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Abshxt. Alkyl dicals are ebtahcd m&r mild ccmditio~ fnnn 1,2,4,5etrile 
idpenwhof M!alylesms.Thesamepmcesscecurswitll~ 

The Kolbe oxidation of the salts of carboxylic acids (eq. 1) is lcnown to have a photochemiad paralkl, 1 

following either electron ejection upon dii irradiation2.3 or electron transfer to a photosens&er (eqs 

2,3).4 

R-CO2- & R-CO2. -R. (1) 
PhCH2CO2- hv_ PhCH2C% + eaq -PhCHz (2) 

A* + R-C02- -A-. + R-CO2. - R. (3) 
Most reported photodecarboxylations involve a-aryl,l4 a-thio,435 a-oxo6 derivatives and similar 

relatively easily oxidixed acids. However, recent reports include decarboxyiation of unaubstituted fbtty acids 

induced by photochemical electron tmnsfer (PET), with either IO-methyhxidinium salts7 or 1,2,4,5- 

kmenet~nitrile (TCB>% as the sens&er; . mthe6rstcase_thecarboxylateanionisinvolved,htthe 

latteroneitharrbeenproposadthattheundissocistedacidiso~~.Thisissninteregtingpropo~andwe 

thought that, ifthis is correct, it should be possible to extend the reaction to functional derivativatives of acids 

conmining an electrofitgal group difkent from the proton (eq.4, X&-l). 

A* + RCO2X - A-. + RCozx+. - RCO2. - R. (4) 
In the frame of our cominuing interest in new methods for the generation of radicals via PET reactions,9 

we presently report the successfitil obtention of radicals from the t-butyl esters of aiiphatic acids via TCB 

photosensitization, as well as data supporting the fingmemation mechanism of both acids and esters. 

kadiation of acetonitrile solutions of TCB in the presence of the &utyl esters la-38 (1 M) resulted in 

the formation of the akyltricyanobenxcnes 57 as the only aromatic products (isolated yields 25 to 60??, 

Scheme I).10 Thus, PET induced decomposition of esters according to eq.4 (X=kBu) was a viable path, and 

the alhyl radicals were trapped by TCB-., following the general mechanism of PET allcylation of aromatics 

(Scheme 2, see the discussion below). * 1 Repetition of the reaction with the corresponding acids (lb-3b) gave 

the same products 8s previously reported.* 

Inordcrtode6nethemechanismofthesenai&ddeuuboxylation,further eXp&MltSWaecarried 

wt.AsitappearsinTable1,boththeestenraadtbeacidsquenohedthe~~ of TCB. We tested that 

a mineral acid (HC104) quenched the TCB fluorescence ditkion controlled Qsv 136 ~-1). Quantum yields 

weremeasured(Tablel),andinthecsseofZaand2bitwasobsemd that double reciprocal plots for the 

reaction quantum yield vs subs&ate concentmti on gave Ksv values rather close to thoge obtakd 6om the 
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fluo- mewurements, thus confinning tbat singlet excited TCB is the reactive state. In-ad&ion of TCB 

with -tic acid gave the alkylated derivative 8 (SO%).‘2 

hv 
+RCO*X - 

TCB 1. R=Me 5. R=Me 

2, R=Et 6, R-Et 

3. R=I-Pr 7. R=i-Pr 

4. R=l-Adamantyl 8, R= 1 -Adamantyl 

Scheme 1. 
a, X=r-Bu; b, X=H 

As detailed below, these data allow the conclusion that the TCB singlet excited state sen&zes the 

de&boxylation of both esters and acids, and that in the latter case the undissociated acid rather than the 

carboxylate anion is involved, and furthermore that electron rather than proton tmnsfbr is implied (eq.6 rather 

than eqs 3 or 5). 

A* + RCO2H - AH+ + RCO2- (5) 
A* + RCO2H - A-. + RCO2H+. (6) 

Thus, 1) although TCBl* is certainly more basic that the ground state, and indeed its emission is 

etliciently quenched by mineral acid, the dissociation of carboxylic acid in MeCN is too low for significant 

quenching of this short lived state (ts 10.8ns). 1°b 2) The quenching by the esters is similar to the quenching 

by the acids, coa&ming that the proton has no role. 3) Adamantanecarboxylic acid (4b), which is more easily 

oxidized than 1 b3b but is not a stronger acid quench the TCB fluorescence near to diision controlled, 

indcating electron rather than proton transfer. 4) The calculated AG for electron tram&r to singlet excited 

TCB is near to zero for acids and esters, and is markedly negative for 4b (Table 1). 

TCB hv TCB” -yRC&X 

-CN- 
c$,R(cN)3 - C&WW,- i R. L2m2- 

Scheme 2 

As for the fUnwing course of the reaction, the key step is obviously decomposition of the radical 

cations. It is unlikely that TCB-- plays any role, since the radical anions of aromatic nitriles have been 

demonstrated to be strongly stabilized species and poor nucleophiles. 13 The relatively high quantum yield 
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