Tetrahedron Letters No.31, pp. 3465-3468, 1968. Pergamon Press. Printed in Great Britain.

ELECTRON TRAHSFER AS THE FIRST STEP IN NUCLEOPHILIC SUBSTITUTION
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A number of definitely useful formulations of theoretical organic chemistry
which were advanced in the first half of the century ar:z presently too rigide.
For example, attempts at absolute classification of homo- and heterolytic
reactions ignore the fact that heterolytic processes are frequently accompa-—
nied by free radical formation, while, on the other hand, homolytic reactions
can lead to generation of ions. These phenomena are exploined by assuming
that homo-~ and heterolytic reactions both take place simultaneously and inde-
pendently. It may be proposed, however, that cne-elcoctron transfer precedes
the formation of the chemical bond in the transition state and is the first
step of heterolytic as well as homolybtic recctions.

The fact that a great variety of organic and inorganic species (meqalsl,
organometallic compoundsz, anionsB, Lewis basesu, etc,) are capable of clect-
ron transfer is now evident., Carbonium ions5, aromatic hydrocarbons, and mole-~
cules containing electronegative substituents6 are also known to accernt un-
paired electrons with the formation of radicals or anion-radicals.

The intermediate formation of radical species cannot be excluded even in the
case of heterolytic reactions but these species are not usually identified
and their role in the course of reaction remains vague. There is some evidence
that addition of Grignard reagents to benzophenone proceeds via ketyl for-
mation7. Anion~radicals were also detected by ESR in the course of sone metal-—
ation reactionse'9 and in the reaction between 2-nitropropyl anion and p-nitr-
benzyl bromidelo. The interaction of triphenylehloromethone and ethyllithium
is accompanied by the formation of fiee triphenylmethyl radicalsll.

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

radicals are origirally formed:
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—— A® 4+ B* (1)
A* ¥+ B*— A—B (2)

Disproportionation and combination of like radicals results in the formation
of by-produets (4-i, AH, A—H’ etc.)s If the electron transfer rate (I) is mar-
kedly in excess of that of recombination (2) the stationary concentration of

free radicals may become measureable by the ESR method.

Typical examples of hcterolytic processes are the hydrolysis and alccholysis
of alkyl halides. These reactions vere the foundation of the generally accep—
ted theory of nucleophilic substitution. From this point of view we believed
it would be especially of interest tc find electron transfer in such classic
systems.

The system E‘thClO4 + t=BuOK was usced as a model on account of the fact that
triphenylmethyl cation is a good electron accepbtor and t-BuO-anion is a strong

electron doner. Thig recction turned out to oceur in two steps, the first

baing the formation of trirzhenvimethyl redicals which are well Jdetected by the

3R method:

Fn,C¥C10} + $-TuOK ~—— ThyC® + -Bu0” + KC10, —— PhyCOBu-t

Triphenylchloromsthane reachts in the same manner. The signal of the triphe-~
nyilmethyl rodical is woll resolved and increases at the begining of the reac~
tion, decreases to zerc.

A solution of -UBCK in .1 (O'l mole/l) was mixed with excess of t-Bu 2 di-

ractly in the cavity of tihe 43R svectrometer (pure argon atmesphere). A graph

>

2 the variaticon of the internsity of the uSR signal of the triphenylmethyl

cal with tinme is presented in Fic.l. The maximum of the curve corresponds
5> a concentration of Fh,C® radicals of 1'5.10"5 mole/l., The same picture ap—
-~

~3orgs in the EhBCCl—E} Olla system (dioxane-TiF solution). If a mixture of pyri-

Tine and phencl is uged instead of Dhencxile the concentration of trishenylme-—

ccls correspends about C*15 of the total amount of trivhenylchlorome—

Tha nee of potassiun 2,0 ,5-tri-t-butylrhenoxide in lieu of tert-butoxide
e tri-2,/,6~-tert-butylohenoxy radical (10073). The intensity

1
2T thz LER signol of this refiesl with time 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 trivhenyl-
methyl radicals first formed gradually dimerise,

It follows that this classic heterolytic reaction of Syl type seems to be «
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two-step process and the first step of the overall process is an electron

transfer reaction.
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