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ABSTRACT: 2(2,4-Dihydroxyphenyl)2H-4-hydroxybenzotriazole and 2(2,4-dihydroxy
phenyl)2H-1,3-di(4-hydroxybenzotriazole) were incorporated in amounts of I to !Omol% into 
examples of typical aliphatic or aromatic polyesters, either by direct synthesis from the mono
mers or by transesterification from already prepared polyesters. The polyesters showed UV spec
tra typical for the 2(2-hydroxyphenyl)2H-benzotriazole unit in amounts approximately corre
sponding to the feed composition. Some complications in the direct incorporation of dihy
droxy-2(2-hydroxyphenyl)2H-benzotriazoles into polyesters were encountered when the diacid 
chloride method was used for the preparation of the polyesters; branched and crosslinked 
polyesters were obtained. 
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2(2-Hydroxyphenyl)2H-benzotriazoles have 
become very important as ultraviolet screening 
stabilizers for polymeric materials. 1 Recently, 
a number of polymerizable ultraviolet stabi
lizers of the 2(2-hydroxyphenyl)2H-benzotri
azole family have been reported2 - 10; they in
clude vinyl and isopropenyl derivatives,2 - 5 

acrylates and methacrylates, 6 - 8 and some 
methoxy derivatives.9 •10 Some of these com
pounds were incorporated into polymers by 
copolymerization; others, for example 2(2-
hydroxy-4-vinyl pheny 1 )2H-benzotriazole 
(2H5V), by grafting [into polybutadiene11 or 
onto the polymers with aliphatic carbon hy
drogen bond such as polypropylene or poly
(methyl methacrylate)12]; 2H5V was also in
corporated into unsaturated polyesters13 or 
other crosslinked polymers. 14 2H5V was 

shown to haye been placed firmly in the poly
mer matrix and remained in position even 
under severe degradation conditions. 

2(2-Hydroxyphenyl)2H-benzotriazole deriv
atives were prepared with more than one ben
zotriazole ring in the molecule.15 •16 In addi
tion, methoxysubstituted 2(2-hydroxyphenyl)-
2H-benzotriazole derivatives have also been 
prepared. 9 •10 

2(2-Dihydroxyphenyl)2H-4-hydroxybenzo
triazole (HBDH), 2(2,4-dihydroxyphenyl)2H
l ,3-di( 4-hydroxybenzotriazole) (HDBDH), 
and their diacetoxy derivatives (AcBDH or 
AcDBDH) were considered as desirable ultra
violet stabilizers for polyesters. 17 

It was the objective of this work to prepare 
aliphatic and aromatic polyesters with HBDH 
and HDBDH incorporated into the polyester 

t Part XLIV: P. Grosso and 0. Yogi, Polym. Bull., 14, 245 (1985). 
• This paper is dedicated with warmest personal wishes to Professor Teiji Tsuruta on the occasion of his 65th 

birthday. 
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chain. 

EXPERIMENTAL 

Materials 
The following solvents and reagents were 

distilled and stored over molecular sieve (all 
reagents were from the Aldrich Chemical Co.): 
butanediol-1,4 (at 20 mmHg), chloroform 
(washed with water and dried), ethylene glycol 
(at 20mmHg), dichloromethane (from calcium 
hydride), dimethylacetamide (DMAc) (from 
calcium hydride at 20 mmHg), pyridine and 
tri-n-butylamine (from metallic sodium at 15 
mmHg), hexanediol-1,6 (at 10mmHg), and 
decanediol-1, 10 (at 0.05 mmHg). The follow
ing reagents (Aldrich Chemical Co.) were re
crystallized (and dried over phosphorus pen
toxide at 0.15 mmHg for at least one day): 
isophthaloyl chloride and terephthaloyl chlo
ride twice from n-hexane, dimethyl isophthal
ate from water. For spectral measurements, 
chloroform (spectral grade) or s-tetrachloro
ethane was used as the solvent. 

All other solvents and reagents were used as 
received. 

Distillations were carried out through a 30-
cm Vigreux column equipped with a variable 
reflux ratio distillation head. Reduced pressure 
distillations were carried out with a magnetic 
stirrer and a Cartesian-type diver manostat. 
HBDH and HDBDH were prepared according 
to a previously described method.9 •10•17 

Silicon oil baths were used for heating the 
reactions up to 250°C. The following vapor 
baths were used for higher temperatures: 
phenylacetic acid, 265°C; dimethyl pathalate, 
283°C; diethyl phthalate, 298°C. 

Measurements 
Infrared spectra were recorded on a Perkin

Elmer spectrometer, Model727, and 1H NMR 
(90 MHz) spectra on a JEOL FX-90 multi
nuclear FT NMR spectrometer; TMS was 
used as the internal standard. Ultraviolet ab
sorptions were measured in chloroform or in 
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60/40 phenoljs-tetrachloroethane solutions 
using a Varian Cary 15 or a Varian Cary 2300 
spectrophotometer in a double-beam servo 
mode ( 1.0 em optical path length). 

Melting points were determined on a 
MELT-TEMP capillary melting point appa
ratus and are uncorrected. 

Microanalyses were carried out at the Mi
crolytic Laboratory in South Deerfield, Mas
sachusetts. 

Procedures 
Preparation of Poly(butylene isophthalate) in 

Solution by the Acid Chloride Method: Into 
a dry 250 ml three-neck flask equipped with 
magnetic stirrer, reflux condenser and drop
ping funnel was placed butanediol-1 ,4 (2.25 g, 
25 mmol) and tri-n-butylamine (9.3 g, 11.9 ml, 
50 mmol) in dichloromethane (15 ml). The 
content of the flask were kept under a nitrogen 
atmosphere, and isophthaloyl chloride (5.1 g, 
25 mmol) dissolved in dichloromethane (20 ml) 
was added dropwise over a 10-min period. A 
vigorous exothermic reaction took place and a 
white suspension formed immediately. Stirring 
was continued overnight at room temperature 
before the contents of the flask were poured 
into a beaker of rapidly stirred methanol (400 
ml) to precipitate the white polymer. The 
polymer was washed with methanol (IOOml), 
water ( 100 ml), and finally with more methanol 
and dried at 1.5 mmlfg; yield 3.95 g (72%). 

Preparation of Poly(butylene isophthalate) 
with 3 mol% of HBDH Incorporated: The 
above procedure was repeated with butane
diol-1,4 (2.16g, 24mmol), HBDH (0.38g, 1.5 
mmol) (dissolved in dichloromethane), and 
isophthaloyl chloride (5.07 g, 50mmol). After 
work-up and drying, a yield of 4.51 g (80%) 
of white polymer was obtained. Analysis of 
the polymer for its nitrogen content gave: 

Elemental Analysis. Calcd for 3mol% 
HBDH in poly(butylene isophthalate) assum
ing the yield as quantitative: N, 1.39%. Found: 
N, 1.49%. No viscosity measurements were 
made as the polymer was found to be insoluble 
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Table I. Characterization of polyesters with 1.5 mol% HBDH; synthesis from 
diacid chlorides and glycols (['71 in dlg- 1) 

Poly(sebacate) Poly(isophthalate) Poly(terephthalate) 

Ethylene glycol 0.05"·' 0.18b·' insoluble 
Butanediol-1 ,4 O.lla·' O.J5b,o insoluble 
Hexanediol-1,6 0.12a insoluble insoluble 
Decanediol-1, I 0 0.14a insoluble insoluble 
2,2-Dimethylpropanediol o.1oa insoluble insoluble 
trans-Cyclohexane-1,4-dimethanol o.o9a insoluble insoluble 

a Inherent viscosity measured in I ,2-dichloroethane at 30°C. 
b Inherent viscosity measured in phenol/s-tetrachloroethane (60/40). 
' UV spectra measured in chloroform at a concentration of 2 x 10- 5 1 mol- 1 em -1, Amax = 307 nm .. 

Table II. Polyesters prepared from the diesters and glycols with I mol% HBDH or HDBDHa 

Type of Yield ['II A max 

stabilizer 
(I mol%) % dlg- 1 nm 

Poly(ethylene sebacate) HDBDH 87 0.52 345 
(broad) 

Poly(butylene sebacate) HBDH 80 0.20 345 
Poly( ethylene isophthalate) HBDH 83 0.15 350 
Poly(ethylene isophthalate) HDBDH 87 0.18 340 
Poly(butylene isophthalate) HBDH 91 0.33 345 
Poly(butylene isophthalate) HDBDH 90 0.29 345 
Poly( ethylene terephthalate) HBDH 97 in sol. in sol. 
Poly( ethylene terephthalate) HDBDH 94 in sol. in sol. 
Poly(butylene terephthalate) HBDH 94 in sol. in sol. 

a All viscosity and UV measurements were made in phenolfs-tetrachloroethane (60/40). 

in the 60/40 phenoljs-tetrachloroethane mix
ture. 

Preparation of Poly(butylene isophthalate) 
with lOmol% HDBDH Incorporated: Using 
the above procedure, the following reactants 
were used: butanediol-1 ,4 (0.36 g, 4 mmol), 
HDBDH (0.38 g, 1 mmol), tri-n-butylamine 
(1.86g, lOmmol), and isophthaloyl chloride 
(1.02 g, 5mmol). Dry DMAc (2ml) was used 
to dissolve HDBDH which was insoluble in 
dichloromethane. After work-up and drying, a 
yield of 0.98 g (76%) of off-white polymer was 
obtained. 

Elemental Analysis calculated for lOmol% 
HDBDH in poly(butylene isophthalate), as
suming quantitative yield: N, 8.80%. Found: 
N, 8.26%. 

Polymer J., Vol. 18, No.5, 1986 

Both samples of poly(butylene isophthal
ate) with 3 mol% HBDH or with lOmol% 
HDBDH (2 g each) were extracted in a Soxhlet 
extractor with n-hexane (50ml) for one day. In 
both cases, not a trace of HBDH or HDBDH 
was detected when the n-hexane extracts were 
evaporated and the residue subjected to TLC 
analysis. 

Using the acid chloride procedure outlined 
for the preparation of poly(butylene isophthal
ate) with the intended incorporation of HBD H 
or HDBDH, the following polyesters were 
prepared, starting with 25 mmol of acid chlo
ride, 25 mmol of the mixture of glycol and 
1.5 mol% of the 2(2,4-dihydroxyphenyl)2H
benzotriazole compounds, HBDH or HDBDH 
(Table 1). 
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Preparation of Polyesters in the Melt from 
the Dimethylesters with HBDH or HDBDH: 
Poly(butylene sebacate) with 1 mol% HBDH: 
A polymerization tube with a side-arm and 
nitrogen inlet with capillary needle was charg
ed with a mixture of butanediol-1,4 (4.5 g, 
50 mmol), dimethyl sebacate (11.5 g, 50 mmol), 
HBDH (2.43 g, 1 mmol), lead oxide (0.1 g), and 
calcium acetate dihydrate (0.1 g) as catalysts. 
The mixture was heated to 170-180oC at 
atmospheric pressure under nitrogen for 3 h; 
the pressure was then lowered to 20 mmHg 
and the temperature was raised to 190-
2000C; after 2 h at 210-220aC the pressure 
was reduced to 1.5 mmHg and the melt held 
for 1.5 h at 280°C (1.5 mmHg). The highly 
viscous melt was cooled, the polymer dissolved 
in dichloromethane and precipitated by pour
ing the solution into methanol ( 400 ml); an off
white solid was obtained in a yield of 10.5 g 
(80%). 

The inherent viscosity [17] in 1,2-dichloro
ethane was 0.3dlg- 1 . The UV spectrum (chlo
roform) showed A.max at 345 nm (s = 2.6 x 
liflmol- 1 cm- 1) and 307nm (s=l.l x lif 
1 mol- 1 em -l ). Using the procedure outlined 
for the preparation of poly(butylene sebacate) 
in the melt with 1 mol% of HBDH, the follow
ing polyesters were prepared from the dimeth
ylesters and the corresponding glycols (Table 
II). 

Preparation of 2(2,4-dihydroxypheny)2H-
1 ,3-Di( 4-acetoxybenzotriazole) (AcDBDH): In 
a 100 ml three-neck flask equipped with con
denser and magnetic stirrer under a nitrogen 
atmosphere, a mixture of triphenylphosphite 
(23.1 g, 75 mmol), acetic acid (4.5 g, 75 mmol), 
and pyridine (30 ml) was stirred for 20 min at 

HDBDH (5.64g, 15mmol) was then 
added to this solution and stirring continued 
for 1 h; the solution was held for 3 h at 70-
750C, then cooled, diluted with chloroform 
(lOOml), washed with water (75ml), diluted 
HCl (1: 1) (4x 50ml), water (75ml), and then 
dried over magnesium sulfate. After evapora-
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tion of the solvent, this residue, a yellow oil, 
was subjected to chromatography on silica 
(TLC grade, 250 g) using chloroform as eluent; 
from the oil, AcDBDH crystallized out as a 
light-yellow solid, which was obtained in 34% 
yield (2.4 g), mp 171-l72°C. 

Elemental Analysis. Calcd for C22H 160 6N6 : 

C, 57.39%; H, 3.48%; N, 18.26%. Found: C, 
57.80%; H, 3.69%; N, 17.90%. 

IR (CHC13 ): 3550cm- 1 (OH), 1710cm- 1 

(C=O). 1H NMR (90MHz, CDC13), b in 

9 
ppm: 8.0-8.6 (benzylic, 8), 2.35 (-C-CH3 , 

6), 12.3 (-OH). UV spectrum (2 x 10- 5 moll- 1 

in chloroform): A.max=335nm (s=4.2x 104 

lmol- 1 cm- 1). 

Transesterification of AcDBDH with Poly
(butylene isophthalate): A sample of previous
ly prepared poly(butylene isophthalate) (2 g; 
[ry]=0.3.1 dlg- 1 , 0.5% in phenol/s-tetrachloro
ethane), AcDBDH (25 mg, 5.4 x 10- 5 mol) 
and zinc oxide (3 mg), were placed in a poly
merization tube which was equipped with a 
side-arm and an inlet tube for nitrogen capil
lary. The tube was heated to 298°C for 1.5 h 
while nitrogen passed through the molten 
liquid. The pressure was reduced to 1.5 mmHg 
over a 10-min period and the melt maintained 
for 5 hat this temperature. The tube was then 
cooled, the glassy solid dissolved in s-tetra
chloroethane and precipitated into methanol 
(250 ml). The off-white solid was washed with 
methanol and dried to give 1.65 g of poly
(butylene isophthalate) with HDBDH incor
porated. 

The UV spectrum of this sample (2 x I 0- 5 

moll- 1) of stabilizer concentration as calcu
lated from the feed ratio of AcDBDH) in 
phenol/s-tetrachloroethane (60/40) showed 
A.max at 328 nm. The viscosity, measured on 
0.5% concn of the polymer in the same solvent 
system was: [17] = 0.29 dl g- 1 • 
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RESULTS AND DISCUSSION 

Several aliphatic and aromatic polyesters 
have been prepared that have HBDH or 
HDBDH incorporated in the polymer back
bone chain. The amounts of HBDH or 
HDBDH in the polyester varied from 1 to 
lOmol%. Most of the work was done at the 
practical level of 1 to 1.5 mol%, but the in
corporation of higher amounts was also dem
onstrated to be feasible. For example, 3 mol% 
of HBDH or HDBDH was incorporated into 
poly(butylene isophthalate), and even 10 mol% 
of HDBDH was incorporated into poly(butyl
ene isophthalate) (eq 1). The preparation of 
"homopolymers" of HBDH or HDBDH with 
dicarboxylic acid was not investigated. 

The polyesters were prepared from three 
typical dicarboxylic acids: sebacic acid, iso
phthalic acid, and terephthalic acid. The gly
cols used were: ethylene glycol, butanediol-
1,4, hexanediol-1,6, decanediol-1,10, 2,2-di
methylpropanediol, and trans-cyclohexane-
1,4-dimethanol. 

We have used basically three techniques for 
the incorporation of HBDH or HDBDH: (a) 
solution synthesis of the polyester from the 
diacid chloride and the glycol (with the ap
propriate stoichiometric amount of glycol re
placed by the bisphenols HBDH or HDBDH), 
(b) melt synthesis of the polyester from the 
diester and the glycol, and (c) transesterifica
tion of the already prepared polyester with 
HBDH or HDBDH, or better with AcDBDH. 

Synthesis (a) produced polyesters of rela
tively low molecular weight for the poly
(sebacate) series and two soluble polyesters of 
the poly(isophthalate) series. The remainder of 
the poly(isophthalate) series and the poly(tere
phthalate) series was insoluble (Table I). 

Investigation of the UV spectra of the four 
soluble polyesters of sebacic and isophthalic 
acid with ethylene glycol and butanediol-1,4 
indicated that the A.max of the polyester was at 
307 nm. Knowing that the "normal" UV spec
tra of 2(2-hydroxyphenyl)2H-benzotriazoles 
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have their A.max at or near 340nm and that the 
2-acetylated compounds do not have a 340 nm 
A.max but the A.max at 305 to 310nm, we con
cluded that these polyesters are branched. This 
means that polyesters prepared by the acid· 
chloride method have branched and cross
linked structures by virtue of the high reac
tivity of the acid chloride toward all hydroxyl 
groups available; even the hydrogen-bonded 2-
hydroxy group in the 2(2-hydroxyphenyl)2H
benzotriazole system was reactive (eq 2). 
Figures 1 and 2 show the UV spectra of 
selected polyesters with HBDH and HDBDH 
incorporated to 1 mol%. 

Polyesters prepared by synthesis route (b) 
are generally soluble, have [17] of 0.2 to 0.5 
dlg-1, and show absorption maxima in the 
340 to 350 nm range, indicating that the 2-
hydroxy group of the 2(2-hydroxyphenyl)2H
benzotriazole system remains free and conse
quently should provide the good UV protec
tion known for 2(2-hydroxyphenyl)2H-ben
zotriazoles. 

Since it is known that incorporation of 
bisphenols into polyesters by replacement of 
some of the glycol units is most effectively 
done by using the diacetate of the bisphenol, 
we prepared the diacetate of HDBDH, where 
only the unhindered 4-hydroxy groups o.f the 
phenyl ring of the two benzotriazole groups 
were acetylated, but the 2,4-dihydroxy groups 
were left unreacted. Within the experimental 
errors of our measurements, the A.max of Ac
DBDH, the polyesters with 1 mol% HDBDH 
prepared according to system (b) and . the 
polyesters prepared by transesterification (sys
tem c) with AcDBDH were very similar, indi
cating that transesterification with the diace
tate AcDBDH also produced a linear polyester 
with the HDBDH units incorporated in the 
polyester chains. (For UV spectrum, see 
Figure 3.) 

In conclusion, we have prepared polyesters 
with UV-absorbing units of the 2(2-hydroxy
phenyl)2H-benzotriazole family incorporated 
into the polymer backbone by direct polyester 
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Figure I. UV spectra of polyesters with I mol% HBDH. 
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Figure 2. UV spectra of polyesters with I mol% HDBDH. 
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synthesis from the diesters or by transesteri
fication using HBDH and HDBDH. By the 
diacid chloride polyester synthesis, branched 
and crosslinked polyesters were obtained. 
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