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Ultraviolet Stabilizer with Dibenzyl Structure

Elena Scortanu, Iaan Bestiuc and Adrian A. Caraculacu,
Institute of Macromolecular Chemistry ?ecru . Poni", Romanian Academy, Jassy 6600, Romania

Received : 6 October 1993 ; accepted 24 March 1995

ABSTRACT

The 2-hydroxyphenyl benzotriazoles are typical UV absorbing compounds
that can diminish the photodegradation of polymers . Here the synthesis of
two benzotriazole compounds is described . A model compound Is
synthesized from 2-nitro-4-toluldine and an original benzotriazole derivative
from 3,3 ' -din tro 4,4 ' iaminodibenzyl.

Each step of the three-step process used Is described in detail and
thecompound sIhereby obtained are characterized by elemental analyses,
IR, UV and 1 H NMR spectra and the melting points.
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INTRODUCTION

OH
The photodegradation of polymers can be
diminished by some types of photostabilizers [1].
The five typical UV absorbing compounds that
have the greatest importance in UV stabilization
are salicylate esters, 2-hydroxybenzophenoties,
a-cyanoJ-phenyl cinnamate esters, 4-aminobenzo-
ate esters and 2-hydroxyphenylbenzotriazoles [2].

The choice of satisfactory photostabilizers
for light exposure depends on the ultimate use for
which the polymer is destined . The stabilizer
concentration depends on the polymer which is to
be stabilized and often, a combination of different
additives is necessary to obtain a synergistic effect
[3,4] .

2-(2-Hydroxyphenyl)-2H-benzotriazoleshave
been indicated as powerful ultraviolet- absorbing
molecules and a number of compounds with this
basic structure have been synthesized and used as
UV absorbers [5-10] .

When the surface to volume ratio is high, as
in films, coatings and fibers, such additives, because
of their low molecular weights, may exhibit low
compatibility and can also be lost by exudation,
volatilization or leaching during fabrication or end
use . In recent years, a significant effort has been
made to prepare stabilizers with better compati-
bility and higher molecular weight by introducing
long alkyl chains into the additive molecule or by
synthesizing the appropriate monomer and
copolymerizing it into the polymer backbone [2, 4,
5-10].

The ability of the UV stabilizer Tinuvin P
[2-(2-hydroxy-5-methyl-phenyl)benzotriazole] to
rapidly deactivate polymer excited state caused by
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light absorption can be attributed to H-bonding.
The mechanism and efficiency in stabili-

zation of such types of UV absorbers have been
discussed in detail [11-16] . For example, Kramer
[16], in the second part of his paper shows the
mechanism of stabilization in 2-(2 ' -hydroxy-5 '

-methylphenyl) benzotriazole, where intramolecular
proton transfer occurs in the excited state . This
proton transfer may he r accompanied and/or
followed by very fast and effective temperature
dependent radiationless deactivation processes
which are promoted by internal vibration of the
molecule. In polar solvents or in polymers with
polar groups some of the molecules convert their
intramolecular hydrogen bond into an inter-
molecular one. This molecule cannot be considered
any longer as UV stabilizer due to its high triplet
quantum and it may even initiate photodegradation
processes . From this follows that the benzotriazole
derivative can only act as stabilizer if the
intramolecular hydrogen bond is intact:

R '

R '

where : R,R ' = alkyl, aryl, etc.
X

	

= H, halo, alkyl, etc.
There are also other known syntheses of

some oligomer additives such as hisphenols which
contain two or more benzotriazole rings and larger
alkyl radicals [17-27] ; there are even light
stabilizers containing both a hydroxy benzotriazolic
group and 2-hydroxybenzophenone [28] or
hindered amine groups [29] .

UV absorbers with two benzotriazole rings
can be obtained by coupling of some diazonium
salts to bisphenols (as resorcine or bisphenol A)
19,27), or by condensing of 2-hydroxy-2H-benzo-
triazole derivatives with formaldehyde or other
aldehydes . The condensation reaction occurs in
this case to phenolic ring [18, 19, 26] or, in the case
of some 2-phenyl-2H-benzotriazoles occurs to
benzotriazole ring [30].

In the present work, we have used another
method : using 3,3 ' -dinitro-4,4 ' -diaminodibenzyl as
starting compound we have obtained bis-diazonium
salt . This one was coupled with p-cresol and
cyclized by reduction using a modified method
[31,32] and yielding a bis-benzotriazole derivative.

A model compound was also synthesized
starting from 2-nitro-4-toluidine following the same
way of the reaction (Scheme 1).

EXPERIMENTAL

Materials
2-Nitro-4-methyl-aniline was synthesized according
to a known method [33].

3,3 ' -Dinitro-4,4 ' -diaminodibenzyl was
obtained by an original method [34].

p-Cresol was prepared according to a known
method [35].

Synthesis of Model Compounds
Preparation of the azobenzene derivative 2
o-Nitro-p-toluidine (0 .10 mol) was suspended in 50
mL distilled water at 0-5 t . To this suspension was
added 0 .15 mol solid sodium nitrite . After
dissolving (temperature must be -5 °C), 30 mL
concentrated hydrochloric acid (HC1) were added
dropwise with vigorous stirring . These conditions
were maintained for 30 min ., and then a small
quantity (approximately 1g) of urea was added to
eliminate the unreacted nitrous acid.

The reaction mixture was added dropwise to
a solution of p-cresol (0.10 mol), sodium hydroxide
(0 .10 mol), and sodium acetate (0.43 mol in 100
mL of distilled water) between -5 °C and 0 - C, un-
der vigorous stirring . The azoeoupling product was
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Scheme 1 . Benzotriazolic derivatives synthesis : model compound (3) and diberayl derivative (6).

precipitated immediately . The reaction completed

	

Preparation of the benzotriazole derivative 3
after two hours. The red-brown solid was filtered,

	

The previous obtained dye was added to a sodium
washed with water to neutral reaction and dried .

	

hydroxide solution (0.65 mol in 380 mL of distilled
The yield was almost quantitative (95 .2%x) .

	

water) . To this mixture was added dropwise with
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vigorous stirring, a sodium dithionite solution
(0 .275 mol in 200 mL of distilled water) at room
temperature over a time span of one hour. After
the complete addition of the dithionite solution,
the mixture was stirred at room temperature for an
additional hour, and was refluxed another hour.
The hot solution was filtered and the filtrate was
treated with concentrated HCl to pH 9-10 . Then,
the cooled solution was treated with CO 2 to make
acid (pH 6-6 .5) . The product was precipitated as
cream-coloured solid, filtered, washed with water
and dried (45% yield) . Recrystallization from
methanol (MeOH) gave yellowish needles, m .p.
157-159 'C.

Elemental Analysis for C 14H 13N3O

Calculated (%) Found(%)
C

	

70 .29

	

69.84
H

	

5 .44

	

5.25
N

	

17 .57

	

17.21

Synthesis of Dibenzyl Derivatives
Preparation of the bis azobenzene derivative 5
A fine solid dispersion of 3,3 ' -dinitro-4,4 '

-diaminodibenzyl was prepared by rapidly
quenching a warm solution of 3,3 ' -dinitro-
4,4 ' -diaminod ibenzyl (0 .05 mol) in 70 mL distilled
water and 35 mL of concentrated HC1 to -5 °C with
vigorous stirring . Diazotization was carried out by
dropwise addition of a solution of sodium nitrite
(0.15 mol) in water (30 mL) over a period of one
hour at -5 'C. Finally, the mixture became almost
homogeneous.

The deep-red solution of the diazonium salt
was added to a stirred solution (cooled to -2 °C) of
p-cresol (0.10 mol), sodium hydroxide (0.125 mol),
and sodium acetate (0.43 mol in 100 mL of distilled
water) through a dropping funnel . The azo
compound separated immediately as a brown-red
solid . The reaction mixture was stirred at room
temperature for some hours, filtered, and the
deep-red solid was washed with water to neutral
reaction and dried . The yield was 81 .77%.
Preparation of the bis-benzotriazole derivative 6
To a solution of sodium hydroxide (0 .25 mol) in

120 mL of distilled water, 0 .013 mol of the azo
compound 5 was added to dissolve . To this mixture
a solution of sodium dithionite (0.10 mol) in 70 mL
of distilled water was added dropwise during two
hours at room temperature . After the complete
addition of the dithionite solution, the mixture was
stirred at the same temperature for an additional
hour then another quantity of sodium dithionite
(0 .10 mol) was added . The reaction mixture was
heated and boiled for 1 .5 h. The hot solution was
filtered and the filtrate was adjusted to pH about 9
with concentrated HCl. From the cooled solution,
a fine yellow solid was precipitated with CO 2. The
product was filtered, washed with water and dried
(48 .62% yield) . Recrystallization from toluene gave
yellowish needles, m.p. 208-210 °C.

Elemental Analysis for C 28 H 24 N6D 2

Calculated (%) Found (%)
C

	

70.60

	

68 .87
H

	

5.04

	

4.92
N

	

17.65

	

17 .26

Both azo-coupling products and benzo-
triazole derivatives were also characterized by IR
spectra.

RESULTS AND DISCUSSION

Two benzotriazole derivatives were prepared by a
three-step process as shown in Scheme 1 . In the
first step, o-nitro-substituted aromatic amines were
used ; the diazotization was carried out under usual
conditions [4, 5, 7, 32] . For the second step,
2-nitro-azobenzene derivatives were prepared by
copulation oft-nitrobenzene diazonium salts with
p-cresol. The benzotriazole derivatives were finally
obtained by cyclization reduction of the
appropriate azobenzenes.

There are many known methods for reduc-
tive cyclization of 2-nitro-azo benzene derivatives.
The most commonly used method is reduction with
zinc dust in the presence of strong alkali such as
sodium hydroxide solution [4, 5, 7] . A few years
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ago, other possible methods of reductive
cyclization were also reported. For example, a ring
closure reduction was reported using aluminium
dust and sodium hydroxide as a reducing agent
[36j ; cyclization reductions were also made using
ammonium or alkali sulfides as reducing agents [37,
38] and, even, the catalytic reduction of azo dyes to
benzotriazole derivatives in the presence of a
transitional metal or compositions has been
reported [39].

In this work, the reductive cyclization was
accomplished by sodium dithionite in water at pH
12-14; this method is less known, but was first time
reported several years ago [31] . J . Belusa et al.
obtained benzotriazole derivatives by this method
[32].

We used the dithionite as a reducing agent
by a partial modified method according to our
starting materials . But the novelty of this work is
the use of a bis-o-nitroamine as starting material,
namely 3,3 ' -dinitro-4,4 ' -diaminodibenzyl . The
diazonium salt of this compound was coupled with
p-cresol to the corresponding azobenzene
formation : 1,2-bis[3-nitro-4-(2-hydroxy-5-
methyl-phenylazo)-phenyl] ethane (5) (yield above
80%) . The reduction of the azo compound was

carried out by sodium dithionite in water at pH
12-14 ; after passing CO 2 through the cooled
reaction mixture, the 1,2-bis-[-2-(-2-hydroxy-5-
methylphenyl)-5-benzotriazolyl] ethane (6) was
obtained (Scheme 1) (yield 48 .62%).

In order to establish the suitable conditions
of the above benzotriazole compound synthesis, we
prepared a model compound following the same
method of the reaction.

2-(2-Hydroxy-5-methylphenyl)-5-methylbenzo-
triazole was also synthesized from 2-nitro-4-
toluidine by diazotization and coupling with
p-cresol . Azobenzene derivative was reduced with
sodium dithionite in alkaline hydroxide solution as
shown before.

The benzotriazole derivatives that we
obtained were characterized by IR spectra,
elemental analysis and melting points . Infrared
spectra of obtained compounds are typical for the
class of 2-hydroxyphenyl-benzotriazoles (Figures 1
and 2) [7].

The constitution of the dibenzyl derivative
was also determined by I H NMR and UV-absor-
ption spectra and was compared with other
products reported in the literature as shown in
Tables 1 and 2 and in Figures 3 and 4.

Figure 1 . IR Spectra of the compounds 1, 2 and 3.
1J 2-nitro-4-toluidine, 2} 3 .nitro•4-(2-hydroxy-5methylphenyl azo)-toluene, 3} 2-{2-hydroxy-5methylphenyl}- 5-methyl-henzotrinxale.
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Figure 2. IR Spectra of the compounds 4, 5 and 6.
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CONCLUSION

	

dibenzyl derivative : 3,3 ' -dinitro-4,4 ' -diamino-
dibenzyl. A three-step process was used, the last

This work describes the synthesis of a model

	

stage of reaction being less known in the literature.
compound and an original benzotriazole derivative .

	

The obtained compounds were characterized by
Obtained was a benzotriazolic absorber having two

	

elemental analysis, IR, UV and 1 H NMR spectra
heterocycles in the same molecule starting from a

	

and their melting points.
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Figure 3. UV-Absorption spectrum of 1,2-bis(-2(2-hydroxy-5-methylphenyl)5-benzotriazoygethane in CHCI 3.
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Fable 1. Absorption in ll .V. region .
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Figure 4. 1 H NMR Spectrum of 1,2-bis[-2-(2-hydroxy-methylphenyl)-5-benzoMezolyl]ethane in CHCI 3.
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Table 2. 1 H NMR Chemical shift data of 2-(2-hydroxyphonyl)-2H-benzotrlazole derivatives.

1 .23

7.4,8.19 7.46, 7 .90 1t6 [25]

2 .65 7.05, 8 .1 7.15-7 .8 11 .5 [ 51

4.5 7 .00 8 .5 [321
(2H) (12 H)

CH3

	

CH 3

Compound

2 .75
(6H)

.N
N

CH2 CH 3

3 .23,4.45 7 .64-8 .18

	

7.09,7 .26

	

11 .15
(4H)

	

(6H)

	

(61-I)

	

(2H)

CH3

	2 .40
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