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Non-anomalous Absolute Configuration of 1,5=Disubstituted 
9,10-Dihydro-9,10 -bridged Anthracenes 

By STEPHEN F. MASON 
(Department of Chemistry, King’s College, Strand, London WC2R 2LS) 

Summary The disagreement between the absolute con- length method for the calculation of the transition 
moments, whereas the employment of the origin-depend- 
ent dipole-velocity procedure affords a concordant con- 
figurational assignment. 

figuration of ( --)-1,5-diamino-9,10-dihydro-9,10-etheno- 
anthracene determined by the Bijvoet X-ray method and 
by the exciton analysis of the c.d. spectrum derives from 
the use in that analysis of the origin-dependent dipole- 
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U N n L  the recent report1s2 of an anomalous class, consisting MO (I) to the lowest unoccupied MO (11) of the benzyl anion 
of the 1 ,&disubstituted 9,1 O-dihydro-9,lO-bridged anthra- (Figure 2). The charge-densities of this transition show 
cenes, the exciton analysis of the c.d. spectrum of a chiral (Figure 3a) that the electric moment obtained by the 
molecule has been found to give invariably the same absolute dipole-length method is directed along the line joining the 
configuration as the Bijvoet X-ray diffraction method. 

~urine-I1,7*~ ( +)-2,2’-dihydro~y-l,l’-binaphthyl,~~~~ (-)- 
1 , l’-bianthryl-2,2’-dicarboxylic acid ,11~12 ( f ) -tram-stilbene 
oxide,13y14 (+)-[6]-helicene,lS~’~ the (-)-[As(cat),]- i ~ n , ~ ~ ~ ~ ~  
the (-)-[Fe(phen)#+ ion,19920 and the ( + ) - [ N i ( ~ h e n ) ~ ] ~ +  
ion.21,22 In the cases where the coupling of the electric 
excitation moments of two or more chromophores is involved 

0 
Examplest include b~lbocapnine,~ ~4 argemonines y 6  cara- 2 

-- ‘b-k $J+; 1 
47 

-- 
the particular location of the excitation moment in a 
chromophore is not critical for the exciton analysis of the +L (11 D 
c.d. spectrum, only the orientation of that moment in the 

t$ 2 

f i  
chromophore being important. 

However, the dissymmetric class of 1 , 5-disubstituted 
9,lO-dihydro-anthracenes (e.g. Figure 1) , have no n-electron 
optical activity in the exciton approximation if i t  is as- 
sumed, as i t  often was in the early s t ~ d i e s , ~ ~ ~ ~ l ~  that the elec- 
tric moment of a n-excitation in a benzenoid chromophore 
is located at the centre of the benzene ring. The c.d. spec- 
tra of ( - ) -1  ,5-diamino-9,lO-dihydro-9,lO-ethenoanthracenel 
and of (+)-2, 7-diaminotriptyceneJ2 each containing two 
aniline chromophores, have the exciton form, indicating 
that the barycentre of the electric moment of an aniline 
n-excitation is, in general, displaced from the centre of the 
benzene ring. 

FIGURE 1. The lower-frequency coupling mode, giving a negative 
rotational strength in 9S,10S-1,5-diamino-9,10-dihydro-9,10- 
ethenoanthracene, of the lowest-enevgy n-excitation of the two 
aniline chromophores calculated in the dipole-velocity representation. 

A re-examination of previous studies of aniline dimers, 
namely, the .rr-SCF calculations on calycanthine and cara- 
curine-118 and a Hiicltel treatment of Troger’s base,23 shows 
that the electric moment of the lowest-energy n-transition 
of aniline is displaced from the centre of the benzene ring 
towards the amino-substituent in the dipole-length repre- 
sentation but is shifted towards the para-carbon atom when 
calculated by the dipole-velocity procedure. The directions 
of the shifts depend solely on the length or velocity method 
adopted and are independent of the parameterisation and 
level of approximation. The magnitudes of the shifts are 
larger for the lower approximation and become substantial 
in the simple corresponding-carbanion model, which pro- 
vides a paradigmatic contrast of the length with the velocity 
representation. In the corresponding-carbanion 
the lowest-energy r-excitation of aniline becomes an ana- 
logue of the transition of an electron from the non-bonding 

FIGURE 2. 
MO ms (11), of the benzyl anion. 

T h e  non-bonded MO, r4 (I), and the lowest unoccupied 

two ortho-carbon atoms, whereas the vectorial bond-order 
changes in the transition indicate (Figure 3b) that the 
electric moment of the dipole-velocity representation is 
directed along the line through the midpoints of the two 
meta+ara carbon-carbon bonds. 

0 
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FIGURE 3. (a) The charge density, Cu4CW5, of the transition, 
w4 (I) -+ n, (11) of the benzyl anion, C,, representing the atomic 
orbital coeficient of carbon atom, p, in the molecular orbital, nn. 
(b). The vectorial bond-order change, (Cw4Cv, - CWrCvs), ofthe benzyl 
anzon transition, 5r4 (I) + 7~~ (11), representing the transitional 
charge momentum along the bond between the carbon atoms, p and v. 

The Coulombic coupling of the lowest-energy electric 
moment of the two aniline chromophores, obtained by the 
dipole-velocity method, gives a negative and a positive 
rotational strength at a lower and higher frequency, 
respectively, for the 9S, 1 OS-configuration of 1 , 5-diamino- 
9,10-dihydro-9,lO-ethenoanthracene (Figure l) ,  as is ob- 
served1 for the (-)-isomer, in agreement with the X-ray 
configurational assignment.l The exciton c.d. analysis 
employing the aniline excitation moments Calculated by the 
dipole-length formalism assigns to the (-)-isomer the 
enantiomeric 9R, 1012-configuration, and it provides a 
crucial example of the long-suspected hazard of the use of 
the dipole-length procedure in the calculation of rotational 
strengths. 

Gorin, et aZ.25 pointed out that rotational strengths 
calculated from inevitably-inexact wavefunctions by the 
dipolc-length method are, in general, origin-dependent . 
Moffitt showed26 that origin-independent rotational 
strengths are ensured by working consistently in the 
dipole-velocity repre~entation.~’ The sum-rule for rota- 
tional strengths is violated in the dipole-velocity, but not in 

p References to the X-ray determination of the configuration of a given molecule, or to a chemical correlation based on a Bijvoet 
standard, and to the corresponding exciton c.d. analysis are cited in the corresponding serial order. 
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the dipole-length procedure.28 In stereochemical applica- 
tions the loss of the sum-rule is expected to be generally less 
of a hazard than origin-dependency, since the signs and the 
frequency-order of the bands in the c.d. spectrum are of 
primary concern in those applications. The theoretical 
reproduction of the magnitudes of the observed rotational 

strengths, although strongly confirmatory of a c.d. analysis, 
has not as yet proved to be the decisive element in a con- 
figurational assignment. 
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