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NEW SYNTHSSES BY ALKYL RADICALS GENBRATED IN REDOX PROCESSES
F.Minisci,R.0alli,M.Cecere,V.Malatesta and T.Caronna
Istituto di Chimica del Politecnioco

Piassa Leonardo da Vinoi,32. MILANO 20133, ITALY

(Received in UK 20 September 1968; accepted for publication 6 October 1968)

NEW syntheses,whose ocourrence is strictly connected with the nucleophilic ocbaracter of
the alkyl radicals,are performed by means of radicals generated in redox processes.
Two redox processes are useds

A) Cyclohexanone peroxide and ferrous sulfates

ocx, . " ocH_
<:><0. + P —— PeoE™ &+ O( ~—> B,C000-(CH, )~CH,:
OH Qe
()

B) 2-methyl-3,3-pentamethylenecxazirane and ferrous sulfate: in this case the formation of

the alkyl radical was explained by an analogous sequenoe1 t

Qe
OA""CH: + Fo' 4 E0 — FeOH'" & NE-CH ——-> H C-NE-CO-(CH ) —CHs

while our results,which will be discussed elsewhere, indicate a somewhat different pathway:

0 oE
<:>4--\N_cn5 + Fo'' 4 HO —b PeCH + <:>4|g-cn3

CH HO
~ \d -
Ollg-cn . > Hsc_n,;:-(cnz.)‘-cn2 —> (II)

1) Alkylafion of protonated heteroaromatic bases,

A number of heteroaromatics is alkylated with both redox systems in acidio solution(Ta-
ble). In the most studied cases(Pyridine and Quinoline) 70-80f yield, based on the radical
source, is obtaineds g.l.c. only shows the isomers 2 and ¢ (Pyridines 2 34%; 4= 66f; Qui-
nolines 2= 47%, 4= 33%). The synthetic interest is connected with the easy availability of

the radiocal sources2 and the simple experimental conditions: the reaction is immediate in

5609



5610 No.54

water or methanol at room temperature.

TABLE
Substratunm Positions of attack
(1) (11)

pyridine 2,4 254
qQuinoline 2,4 2,4
acridine 9 9
pyrasine — 2
isoquinoline -— 1
2-aminopyrimidine — 4
benzothiasole - 2

The reaction mechanism involves a redox chain s

@m _ + (2= (D) or (D))
nn+re -—-o@lﬂ-rh + H

With pyridine,pyrazine and isoquinocline the dimers (III),(IV) and(V),arising from dimeriza-
tion of the intermediate radical and subsequent oxidation, are imolated ae by-producte 3

-0~ Ol ~O-Cm
oo B By

The nucleophilic character ,as driving force for this new type of radical alkylation,is
clearly indicated by the isomer distridbution and by the fact that aromatics such as benzene,
chlorobenzene and naphtalene d¢ not react under the same experimental conditions in homo-
geneous medium,

2) Syntheses of polyfunctional long-chain compounds by alternating free radical additions

%o _conjugated olefins.

Addition of the radical (I) to conjugated olefins in the presence of metal salts redox
sygtems was studied by uss and by Kochi and Rust‘, who reported that the reaotivity of the
radical (I) is higher with butadiene and styrene than with olefins conjugated with eleciran-
withdrawing groups,such as aorylonitrile or methyl acrylate, owing to the electrophilioc

character of the radiocal.Our results indicated an opposite sequence according to a nucleo-
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philic character of (I).
Two new syntheses of general character show that our conclusions were correct:
a) The radicals (I) and (Il), generated in the simmltaneocus presence of butadiens and an
olefin oconjugated with an electron-withdrawing group (Xe= CN, COCH, COOCES, 00053) give rise
mainly to (VI) s
Re + O eCEX — B~CH,_~CHX
n-cnz-cnx + C‘K6 — a-cnz-cnx-c‘n;
2 R-CH 2-cnx-c‘ns- — n-cnz-cnx-c‘ns- )2
(v1)
b) Catalytic amount of cupric sulfate in methanol oxidizes quantitatively the allylic radi-
°2l8 ! P CH _CHX-C He + Ou"’ > BR-CH -CHK-C K ' + Cu’
2 46 2 46
B-CH —CEX-C E* + CH OB ——> B-CH -CHX-C E -OCH_( + il
2 46 s 2 46 3
When X is carboxyl group an intramolecular reaction of the allylic cation takes place:

R-CH ~CH-C H ¥ ———» R-CH ~CH-CH -CE-CH=CH_ + H'
2 4 6 2 2 2

COCH C O
Analogously (VII) and (VIII) are obtained with a-methyl-styrene instead of butadiene
3—032-051—032—0(GBS)-CGBS n-cnz-ca—cnz-c(cns)-csns

(VII) OcH, CO—o0 (VIII)

70-80% yield,based on the radical source, is obtained in the most favourable cases.

Since the resonance energies of a-cyano, oarboxy and keto alkyl radicals cannot be as high
as that of allylic or benzylic radicals, the observed sequence of reactivity and the con-
sequent synthetic possibilities are olearly determined by the nucleophilic character of (I)
and (II).

3) Alkylation of benzoguinone.

With benzoquinone a dialkylderivative is obtained 3
R

o.<:;:>.o B, Om =0

R
The presence of butadiene does not notably alter the reaction course : this indicates a
muach higher reactivity of the alkyl radicals towarde benzoquinone, according to their

nucleophilic character.
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4) Reaction with biacetyl.
Both (I) and (II) with biacetyl give rise to (IX)

Re + CH,CO-CO-CH, — R-G(CH )-CO-CH, ——> B-CO-CH_ + cnséo
0. (1x)

Thie addition to carbonyl carbon, recently observed also in termal and photochemiéal
procesaess, is, in our opinion, determined by the nucleophilic character of the alkyl
radicals.

Work in progress shows that also acyclic sources of alkyl radicals can be used for these
synthesess for instance, ethylation is performed by the redox system methyl-ethyl-ketone

peroxide/ ferrous sulfate.
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