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Abstract—Bisazomethines derived from D,L-camphor, 2-adamantanone, and aliphatic diamines were prepared.
The possibility of using bisazomethines as vulcanization accelerators was examined. The physicomechanical
parameters of vulcanizates based on SKI-3 and their resistance to thermal oxidative aging were determined. The
influence of the bisazomethine structure on the vul canization rate was found. Among the compounds synthesized,
N,N'-(propane-1,3-diyl)bis(1,7,7-trimethylbicyclo[2.2.1]heptan-2-imine) shows the best set of vulcanization and

operation properties.
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Aromatic azomethines (Schiff bases, imines,
aldimines) are very important compounds for research
and practice. They are used in medicine, perfumery,
color photography, electronics, textile and rubber
industries, and agriculture [1]. The presence of amino
groups in azomethines makes it possible to use them
as modifiers, including those for aluminosilicate
microspheres. Treatment of the microsphere surface
with such azomethines enhances the affinity of the
microspheres for the polymer matrix and improves their
distribution [1].

Previously, adamantane-containing azomethines were
studied as rubber stock vulcanization accelerators [2].

In this study, we examined the possibility of using
the synthesized bisazomethines containing terminal
framework substituents (camphor and adamantyl groups)
as rubber stock vulcanization accelerators. Introduction
of such groups into bisazomethine molecules allows
preparation of compounds exhibiting a wide spectrum
of practically useful properties. In particular, it can be
anticipated that such diimines, hydrazones, and amines
will find use as vulcanization accelerators and stabilizers
against thermal oxidation of rubber items [3—7], which
makes this study topical.
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EXPERIMENTAL

The organic vulcanization accelerator derived
from 2-adamantanone was prepared and isolated
by the procedure described in [8]. To prepare the
desired bisazomethines, we performed the reaction of
2-adamantanone with 1,4-diaminobutanone (2a) and
the reaction of D,L-camphor with 1,3-diaminopropane
(2b) or 1,6-diaminohexane (2¢). The reactions involve
nucleophilic addition of amino groups of diamines to
the carbonyl group with the formation of bisazomethines
(Schiff bases, diimines) 3a—3¢ (Scheme 1).

The reactions of D,L-camphor with diamines were
performed in toluene at the reactant molar ratio 1b : 2b
and 1b : 2¢ equal to 2 : 1.25. p-Toluenesulfonic acid
was used as a catalyst. The reaction completion was
judged from the collection of the equimolar amount of
the released water in a Dean—Stark trap. To increase the
yield of bisazomethines derived from camphor (3b, 3¢),
an additional portion of the diamines (2b, 2¢; 25% of the
equimolar amount) was added to the reaction mixtures,
and the reaction was continued.

The reaction mixture was washed with water, the
organic layer was separated and dried over sodium
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Scheme 1. The reactions of D,L-camphor and 2-adamantanone with diamines.

/O N (CH2)4
Benzene
2 + NHZ—(CH2)4—NH2 m’ +2H,0,
la 2a
0 Toluene N—X—N
2 +H,N-X-NH, A &/ e +2H,0,
1b 1b(1c) 3b(3c¢)

where X = —(CH,);— (2b and 3b), <(CH,)s— (2¢ and 3c¢).

sulfate, and the solvent was evaporated. The yield of
the products (%) after the purification was as follows:
3a, 93; 3b, 78; and 3¢, 75. The compounds obtained are
resinous substances.

The compositions and structures of the
compounds obtained (Table 1) were confirmed by gas
chromatography—mass spectrometry. The mass spectra
were recorded with an Agilent GC 5975/MSD 7820 gas
chromatograph—mass spectrometer under the following
conditions: HP-5MS capillary quartz column 30 m long,
carrier gas helium, programmed column heating from
80 to 280°C, vaporizer temperature 250°C. Elemental
analysis was performed with a Perkin Elmer Series II
2400 device.

N,N'-(Butane-1,4-diyl)bis(adamantan-2-ylimine)
3a. To 7 g (0.0466 mol) of 2-adamantanone, we added
2.06 g (0.0234 mol) of 1,4-diaminobutane, 60 mL

of benzene, and 0.1 g of p-toluenesulfonic acid. The
reaction was performed at the boiling point of benzene
(80°C). A colorless resinous substance was obtained
(yield 7.68 g, 93%); its properties agree with the
published data [4]. Mass spectrum, m/z (1., %): 338
(M, 13%), 190 (C,3H,(N*, 7%), 176 (C,,H sN*, 100%),
162 (Cy;H (N*, 32%), 148 (C,oH 4N, 4%). Found, %:
C 78.51, H 10.79, N 6.70. C,;H44N,O. Calculated, %:
C 78.59, H 10.75, N 6.79.
N,N’-(Propane-1,3-diyl)bis(1,7,7-trimethylbi-
cyclo[2.2.1]heptan-2-imine) 3b. To 5 g (0.033 mol)
of camphor, we added 1.221 g (0.0165 mol) of
1,3-diaminopropane, 30 mL of toluene, and 0.2 g
of p-toluenesulfonic acid. To increase the yield of
bisazomethine 3b, an additional portion (0.303 g,
0.0041 mol) of 1,3-diaminopropane was added to the
reaction mixture after the water release fully ceased.

Table 1. Structural formulas of the synthesized vulcanization accelerators

Structural formula

Bisazomethine

N(CH) N :

24
<4

_NH(CH),

&/ N-(CH,), N

N,N'-(Butane-1,4-diyl)bis(adamantan-2-imine), DADI, 3a

N,N'-(Propane-1,3-diyl)bis(1,7,7-trimethylbicyclo[2.2.1 ]heptan-2-imine), CD-3, 3b

N,N'-(Hexane-1,6-diyl)bis(1,7,7-trimethylbicyclo[2.2.1]heptan-2-imine), CD-6, 3¢
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Fig. 1. Influence of the nature and structure of bisazomethines DADI, CD-3, and CD-6 on the vulcanization rate: (/) control sample

(Captax), (2) CD-3, (3) DADL and (4) CD-6.

The reaction was performed at the toluene boiling
point (110°C). A colorless resinous substance was
obtained (yield 4.4 g, 78%); its properties agree with
the published data [6]. Mass spectrum, m/z (1., %): 342
(M, 20%), 136 (13%), 178.2 (C,,H,,N*, 100%). Found,
%: C 80.61, H 11.12, N 8.10. C,3HgN,. Calculated, %:
C80.64, H 11.18, N 8.18.
N,N'-(Hexane-1,6-diyl)bis(1,7,7-trimethylbi-
cyclof2.2.1]heptan-2-imine) 3¢ was prepared similarly to
3b from 5 g (0.033 mol) of camphor, 1.91 g (0.0165 mol)
of 1,6-diaminohexane, 40 mL of toluene, and 0.2 g of
p-toluenesulfonic acid with the subsequent addition of
0.476 g (0.0041 mol) of 1,6-diaminohexane. A colorless
resinous substance was obtained (yield 4.75 g, 75%);
its properties agree with the published data [6]. Mass
spectrum, m/z (I, %): 384 (M, 3%), 179 (17%), 234
(C6HysN*, 100%). Found, %: C 81.27, H 11.55,N 7.21.
C,sHuN,. Calculated, %: C 81.19, H 11.53, N 7.28.

The bisazomethines obtained were tested as
vulcanization accelerators for elastomer compounds
based on SKI-3 rubber (Table 2). To compare the
properties of the vulcanizates obtained, we also used
samples containing a commercial vulcanization
accelerator, 2-mercaptobenzothioazole (Captax).

The rubber stocks were prepared and vulcanized
in accordance with GOST (State Standard) 30263-96,
Rubber Stocks for Testing. Preparation, Mixing, and
Vulcanization. Equipment and Methods. Vulcanization

of the rubber stock was performed in a PHG-2 212/4
vulcanization press at 155°C for 20 min.

The vulcanization characteristics of rubber stocks
were determined with an MDR3000 Professional
ASTM D 2084—79 rheometer. The elastic and strength
properties of the vulcanized rubbers were determined
according to GOST 270-75, Vulcanized Rubber.
Method for Determining Tensile Elastic and Strength
Characteristics. Tests for the resistance of vulcanized
rubbers to thermal aging were performed according to

Table 2. Compositions of rubber stocks studied

Composition of indicated sample,
. wt parts per 100 wt parts of rubber
Ingredient
control | hapy | cp3 | D6
sample
SKI-3 rubber 100 100 100 100
Technical-grade 1.8 1.8 1.8 1.8
sulfur
TsBO zinc white 5 5 5 5
Captax 1.5 - - -
Stearic acid 1.5 1.5 1.5 1.5
TU P 234 40 40 40 40
DADI - 1.5 - -
CD-3 - - 1.5 -
CD-6 - - - 1.5
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Table 3. Influence of the nature and structure of bisazomethines on the vulcanization and physicochemical parameters of

vulcanized rubbers and on their resistance to thermal oxidative aging

Parameter Control sample DADI CD-3 CD-6
Vulcanization characteristics of rubber stocks at 155°C
Minimal torque M, ;,, N m 2.06 241 2.5 2.18
Maximal torque M., N m 12.34 13.46 14.05 12.80
Difference between the maximal and minimal torques AM, 10.28 11.05 11.55 10.62
Nm
Induction period tg, min 1.61 1.66 1.16 1.59
Optimum vulcanization time Ty, min 12.95 23.44 11.14 12.93
Vulcanization rate parameter R,, min! 0.33 0.31 0.35 0.35
Vulcanizate compositions (vulcanization at 155°C for 20 min)
Stress at 300% elongation M;,, MPa 4.2 7.7 6.7 6.3
Nominal tensile strength £, MPa 16.9 17.1 20.6 17.9
Relative elongation at break €, % 550 450 540 545
Elongation set 0, % 13 12 21 20
Degree of swelling in toluene w, % 140 150 125 137
Changes in parameters after thermal aging (100°C, 72 h)
Afi, % —24.8 —27.7 -21.1 0.2
Ae, % -32.9 -10.7 -30.1 -17.4

GOST 9.024-74, Unified System for Corrosion and
Aging Protection. Vulcanized Rubbers. Methods of
Tests for Thermal Aging Resistance.

RESULTS AND DISCUSSION

Symmetrical bisazomethines 3b and 3¢ are examples
of vulcanization accelerators that combine natural
fragments (camphor) linked by spacer bridges.

The compounds synthesized were studied as
polyfunctional ingredients in rubber stock formulations
based on SKI-3 rubber.

To evaluate the influence of the nature and structure
of bisazomethines DADI, CD-3, and CD-6 on the
vulcanization rate, we studied the vulcanization kinetics
by the rheometric method (Fig. 1). Replacement of
Captax by bisazomethine CD-3 increases the maximal
vulcanization rate from 1.19 to 1.9 kgf min-l, i.e., by
a factor of almost 2 relative to the control sample. In
the presence of bisazomethine CD-6, the maximal
vulcanization rate remains the same (coincidence of rate
curves / and 4). Replacement of Captax by bisazomethine
DADI decreases the maximal vulcanization rate from
1.19 to 0.73 kgf min-1.

The induction period in the presence of CD-3
decreases from 1.61 to 1.16 min, whereas replacement
of Captax by DADI increases the induction period from
1.61 to 1.66 min (Table 3). In the presence of CD-6
(tg = 1.59 min), the induction period remains virtually
the same as with the standard vulcanization accelerator,
Captax (tg = 1.61 min).

All the bisazomethines studied, DADI, CD-3, and
CD-6, showed activity as vulcanization accelerators.
Equal-weight replacement of Captax by CD-3 and CD-6
increases the vulcanization rate from 0.33 to 0.35 rad
(the vulcanization rate parameter increases by 6%),
whereas the replacement of Captax by DADI decreases
the vulcanization rate from 0.33 to 0.31 rad.

Introduction of camphor-derived bisazomethines
CD-3 and CD-6 leads to an increase in the vulcanization
cross-linking density: AM increases by 5-12%, which
correlates with a decrease in the degree of swelling
(Table 3).

Today, there is no common theory accounting for
the mechanism of the action of the vulcanization accel-
erators obtained, because the nature of the intermediate
compounds and the process mechanism are different for
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accelerators of different types [9]. Presumably, azome-
thine compounds first form intermediate complexes
(complexes of accelerators, sulfur, and vulcanization
activators) due to lone electron pairs of electrons at ni-
trogen atoms in the accelerator molecules. Then, at the
vulcanization temperature the intermediate complex de-
composes to generate active species which, in turn, at-
tack both sulfur molecules and rubber macromolecules
to form polysulfide pendant groups containing accelera-
tor fragments [9].

The reaction of polysulfide pendant groups with
unmodified rubber molecules results in cross-linking.
Free vulcanization accelerators and activators play a
significant role in cross-linking [9].

Our experiments have shown that, in the presence of
bisazomethines CD-3 and CD-6, the vulcanizate strength
increases from 16.9 for the control sample (Captax) to
20.6 MPa for the sample whose vulcanization accelerator
is CD-3. The vulcanizate obtained with bisazomethine
CD-6 exhibits good resistance to thermal oxidative
aging (Table 3).

Camphor-derived bisazomethines CD-3 and CD-6
have better physicomechanical parameters compared
to adamantanone-derived bisazomethine DADI. This
can be attributed to several factors. 2-Oxoadamantyl
radical, in contrast to the D,L-camphor group, has a
more rigid framework; because of the presence of three
cyclohexane rings, it cannot take other conformations.
The conformational structure of camphor is more labile
and prone to folding.

Relative ease of the conformational transformations
of the camphor framework [10] favors uniform

distribution in the rubber matrix. The presence of two
imino groups separated by an alkylene bridge allows the
formation of additional cross-links to be expected; this
accounts for an increase in AM and a decrease in the
degree of swelling relative to control samples.

As seen from the properties of the vulcanizates, the
compounds synthesized act as stabilizers and antioxi-
dants under the conditions of thermal oxidative aging.

The mechanism of the inhibition of thermal oxidative
processes in polymers by azomethine compounds can
be considered from the standpoint of the commonly
accepted theoretical concepts of the inhibited oxidation
as a free-radical process. The role of antioxidants
consists in the conversion of active peroxy radicals of
the substrate being oxidized to weakly active inhibitor
radicals [10].

Probably, the suggested mechanism of the action
of the bisazomethine compounds in thermal oxidative
aging of vulcanized rubbers involves the following
radical reactions (with CD-6 as an example). Free
macroradicals R* generated by oxidation and degradation
of the polymer chain undergo addition to the double
bond of the imino group to form sterically hindered
C-centered radicals (A). In the process, the formation of
a weakly active N-centered radical (B) by the addition
of macroradical R* to the carbon atom of the imine group
cannot be ruled out (Scheme 2).

The formation of C-centered radicals (A) is the
most probable. It can be associated with lower steric
hindrance to the addition of macroradical R* to the
nitrogen atom involved in the double bond than to the
carbon atom. Probably, the formed macroradical of type

Scheme 2.

N-—(CH,),—N

= S +IR

N—(CH,)—N

R R
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A will exhibit decreased activity due to steric hindrance
and low rearrangement probability, which can lead to
inhibition of radical processes.

Introduction of N,N'-(propane-1,3-diyl)bis-(1,7,7-
trimethylbicyclo[2.2.1]heptan-2-imine) and N,N'-(hex-
ane-1,6-diyl)bis(1,7,7-trimethylbicyclo[2.2.1]heptan-
2-imine) favors preservation of the strength characteris-
tics on virtually the initial level compared to the stand-
ard accelerator, Captax.

CONCLUSIONS

Framework azomethine compounds derived from
2-adamantanone, D,L-camphor, and amines of various
structures, were synthesized. These are active polyfunc-
tional ingredients of rubber stocks. The substances ob-
tained accelerate the sulfur vulcanization of elastomer
compounds based on SKI-3 rubber and act as thermal
stabilizers. ~ N,N'-(Propane-1,3-diyl)bis(1,7,7-trimeth-
ylbicyclo[2.2.1]heptan-2-imine) exhibits the best set of
vulcanization and operation properties among the com-
pounds synthesized. In the presence of this bisazome-
thine, the vulcanization rate parameter increases by 6%
compared to 2-mercaptobenzothiazole (Captax) widely
used in rubber industry.
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