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The half-wave reduction potentials of fluoro- and thiomethyl-substituted 

benzophenones and the n,n * triplet energies of the fluoro-substituted 

derivatives are found to agree quite closely with values predicted using 

empirical relations comprised of Hammett u values and CI. values; the lowest 

triplet states of the thiomethyl-substituted derivatives are shown to be TI,TI*. 

In the course of our investigation of the effect of merostabilization on 
red the half-wave reduction potential (E1, ) and n,r* triplet energy (ET) of 

benzophenone, it was necessary to eviluate the nature of the "normal" 

substituent effect (i.e. in the absence of merostabilization) on these 

quantities. 
1 

For symmetrically disubstituted (i.e. 4,4'-X2 and 3,3'-X2) 
red 

benzophenones, ET and E4 were found to correlate with two-parameter 

relations comprised of Hammett c values and a set of parameters (0.) 

reflecting substituent effects on benzylic radical stabilities (equations (1) 

and (2), respectively). 

(1) ET(kcal mol-') = 69.7 - (1.310 + 2.2Co.) 

(2) Eced(eV) = 2.21 - (8.4Ca + 2.OCo*)/23.03 

The relative contributions from polar and radical-stabilizing factors to 
red the substituent effects on ET and Eq can be inferred from the coefficients 

in equations (1) and (2). It is pa&icularly significant that radical- 

stabilizing factors contribute about equally to the substituent effects on ET 
red 

and Eq . This is presumably due to the fact that the n*-orbital is singly- 
: 

occupied in both species: the diphenylmethyl radical has been used as the 

model for this orbital in benzophenone. 2 Support for the validity of the 

model is provided by the similarities 

carbons in the radical anion 
3 

and the 

esr spectroscopy. Recent results for 

suggestive. 

in the spin densities at the ring 

diphenylmethyl radical4 as measured by 

the benzophenone n,n* triplet 
5 
are also 
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red Since this sort of treatment of the substituent effects on ET and Eq 
a 

for aromatic ketones is, as far as we know, unprecedented, we felt it 

desirable to test the validity of our approach by using (1) and (2) to predict 
red 

ET and E, 
/r 

for a few substituted benzophenones and comparing our predictions 

to experimentally determined values. We therefore chose four benzophenones 

(la-d) bearing substituents whose c and 0. values are unique. Fluorine -- 
(la,b) was chosen since it appears to be the only substituent which -- 
destabilizes a benzylic radical in the para-position6 (a*= -.08), while being 

mildly electron-withdrawing in the polar sense (a= .06). Thiomethyl (lc,d)7 -- 
on the other hand, is a strong radical-stabilizing group6 (US= .43), while 

being electronically neutral (a= 0). We assume merostabilization to be 

relatively unimportant in these monosubstituted derivatives. 

Half-wave reduction potentials of la-d were measured in acetonitrile -- 
solution by cyclic voltammetry, while the triplet energies were calculated 

from the positions of the short wavelength O-O band maxima in the 

phosphorescence emission spectra in EPA' at 77K. These results are collected 

in Table 1, 
red 

along with the values of ET and E, 
-i 

predicted using equations (1) 

and (2). 

Table 1. 
red 

Predicted and observeda half-wave reduction potentials (E4 , eV) 

and triplet energies (ET, kcal mol -l) of substituted benzophenones ;a-d - -* 

lb - x,y -Eg. ted (pred)c -EGed (expt)d ET bred)e ET (eXPt)f 

a H,F 2.19 2.20 69.8 69.8 

b F,F 2.18 2.19 69.9 70.3 

C H,SCH3 2.17 2.18 68.7 64.0 

d SCH3,SCH3 2.14 2.16 67.8 63.9 

a'Experimental procedures have been reported previously. 
1 

b. All substituents are in the para-positions. 

"Calculated according to equation (2). 

a. In O.lM TEAP/CH3CN; vs. Ag/O.lM AgN03/0.1M TEAP, 25OC; +0.02 

e'Calculated according to equation (1). 

f 'From the O-O band maxima in the phosphorescence emission spectra (EPA, 77K); 

kO.2. 

Excellent agreement between the predicted and experimental values of the 

half-wave reduction potentials of la-d is observed in all cases. The -- 
predictive value of equation (2) is most apparent for & and Id, since in 

these cases consideration of polar factors (i.e. u values) alone would have 
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red 
lead to the prediction that Ek for these compounds should be the same as 

that for benzophenone itself i2.21 eV). 

Good agreement is also observed between the predicted and experimental 

n,n* triplet energies of la and lb. - - The triplet energies of the thiomethyl 

derivatives lc and Id however, - - are significantly less than those predicted by 

equation (1). This is due to the lowest triplet states of these derivatives 

being r,v* in nature; we have several pieces of evidence in support of this 

conclusion. 

(i) The long wavelength n,r * transition which is visible in the 

absorption of lc,d in hydrocarbon solvents is masked by an intense -- 
CT-r,n* absorption 10 in alcohol solution. The solvent shift (hexane/ 

-1 
ethanol) of this intense band is ca. 2100 cm . 

(ii) The vibronic band separation (Ay,_l) in the phosphorescence 

emission spectrum of an n,r * triplet ketone corresponds closely to the 

carbonyl stretching frequency in the ir spectrum of the compound, while 

in TT,~T* triplets, Ajo_ is considerably less than this. 
11 

For lc and Id, - 
- 
Avo-l 

= 1490 and 1350 cm 
-1 

respectively; this can be compared to the 

spacings in the emission spectra of 4-dimethylaminobenzophenone 

(1350 cm-l) and Michler's ketone (1240 cm-l ), both of which are known to 
11 

have CT-IT,TI* lowest triplet states . 

(iii) The phosphorescent lifetimes of_g,d (47 and 31 msec) 
12 

are 

characteristic of ~T,TT* triplet states 
L" 

(compare these to 170 and 90 msec 

for 4-dimethylaminobenzophenone and Michler's ketone) 
12. 

The characterization of the lowest triplet states of lc and Id as IT,~* - - 
completes our understanding of the effect of electron-donating substituents 

(CH3, GCH3, SCH3, N(CH3)2) on the ordering of the n,r* and ~,v* triplet states 

in aromatic ketones. In benzophenone, inversion occurs with thiomethyl 

substitution. On the other hand, in phenyl alkyl ketones, in which the n,T* 

and T~,T* triplet states lie closer in energy in the parent compound, inversion 

occurs with methyl substitution. 
13 

The two-parameter approach provides a much clearer understanding of the 

effects of substituents on the n,T * triplet energy and half-wave reduction 

potential of benzophenone. The predictive value of the approach is succinctly 

demonstrated by the good agreement observed between calculated and 
red 

experimental values of ET and E, for these derivatives. 
3 
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