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At&&&- The efficiency of alcohol trapping of the N-methylphthalimide-alkene radical ion 

pair has been shown to be a function of both solvent polarity and alcohol nuclwphilicity. 

The electron hansfer photochemishy of aromatic imides has been the subject of continued and intensive investigation 

over the past several years. Of particular imponance with respect to the electron transfer process is the effect of the 

solvent polarity which can dramatically affect the E,, and E, and the "dipole interaction term," C, in the Weller 

equation1. 

AGm = Eox - Ed-Em-C 

In the case of the phthalimide-alkene system the electron vansfer generated radical ion pair can be intercepted by 

nucleophiles, in most cases alcohols, to give the mpped product 2. In a study of the reaction of N-methylphthalimide 

(NAP) and alkenes with a series of alcohols, Mamyama and c*workers2 ascribed differences in reactivity of the 

various alcohols to differences in their polarities (Table 1) since the %actions were mn in pure alcohol. 

2 Yield(%) Dielectric Constant 
74 32.6 

However, we recognized that the fact that alcohol addition to 3 always gave the most stable radical 53 might mean that 

the wansition state for the production of 5 was late and that the nuclmphilicity of the alcohol might also be an 

important factor since alcohol addition would compete with reverse elecmn transfer (Scheme 1). 



Scheme 1 

h v . &  K Nnfp+ 1 = NMP+ 3 - 4 + 5 - 2 
R'OH 

K-d 

We decided to examine the solvent polarity and nucleophilicity effects of a series of alcohols on the ion pair trapping 

reaction of NMP and 1. Our approach was to look at relative quantum yields for product formation under conditions 

where the nucleophile (alcohol) concentration was kept constant but the solvent polarity was varied This was 

aCcofiplished by using mixtures of alcohol in acetonimile and methyl acetate. Our preliminary studies made it clear 

that dielec& constant, which is a bulk solvent prop&y, was a poor predictor of the actual solvent polarity in our 

system where hydrogen bonding to the carbonyl oxygen by the alcohols is likely to make the microscopic solvent 

polarity significantly different than the macroscopic polarity. It seemed to us that the Z value scale developed by 

Kosower4 would be a better measure of the microscopic solvent polarity in wr system. Thus we measured the Z 

values of a number of acetonihilemethyl acetate0.3 M alcohol mixtures and determined the relative quantum yields of 

pmduct 2 under these conditions where the solvent polarity value changed but alcohol molarity was kept at a constant 

value. 

The results are shown in Figure 1. Examination of the line for Ze is instructive. It reaches its highest value at the Z 

value of 72 but the straight line extrapolates back to Q= 0 at a Z value of 62, a value that is expected for pure 

hydrocarbons in which neither our reaction or the Z value measurement can be accomplished Suffice it to say that no 

radical ion formation and therefore no product should be obtained under these conditions. Clearly this plot establishes 

the already conceded fact that solvent polarity is a key determinant in the reactivity of this radical ion pair. However 

the individual plots ( 2e-2i ) for each of the alcohols (MeOH, EtOH, i-PaH, t-BuOH, CF3CH20H, respectively ) 

also establishes that nucleophile reactivity is also an i m p o m  consideration in this reaction and is a key contributor in 

the determination of the overall quantum yield for production of 2 along with solvent polaritys. These data, along with 

the linear Stem-Volmer plots determined for the production of 2a according to the relationship 

1/Q2 =K,JK,[ROHl+ 1 

establishes that Scheme 1 accurately describes thephotcchemisay of this system 
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Figure 1 
Relative quantum yields vs Z value 
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