilled potassium in 1,2-dimethoxyethane' and hy- 

drolysis of the resulting fluorenyl salts again produces 2 together with C, the 

latter being formed by intermolecular hydrogen transfer2. The small amounts of 

3-(2_ethylphenyl)-indene 2 arise from a radicalic side reaction which may also 

produce 6,7-dihydro-5H-benzo[cJfluorene 5 under different conditions2. 

The thermal, photochemical, and electron transfer induced rearrangement of 

l,l'-spirobiindene 2 results in isomeric 7H-benzo[c]fluorene 2, the experimen- 

tal conditions being the same as above. 2 is obtained in high yields by sigma- 

tropic [1.5]shift of the alkenyl group, followed by hydrogen migration or hy- 
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drogen abstraction and protonation of the fluorenyl anion (see above). No IIH- 

benzo[a]fluorene 2 was detected, though 2 is thermodynamically more stable than 
9 the sterically hindered 7H-benzo[c]fluorene 2 . 

These findings fully agree with HMO calculations which include homo- and spiro- 

conjugative interactions. The latter are schematically represented in Figure 1 

for the dianions of 2 and 2. 

Figure 1 

c) 8’ 

Figure la shows the LUMO of one indene moiety in HMO approximation together 

with the enumeration of the 'l,'l'-spirobiindene system. The coefficients, cha- 

racterized by the radius (amount) and the hatching (sign) of each circle,are 

in good agreement with ESR data of l,l-disubstituted indene radical anions 
10 

. 

Coupling of an indene dianion with a benzene ring or an other (neutral) indene 

by homo- or spiroconjugative interaction significantly decreases the totaln- 

electron energies of 1 
2- 

Nevertheless, - and z2- 'I. the right-angled orientation 

of the interacting p-orbitals represents a maximum n-electron energy for the 

spirobiindene dianions. As is easily shown by first order perturbation theory 

twisted configurations are more favourable. Because of the very large coeffi- 

cient in position 2 and the much smaller one in position 8, 1 2- tends towards - 
the intermediate G,lla-dihydro-5H-benzo[a]fluorene dianion (Figure lb), whereas 

22- - tends towards the intermediate GaH-benzo[c]fluorene dianion (Figure Ic). 

As an example Table II shows some numerical data for the l,l'-spirobiindene di- 

anion, calculated with standard parameters 
12 

and varying Spiro resonance inte- 

grals 0'. For the right-angled configuration we assumed R' = 0.2 Ho, as pro- 

posed by Simons and Fukunaga 17 . The twisted configurations, representing the 

very beginning of the rearrangement, were simulated by a synchronous decrease 

and increase of fi' from 13' = 0.20 R. to R' = 0.15 fro and R' = 0.25 13 
0' 

Even 

with this cautious parametrization the results clearly show, that the rear- 

rangement towards benzo[c]fluorene is favoured by the dianion 2 2- . Analogous - 
results were obtained for all other reactions listed in Table I. The close 

correlation between migratory aptitude (alkenylr aryl>alkyl) and homoconjuga- 
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tive interaction strongly supports our starting hypothesis. 

Table II Spiroconjugative Interactions in I,1 '-Spirobiindene Dianion 2 ri- 

configuration Spiro resonance integral [R,] total n-electron 

B'2,2, B'8,8' "2,8' B'2,,8 energy [evl 

right-angled 0.00 0.00 0.00 0.00 -43.6788 

right-angled 0.20 0.20 0.20 0.20 -47.1066 

twisted towards 0.15 0.15 0.25 0.25 -47.1731 
benzo[a]fluorene 

twisted towards 0.25 0.25 0.15 0.15 -47.3012 
benzo[c]fluorene 
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