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An investigation was made of the antioxidative activity of 59 biphenyldi(;ls (1, II), alkylidene-
bisphenols (III— VI, 1X), and thiobisphenols (VII, VIII) in oxidation of tetralin initiated with
2,2’-azobis(isobutyronitrile) (AIBN) at 60°C. In the first two groups of compounds the 4,4 isomers
are more active than the 2,2’ isomers. Thiobisphenols are at low temperature of oxidation rather
weak antioxidants, The antioxidative activity is discussed on the basis of the relative activity
values in relation to 2,2’-methylenebis(4-methyl-6-tert-butylphenol) as a standard.

The oxidation stability of low-molecular and high-molecular hydrocarbons depends upon their
structure and on conditions under which the oxidation is carried out. This property determines
the lifetime and applicability of various technical products, such as various kinds of fuels, lubri-
cating oils, or products made from polyolefins and rubbers. The internal oxidation stability which
is affected by the chemical structure or the present impurities can be increased by using appro-
priate antioxidants. Bisphenols are used with advantage at temperatures up to 200°C. They are
able to react with ROO" or RO" radicals which propagate the oxidation chain reaction. By modi-
fying the bisphenol structure, it is possible to achieve the deactivation of hydroperoxides. This
property can be expressed at elevated oxidation temperatures, in the first place.

The application of bisphenols for the stabilization of various organic compounds has been
suggested in a number of patents. However, these data do not allow to obtain a complete picture
of the effect of structure upon the activity of bisphenols in the stabilization of hydrocarbons under
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follow from the investigation of the activity of alkylidenebisphenols in the stabilization of rubber!
and polyethy]emz'3 or the activity of thiobisphenols in oxidized rubber?. A comparison between
alkylidene- and thiobisphenols in polymeric materials has been described>°%. A detailed study
of selected compounds has been carried out in hydrocarbon fractions prepared from sulphur
containing crude oil’.
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To obtain deeper information on the effect of the bridge type and its position
on the phenol nucleus, we prepared extensive series of bisphenols I —IX and studied
their antioxidative properties in the stabilization of isotactic polypropylene®~!°.
The same compounds were used in the present work to stabilize tetralin oxidized
at 60°C in the presence of AIBN. The results obtained are discussed together with
our previous data concerning the antioxidative activity of methylenebisphenols
in tetralin'! on the basis of relative activity values calculated from the oxygen ab-
sorption in oxidized tetralin. The slope values of absorption curves in the region
of the stationary oxidation rate were also taken into consideration.
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EXPERIMENTAL

Materials used

Tetralin was purified by shaking with conc. sulphuric acid, dried with sodium and distilled in an
inert atmosphere. 2,2’-Azobis(isobutyronitrile) was freshly recrystallized from acetone, m.p.
103°C. Antioxidants — diphenyldiols I and 7, alkylidenebisphenols IIJ— VI and IX and thio-
bisphenols VII— VIII were chromatographically pure® ~10

Determination of the Antioxidative Activity

The oxygen absorption in tetralin at 60°C was followed volumetrically under an atmospheric
pressure of oxygen. The examples of typical absorption curves are given in Fig. 1. 2,2-Azobis
(isobutyronitrile) in a concentration of 5. 1073 mol/l was used as initiator. The concentration
of antioxidants was 2. 10_4m01/l; in some cases it was 5.1073 mol/l. The activities of the
individual phenolic compounds were compared on the basis of the time needed for the absorption
of 50, 100, and 200 ml oxygen per one mol of tetralin (z59, T{gg> T200)- The relative activities
of antioxidants (given in the Tables) were calculated using always the values of 74, from the
expression A = (' — 1)/(z° — 1), where 7’ is the value of 7,4, of the inhibitor under investi-
gation, 7 is the value for an unstabilized tetralin, 7° is the value obtained in the presence of the
standard, i.e. 2,2’-methylenebis(4-methyl-6-tert-butylphenol). The value of the slope of an inter-
cept of the curve in the region of a stationary rate of oxidation after the induction period, S, was
calculated from the relationship § = 100/(r500 — 7y90)- The relative value S, represents the
the ratio of S to the value 2-32 ml mol™* min~" determined in the absence of the antioxidant.
The stoichiometric coefficient n was calculated from a relationship (used already in an earlier
paper!?)

n = 2e(c; — cie—"‘m)/ql , (€3]

where e is the activity factor of the initiator (the value 0-6 was determined!® by means of 2,6-di-
tert-butyl-4-methylphenol), k; is the rate constant of decomposition of the initiator, 1-0. 10~ STt
(the mean from the data in refs!*!5 was used), 7o is the induction period (s), and ¢;, ¢, are the
initial concentrations of the initiator and antioxidant resp. (mol/1); all these values hold for 60°C.

RESULTS

We investigated the autoxidation of tetralin initiated at 60°C with 2,2’-azobis(isobutyronitriie)
and followed the antioxidative properties of bisphenols /— IX under these conditions; thus, with
the exception of 4,4’-isopropylidenebisphenols, only tetraalkylated derivatives were investigated.
2,%2-Methylenebis(4-methyl-6-tert-butylphenol) (11Ib) was the standard compound used to com-
pare activities; the results are summarized in Tables I and II.

Biphenyldiols 1, II. The absorption curves of oxygen in the presence of all compounds under
investigation exhibit an induction period. Under the conditions studied, 3,3-dimethyt-5,5-di-
tert-butyl-4,4"-biphenyldiol (/1) is the most active compound; its activity approaches that of the
standard. The activities of all the other compounds under investigation are lower, and no marked
efiéet of the position of the connection of both phenolic rings can be seen (Table I).

Alkylidenebisphenols X1 and IV — with ring-connecting secondary and tertiary carbon atoms
(Table I). The course of the absorption curves is similar in the whole group of compounds.
Methylenebisphenols (R? = H) were discussed in detail in ref.!!. Similarly to the inhibition
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of the oxidation of polypropyleneg, it cannot be determined which of the positions of the methy-
lene bridge is of greater importance. In the series of ethylidenebisphenols (R3 = CHj;) and butyli-
denebisphenols (R* = C;H5), the most active compound was always the 4,4"-isomer derived from
2-methyl-6-tert-butylphenol. It approaches by its activity the chosen standard. An opposite
activities ratio was found with benzylidenebisphenols, where the isomer 2,2” is the more active.

Alkylidenebisphenols V, VI and XX — with ring-connecting quaternary carbon atom (Tables 1
and II). The largest number of compounds was investigated in the series of 4,4’-isopropylidene-
bisphenols (VI, R3, R* = CHj; IX). The absorption curves of oxygen in the presence of mono-
alkylated derivatives are characterized by the fact that they have no clearly outlined induction
period. The individual compounds do not differ much in their activities caused by the character
of the alkyl group. 2-Tert-butyl-4,4’-isopropylidenebisphenol was the most active; however, also
this compound is considerably less active than the chosen standard. In the tetralin inhibited
with 4,4’-isopropylidenebis(2-alkylphenols), a considerable absorption of oxygen can be observed
from the very beginning of oxidation. The activity is not affected by substitution to any essential
degree. It is, however, somewhat higher than in the case of the monoalkyl derivatives, owing to

TABLE I
Activity of Antioxidants I— VI During Stabilization of Tetralin at 60°C

Concentration of the antioxidant 2.10™% mol 1_1, the initiator 5. 10~ > mol 1~ !, Definition
of the parameters 4.y and S, ¢f. Experimental.

Compound Ape n Scel Compound Acer n Scel
la 0-64 30 074 1Va" 1-05 46 0-80
b : 0-55 275 072 . 1vp* 1-16 54 0-72
Ic 0-53 2:55 0-72 wvd® 092 | 46 072
1d 0-74 36 0-67 1Ve 101 48 0-86

Vg 0-83 40 0-64
Ila 072 27 0-42 IVh 1:00 4-6 0-78
116 0-99 4-64 0-83 Vi 0-82 39 0-81
1d 0-58 2:76 0-74
uia* 0-58 30 072 Va 0-53 33 059
1116° 1-00 4-4 0625 Vb 0-04 — 0-58
e 0-80 36 0-63 Ve 0-28 — 0-78
nid* 0-93 37 0-62 vd 0-02 - 0-83
11le 0-85 39 0-57 vf 0-03 — 0-77
uf 0-83 36 0-66
Iilg 0-78 35 0-72 Via 091 4-4 0-88
IITh 077 34 0-63 Vib 0-98 46 0-86
1l . 1-06 50 0-77 vid 0-68 34 0-86
Vie 082 40 0-88
vif 0-91 42 0-69
Vig 0-87 4-2 0-90

4 Values of the parameters taken from ref.!!,
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the presence of the second alkyl group in the bisphenol ring. In the series of symmetrically disub-
stituted derivatives, the compounds having substituents exhibiting a negative inductive effect
were also studied and found to be inactive. 2,6-Di-tert-butyl-4,4’-isopropylidenebisphenol (1Xm)
was very littls active. Of the whole series of the 4,4’-isopropylidenebisphenols under investiga-
tion, the tetraalkyl derivatives were the most active. They are the only ones approaching by their
activity 2,2°-methylenebis(4-methyl-6-tert-butylphenol). A similar activity have 4,4’-sec-butylide-
ne(VIf) and 4,4"-cyclohexylidenebisphenol(VIg). Of the series of 2,2'-isopropylidenebisphenols,
only the tetraalkyl derivatives have been studied. They are of very weak activity compared with
the tetraalkylated 4,4--isopropylidencbisphenols. Absorption curves of oxygen in tetralin stabili-
zed by them do not exhibit any induction period at all. A similar behaviour was observed with
2,2"-sec-butylidenebis(4-methyl-6-tert-butylphenol) (Vf). Of this group, an extraordinarify weak
activity was found for the derivatives substituted with the tertiary butyl group in the position
ortho to the hydroxyl group.

Thiobisphenols V1I and VIII (Table 1I) have a comparatively weak relative activity; with the
exception of 4,4'-trithiobis(2-methyl-6-tert-butylphenol) (VIIIf), it does not attain the activity
of the chosen standard. In monothiobisphenols series, the inhibition activity is not affected to any
marked degree by the position of the sulphidz bridge or the character of the alkyl substitution.
The induction period is indicated on the absorption curves of oxygen in tetralin stabilized by all
the compounds investigated here. The exception to this is 2,2’-dithiobis(4-methyl-6-tert-butyl-
phenol) (Vile), which exhibits only retardation property from the very beginning of the oxidation.

TasLe IT

Antioxidative Activity of Bisphenols ¥/I—IX During Stabilization of Tetralin at 60°C
Conditions ¢f. Table I.

Compound A, n Srel Compound A, n Seel
Vila 074 34 0-72 IXg 0-78 3-8 043
vilb 063 31 040 IXh 079 34 0-43
Vile 0-73 25 069 IXi 0-86 3-8 057
vid 0-87 25 032 1Xj 0-35 — 0-53
Vile 0-68 —_ 0-29 1Xk 0-05 — 0-86

1x! 0-05 - 077
Villa 071 - 28 050 - 1Xm 0-38 2:0 0-86
viib 063 24 0-45 IXn 074 35 058
viid 063 2-1 0-41 1Xo 0-74 36 0-56
Ville 0-99 35 0-33
virf 1-11 42 0-32
IXa 0-27 - 0-58
1Xb 043 — 0-60
IXc 0-58 - 049
IXd 0-53 - 0-54
1Xe 057 - 047
Xy 0-76 38 0-47
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DISCUSSION
Biphenyldiols and Alkylidenebisphenols

While investigating the effects of the character and position of bridge, our main
attention was paid to the tetraalkylated bisphenols containing methyl or tert-butyl
groups or combinations thereof. These compounds were found'® to be most effective
inhibitors in isotactic polypropylene. At 60°C in the oxidized tetralin, the differences
in activities due to the character of the ring substitution in both isomeric series were
not so great as in polypropylene. However, it can be seen that also here 4,4'-bis-
phenols I and most of 2,2'-bisphenols I substituted with alkyls R* = tert-butyl and
R? = methyl were most active. Thus substituted compounds were also used for the
discussion of the effect of the bridge.

The series of activities of tetrasubstituted bisphenols having rings connected at
positions 2,2’ to the hydroxyl group is(with respect to the charactér of the bridge)
as follows: sec-butylidene, isopropylidene < direct connection Ar-Ar (bisphenyldiols)
< butylidene < ethylidene < methylene < benzylidene. Bisphenols under study
form two distinctly separated groups. Compounds with a bridge containing a qua-
ternary carbon atom possess the lowest activity. All compounds having at least one
hydrogen atom at the carbon atom connecting both phenol rings or compounds
with directly connected rings (biphenyldiols) are much more active. With the excep-
tion of benzylidenebisphenol, the above order of the influence of bridges is in full
agreement with the results obtained in the stabilization of polypropylene!®.

The activity series of bisphenols having bridges at 4,4’ is not characterized by
a pronounced differentiation caused by the effects of different bridges as in the pre-
ceding case. This is an essential difference in comparison with the results obtained
in isotactic polypropylene’®. An increase in the volume of substituents on the bridge,
however, causes a decrease in the activity also in the stabilization of tetralin.

It follows from a comparison between the activities of tetraalkylated 2,2'- and 4,4"-
biphenyldiols and alkylidenebisphenols that position 4,4’ is more favourite for all
types of the compounds under investigation with the only exception of benzylidene-
bisphenols. These isomers have been stronger antioxidants in tetralin at 60°C. At
a comparatively low oxidation temperature, the steric effect of an alkylidene group
connecting both rings is evidently much pronounced. At a high oxidation temperature
(180°C, polypropylene'®) the decrease in activity of 2,2'-alkylidenebisphenols caused
by a reduced accessibility of the ROO" radicals to the hydroxy groups due to the
steric effect of the bridge could be observed only with the compounds having the
bulkiest bridges (isopropylidene and sec-butylidene). Therefore, with the exception
of these compounds, all other 2,2’-alkylidenebisphenols were strong antioxidants.

In the series of 4,4'-isopropylidenebisphenols derivatives substituted with one
to four alkyl groups were investigated (VIa—e, IX, Tables I and 11). Generally, the
tetraalkyl derivatives exhibited very low activity in the stabilization of polypropy-
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lene®. In tetralin, however, the activity is affected to a high degree by the character
of alkyl groups: the tetramethyl derivative is the most active in the series of methyl
derivatives, and the activity decreases with the number of the methyl groups in the
molecule. In the series of the tert-butyl derivatives, the trend of the effect of the number
of the alkyl groups is the same as in the case of polypropylene®. The activity decreases
in the series of the derivatives as follows: sym-di-tert-butyl > tri-tert-butyl > tetra-
tert-butyl > mono-tert-butyl > unsym-di-tert-butyl. The most active compound
of the whole series in tetralin was 4,4"-isopropylidenebis(2-methyl-6-tert-butylphenol),
which was almost equal to the standard. The order of activities generally observed
while evaluating the effect of the number of substituents and comparing the most
active representatives of the individual groups was tetraalkyl > sym-dialkyl > tri-
alkyl > monoalkyl > unsym-dialkyl > unsubstituted 4,4'-isopropylidenebisphenol.

Thiobisphenols

Antioxidants VII and VIII, Table 11, were investigated at the same molar concen-
tration as alkylidenebisphenols and biphenyldiols. They resemble biphenyldiols by
their activity, and by their value of the stoichiometric coefficient, n (compare Table I).

T T T
200 _ 4o -
moll” n
100 - 30+ -
4
1 I 20
o 200 400
min
Fic. 1 FiG. 2

Absorption of Oxygen During Oxidation
of Stabilized Tetralin Initiated with 2,2’-
Azobis(isobutyronitrile) (5.1073 mol1™!)
at 60°C

Antioxidants (2.10"*mol171): o Vb,
® IXm, © Vile, ® VIIIb, ® Illlh, @ VIf,
© IIb, © 11Ib; — — — unstabilized tetralin.

Dependence of the Antioxidative Parameter
n on the Sulphur Content in the Molecule
of Thiobisphenols

® 2,2'-Thiobisphenols: 1 VIla, 2 VIIb,
3 Vile, 4 VIId; O 4,4’-thiobisphenols: 5§
Villa, 6 VIIIb, 7 VIIId, 8 VIlle, 9 VIIIf.
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While at a high oxidation temperature the activity of thiocbisphenols'® was markedly
affected by an increase in the sulphur content in the molecule, the same factor leads but
to a slight increase in activity at the relatively low oxidation temperature of tetralin.
It is expressed only when trithiobisphenol VIIIf is applied. This fact is to be related
to the lower extent of deactivation of hydroperoxides by their decomposition by the
sulphur atom in the molecule at a low oxidation temperature. Here, the ability to
inhibit oxidation by reacting with the ROO" radicals plays its part in the first place.
In comparison with alkylidenebisphenols, this ability is lower, probably as a conse-
quence of a modified inhibition mechanism. This is why under the conditions used
by us the thiobisphenols were in tetralin even at an elevated concentration always
less active than with alkylidenebisphenols.

The values of induction periods in tetralin stabilized with thiobisphenols are fow and only very
little affected by their structure. This is another difference in comparison with the stabilization
of polypropylenem. However, the retardation ability still persists when the induction period is
over, due to some of transformation products of thiobisphenols. The retardation ability does
not depend on the position of the bridge with respect to the hydroxyl group, but increases with
the sulphur content in the molecule of thiobisphenol.

In our experiments, we did not observe any prooxidative effect which appeared instead of the
antioxidative properties in the presence of 2,2’-thiobis-, 2,2’-selenobis- or 2,2’-dithiobis(4-methyl-
6-tert-butylphenols) in some oils”. In particular, the latter compound caused the formation
of undesirable asphaltenes and cokes. The prooxidative action of thiobisphenols was also obser-
ved in the case of their application in polyacrylates!®.

The position of thiobisphenols among the other phenolic binuclear antioxidants is therefore
determined by the composition of the stabilized substrate (in the first place, by the sensitivity
of various hydrocarbons to the action of inhibitors’” and by the contents of compounds which
may affected the optimum function of thiobisphenols in the mechanism of inhibited oxidation),
and also by the oxidation temperature. There are evidently less suitable to be applied at lower
temperatures, because they have the reduced ability to decompose alkyl hydroperoxides.

Stoichiometric Coefficient of Bisphenols

For antioxidants (AH) acting as scavengers of radicals propagating the autoxidation
chain of the oxidation of hydrocarbons (RH) according to

R + O, - ROO’, RH + ROO" - R' + ROOH (4, B)
deactivation of the ROO" radical is assumed!” by reactions

AH + ROO" - A" + ROOH, A’ + ROO" — products. (C, D)

An important parameter of the antioxidant activity is therefore the stoichiometric

coefficient n which gives the total number of peroxyls with which the antioxidant

molecule reacts during inhibited autoxidation. The determination of n from the overall

reaction mechanism is exact, but experimentally difficult. Therefore, only main
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products formed from molecular phenols under conditions modelling the inhibited
autoxidation have so far been studied!? 2%,

In our investigations, we simulated the composition of a reaction mixture obtained in the oxida-
tion of hydrocarbons inhibited with mononuclear dihydric phenols22 and 2,2"-methylene-
bis(4-methyl-6-tert-butylphenol)®. It should be pointed out that the nature and ratio of the
individual reaction products from which the value of n was thus derived is a function of the
oxidation conditions of phenols. The value of » varies for the above compounds between 0-5 and
3-0 (related to one phenolic nucleus only).

The determination of the stoichiometric coefficient n from the induction period is experiment-
ally less difficult. The value thus determined includes all the processes in which the antioxidant
takes part during the inhibited oxidation. It is therefore also dependent upon the antioxidant
concentration' 3. The stoichiometric coefficient is an integral value. To calculate it, it is supposed
that the antioxidant concentration is zero at the end of the induction period and that all ROO®
radicals formed in the propagation reaction (4) were deactivated by reaction (C) and (D) only.
Owing to the complexity of the reactions involved, it cannot be expected, that » will be an integer.
When calculating », some authors! 3202427 yj5eq 5 relationship in which the rate of initiation
due to the decomposition of initiator is considered to be constant throughout the induction period.
However, this assumption is valid only for an induction period shorter than 13,000 s (ref.”).
We therefore used relationship (/) respecting the change in the initiation rate with time!?

Using relationship (/), we calculated for biphenyldiols I and II the stoichiometric
coefficients n in the range from 2:6 to 3-0 (Table I). The only exception was
3,3,5,5-tetra-tert-butyl-2,2’-biphenyldiol having the value n = 3-6. It should be
noted that Howard and Ingold*# determined from the data of cumene oxidation
at 65°C for the same compound value n = 1-4 (this value refers to one phenolic
ring only), while n = 20 was calculated for its isomer, 3,3', 5,5'-tetra-tert-butyl-
4,4'-biphenyldiol, at 65°C in styrene?®.

In the bisphenol IV series, all the derivatives have n 2 4-0 (it is referred?® the value
n = 40 for IVb, determined at 65°C during styrene oxidation). All 2,2’-methylene,
2,2'-ethylidene and 2,2’-benzylidenebisphenols III have n < 4-0. The exception
form derivatives substituted with R' = t-Bu, R* = Me for which n = 4-0. From
this group, derivative IIIb has been investigated earlier in more detail'®?3. It has
followed?? from the products of the model investigation of its transformation by
ROO" and RO' radicals generated from tert-butyl hydroperoxide or tert-butyl
peroxide that in a mixture where the concentration of tert-butyl hydroperoxide
does not exceed an equimolar ratio with respect to bisphenol I1Ib, dimer X and trimer
are formed as the main phenolic reaction products of reaction (E). At the same time

A" + A - products, (E)

another three phenolic compounds and several intensively coloured compounds
of quinoid character (derived®® from oligomers of bisphenol IIIb) were detected.
The amount of brown products increases at a higher content of tert-butyl hydro-
peroxide. If the latter is present in a considerable molar extent, 2,2'-methylenebis-
(4-methyl-4-tert-butylperoxy-6-tert-butylcyclohexa-2,5-dienone) (XI) is formed as
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the main reaction product. This indicates the complex character of the participation
of bisphenol IIIb in reactions (C), (D), and (E) whose stoichiometry varies in various
stages of inhibited oxidation. The formation of dimer X is characterized by n = 1-0,
the formation of trimer has n = 1-33. In the case of oxidative coupling of a larger
amount of molecules of bisphenol 11Ib, n converges two. Above mentioned phenolic
oligomeric compounds react with further ROO" radicals to oxidation products
of a stilbenequinone type?®, or to peroxy derivatives of cyclohexadienones?3. Such
reactions considerably increase n in an unidentificable manner. For instance, the
stoichiometric coefficient for the formation of cyclohexadienone XI is n = 4-0.
If all the reactions involved are taken into account, n can become as high as 6.

Bisphenols with a quaternary carbon atom connecting both phenolic rings in positions 2,2
form a special group. From the shape of the oxygen absorption curve during oxidation of tetralin
stabilized with 2,2’-isopropylidenebisphenols Va—d and 2,2’-sec-butylidenebisphenol Vf the
induction period cannot be determined with reliability. This makes it impossible to calculate
the stoichiometric factor #. A value n = 4-0 was calculated (with the only exception) for analogous
compounds having bridges bonded at positions 4,4".

The stoichiometric coefficient of thiobisphenols was determined under our ex-
perimental conditions within the range from 2-2 to 3-0. It can be seen from the Fig. 2
that the value of n increases with the sulphur content in the molecule of compounds
under investigation. The possibility of decomposition of alkyl hydroxy peroxides
into non-radical products can also be considered, along with a reaction with the ROO’
radicals according to (C) and (D).

In accordance with the values of the stoichiometric coefficients n determined for
bisphenols during tetralin oxidation (Tables I and II), the compounds under investiga-
tion can be on the whole divided into several groups. It can be assumed that the
compounds in each of these groups can react with alkyl peroxyls in a similar manner.
These groups consist of bisphenols IV and VI with n = 4, the majority of bisphenols
1II with n = 3-0 to 3-6, biphenyldiols I and II and thiobisphenols VII and VIII with
n approximately 2-8 and of bisphenols ¥ which are very weak antioxidants under the

conditions studied here and do not cause any induction period on the oxygen absorp-
tion curve.

Influence of the Character of Antioxidant upon the Stationary Rate of Oxidation
after the Induction Period

The value of the slope of an intersection of the absorption curve of oxygen in the area of stationary
rate of tetralin oxidation after the induction period in the presence of all the alkylidenebisphe-
nols and biphenyldiols under investigation is lower than the same value calculated from the oxygen
absorption curve in stabilized tetralin (the ratio of these values, S, is given in Tables I and II).
This fact can be explained by the participation of transformation products of antioxidants for-
med during the induction period an by their different ability to retard the further oxidation pro-
cess. The character of the transformation products remains unknown, with the exception of some
products' formed from 2,2"-methylenebis(4-methyl-6-tert-butylphenol). It can be deduced from
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results obtained in the oxidation of stabilized isotactic polypropylene® carried out at 180°C
that these newly formed compounds have a limited thermal stability, because they did not affect
the oxidation after the induction period.

A strong decrease in the value of slopes of the curve in the phase of the stationary rate of oxida-
tion of tetralin after induction period can be seen in most cases in the presence of bisphenols if the
carbon bridge is replaced by the sulphur bridge. The decrease in the slope is also evident if the
number of sulphur atoms in the bridge is increased. The same phenomenon was observed in the
stabilization of isotactic polypropylenem. Its cause lies in the pronounced retardation ability
of compounds formed from thiobisphenols during oxidation. This ability is especially strong
at higher oxidation temperatures.

We thank Miss M. Stodolovd for technical . in the measurement of antioxidative acti-
vities and Dr J. Kahovec for the samples of 4,4’ -isopropylidenebisphenols.

REFERENCES

1. Arzamanova L. G., Praitsikina A. S., Gurjanova J. N., Grinberg A. E.: Vysokomolekularnyje
Sojedinenija 10B, 347 (1968).

. Baum B., Perun A. L.: SPE Trans. 2, 250 (1962).

. Clark G. A., Havens C. B.: Plastics Technol. 5, No 72, 41 (1959).

Arzamanova I. G., Prajtsikina A. S., Gurjanova J. N., Grinberg A. E.: Vysokomolekularnyje

Sojedinenija 104, 1829 (1968).

5. Zubkova V. S,, Simanskaja V. P.: Plastideskije Massy 1966, No 72, 64.

6. Egidis F. M., Temchin J. I., Taranenko A. S.: Plastiteskije Massy 1967, No 3, 12.

7

8

B

. Vesely V.: Ropa a uhlie 77, 297 (1969).
. Pospigil J., Kotuldk L., Kahovec J.: European Polymer J. 6, 841 (1970).
9. Pospiiil J., Kotuldk L., Halaska V.: European Polymer J. 7, 33 (1971).
10. Jiragkova L., Pospisil J.: European Polymer J. 8, 75 (1972).
11, Prusikov4 M., Pospigil J.: Erdol u. Kohle 25, 80 (1972).
12. Zikmund L., Taimr L., Coupek J., Pospisil J.: European Polymer J. 8, 83 (1972).
13. Howard J. A,, Ingold K. U.: Can. J. Chem. 41, 1744 (1964).
14. Lim D.: This Journal 33, 1122 (1968).
15. van Hook J. P., Tobolsky A. V.: J. Am. Chem. Soc. 80, 779 (1958).
16. Strizkova A. S., Kovarskaja B. M., Neiman M. B.: PlastiCeskije Massy 1964, No /7, 15.
17. Bickel A. F., Kooyman E. C.: J. Chem. Soc. 1953, 3211.
18. Horswill E. C., Ingold K. U.: Can. J. Chem. 44, 269 (1966).
19. Campbell T. W., Coppinger G. M.: J. Am. Chem. Soc. 74, 1469 (1952).
20. Boozer C. E., Hammond G. S., Hamilton C. E., Sen J. N.: J. Am. Chem. Soc. 77, 3233
(1955).
21. Horswill E. C., Ingold K. U.: Can. J. Chem. 44, 263 (1966).
22. Pospisil J., Horak J., Taimr L.: Unpublished results.
23. Taimr L., Pivcovad H., Pospisil J.: This Journal, in press.
24, Horswill E. C., Ingold K. U., Howard J. A.: Can. J. Chem. 44, 985 (1966).
25. Bridger R. F.: J. Org. Chem. 36, 1214 (1971).
26. Howard J. A., Ingold K. U.: Can. J. Chem. 42, 1044 (1964).
27. Hammond G. S., Sen J. N., Boozer G. E.: J. Am. Chem. Soc. 77, 3244 (1955).
28. Howard J. A., Ingold K. U.: Can. J. Chem. 41, 2800 (1963).
29. Taimr L., Pospisil J.: Unpublished results.

Translated by L. Kopeckd.

Collection - Czechosjov. Chem. Commun. /Vol. 37/ (1972)





