
Tetrahedron Letters N0.31, pp. 3465-3468, 1968. Pergaon Press. Printed in Great Britain. 

ELFCTRON TRANSFER AS TRE FIRST STIZP IN NUCLEO~ILIC SUBSTITUTION 

K.A.Bilevitch, N.N.Pubnov, and O.Yu.Okhlobystin 

Institute of Organoelement Compounds, Xoscow 

(Received in UK 22 March 1968; accepted for publication 6 May 1968) 

A number of definitely useful formulations of theoretical or@.nic chemistry 

which were advanced in the first half of the ten-kury ar:: presently too rigid. 

For example, attempts at absolute classification of homo- and heterol:ytic 

reactions ig:nore the fact that hctcrolytic processes are frequently accompa- 

nied by free radical formation, while, on the other hand, homolytic reactions 

con lead to Scneration of ions. These phenomena are explained by assuming 

that homo- and heterolTytic rcac-tions both take place simultaneousl-S; and inde- 

pendently. It may be proposed, however, that one-electron transfer precedes 

the formation of the chemical bond in the transition state and is the firct 

step of heterolytic as well as homolytic recctions. 

The fact that a great variety of organic and inorganic species (cotnls 1 , 

or~anometallic compounds*, anions 3 , Lerlis bases4, etc.) are capable cf elect- 

ron transfer is now evident. CarborAum ions5, aromatic hydrocarbons, and mole- 

cules containing electronegative substituentsG are also Ii~OVZl to acce-t u::- 

paired electrons with the formation of radicals or anion-r_Zicels. 

The intermediate formation of radical species cannot be excluded even in the 

case of heterol7ytic reactions but these species are not usually i:?.entifiod 

and their role in the course of reaction remains vague. Thorc is some evidence 

that addition of Gr&nard reagents to benzophenone proceeds via ketyl for- 

mation 7. Anion-radicals mere also detected b-r y ESR in the COU~SO of som metal- 

stion reactions E,9 and in the reaction beWeen 2-nitropropyl anion ?.n;l p-aitrc- 

benzyl bromidelO . The interaction cf triphenylchloromcthone and eti:yllj_thiup. 

is accompanied by the formation of f-ee triphcnylmethyl rn&i.calsll. 

In the case when an anion A- reacts with cation 9+, it is possible that two 

radicals are 0riSinally formed: 
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A’ + 9+- A A l -i- B’ 0) 

A’ + B' -A-B (2) 

Disproportionation and combina-:;ion of like radicals results 

of by-products (A-A, LB, A-B, etc.). If the electron transfer 

in the formation 

rate (1') is map 

kedly in excess of that of recombination (2) the stationary concentration of 

free radicals may become measureable by the ESR method. 

Typical examples of h&c?olytic processes are the hydrolysis and alcoholysis 

of alkyl halides. These reactions :-ere the foundation of the generally accep- 

t& theory of nucleo.$ilic substitution. From this point of vie?? we believed 

it ;voultl be especially of interest tc find electron transfer in such classic 

systems. 

The system Lh7CC10 + t-EuOK was usc9 as 8 model on account of the fact that 
,) 4 

triphenylnethyl cation is 3 ;ood clectrvn acceptor and t-BuO-anion is a strong 

electron &nor. ?his rczction tnrnel ont to occur in ts:o steps, the first 

b ?iii:_ the formation of tri:$ien:-imethyl radicals v:hich are z-e11 detected by the 

'53R nothod: 

_Jh,c+c10, + t-PiLlx - .?h 3 C’ + t-EUO’ + KC10 :L , - Bh3COBu-t 

Tripl-.enylchl~romethnne reacts in the same manner. The sign01 of the triphe- 

nj-ineth:-1 r::'ical is v~.~l?. r~ecolved and increases at the beginint; of the reac- 

tion, decreases to ;erc. 

?1 solqktion of 3 CX in 2-3 3 
(0’1 rlole/l) ;7::s itixed .;:ith excess of t-BuOK di- 

r0ctly in the covit;, of t-ii2 &Ii s3ectrometor (l>urc argon atmcs?here). A ,cra?h 

?1 the varktion zf the i:itensity of the LSR signal 02 the triphenylmethyl 

?' I ‘iczl r:ith time is _sresentsG in Fi:,i. '_he mnz&wm of the curve corresponds 

;I a concen%rcti;n Of ?+C- r::dicals of l*5.10w3 solo/l. The sane picture a,> 

--'?~rs in tile ~b3CC1-~hCYc system (dioxane-T3 wlution). If a mixture of i:yri- 

_ ino wd nhencl is ui;ed inotzad of _hsncxi.le the concentre.tion of trishewlme- 

'-1yl ro'?icrls correepcnds aboct C*l$ of the tti "(A -+?l amount of tri~G~enylchlorcme- 

'.‘Y2n- . 

3~ ‘3.~0 of pctasciuc 3, ,,5-tri-t-butyl"henoxide in lieu of tert-butoxide 

;,Q cl. : 2 ,! ti, e stsbli- -hi-2 , I., 6-tert-butyl?henoxg rc.c!ical (100;‘;). The intensity 

i - %;I, ‘2 si~~xl FL’ ',,iis rc,<iozl l:iitll tiw is presented in Fig.2. 
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Fig. 2 

The formation of an ether does not take place in this case and the tri_ohen;Fl- 

methyl radicals first formed gradually dimerise. 

It follows that this classic heterolytic reaction of E$$ type seems to be :L 
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two-step process and the first step of the overall process is an electron 

transfer reaction. 
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