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Symmetry Requirements for the Stabilization of One Class of Diradicals 
By ROALD HOFFMANX 

(Department of Chemistry, Cornell University, Ithaca, New York , 14850) 

A TRIPLET ground state can exist for a molecule whenever 
there are only two electrons to be placed in a pair of degene- 
rate or nearly degenerate orbitals. Such degeneracy may 
occur for both molecules which have normal Kekul6 
structures (e.g. cyclobutadienel) and for formal diradicals 
(e.g. trimethylenemethane) . The stability of the lowest 
singlet state may be increased by breaking as seriously as 
possible the degeneracy of the nonbonding orbitals. Where 
geometry allows it, a very effective procedure for ac- 
complishing this is the distortion from maximum molecular 
symmetry to a less symmetrical structure. This is probably 
what occurs in the ground state of cyclobutadiene.2 
Symmetry breaking may also be accomplished by replacing 
carbon by hetero-atoms, or by substitution or annelation 
by groups with low-lying unoccupied molecular orbitals 
(good acceptors in the normal terminology) or high-lying 
occupied molecular orbitals (good donors) .3 

Indiscriminate replacement or substitution may often 
result in simultaneous lowering or raising of both com- 
ponents of the degenerate pair, with no net stabilization of 

the singlet. For maximum symmetry-breaking effect one 
should perform the replacement or substitution so as to 
destabilize or stabilize only one level of the degenerate pair, 
or, better, to destabilize one and stabilize the other. The 
symmetry arguments for devising the best strategy are 
described below for cyclobu tadiene. 

Consider a cyclobutadiene substituted by two groups X 
with low-lying unoccupied n* orbitals and two groups Y with 
high-lying occupied n levels. There are two possible 
substitution patterns, (1) and (2). The degenerate orbital 

X -  X-Y 

Y- n~ ( 1 )  'Ti- n, (2) 

pair of a square cyclobutadiene may be chosen in two waysJ4 
appropriate to the ensuing loss of symmetry on formation of 

The interaction diagrams below show the very different 
(1) or (2). 
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features of (1) and (2). In  (l), X and Y each provide a level 
of correct symmetry to interact with either level of the 

m 

A AS SA 

degenerate cyclobutadiene pair. The net splitting is un- 
predictable In (2), X provides a level of the correct 
symmetry to depress one level of the degenerate pair, and Y 
provides a level of just the requisite symmetry to raise the 
other.1 It is now easy to understand why despite the 
extensive work directed toward the synthesis of “push-pull” 
cyclob~tadienes~ the goal was achieved only recently with 
a compound of type (2).* 

A-SS 

Substituen ts 
as in 2 s--H-ss Subs : h e n  ts 

as in 1 

Similarly, replacement of two or four carbon atoms of the 
cyclobutadiene by hetero-atoms will produce a superior 

symmetry-breaking of the degenerate level pair if the replace 
ment is as in (4) rather than as in (3). In (3) both originally 
nonbonding molecular orbitals S and A are affected by the 

w=w W=Z 
1 1  z=w (4) 

I I  
z=z (3) 

presence of W and 2. In  (4), one molecular orbital, say SA, 
is entirely composed of W orbitals, whereas the other, AS, 
is entirely made up of 2. If there is a sizable difference in 
electronegativity between W and 2, then (4) exploits that 
difference fully. To support the symmetry argument two 
cases were studied in an extended Huckel calculation. For 
the dimers of HCN, where W = CH and 2 = N the splitting 
is 0.66 ev for (3) and 2.39 ev for (4). For the case W = BH, 
2 = NH the corresponding symmetry-breaking amounts to 
2.86 ev for (3) and 5.89 ev for (4).’ 

The simple symmetry arguments presented here are not: 
restricted to cyclobutadiene. They are easily extended to 
cases such as cyclo-octatetraene, where once again alternate 
substitution or replacement [similar to (2) or (4)] would lead 
to stabilization of the planar geometry.8 The symmetry 
arguments are applicable to a still wider class of substituted 
hydrocarbons, and a particularly intriguing application 
which we will shortly describe is the design of molecules 
which are singlet ground states but by proper substitution 
can be transformed into triplet ground states. 
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