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Antioxidative properties of spirobiindanols I—IV and 2-alkoxyphenols V and VI in the stabi-
lization of tetralin oxidized at 60°C in presence of 2,2'-azobis(isobutyronitrile) were investigated. 
Tetrols of type IV were found to be the most active compounds. Partial etherification of the 
pyrocatechol ring generally causes the loss of the antioxidative effect. 

A sys temat ic s tudy o f the ant iox idat ive propert ies o f var ious g r o u p s o f p h e n o l s 
prov ided k n o w l e d g e a b o u t the bas ic e i fects o f structure o n a c t i v i t y 1 - 3 . T h e anti-
ox idat ive act ivit ies were e s t imated o n the basis o f the ef fects u p o n the extent a n d cour-
se o f o x y g e n a b s o r p t i o n in an ox id i zed organic substrate . D a t a o n m o n o - a n d po ly-
nuclear p h e n o l s were obta ined , a l l o w i n g a rat ional cho ice o f stabilizers. Th i s work 
is dea l ing wi th a s tudy of the propert ies o f p h e n o l s h a v i n g a sp irob i indane ske le ton 
in the s tabi l izat ion o f tetralin. M o s t o f the c o m p o u n d s under inves t igat ion are readily 
avai lable synthet ica l ly; the a d v a n t a g e o u s propert ies o f s o m e o f t h e m h a v e b e e n de-
scribed in the s tabi l izat ion o f i sotact ic p o l y p r o p y l e n e 4 . In order to c o m p l e t e the k n o w -
ledge a b o u t the partial etherif icat ion o f ant iox idants o f the pyrocatecho l type we a lso 
invest igated the stabi l iz ing effect o f 2 - a l k o x y p h e n o l s . 

E X P E R I M E N T A L 

Chemicals. Spirobiindanols I—IV and 2-alkoxyphenols V and VI used as antioxidants were 
chromatographically pure; their properties are given in r e f . 4 - 6 2,2'-Azobis(isobutyronitrile) 
(initiator), m.p. 103°C (acetone). Tetralin (substrate) was purified similarly to the preceding work 7 , 
b.p. 203°C. 

Method for the determination of the antioxidative activity and evaluation of results. The anti-
oxidative activity was determined by measuring oxygen consumption in tetralin at atmospheric 
pressure using a thermostated volumetric absorption appara tus 7 at 60°C. The initiator con-
centration was 5 . 10" 3M, the antioxidants concentration was 2 . 10 - 4 M . The activities of the 
individual compounds were calculated f rom the z values giving time in min needed for the absorp-
tion of 100 ml oxygen/mol tetralin. 2,2'-Methylenebis(4-methyl-6-tert-butyIphenol) was used as 
standard for calculating the relative activity Ar after ref .7 . The stoichiometric coefficient n for 
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compounds exhibiting an induction period on the absorption curve was calculated using ref.8 

Sr is the ratio of slopes of the absorption curves in the inhibited (5X) and uninhibited (SQ) oxidation. 
It was calculated from the relationship Sr = 5 x / 5 0 for an intercept on the curve corresponding 
to the absorption of 100—200 ml oxygen/mol tetralin. Ar, S r , and n are given in Tables I and II. 

RESULTS AND DISCUSSION 

Phenolic antioxidants of the I—IV type with a spirobiindane skeleton are greatly 
nonvolatile and therefore suited for the stabilization of polymeric substrates4. This 
paper reports the results of an investigation of their antioxidative activity determined 
at 60°C by measuring oxygen absorption in tetralin. The oxidation was initiated with 
2,2'-azobis(isobutyronitrile). 11 compounds of the same structural type were in-
vestigated; 2,2'-methylenebis(4-methyl-6-tert-butylphenol) was used as standard, 
being an important technical antioxidant which allows a comparison with respect 
to the effects of structure in the group of compounds under investigation, and also 
with respect to its technical application. 

The basic compound of the series, i.e. 3,3,3',3'-tetramethyl-l,r-spirobiindane-
-6,6'-diol (la) is a very weak antioxidant. It follows from Table I that in spirobiindanes 
derived from monohydric phenols (Ia—Ie) the antioxidative activity is increased 
by the introduction of one alkyl group into each aromatic ring of the molecule. 
In particular, an important increase in Ar is caused by the alkylation of positions 5,5' 
by a bulky tertiary alkyl group (cf. Ib, Ic). An activity comparable with the standard 
was exhibited by the tert-butyl derivative Ic. 

Spirobiindanediol Ie containing two methyl groups on each aromatic ring is more 
active than the corresponding monomethylated derivative Ib. However, the increase 
in activity due to the presence of a second methyl group in the ring and estimated with 
respect to Ar is not so pronounced as in the case of the comparison of the antioxidative 
properties of 2-methylphenol and 2,6-dimethylphenol9. This difference is caused 
by different structural effects in the molecules of mononuclear phenols and phenols 
of type I in which more complicated steric effects and bonds on the indane ring become 
operative. The difference in effects upon the stabilizing activity due to the' methylation 
of the ring can be seen if the courses of oxygen absorption are compared: spirobiinda-
nediol la and its methyl derivative Ib do not give rise — similarly to the other 5,5'-
-dialkyl derivatives Ic and Id — to an induction period (Fig. 1), while in presence 
of 3,3,5,7,3',3',5',7'-octamethyl-l,l'-spirobiindane-6,6'-diol (Ie) the induction period 
is clearly visible on the absorption curve of oxygen. The calculated value of the sto-
ichiometric coefficient n of these compounds is very close to 4. 

The antioxidative activity of mononuclear phenols is increased by the presence of 
a further hydroxyl group in the position ortho3. This finding also holds for a poly-
nuclear skeleton: the spirobiindane derivative III derived from pyrocatechol was the 
most active antioxidant in the series of spirobiindanols studied in isotactic polypro-
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Vh, R1 = CH 2 CH 3 , R2 = CH3 , R3 = C(CH3)2CH2C(CH3)3 

Vi, R1 = 
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CH 2 CH 3 , R2 = C(CH3)2CH2C(CH3)3 , R 3 = CH 3 

C(CH3)3 , R2 = C(CH3)2CH2C(CH3)3 , R 3 = H 
3 - C(CH3)3 , R 2 R 

R1 = R 
= C(CH 3) 2CH 2C(CH 3) 3 

CH3 , R 3 = C(CH3)3 Via, 
VIb, R 1 = R2 = CH3 , R 3 = C(CH3)2CH2C(CH3)3 

Vic, R1 

VI d, R1 
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CH 2 CH 3 , R — H, R — CH^ 

RL = RX = R 3 = H 
R = CH3 , R J = C(CH3)3 
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pylene4. A further increase in the number of hydroxyl groups (in compounds with 
the pyrogallol or hydroxyhydroquinine structure) did not exhibit any favourable 
effect. The reason could be sought in the increased oxidative deactivation of these 
compounds with oxygen and in the impaired compatibility of the polar antioxidant 
molecule with the nonpolar polyolefin. The increase in the number of hydroxyl groups 
in the nonalkylated spirobiindanol led to such a decrease in solubility also in tetralin 
that the derivatives containing six hydroxyl groups in the molecule did not any more 

T A B L E I 

Antioxidative Properties of Spirobiindanols I—IV in Tetralin Oxidation, 60°C 
Meaning of Ax, Sr and n and data on concentration cf. Experimental. 

Antioxidant n Antioxidant n 

la 0-19 0-66 II 0-95 2-97 0-37 
lb 0-61 — 0-57 
Ic 1-00 — 0-43 III 0-95 3-15 0-43 
Id 0-92 3-97 0-35 
Ie 0-76 4-07 0-65 IVa 1-51 5-56 0-30 
If 0-53 — 0-67 IVb 1-33 5-24 0-39 
Ig 0-57 3-02 0-84 

T A B L E I I 

Antioxidative Properties of Pyrocatechol {Vie) and 2-Alkoxyphenols of Type Kand VIin Tetralin 
Oxidation, 60°C 

Symbols and conditions similar to Table I. 

Derivative 

Compounds V 
a 0-32 
b 0-28 
c 0-39 
d 0-24 
e 0-34 
f 0-23 
9 0-20 
h 0-35 

1-33 0-93 

- 0-79 

Derivative 

0-27 - 1-07 
0-08 - 0-78 
0-25 1-32 0-95 

Compounds VI 
0-36 1-86 0-76 
0-24 
0-21 
0-37 
0-76 

1-94 
3 1 5 

0-89 
0-71 
0-81 
0-82 
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dissolve in a concentration needed for the comparison with the whole series of com-
pounds under investigation. Therefore only spirobiindanetriols were used in the in-
vestigation. Their solubility in a nonpolar substrate is increased by the alkylation 
of the aromatic rings of the molecule. However, such modification of the molecule 
need not always have a favourable effect on the improvement of the antioxidative 
properties4. 

In the stabilization of tetralin one could clearly see the effect of the change in the 
total amount of the hydroxyl groups on the increase in the relative activity of non-
alkylated compounds in the series diol la < t r io l / / , t e t ro l / / / < tetrol IVa. According 

FIG. 1 
Oxygen Absorpt ion in the Oxidation of Tetra-
lin (60°C) Stabilized with Spirobiindanols 
(V = ml 0 2 / m o l tetralin) 

Stabilizers: o la, « Ig, e lb, € le, © Ic, 
• IVb, 3 IVa\ nonstabilized tetralin. 

30' ' 

FIG . 2 

Oxygen Absorpt ion in the Oxidation of Tetralin (60°C) Stabilized with 2-Alkoxyphenols and 
Pyrocatechol (V = ml 0 2 / m o l tetralin) 

Stabilizers Q Vd, 3 Va, O Vj, • V f , © Vie; - nonstabilized tetralin. 
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to the results, in triol II the presence of the pyrocatechol part of the molecule plays 
a decisive role; another hydroxyl group in position 5 (comparison of II and III) 
did not improve the relative activity. The form of the oxygen absorption curves 
(Fig. l ) documents the strong antioxidative character of phenols II—IV which under 
the conditions used for the investigation can be compared with the standard or are 
more active. The very favourable properties of 3,3,3',3'-tetramethyl-l,l '-spirobiinda-
ne-6,7,6',7'-tetrol ( IVa ) are somewhat reduced by the alkylation of positions 5,5' 
(IVb). Both compounds of type / F a r e the most active compounds of the whole series 
of hydroxy derivatives of spirobiindane investigated and used for the stabilization 
of tetralin. If estimated on the molar basis, their activity is almost twofold compared 
with pyrocatechol. This fact is due to the substituents' effects of bonds belonging to 
the alicyclic part of the spirobiindanetetrol molecule. On the other hand, a difference 
compared to the stabilization of isotactic polypropylene has been observed4, for which 
tetrol III was the most active antioxidant. The activity of both isomeric derivatives 
of pyrocatechol is probably affected by the difference in the extent of the role played 
by the individual partial reactions of the inhibitive process (including deactivation 
of the antioxidant) at different temperatures of the oxidation of tetralin and poly-
propylene. 

Another group under investigation consisted of spirobiindanediols If and Ig 
derived from 2-alkoxyphenols. Their antioxidative activity corresponds to spiro-
biindanediol lb, in the estimation both of the Ax values and of the course of oxygen 
absorption. Consequently, their properties are typical of the derivatives of mono-
hydric phenols. The comparison with Ar obtained for tetrol III confirms the results 
of measurements carried out in polypropylene4: partial etherification of the pyro-
catechol ring in the derivatives of spirobiindanetetrol leads to a decrease in the 
antioxidative activity. Unlike data obtained by the oxidation of polypropylene the 
activity of the spirobiindanol derivative derived from 2-alkoxyphenol for the stabi-
lization of tetralin is not increased even if other methyl groups in positions 7,7' are 
present. 

The behaviour of 2-alkoxyphenols compared to pyrocatechol was checked by using 
a series of compounds of types V and VI. Mono- and dialkylated 2-alkoxyphenols 
containing in the alkoxy group the methyl, ethyl or tertiary butyl group were studied 
(Table II). In the oxidation of tetralin carried out in presence of 2^alkoxyphenol 
oxygen is absorbed from the very beginning of the reaction. In most cases no induction 
period can be seen (Fig. 2). The ratio of slopes of the absorption curves in the inhi-
bited and uninhibited oxidation (ST) indicates that the course of oxygen absorption 
after completion of the induction period or in the region after absorption of 100 ml 
of oxygen by 1 mol of tetralin (for compounds not exhibiting an induction period) 
is not affected by the transformation products of 2-alkoxyphenols. The Sr values 
were not calculated for compounds in the presence of which the course of oxygen 
absorption in the range of 100 — 200 ml 0 2 / m o l tetralin was not linear. 
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The relative activity of 2-alkoxyphenols is not affected in any marked manner 
by the alkylation of the ring and lies within the range 0-49 —0-96. The methoxy and 
ethoxy derivatives do not almost differ by their activity. The presence of the bulky 
tertiary butoxy group has an unfavourable effect. The stoichiometric coefficients n 
could be calculated only for V f , Vk (1-32-1-33), Via and VId (1-86-1-94) which are 
the most active in the whole group of 2-alkoxyphenols under study. In no case do 
they exceed a value of 2. 

A pronounced decrease in the antioxidative activity of 2-alkoxyphenols compared 
to pyrocatechol observed in the oxidation of tetralin is in agreement with the results 
of investigation of similar compounds at a high oxidation temperature of polypropy-
lene10. A similar trend of the effect of structure was also detected in the stabilization 
of tetralin by methylenebis(2-alkoxyphenols) and methylenebispyrocatechols. Along 
with the results in the spirobiindane series it confirms the general character of this 
modification of the pyrocatechol arrangement of the antioxidant molecule. 

It holds for the whole series of the hydroxy derivatives of spirobiindane that their 
St values are lower than unity regardless of the fact whether / —J F contains the arran-
gement of monohydric phenols, 2-alkoxyphenols, or pyrocatechol. Thus, they indi-
cate a certain retardative activity of the products obtained from the original anti-
oxidants during inhibited oxidation, predominantly in its later stages. 

We wish to thank Dr L. Taimr, Dr E. Hellinger and Mrs M. Kremlickova for syntheses of com-
pounds used throughout this work. 
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