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Mechanisms of Antioxidant Action: Esters of 
Thiodipropionic Acid 

By GERALD SCOTT 
(The University of Aston in Birmingham, Gosta Green, Biwninghapn 4) 

MANY sulphur compounds are effective anti- 
oxidants in both liquid hydrocarbons and hydro- 
carbon polymers.lY2 Esters of thiodipropionic acid 
(I; R = H) in particular are important stabilisers 
for polyolefins and are used as synergistic mixtures 
with phenolic antioxidants whose ability to remove 
chain-propagating free radicals is now well estab- 
li~hed.19~ 

R0,CCH2CH2~SCH,CHzC02R (I) 

Unlike phenolic antioxidants which normally 
produce a pronounced induction period in liquid 
hydrocarbons, sulphides show autoretarding 
characteri~tics,~J suggesting that the effective 
antioxidants are not themselves sulphides but a 
product or products formed from them during 
oxidation. 

0- 

A study of the degradation of polypropene at  
165' has shown a parallel situation, in that 
increasing amounts of a thiodipropionate ester 
decrease the oxidative stability of the polymer 
during the early stages of processing, but a reversal 
of this situation occurs as oxidation is continued.& 

Oxygen-absorption studies of simple hydro- 
carbons have shown that, in common with other 
sulphur compounds, didodecyl thiodipropionate (I ; 
R = C,,H,,), is oxidised to an effective antioxidant 
which acts by catalytic destruction of hydroper- 
oxides in a process which does not involve the 
formation of free radicals6 In the early stages of 
the autoxidation of tetralin in the presence of 
didodecyl thiodipropionate catalysed by tetralin 
hydroperoxide, it is found that over a limited range 
of concentration ratios of tetralin hydroperoxide to 
sulphide the latter is an effective pro-oxidant (see 
Figure 1).  The effect is most pronounced at  molar 

ratios of hydroperoxide to sulphide in the region of 
1 and as the ratio is increased the sulphide becomes 
increasingly antioxidant with a pronounced evi- 
dence of gas evolution at  ratios above 2 : l .  The 
evolved gas was identified as sulphur dioxide by 
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FIGURE 1. Ef fec t  of didodecyl thiodipropionate ( D L T P )  
on the oxidation of tetralin containing 1 mmoles 
of tetralin hydroperoxide (in 4 cc) at 50": 

( a )  no DLTP.  
(b )  2 nz nzolas DLTP.  
( c )  1 m mole DLTP.  
( d )  0.5 m. moles DLTP.  
( e )  0.05 m moles DLTP. 

mass-spectrographic examination. Previous work 
has shown that SO, is a powerful antioxidant due 
to its ability to act as a Lewis-acid catalyst for the 
decomposition of hydroperoxide.6 An interesting 
feature of this phenomenon is the evidence for two 
distinct phases of pro-oxidant activity a t  lower 
hydroperoxide concentrations (Figure 2). This 
effect is quite reproducible and suggests that two 
free-radical generating steps precede the formation 
of SO,. Didodecyl sulphinyldipropionate (11) 
which is almost certainly the first product formed 
by oxidation of didodecyl thiodipropionate 

C,zH,50zC~CH,~S~O~CHz*CHzC02Cl~Hz3 (11) 

with hydro peroxide^^ is an even more effective 
initial pro-oxidant than didodecyl thiodipropionate 
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(Figure 3). This fact is not consistent with the 
assumption that sulphoxides may themselves be the 
effective antioxidants formed from sulphides.8 
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FIGURE 2. Pro-oxidant effect of didodecyl thiodipro- 
pioilate on the oxidation of tetralin at 50": 

(a )  tetralin (4 c.c.) containing tetralin hydroperoxide 
(( 1.5 wwnoles) 

(b )  tetraliii (4 c.c.) containing tetralin hydroperoxide 
(0.5 mmoles) and didodecyl thiodipropionate (0.5 
mnzoles). 
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FIGURE 3. Effects of antioxidants in tetralin at 50"; 
025 mnmoles of antioxidants in 4 C.G. tetralin containing 
0.5 mrnoles of tetralin hydroperoxide 1 

(a)  
(b )  D L T P  in nitrogen. 

didodecyl thiodipropionate (DL TP) in oxygen. 

(c)  
( d )  D D S P  in nitrogen. 

didodecyl s u l ~ h ~ n y l d i p r o p i o n a t e  ( D L S P )  in oxygen 

Again there is evidence at  certain concentrations of 
two separate stages of free radical formation. The 

pro-oxidant effect can be explained on the basis of 
an initial dissociation of the sulphoxide to two free 
radicals. Similar dissociations have been sugges- 
ted by Cramg to explain some of the features of the 
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FIGURE 4. Synergism between didodecyl thiodipropionate 
( D D T P )  and 2,6-di-t-butyl-p-cresoZ ( D B P C )  in tetralin 
(4 cc.) containing tetralin h-ydroperoxide (1 0 mmoles) : 

( a )  N o  antioxidant. 
(b)  0.01 mmoles DLTP. 
(c)  0.0001 mmoles D B P C .  
( d )  0.01 mmoles D D T P  + 0.0001 mnzoles DLBC. 

inversion of optically active sulphoxides and by 
Stirlinglo to account for the formation of free 
radical coupled by-products in the rearrangement 
of 1-naphthylmethyl P-tolyl sulphoxide to the 
corresponding sulphenate ester. 

The detailed chemistry of the relative contribu- 
tions of homolytic and heterolytic eliminations to 
the overall process is a t  present under investigation 
but the main features of the process are capable of 
interpretation on the basis of the following 
alternative dissociation pathways. Olefin forma- 
tion has been observed with a number of other 
sulphoxides . 9 P - 1 3  

In the absence of oxygen the formation of 
sulphurous acid from both didodecyl thiodipropion- 
ate and didodecylsulphinyl dipropionate appears 
to be auto-accelerating (Figure 3). This is consist- 
ent with the length of the above reaction sequence. 
Moreover this provides an explanation for the auto- 
catalytic decomposition of hydroperoxides by 
didodecyl thiodipropionate6 since sulphur dioxide 
reacts very much faster with cumene hydroperoxide 
than does the sulphide itself.6 

The importance of the radical deactivating 
phenolic component of commercial melt stabilisers 
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RO*OH 
( RO,CCH,*CH,) ,S - (RO,C*CH,*CH,),SO 

\ 
\ 

/ 
/ 

RO2C.C-H = CH, R02C*CH2CH,- + + 
[RO2CCH,CH,.SOH] ROCO*CH,CH,.SO* 

ROeOH 

ROzC*CHzCH2.S02H --+ RO,C*CH,-CH,* 
3- + *OSOH I RO-OH 

RO,C*CH=CH, -+ HOSOH H2S0,  

First stage 
pro-oxidant 

Second stage 
pro-oxidant 

Antioxidant 

for polypropene receives some explanation on the This has also been confirmed in technological 
basis of the above mechanism. In tetralin a media6 and results will be published elsewhere. 
relatively small concentration of an effective I thank Mr. R .  Brueton for carrying out the 
phenolic antioxidant is capable of eliminating experimental work and Mr. K. E. K. Rachwitz for 
almost completely the effects of the initial radical 
generating stage of the sulphide oxidation (Figure 

(Received, August 22nd, 1968; Coin. 1154.) 

4).  

providing mass-spectroscopic results. 
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