
Tetrahedron betters ~0.54, pp. 56~9-5612, 1968. Pergsmon Press. Printed in Crezt Britzin. 

nCCLEapJ3ILIcCE4RA~CFALKYLRADIcA.LSI 

~S~BYWYLBhDIClCSOEWERdTEDIBBEDQXPR~SS;Gj 

F.Mlnisoi,B.Calll,M.Ceoere,V.Malatesta and T.Camnna 

Istltuto di Chimlca de1 Politeonioo 

Piasaa Leonardo da Vinol,32. YILMO 20133. ITALY 

(Received in up 20 September 19613; accepted for publication 6 Ootober 1966) 

PEW syntheses,whose ooourrenoe is strictly conneoted with the nucleophilio oharaoter of 

the alkyl radicals,are performed by means of radicals generated in redox processes. 

Two redox processes are used: 

A) Cyolohexanone peroxide and ferrous sulfate: 

0CH3 a + Fe++ Y Fe&* + 

OH 

OCHz 

B) z-methyl-s,z-pentamethyleneoxazirane and ferrous sulfate: in this case the forz&lon of 

the alkyl radical was explained by an analogous sequenoe' I 

c\ OL ILCH3 + 

while our results,which 

0 
0 

‘&.4x3 + 

5 
0. 

Fe* + B20 - F&H++ + nLcli, -3 H3c-mLCG(cE2)*-cE; 

01) 
will be discussed elsewhere , indioate a somewhat different pathway: 

Fe++ + Ii20 - Fe& + 

I# OH 

0 . -cH3 -5 g ~q-(cH2),-cH; -- (11) 
3 

1) Alkylation of protonated heteroaromatic bases. 

A number of heteroaromatlos Is alkylated with both redox systems in acidic solutlon(Tti 

ble). In the most studied oaaes(Pyridine and Quinoline) ?e-s& yield, based on the radioal 

souroe, is obtained: g.1.c. only shows the isomers z and 4 (Pyridine: 21 34$g 49 66; Qui- 

noliner 29 4 $1 49 34). The synthetic interest is connected tith the easy availability of 

the radioal sources2 and the simple experimental oondltlonst the reaction Is isuzedlate in 

5609 
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water or methanol at room temperature. 

Subhratum Positions of attack 

(I) (II) 

pyridlne 294 294 

quinollna 294 294 

aorldins 9 9 

pyrasine 2 

iroquinollna 1 

2-aminopyrimldine 4 

benzothlazole - 2 

The reaotion meohani8m involves a redor ohain 9 

( P - (I) or (II) ) 

With pyridine,pyrazine and isoquinoline the dimere (III),(IV) and(V),arlslng from dimeriz& 

tion of the Intermediate radioal and subsequent oxidation, are izolated as by-produots 2 

(III) 
(V) 

Phe nuoleophllio oharaoter ,as driving force for thiz new type of radioal alkylatlon,is 

clearly indioated by the izaner distribution and by the fact that aromatics such ae benzene, 

ohlorobenzene and naphtalene do not react under the same experimental oonditlonz in homo- 

geneous medium. 

2) Syntheeee of polyfunotlonal long-chain compounds by alternating free radioal additions 

to oonjugated olefins. 

Addition of the radloal (I) to oonjugated oleflns in the presenoe of metal salte redox 

systems was studied by us9 and by Koohi and Rust' , who reported that the reaotivlty of the 

radical (I) ie hfgher with butadiene and styrene than with olefins oonjugatod zith electran- 

withdrawi% groups,suoh a6 aorylonitrile or methyl aorylate, owing to the eleotrophilio 

character of the radloal.Our results indicated an opposite eequenoe aoocrdi~ to a nnoleo- 
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phi110 oharaot~ of (I). 

ho new 8ydh8888 of gsncnd ohrraoter 8ha that w oonol~8ion8 were oolWeot: 

a) Th8 radiOal (I) and (II), generated in the 8inailtarWN8 preaenoe Of b+di8n8 

olefin oonjugated with an eleotron-withdrawing group (xl Cli, CCC& COCCE3, CCCE3) 

mainly to (VI): 

8' + CE*lCEx P B-C+IX 

LcB*-b + C4B1 P B-CE*-CIix-C,Bi 

2 lw,-CEx-c,a; _ ( R-CE,-CHx-c,H~- )2 

W) 

5611 

and an 

eve rise 

b) Catalytic amount of ouprio sulfate in methanol oxidlses quantitatively th8 allylic rsdi- 

OS18 1 

When X 18 

B-CH2-CHX-C,H; + Cu++ - R-CH2-CHx-c,H6+ + Cu+ 

R-CH2-CHX-C,H&+ + CHsm - B-CR2-CHLC,H6-OCR3 + E+ 

oarboxyl group an intramolecular reaotlon of the allylio cation takes placer 

R-CR2-CR-C,H6+ - 

I 

R-CH2-CR-CH2--CR-CR2 + H+ 

II 
COOB c-0 

Anslogou8ly (VII) and (VIII) are obtained with o-aethyl-Styrene instead of butadiene I 

R-CH2-CRX-OR,-C(CR,)-C6Hs 

I 

R-CR2-CR-CH2-C(CRJ-c6E~ 

I I 
Pm OcBs 

c+o PJIII) 

7044 yield,bsaed on the radioal sowroe, i8 obtained in the most favourable cases. 

Slnoe the resonano8 energies of o-oyano, -boxy and keto alkyl radioal cannot be as high 

as that of allylio or beneylio radioale, the observed sequence of reactivity and the con- 

sequent synthetic po88ibilitieS are olearly determined by the nucloophilic character of (I) 

and (II). 

3) Alkylation of bensoquinone. 

With beneoquinone a dialkylderivative i8 obtained : 
R 

- 
01 

Q 
10 

2R* 

* $ 

Om 10 

R 

The pr88enOta of butadiene doe8 not notably alter the reaction OOurSe : this indicate8 a 

muoh higher reaotivity of the alkyl radicals toward8 benzoquinone, according to their 

nuoleophilio oharaoter. 
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4) Beaotion with biaoetyl. 

Both (I) and (II) with biaoetyl give rise to (IX) : 

B* + aIs-co-ccwli3 - R-c(cE3)-co-cEs - 

I 

E-CcLGRz + CBS;0 

O* (lx) 
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This addition to oarbonyl oarbon, recently observed also in termal and photoohemioal 

prooes*ee5, is, in cur opinion, determined by the nuoleophilio oharaoter of the alkyl 

radicala. 

Work in progress shows that also aoyclio sources of alkyl radicals can be used for these 

syntheses: for instance, etbylation is performed by the redox system methyl-ethyl-ketone 

peroxide/ ferrous sulfate, 
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