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ATION OF l,&BENZOQUINONE 

Attilic Citteric 

The use of l,&benzcquincne as a free-radical scavenger or as an inhibitor of free- 

radical chain processes is well known, but surprisingly in literature there are no reports 

of the rate constants for free-radical addition to quincne. The knowledge of these data is 

especially important with all@ radicals, because they are intermediates in two of the 

main free-radical chain processes (autcxidaticn and vinyl polymerization) in which quincne 

has proved high inhibition efficiency. 

Previous results from this laboratory (1) indicated that primary alkyl radicals are 

much more reactive toward l,&benzcquincne than toward butadiene (for which the rate ccn- 

stant 9.2 lo4 1 mcl 
-1 -1 

se0 at 25OC was estimated "3 ; SC, a very high rate constant could 

be foreseen for quincne addition. 

We have determined the rate constant, ka , by using the kinetic model of Scheme 1, 

based on the irreversible isomerizaticn of 5-hexenyl radical, H', to cyolcpentylmethyl,C', 

( ~coo), + cu+ __) 

. 

w+ &vcoocu+ + co2 
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at a rate, k. , which is known , from the relationship(l) (i = initial , f - final) I 

k 
_ks 1 

a 
* [elf I~uiuons]i 

At 69oC a mean value of ka = (2.0 + 0.7).107 W-'set 
-1 

was astimated at various quinone cog 

centrations in the presence of CuOCOCH3 (10e3 I), Cu(OCOCH3)2 (2.5 ld2 I) and di-6-hepteg 

oyl peroxide (10e3 I) in CH3COOH/CH3CN (3/2) solutions. Preparative g.l.0. (on 5 ftrl/4 in. 

column packed with OV lO$ on chromosorb W (60-80 mesh) at 1600~ of the reaction mixture 

gave the products :{:I,. 35-37OC; MS m/e t 190, 123; 5gi13 6.72 (s&6 5,2H), 6.58 (8, 

H3,1.H), 5.8-4.8 (m,CHCH2,3H), 2.4 (t,CH2Ar,2H), 1.5-2.2 (m,6H)} and% ( &p. 40-41°C ; WS 

m/e : 190, 123; 6,, 'I)=3 6.7 (s,H6 5, 2H), 6.6 (s,H3,1H), 2.5 (d,CH2CH,2H), l.l-2.l(m,9H)l. 

By oomparison with the rate oo;stant data(5) for the addition of the same radical to 

5 the main "spin traps" (phenyl-N-t-butyl-nitrone, ka = 1.3 10 I-'se= 
-1 

and 2-methyl-2-n& 

trosopropane, ka = 9 lo6 I-lseo 
-1 

at 40°C) 1,4-benzoquinone appears to be an effective soa_ 

venger of primary all@ radicals. 

A similar high rate constant is not observed with electrophilio radicals : in faot, 

amino-radical-cations do not react with 1,4-benzoquinone (6) and oxygen-oentered radiaals 

react faster in hydrogen abstraotion or with olefins (7) end homooyclic aromatic (as shown 

by the syntheses below) than with 1,4-benzoquinone. Moreover, eleatron-withdrawing substi- 

tuents on quinone ring favour methyl radical addition (8). This suggests that an extensive 

degree of oharge-transfer in the transition state (struoture III), owing to the nucleophi- 

lit charaoter of alkyl radicals, contributes in decreasing the activation energy of the 

process. 

L 8 J L 6_ J 

A further indication concerns the synergism of the inhibition of the quinone-hydro- 

quinone system in free-radical chain reactions such as autoxidation, in which alkyl and 

all+-peroxy radicals are involved I quinone reacts faster with the first ones and hydre 

quinone with the second ones leading to similar intermediates. 

The high rate oonstant of the alkyl radios1 addition to 1,4-benzoquinone allows to 

overcome other possible side reactions end to achieve the following new types of clean 

homolytic alkylation 

i) Homolytic benzylafion, 

Benzyl radicals can be obtained efficiently by electron-transfer oxidation of alkyl- 

benzenes by peroxydisulfate (9). Their easy oxidation often prevents from the attaok to 0th 

er substrates; however, in the presence of quinone, the addition reaction successfully co= 
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petes with the oxidation and high yield of 2-benzyl-1,4-benzoquinone is obtained (eq. 1). 

ArCH + 
3 

8 

CH2Ar (1) 

In a typical experiment, a solution of Na S 0 (0.1 mole) in water (60 ml) was added in 2 
228 

hrs under stirring to a two phase system of 1,4-benzoquinone (5.4 g, 0.05 mole) in toluene 

(60 ml) and AgNO3 (0.7 g) in water (70 ml), warmed at 70°C. Separation of toluene layer 

and extraction with ethyl ether gave, after concentration, a residue from whioh 2-benzyl- 

1,4-benzoquinone (8.7 g, 88% yield) was purified by ohromatography on Si02 and crystalli- 

zation from methanol-water (m.p. 42oC). Only small amounts of dibenzyl derivative ooour 

under these conditions (1%). 

ii) P-hydroxyallrylation. 

Olefine oxidation by the system silver ions/ peroxydisulfate 

radioals(l') which are trapped by quinone according to the equations 

gave P-hydroxyalkyl 

2 and 3. 

(2) 

(3) 

Under conditions similar to those previously described for toluene, oyclohexene gave a mi= 

ture of ois- and trans-2-(2-hydroxy-oyclohe&)-1,4-benzoquinone (40 : 60) in 70$ yield) 

and 2-(2-cyclohexenyl)-1,4-benzoquinone (lO$). Similar results (40-70$ yield) were obtain- 

ed with other internal olefins. No styrene polymerization was observed under these condi- 

tions and 2-(2-hydrow-1-phenylethyl)l,4_benzoquinone was isolated by chromatography (11) 

(15%. 

iii) S-hydroxyallcvlation. 

quinone 

RCH2CH2CH2CH20H 
S208--/ Ag' 

RCH2CH2CH2CH20' (4) 

B 
(-HS04-) -W 

R 

c 

H 

NO’ 
(5) 

8 

+ (12) Oxidation of long chain alcohols by the system S208-/ Ag in the presence of 

gave b-hydroxyalkyl-1,4-benzoquinone according to the equations 4, 5 and 6. 

RCHCH2CH2CH20H (6) 
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An example is offered by the oxidation of 1-hexanol. A solution of Na2S208 (0.01 mole) in 

water (10 ml) was added under stirring to a heterogeneous mixture of AgNO 
3 

(0.2 g) in wa- 

ter (40 ml) and quinone (10 
-2 

mole) and 1-hexanol (0.04 mole) in hexane (5 ml) at 600~. 

Extraction with ethyl ether, evaporation and distillation under reauoed pressure gave a 

residue which was ohromatographed on Si02 with hexane/ether (9:l) to give 0.62 g (33s) of 

2-(1-ethyl-4-hydroxybutyl)-1,4-benzoquinone ( m.p. 31°C ; MS m/e : 208, 190, 161; STMs 
CDC13 

6.55 (s,H3,3H), 6.70 (s, H4 5, 
, 

2H), 3.6 (t,CB2CH, 2H), 2.8 (m,CH ,lH), 2.3 (broa&OH,lH), 

0.9-1.7 (m,9H) ). 

Several other souroes of nuoleophilio oarbon-centered free-radicals are in progress 

in order to extend further the synthetic applioations of the homolytio substitution in qui 

none series. 
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