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Abstract

Disodium 4,4’-bis(1,3,5-triazin-6-yl)diaminostilbene-2,2'-disulfonate derivatives (11a—h) which were substituted with 4-amino-
2,6-di-tert-butylphenol (3) or 4-(2-amino-ethyl)-2,6-di-tert-butylphenol (6) as an antioxidant on triazine moiety were prepared. The
obtained compounds were characterized by the analysis of the proton NMR spectrum and confirmed by UV spectrum. The physical
properties of the new compounds (11a—h) were performed by fastness test and whiteness measurement, compared with those of

CI86 and CI90.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Disodium 4,4’-bis(triazinylamino)stilbene-2,2'-disul-
fonate derivatives are most widely used as fluorescent
brighteners for the whitening of both cotton and wool
[1-3]. They increased the whiteness by a process of
absorption of the light in ultraviolet region
(330—380 nm) and emission of the visible blue light
(400—450 nm) [4]. It is necessary for the fluorescent
brighteners to show the high fluorescence activity
a planar molecular structure with conjugated double
bonds and electron-donating groups [5]. Fluorescent
brighteners, furthermore, should present a high quality
of whiteness and fastness.

In some cases, if the matter which was treated with
a fluorescent brightener is exposed outside, a free radical
could be produced due to the solar light. As a result, the
chemical skeleton of the fluorescent brightener is
destroyed and the whiteness is decreased rapidly.
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Recently, our research interests are focused on the
development of the fluorescent brightener that could be
capable of being exposed under the sun for a long time.

In this study, disodium 4,4’-bis(1,3,5-triazin-6-yl)di-
aminostilbene-2,2'-disulfonate derivatives which were
substituted with the phenol derivatives on triazine
moiety were prepared as the antioxidant fluorescent
brighteners. The newly synthesized compounds (11a—h)
were characterized by analysis of the proton NMR
spectrum and confirmed by UV spectrum. The physical
properties of the new compounds (11a—h) were per-
formed by fastness test and whiteness measurement,
compared with those of CI86 and CI90.

2. Result and discussion
2.1. Synthesis of phenolic antioxidant derivatives
Oxygen is an essential element for life, but it also has

the possibility of forming a toxic substance called
oxygen free radical. Antioxidants could decrease the
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energy of free radical or stop forming it at the first place.
Also it interrupts the oxidation chain-reaction in order
to minimize free radical’s inhibition reaction [6,7].

Phenolic antioxidants form the stable low-energy
free radical by the stable resonance hybrids to prevent
further oxidation (Fig. 1).

Also if alkyl group is substituted in phenolic com-
pound, phenoxy free radical would be more stable be-
cause of the electron donating character of alkyl group.
BHA (butylated hydroxyanisole) and BHT (butylated
hydroxytoluene) are representative models for phenolic
antioxidant compound (Fig. 2) [8].

4-Amino-2,6-di-tert-butylphenol (3) [9—12] and 4-
(2-aminoethyl)-2,6-di-tert-butylphenol (6) [13,14] were
selected as the analogous compounds of BHT and
prepared as shown in Scheme 1.

4-Amino-2,6-di-tert-butylphenol (3) was prepared
from the nitrosation of 2,6-di-tert-butylphenol (1) fol-
lowed by reduction with sodium hydrosulfite. Com-
pound (3) was easily oxidized in air, so it had to be used
for the next step without further purification.

The reaction of 2,6-di-tert-butylphenol (1) with para-
formaldehyde in the presence of concentrated hydrochlo-
ric acid provided 4-chloromethyl-2,6-di-terz-butylphenol
(4) which was converted to 4-cyanomethyl-2,6-di-tert-
butylphenol (5) by the treatment with potassium
cyanide. The reduction of 4-cyanomethyl group of the
compound (5) with lithium aluminum hydride afforded
4-aminoethyl-2,6-di-tert-butylphenol (6).

2.2. Synthesis of triazine-stilbene fluorescent
brighteners containing the phenolic
antioxidant derivatives

The triazine-stilbene fluorescent brighteners are
widely used in industrial application as whitening agents
[15] and their synthetic procedures are well known. The
syntheses of the triazine-stilbene fluorescent brighteners
containing the phenolic antioxidant derivatives were
started from the reaction of disodium 4,4'-diaminostil-
bene-2,2'-disulfonate (7) with 2,4,6-trichloro-1,3,5-tri-
azine (8). Three chloro groups of compound (8) showed
different chemical reactivities with the nucleophiles
depending on the reaction temperature (Fig. 3) [16,17].

After stirring disodium 4,4'-diaminostilbene-2,2'-
disulfonate (7) with 2 equivalents of 2,4,6-trichloro-
1,3,5-triazine (8) at 0—5 °C, the resulting disodium
4,4'-bis(2,4-dichloro-1,3,5-triazin-6-yl)diaminostilbene-
2,2'-disulfonate (9) was treated with aniline derivatives

5t dd

Fig. 1. The resonance structures of the phenoxy free radical.
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Fig. 2. The structures of BHT and BHA.

(aniline, sodium o-aminobenzenesulfonate, p-aminoben-
zenesulfonate, and m-aminobenzenesulfonate) at 30 °C
without separation. While the substitution of o-amino-
benzenesulfonate with the chloro group of the inter-
mediate (9) took at least 13 h, the substitution of the
other aniline derivatives was established within 3—4 h.
It is assumed that the ortho positioned sulfonate group
o-aminobenzenesulfonate caused the steric hindrance to
prevent the nucleophilic substitution of amino group.

Finally, 4-amino-2,6-di-tert-butylphenol (3) or 4-(2-
aminoethyl)-2,6-di-tert-butylphenol (6) was added in situ
to the reaction mixture. The third substitution reaction
occurred when a temperature of 80 °C was reached.

The synthetic procedures of triazine-stilbene fluores-
cent brighteners containing the phenolic antioxidant
derivatives are summarized in Scheme 2 and relevant
data are given in Table 1.

2.3. Color assessment and various fastness

Characteristics of the compounds (11a—h) are com-
pared with those of CI86 and CI90 which are used for
commercial purpose. The structures of CI86 and CI90
are shown in Fig. 4.

The compounds (11a—h) were applied at concen-
trations of 0.05%, 0.1%, 0.3%, 0.5%, and 1% relative
to the weight of cotton fiber. The degree of the whiteness
and the CIE L*a*b* coordinates were determined. The
data obtained are presented in Table 2. It is apparent
that the compounds (11a—h) showed lower degree of
whiteness than CI86 and CI90. The compounds (11a—h)
gave the range of the attractive color shade from bluish
white to white. The compounds 11a, 11b, 11d, and 11f
presented good resistance to light, but the compound
11c showed lower light fastness than CI86 and CI90.
While the compounds (11a—h) afforded low fastness in
the chlorinated water, they provided better rubbing
fastness than CI86 and CI90 as shown in Table 3.

Washing fastness data are given in Table 4. The
results of the washing fastness test showed that all the
compounds (11a—h) preserved excellent fastness, espe-
cially superior for cotton.

3. Conclusion

Triazine-stilbene derivatives containing the pheno-
lic antioxidant derivatives (11a—h) were prepared as
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Scheme 1.

antioxidant fluorescent brighteners in good yield. On the
basis of the results obtained from the various physical
tests, compounds (11a—h) showed lower degree of white-
ness than CI86 and CI90. On the other hand, in light
fastness, rubbing fastness and washing fastness, the
compounds (11a—h) preserved excellent fastness.

4. Experimental
4.1. Materials and analysis

All chemicals were used as purchased from commer-
cial sources (Aldrich, Merck, Duksan, Yakuri, Junsei)
and were of analytical grade. The solvents were purified
by distillation and the other reagents were used without
further purification. The '"H NMR spectra were mea-
sured at 300 MHz using a Varian Mercury 300. The UV
spectra were obtained on a Shimadzu UV-2401PC. TLC
was carried out using Merck silica gel plates (F254) with
distilled solvents. Light fastness results were obtained on
a Xenotest 150S. Washing fastness and chlorinated
water fastness were tested on an Atras LP2. Rubbing
fastness results were obtained on an Atras CM-5. The
computer color matching (CCM) data were obtained on
an SF600 Data color.

4.2. Synthesis of the compounds
4.2.1. Synthesis of 2,6-di-tert-butyl-4-nitrosophenol (2)

To a stirred solution of 2,6-di-fert-butylphenol (1)
(5.16 g, 25.0 mmol) in ethanol (25 mL) containing conc.

C‘I/\ Second substitution at 30 °C

N Y\
N/ \%CI First substitution at 0 °C
=N

CI'\__ Third substitution at 80 °C

Fig. 3. Differential reactivity of 2,4,6-trichloro-1,3,5-triazine (8).

sulfuric acid (0.75 mL) was added dropwise to a solution
of sodium nitrite (1.78 g, 25.8 mmol) in water (5 mL)
at 0 °C. After addition was completed, the reaction
mixture was stirred at 0 °C for 2 h. The yellow precipi-
tate was collected by filtration and washed with water
and dried. The crude product was recrystallized from
carbon tetrachloride to afford 2,6-di-fert-butyl-4-nitro-
sophenol (2, 5.40 g, 92%) as a yellow solid: mp 217—
219 °C; '"H NMR (CDCls) 6 1.31 (s, 18H, rert-butyl),
6.91 (d, 1H, ArH), 7.54 (d, 1H, ArH).

4.2.2. Synthesis of 4-amino-2,6-di-tert-butylphenol (3)

A solution of 2,6-di-tert-butyl-4-nitrosophenol (2)
(5.18 g, 22.0 mmol) in 5% sodium hydroxide solution
(30 mL) was heated to 50—60 °C, and then sodium
hydrosulfite (10.0 g) was added portionwise. After addi-
tion was completed, the reaction mixture was stirred at
50—60 °C for 1 h. The reaction mixture was diluted with
water (20 mL). After being cooled to room temperature,
the cream-colored precipitate was filtered, washed with
water and dried to provide 4-amino-2,6-di-tert-butyl-
phenol (3, ~98%). The crude product (3) was used for
the next step without further purification. The color of
the product (3) turned red rapidly on standing because
aminophenol derivatives are extremely sensitive to
air-oxidation.

4.2.3. Synthesis of 4-chloromethyl-2,6-di-tert-
butylphenol (4)

To a solution of 2,6-di-tert-butylphenol (1) (10.0 g,
48.5 mmol) in n-heptane (50 mL) were added parafor-
maldehyde (30 g) and conc. hydrochloric acid (75 mL).
The vigorously stirred reaction mixture was gently
refluxed under nitrogen for 13 h. After being cooled to
room temperature, the organic layer was separated from
liquid layer and washed with water until the washing
liquid was neutral. The organic layer was dried over
anhydrous magnesium sulfate and evaporated to give
4-chloromethyl-2,6-di-tert-butylphenol (4, ~99%) as an
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orange syrup which was used for the next step without
further purification.

4.2.4. Synthesis of 4-cyanomethyl-2,6-di-tert-
butylphenol (5)

To a solution of potassium cyanide (6.30g,
96.7 mmol) in 70% aqueous ethanol (250 mL) was
added dropwise a solution of 4-chloromethyl-2,6-di-
tert-butylphenol (4) (12.4 g, 48.7 mmol) in n-heptane
(100 mL) at 0 °C. After addition was completed, the
reaction mixture was heated under reflux for 2 h. After
being cooled to room temperature, the precipitate was
collected by filtration and washed with water to afford
4-cyanomethyl-2,6-di-tert-butylphenol (5, 10.0 g, 84%)
as a yellow solid: mp 107—109 °C; "H NMR (CDCl;)
6 1.44 (s, 18H, tert-butyl), 3.65 (s, 2H, —CH,CN), 5.25
(s, 1H, —OH), 7.09 (s, 2H, ArH).

4.2.5. Synthesis of 4-(2-aminoethyl)-2,6-di-tert-
butylphenol (6)

To a stirred suspension of lithium aluminum hydride
(3.20 g, 84.3 mmol) in anhydrous diethyl ether (100 mL)
was added dropwise 4-cyanomethyl-2,6-di-tert-butyl-
phenol (5) (9.82 g, 40.0 mol) in anhydrous diethyl ether
(75 mL) at 0 °C under nitrogen. The vigorously stirred
reaction mixture was gently refluxed under nitrogen for
4 h. After being cooled to 0 °C, the excess lithium alumi-
num hydride was decomposed by adding 1 N sodium

hydroxide solution and water. The resulting mixture was
filtered, and organic layer was separated, washed with
water, dried over magnesium sulfate, and evaporated.
The residue was recrystallized from ligroin to give
4-(2-aminoethyl)-2,6-di-tert-butylphenol (6, 7.50 g, 75%)
as a yellow solid: mp 105—106 °C; '"H NMR (CDCl;)
0 1.44 (s, 18H, tert-butyl), 2.66 (t, 2H, —CH,—C), 2.93 (t,
2H, —CH,N-), 5.09 (s, 1H, —OH), 7.09 (s, 2H, ArH).

4.2.6. Preparation of disodium
4,4'-diaminostilbene-2,2'-sulfonate (7)

To a suspension of 4,4'-diaminostilbene-2,2’-disul-
fonic acid (95%, 4.15 g, 10.7 mmol) was added portion-
wise sodium carbonate (1.15g, 10.9 mmol), and then
stirred until a clear solution was obtained. The solution
was used for the next step without further purification.

4.2.7. General procedure for the preparation of
triazine-stilbene fluorescent brighteners containing
the phenolic antioxidant derivatives (11a—h)

To a stirred suspension of 2.4,6-trichloro-1,3,5-tri-
azine (8, 3.95 g, 21.4 mmol), CaCO; (1.07 g, 10.7 mmol)
and small amounts of dispersant agent in water (50 mL)
was added dropwise a solution of disodium 4,4'-diami-
nostilbene-2,2’-disulfonate (7, 10.6 mmol) at a range of
0—5 °C. After addition was completed, the reaction
mixture was stirred 2h below 5 °C. To the reaction
mixture were added CaCO; (1.07g, 10.7 mmol),
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Table 1

Characterization data of the triazine-stilbene fluorescent brighteners containing the phenolic antioxidant

derivatives (11a—h)
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antifoaming agent and aniline (or sodium aminobene-
zenesulfonate derivative) (21.4 mmol), and then allowed
to warm to 30 °C. After being stirred at 30 °C for 3 h,
CaCO;5 (1.07 g, 10.7 mmol) and phenolic derivative
(3 or 6, 21.4 mmol) were added portionwise to the
resulting reaction mixture. After being heated under

reflux for 3 h, the reaction mixture was allowed to cool
to room temperature. The precipitate was filtered and
dried.

4.2.7.1. Synthesis of the compound 11a.  Yields 83%:;
'"H NMR (DMSO-d) 6 1.39 (s, 18H, tert-butyl), 6.51

QHN>_ SOzNa N_\<NH4<;>

N>::/>—NH CH=CH NH—</ N

N—
(HOH,CH,C),N NaO,S N(CH,CH,0H),
Cl86
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\
N N=<
CH;0 NaO,S OCH;
CI90

Fig. 4. The structures of CI86 and CI90.
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Table 2

Color fastness of cotton fiber dyed with compounds (11a—h)

No. o.w.f. (%) Whiteness L* a* b* No. o.w.f. (%) Whiteness L* a* b*

CI86 0.05 123.69 91.91 2.55 —9.06 CI190 0.05 120.93 92.59 2.83 —8.74
0.1 132.07 91.77 2.78 —10.75 0.1 128.36 91.45 3.10 —10.30
0.3 141.05 92.52 2.17 —12.00 0.3 138.43 92.45 2.90 —11.83
0.5 142.28 92.85 1.52 —11.90 0.5 139.06 92.45 2.67 —11.84
1 138.00 93.02 0.22 —10.56 1 138.67 92.22 2.03 —11.62

11a 0.05 92.57 91.18 0.26 —2.34 11e 0.05 78.52 90.92 0.00 0.25
0.1 90.79 91.35 —0.01 —1.83 0.1 82.19 90.77 —-0.12 —0.40
0.3 83.83 91.25 —1.10 0.06 0.3 84.51 91.04 —0.44 —0.52
0.5 81.12 91.08 —1.45 0.68 0.5 84.37 91.04 —0.56 —0.40
1 80.22 90.92 —1.44 0.78 1 82.05 91.00 —0.91 0.21

11b 0.05 78.34 90.97 —0.11 0.40 11f 0.05 78.69 91.09 0.02 0.22
0.1 78.02 90.88 —0.03 0.32 0.1 78.01 90.87 —0.03 0.30
0.3 76.76 90.78 —0.53 0.86 0.3 73.16 90.63 —0.43 1.47
0.5 74.71 90.71 —0.91 1.39 0.5 71.53 90.28 —0.37 1.73
1 71.29 90.8 —1.35 2.31 1 65.54 90.96 —1.63 341

11c 0.05 77.70 90.81 —0.44 0.62 11g 0.05 88.22 91.29 0.37 —1.59
0.1 84.62 91.28 0.81 —-1.12 0.1 90.53 91.04 0.49 -2.15
0.3 78.00 90.84 —-0.77 0.80 0.3 91.53 91.41 —0.31 —1.75
0.5 77.93 90.87 —-0.90 0.87 0.5 88.79 91.20 —0.61 —1.13
1 78.38 91.13 —0.91 0.89 1 88.70 91.61 —0.81 —0.83

11d 0.05 75.71 91.06 0.04 0.76 11h 0.05 76.91 90.74 0.08 0.39
0.1 76.93 90.88 0.14 0.52 0.1 78.16 90.75 —0.21 0.36
0.3 73.52 91.08 —0.74 0.62 0.3 74.15 90.62 —0.60 1.30
0.5 71.65 90.74 —0.89 1.90 0.5 70.11 90.71 —0.98 2.28
1 64.18 90.69 —1.47 3.58 1 69.31 90.47 —-0.97 2.34

(s, 2H, —OH), 6.93 (t, 6H, ArH), 7.05 (s, 4H, ArH), 7.23
(d, 4H, ArH), 7.37 (d, 2H, ArH), 7.67 (s, 2H, —CH=
CH), 7.80 (d, 2H, ArH), 8.08 (s, 2H, ArH), 8.90 (s, 2H,
—NH), 9.19 (s, 2H, —NH), 10.27 (s, 2H, —NH).

4.2.7.2. Synthesis of the compound 11b.  Yields 94%;
'"H NMR (DMSO-d) 6 1.36 (s, 18H, tert-butyl), 2.77
(s, 2H, —CH,—), 3.51 (t, 2H, —CH,N-), 6.71 (s, 2H,
—OH), 6.93 (s, 4H, ArH), 6.95 (m, 10H, ArH), 7.61 (d,
2H, ArH), 7.23 (s, 2H, —CH=CH~—), 7.82 (d, 2H, ArH),
8.01 (s, 2H, ArH), 8.97 (s, 2H, —NH), 9.08 (s, 2H, —NH),
6 10.25 (s, 2H, —NH).

4.2.7.3. Synthesis of the compound 1lc.  Yields 67%:;
'"H NMR (DMSO-d) 6 1.39 (s, 18H, tert-butyl), 6.51
(s, 2H, —OH), 6.62 (d, 2H, ArH), 6.92 (t, 2H, ArH), 7.29
(s, 4H, ArH), 7.37 (t, 2H, ArH), 7.68 (d, 2H, ArH),
7.75 (s, 2H, —CH=CH-), 7.82 (d, 2H, ArH), 8.07
(s, 2H, ArH), 8.62 (s, 2H, —NH), 9.08 (s, 2H, —NH),
6 10.27 (s, 2H, —NH).

4.2.7.4. Synthesis of the compound 11d.  Yields 74%:;
"H NMR (DMSO-dg) 6 1.36 (s, 18H, tert-butyl), 2.75
(s, 2H, —CH»—), 3.50 (t, 2H, —CH,NH), 6.71 (t, 2H,
ArH), 6.93 (t, 2H, ArH), 6.96 (s, 4H, ArH), 7.21 (t, 2H,
ArH), 7.56 (d, 2H, ArH), 7.68 (s, 2H, —CH=CH-),
7.80 (d, 2H, ArH), 7.79 (s, 2H, ArH), 8.59 (d, 2H, ArH),

Table 3
Various fastness of cotton fiber dyed with compounds (11a—h)
Compound Chlorinated Light Rubbing Table 4
water fastness fastness Washing fastness of cotton fiber dyed with compounds (11a—h)
fastness Dry Wet Compound  Acetate Cotton Nylon PET Acrylic Wool
CI86 3 2 3—4 2 CI86 4-5 1 3 4-5 4-5 4-5
CI190 3—4 2 3—4 2 CI90 4 1 3 4-5 45 4-5
11a 1-2 3 4 3 11a 4-5 2 4-5 4-5 4-5 4-5
11b 2 3 4-5 4 11b 4-5 3—4 4-5 4-5 4-5 4-5
11c 2-3 1 4 3—4 11c 4-5 2-3 4-5 4-5 4-5 4-5
11d 3 3 4-5 3—4 11d 4-5 2 4-5 4-5 4-5 4-5
11e 3—4 2 4 2-3 11e 4 1-2 4-5 4-5 4-5 4-5
11f 3 3 4 3—4 11f 4 3—4 4-5 4-5 4-5 4-5
11g 2-3 2 4-5 3—4 11g 4-5 2 4-5 4-5 4-5 4-5
11h 1-2 2 4 3 11h 4-5 2-3 4-5 4-5 45 4-5
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9.66 (s, 2H, —NH), 9.73 (s, 2H, —NH), 10.25 (s, 2H,
—NH).

4.2.7.5. Synthesis of the compound 1le.  Yields 84%;
'"H NMR (DMSO-ds) 6 1.39 (s, 18H, tert-butyl), 6.69
(s, 2H, —OH), 7.21 (d, 2H, ArH), 7.37 (s, 4H, ArH), 7.37
(t, 2H, ArH), 7.62 (s, 2H, —CH=CH—-), 7.81 (m, 4H,
ArH), 8.06 (s, 4H, ArH), 8.28 (d, 2H, ArH), 8.90 (s, 2H,
—NH), 9.16 (s, 2H, —NH), 10.26 (s, 2H, —NH).

4.2.7.6. Synthesis of the compound 11f.  Yields 77%;
'H NMR (DMSO-dg) 6 1.36 (s, 18H, tert-butyl), 2.79
(s, 2H, —CH,—), 3.55 (t, 2H, —CH,;NH), 6.67 (s, 2H,
—OH), 6.93 (d, 2H, ArH), 6.98 (s, 4H, ArH), 7.19 (t, 2H,
ArH), 7.60 (d, 2H, ArH), 7.73 (s, 2H, —CH=CH-),
7.80 (d, 2H, ArH), 8.01 (s, 4H, ArH), 8.20 (d, 2H, ArH),
9.17 (s, 2H, —NH), 9.23 (s, 2H, —NH), 10.26 (s, 2H,
—NH).

4.2.7.7. Synthesis of the compound 11g.  Yields 81%;
'"H NMR (DMSO-dg) 6 1.40 (s, 18H, tert-butyl), 6.74
(s, 2H, —OH), 7.24 (d, 4H, ArH), 7.29 (s, 4H, ArH), 7.50
(d, 2H, ArH), 7.66 (s, 2H, —CH=CH-), 7.81 (d, 2H,
ArH), 8.03 (s, 2H, ArH), 8.35 (d, 4H, ArH), 8.92 (s, 2H,
—NH), 9.15 (s, 2H, —NH), 10.27 (s, 2H, —NH).

4.2.7.8. Synthesis of the compound 11h.  Yields 82%;
'H NMR (DMSO-dg) 6 1.37 (s, 18H, tert-butyl), 2.80
(s, 2H, —CH,—), 3.51 (t, 2H, —CH,;NH), 6.67 (s, 2H,
—OH), 6.93 (d, 4H, ArH), 6.97 (s, 4H, ArH), 7.50
(d, 2H, ArH), 7.59 (s, 2H, —CH=CH~-), 7.80 (d, 2H,
ArH), 8.01 (s, 2H, ArH), 8.38 (d, 4H, ArH), 9.15 (s, 2H,
—NH), 9.24 (s, 2H, —NH), 10.26 (s, 2H, —NH).

4.3. Dyeing properties

4.3.1. Dyeing procedure

Dyeing of cotton was carried out precisely at 80 °C
for 1h. It was prepared with a paste of finely
powdered dye, 0.1% aqueous NaOH solution and water

at 40 °C and it was raised to 80 °C for cotton at the
rate of 1 °C/min.

4.3.2. Color fastness test

The light fastness test was assessed by using Xenon
arc lamp method in accordance with ISO 105-B02. The
rubbing fastness test was carried out using crock meter
method in accordance with ISO 105-X12 and the wash
fastness test in accordance with ISO 105-C01 and
chlorinated water fastness test in accordance with KS
K 0725. The results are given in Tables 3 and 4.
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