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ABSTRACT: This paper describes interesting results based on the preparation and utilization
of UV stabilizers for Urushi. Ultraviolet stabilizers suitable for protecting coatings of oriental
lacquers against the damaging effects of UV radiation were synthesized. 2-(2-Hydroxy-3-tertiary-
butyl-5-[3"-hydroxypropyl]phenyl)-2 H-benzotriazole (Bzt) was esterified with three unsaturated
carboxylic acids: oleic, linoleic, and linolenic acid. The benzotriazole derivatives were characterized
by their molecular weight (K*IDS mass spectrum), by their UV spectra and by their gas
chromatographic behavior. The compounds were added to three types of oriental lacquer and the
compositions were cured. The curing consists of the copolymerization of the active urushi compound,
mostly trienes, with the polymerizable UV stabilizers. Simulated testing of the coatings of cured
oriental lacquer containing these polymerizable UV stabilizers by exposing the coatings to intensive
white light showed that the UV stabilizer containing coatings were several fold more stable than
unstabilized urushi coatings.
KEY WORDS Oriental Lacquers / Ultraviolet Stabilizers / 2-(2-Hydroxy-
phenyl)-2 H-benzotriazole / Linseed Oil / K*IDS Mass Spectrometry /

For centuries oriental lacquers have been
used in East Asia to coat objects of art but
also objects of every day utility.! In China
oriental lacquerware has been used for several
thousands of years. The coatings are prepared
from the sap of the varnish tree. The varnish
tree grows in the many locations in East and
South-East Asia and has several subspecies.
The sap of the Japanese lacquer tree (Toxico-
dendron vernicifluum, STOKES) is an aqueous
emulsion and contains wurushiol as the main
component in the oily portion of the sap. The
composition of urushiol may vary depending
on growing conditions of the lacquer tree and
on the season. The main components (about
80%) are catechol derivatives substituted in the
3-position with unsaturated C, s linear aliphatic
side chains.? A smaller amount (perhaps 3%)
of catechol derivatives with C, ; linear aliphatic

side chains has also been identified.? The side
chains consist of about 70% trienes, 20%
monoenes, and a smaller amount of dienes
with very specific configurations of the double
bonds. The presence of the trienes is essential
for the effectiveness of the oxidative curing of
oriental lacquers.?

We investigated the composition of several
samples of urushi*~® and found, in addition
to the usual components, one new compound.
This compound is an artifact and is apparently
produced by the addition of one molecule of
water to the 8-cis-double bond of the predom-
inant triene in a highly stereo- and regiospecific
reaction during the processing of crude urushi.”
Freshly harvested and untreated wrushi does
not contain any of this compound.

The major single component of urushi as
documented on “Kuro-urushi’ is 3-(8-cis-11-
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trans-13-cis-pentadecatrienyl)catechol [or
more correctly called 3-(8'Z,11'E,13'Z-penta-
decatrienyl)catechol]. The content of this com-
pound in the wurushi mixture is, according to
HPLC, about 55—60%." A small amount of
dimers, confirmed by the mass spectroscopy,
can be formed by the oxidative dimerization
of the phenolic part of the urushiol components.
The dimerization is known to be catalyzed by
the oxidation enzyme laccase. The presence of
higher oligomers was not observed in the raw
nor in the processed urushi.

To make oriental lacquerware, oriental lac-
quers are applied on the wood from the
Japanese cedar tree which is known not to
warp and shrink. As the primer for the ultimate
coating applications, one or two coats of un-
processed urushi are applied followed by many
(as many as 30—40) thin layers of processed
urushi. Each layer needs to be cured for 1—2
days at high relative humidity (65 to 80%) and
the surface should be polished after the curing
of each layer. For the final coat, a clear lacquer
made from raw lacquer, is applied. The final
product, a crosslinked polymer film of urushi,
is resistant to water, alcohols and oils.® "1

During the curing of oriental lacquer on the
wooden substrate the oxidation of the catechol
portion of urushiol proceeds. Laccase, a cop-
perglycoprotein oxido reductase enzyme, pres-
ent in the sap of the lacquer tree causes the
oxidative dimerization of the catechols.!?~17
In addition to this reaction that couples the
phenolic groups, the autooxidation of the com-
pounds with the polyene side chains, present
in the urushiol, proceeds which leads to the final
lacquer film.

A similar process is involved in the curing
of drying oils, such as linseed oil or tang oil,
where glycerol esters of linoleic acid (octadeca-
dienoic acid) and particularly linolenic acid
(octadecatrienoic acid), are the most important
components. In the oxidative curing of urushiol
and of linseed oil, the methylene groups pres-
ent in the 10 position of the aliphatic side chain
of urushiol or the 12 position in linoleic acid,

704

located between two double bonds, play an
essential role in the effectiveness of the curing
process. The hydrogen atoms of the methyl-
ene groups of these compounds are easily ab-
stracted by free radicals. Molecular oxygen
from the atmosphere is then added to the
relatively stable allylic radical and the result-
ing hydroperoxy radical or the hydroperoxide
group is the corner stone for the ensuing free
radical initiated crosslinking reaction.!81°

Oriental lacquers, when applied on wood,
have a beautiful appearance and an excellent
stability in the normal environment. The coat-
ings can last for centuries without noticeable
aging, such as cracking, when the objects are
not exposed to sunlight. Poor photooxidative
stability of oriental lacquers limits their out-
door use. This can be explained by the presence
of residual double bonds which, after being
exposed to UV light initiate the ‘post-curing’
of the lacquer coating. The crosslinks that are
formed during this post-curing reaction increase
the crosslink density of the coating and cause
shrinking of the coatings and form cracks.

We have made it our objective to develop
UV stabilizers for oriental lacquers based on
Bzt derivatives which can be co-cured with
urushiol to oriental lacquer coatings with in-
creased photooxidative stability.?® We chose
to prepare 2-[2-hydroxy-(3'-hydroxypropyl)-
phenyl]-2H-benzotriazole esters polymerizable
groups, such as oleic, linoleic, and linolenic
acids. These long unsaturated aliphatic side
chains were expected to allow us oxidative
co-curing of these groups with the highly un-
saturated aliphatic C,s side chains of the
urushiol components.

EXPERIMENTAL

Materials

Polyethylene glycolyl 2-(2-hydroxy-3-¢-
butyl-5-[3’-carboxyethyl]phenyl)-2 H-benzo-
triazole [trade name Tinuvin 1130] (Ciba
Geigy Corporation), lithium aluminum hy-
dride (LAH) [95%], (Aldrich Chemical Com-
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pany), stearic acid [95%] (mp —67—69°C)
(Aldrich Chemical Company), oleic acid [com-
mercial] (Amend Drug & Chemical Company),
oleic acid [99% pure] (Aldrich Chemical Com-
pany), linoleic acid [99%] (Aldrich Chemical
Company), linolenic acid [99% pure] (Aldrich
Chemical Company), p-toluenesulfonic acid
(Eastman Organic Company), 1,1’-carbonyldi-
imidazole (PPG Industries), benzene (Fisher
Scientific), tetrahydrofuran (Aldrich Chemical
Company), aluminum oxide, activated, anhy-
drous, basic, Brockman I, 150 mesh (Aldrich
Chemical Company), stannous octoate (New
York City Chemical Corporation), sodium ni-
trite, (Fisher Scientific) were used as received.

Three urushi samples were obtained from
the Tsutsumi Asakichi Urushi Company, Ltd.:
Japanese raw urushi (Ki-urushi), Japanese trans-
parent urushi (Suki-urushi), and Chinese black
urushi (Kuro-urushi).

Measurements

K*IDS Mass Spectrometry. For the charac-
terization of 2-(2-hydroxyphenyl)-2H-benzo-
triazole stabilizers potassium ionization of de-
sorped species (K *IDS) mass spectrometry was
used routinely. It allowed us to identify pure
oily compounds and to analyze complicated
mixtures of compounds with similar structures.
The samples were measured on a Finnigan
4615B quadrupole GC/MS system using an EI
source configuration. The ion source pressure
(ion gauge) was less than 10”6 Torr with a
source temperature of 200°C.

UV Spectroscopy. The UV spectra of the
samples were measured on a Varian Cary 2300
Spectrophotometer in a double beam mode.
n-Hexane and chloroform were used as the
solvents. The solutions were measured in a
rectangular quartz cell with a path length of
10mm in the range from 250 to 500 nm. The

positions of bands and corresponding absor- ™

bances were found by slowly scanning the
region near the expected wavelength. The ex-
tinction coefficients ¢ (in I'mol ™! cm~™!) were
calculated according to equation
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where A4 is the absorbance at A, c is the
concentration of solution in mol1™" and d is
the cell thickness in cm.

Gas chromatography was used as a qualita-
tive method for the analysis of the purity of
starting materials, reaction intermediates and
of final products. A Varian 3300 Gas Chroma-
tograph with a capillary column (10m x 0.5
mmi.d.) was used for the analysis. For higher
molecular weight products (about 700 daltons),
the separation of components was not complete
and broad peaks were obtained even at column
temperatures as high as 320°C.%1°

Procedures
2-[2-Hydroxy-3-t-butyl-5(3'-hydroxypropyl)-
phenyl12H-benzotriazole (Bzt). Bzt was pre-
pared by the reduction of polyethylene glycolyl
2-(2-hydroxy-3-tertiary-butyl-5-[ 3’-carboxy-
ethyl]-phenyl)-2 H-benzotriazole with LAH in
anhydrous diethyl ether according ot eq 1.21
The crude product was recrystallized from
ether. Pure Bzt formed as white crystals and
according to K*IDS mass spectrometry (Fig-
ure 1), it was almost 100% pure. The molecular
peak [M]K™* is present at 364 daltons which
corresponds to a molecular weight of 325.
Synthesis of 2-(2-Hydroxyphenyl)2H-benzo-
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I & Iy & @ 3
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Figure 1. K*IDS mass spectrum of the 2-[2-hydroxy-3-
tertiary-butyl-5-(3’-hydroxypropyl)phenyl]-2 H-benzo-
triazole.
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triazole UV Stabilizers with Long Side Chains.
Bzt was allowed to react with aliphatic acids
in order to obtain the corresponding esters. In
the first experiments, the fatty acids, for ex-
ample stearic acid was treated in anhydrous
tetrahydrofuran (THF) with 1,1’-carbonyldi-
imidazole (CDI) to form the imidazolide. The
imidazolide then was allowed to react with
an alcohol (in our case the 3'-hydroxypropyl
group of Bzt) to form the ester of Bzt.

For the preparation of Bzt stearate, stearic
acid (2.1 g) was used together with CDI (1.5 g)
in THF (30 ml). After 2 hours, when the carbon
dioxide evolution had ceased, Bzt (4.8 g) was
added. The solution was stirred for one day at
room temperature and after the evaporation
of the solvent a waxy crude product was ob-
tained. The K *IDS mass spectrum confirmed
the presence of expected Bzt stearate [M]JK " =
630 together with unreacted Bzt [M]K * =364.

Better results were obtained when the clas-
sical esterification reaction of Bzt with the free
acids was carried out in benzene using p-
toluenesulfonic acid as the catalyst. The water
formed during the reaction was removed using
a Dean-Stark adapter.

In a typical procedure Bzt (2 g, 6 mmol) was
allowed to react, in a 100ml 3-neck round-
bottom flask in 15ml of benzene under the
catalysis of p-toluenesulfonic acid (0.1 g) with
a 100% excess of the aliphatic carboxylic acids
(stearic oleic, linoleic, and linolenic acids). The
reaction mixture was heated to reflux in an oil
bath for 20 hours and the released water was
collected in a Dean—Stark trap. After evaporat-
ing the benzene the crude oily products were
analyzed by gas chromatography using con-
ditions for the capillary column mentioned
before. The unreacted acid was removed by
column chromatography on basic aluminum
oxide (column 20mm x 32cm, 350 g of Al,O,
was used) with n-hexane as the eluent. The
analysis by K "IDS mass spectrometry showed
that the compounds of the purified samples
were the pure Bzt esters [M]K ™ =624, 626,
and 628, respectively.
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RESULTS AND DISCUSSION

We have prepared 4 esters of Bzt (eq 1) with
long unsaturated aliphatic carboxylic acids. Bzt
had been obtained by LAH reduction of
polyethylene glycolyl 2-(2-hydroxy-3-tertiary-
butyl-5-[3’-carboxyethyl]phenyl)-2 H-benzo-
triazole.

H—O0 H—O0
CicHz)s _AMHg CiCH3)
©<>‘-¢r = X,

(CHa)y (TH,);
COOR OH

(D

Stearic acid was used first as a model com-
pound in order to determine the optimal con-
ditions for the esterification reaction with Bzt.
Initially, stearic acid was allowed to react with
1,1’-carbonyldiimidazole (CDI) in anhydrous
tetrahydrofuran whereby the acid imidazolide
was formed which was treated without isola-
tion with Bzt to form the ester. The reaction
product was analyzed by K "IDS mass spectro-
metry and was found to consist of a mixture
containing a considerable amount of starting
material Bzt with a [M]K* =364 daltons in
addition to the expected product at [M]JK* =
630 daltons (Figure 2). We were not able to
isolate the Bzt stearate from the crude product.

=
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Figure 2. K*IDS mass spectrum of the 2-[2-hydroxy-3-
tertiary-butyl-5-(3'-hydroxypropyl)phenyl]-2 H-benzo-
triazole reaction product with stearic acid using 1,1'-
carbonyldiimidazole as the coupling agent.
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We next tried the classical esterification reac-
tion for fatty acids in benzene with p-toluene-
sulfonic acid as the catalyst (eq 2) with excess
of the fatty acid. Now the unreacted acid
could be removed from the ester by column
chromatography on basic aluminum oxide. The
K *IDS mass spectrometric analysis confirmed
that pure Bzt stearate [M]K* =630 had been
obtained. A white solid, with a mp=54—56°C
was obtained.

H—0
ﬁ >" C(CHg)s

(fﬂz’s (CHy)s
OH OCOR

H—0
Za R-COOH
@;ﬂ w CiCHz)s ,,.._@_sq,:

R = (CHply-CHz
(CHg)y-CH = CH-(CH,);-CH3
(CHg)7-CH = CH-CH,-CH = CH-(CH,)4-CH3
(CHg)7-(CH = CH-CHp)3-CH3

()

Oleic acid (initially commercial oleic acid)
was next used for the esterification of Bzt. The
esterification reaction gave a yellowish oily
product which was subjected to purification
by chromatography on an aluminum oxide
column. K*IDS mass spectrometry showed
the presence of a wide spectrum of com-
ponents (Figure 3) with Bzt oleate as the main
product at [M]K* =628 daltons. In addi-
tion, we could identify the Bzt esters of palmi-

toleic acid at [M]K * =600 daltons, of myristic
acid at [M]K * = 574 daltons, of lauric acid at
[M]K* =546 daltons, and of capric acid at
[M]K* =518 daltons. The separation of pure
Bzt oleate from the reaction mixture with the
other Bzt esters was not possible.

In order to prepare pure Bzt oleate we car-
ried out the esterification of Bzt with pure oleic
acid. After the esterification reaction the ex-
cess of oleic acid was removed by a column
chromatography and the K *IDS mass spectro-
scopic analysis confirmed that pure Bzt oleate
of [M]K* =628 daltons had been obtained.

Linoleic acid with one more double bond in
the chain as compared to oleic acid is an
important ingredient in drying oils. 1t is also
more reactive in crosslinking reactions than
the mono-unsaturated oleic acid. Esterification
reaction with Bzt produced a product mixture,
from which pure Bzt linoleate was obtained as
a pale yellow oil (after column chromatog-
raphy). The K *IDS mass spectrum confirmed
the presence of Bzt linoleate at [M]K * =626
daltons as the essentially sole product together
with small amounts of side products (Figure 4).

Linolenic acid, octadecatrienoic acid, has a
substantially increased reactivity in crosslink-
ing reactions compared to linoleic acid and
oleic acid. We had technical linolenic acid on
hand but found, by K *IDS spectrometry, that
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Figure 3. K*IDS mass spectrum of the 2-[2-hydroxy-3-
tertiary-butyl-5-(3’-hydroxypropyl)phenyl]-2 H-benzo-
triazole reaction product with commercial oleic acid using
p-toluenesulfonic acid as a catalyst.
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Figure 4. K*IDS mass spectrum of the 2-[2-hydroxy-3-
tertiary-butyl-5-(3’-hydroxypropyl)phenyl]-2 H-benzo-
triazole reaction product with linoleic acid using p-toluene-
sulfonic acid as a catalyst.
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Figure 5. K*IDS mass spectrum of the 2-[2-hydroxy-3-
tertiary-butyl-5-(3'-hydroxypropyl)phenyl]-2 H-benzo-
triazole reaction product with linolenic acid using p-tolu-
enesulfonic acid as a catalyst.

this mixture did not contain more than 10%
of linolenic acid. We therefore carried out the
esterification of Bzt with pure linolenic acid.

It is known that the reactivity toward oxida-
tive crosslinking, “curing” of drying oils which
are glycerol esters of oleic, linoleic, and lino-
lenic acids increases with increasing double
bond content esters with high linoleunic acid
contents are particularly capable of polym-
erization. We were, consequently, concerned
about the esterification reaction of Bzt with
linolenic acid. However, after 20hours of
heating Bzt and linolenic acid in benzene the
esterification was complete without formation
which would have indicated polymerization of
the linolenic portion of the reaction mixture.
Purification of crude product on an aluminum
oxide column gave, according to K *IDS mass
spectrum, pure Bzt linolenate of a [M]K* =
624 (Figure 6).

Surprising was the appearance of a by-
product at [M]K™* =685 daltons. Its amount
gradually increased as the reaction time in-
creased. On checking earlier K*IDS spectra
we found that this peak could also be found
in a relatively small amount in other esterifica-
tion reactions involving Bzt, including during
the preparation of the Bzt stearic acid ester
(Figure 2). We have thus concluded that this
compound is the ester of Bzt with 2-[2-hy-

708

-
H—O
- C(CH3)s
(CHa)3
"
i A\ /B
(-3
g 3
3
5
2%
<
200 360 300

Wavelength, nm

Figure 6. UV spectrum of 2-[2-hydroxy-3-tertiary-butyl-
5-(3’-hydroxypropyl)phenyl]-2 H-benzotriazole in chloro-
form.
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Scheme 1.

droxy-3-tertiary-butyl-5-(3'-carboxyethyl)-
phenyl]-2 H-benzotriazole (Scheme 1).

The Bzt stabilizers prepared in this work
were characterized by UV spectroscopy. It
is known that the absorption band around
340nm in Bzt derivatives is caused by a co-
planar intramolecular hydrogen-bonded spe-
cies.?? This intramolecular hydrogen bond pro-
vides a rapid nondegradative pathway for ab-
sorbed light energy to dissipate.?® The second
band around 300 nm represents a non-planar
species in which the intramolecular hydrogen
bond is disrupted.2? This band can also be

Polym. J., Vol. 27, No. 7, 1995
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found in Bzt derivatives whose 2-hydroxy
group is acetylated.

We measured the UV spectra of the Bzt
derivatives in chloroform and n-hexane solu-
tion. Generally, the shape of both maxima was
very similar in either of the two solvents, the
only difference was the appearance of fine
structures in the 240—280nm region when

H—O

X

C(CHy)s

{CHa)g
0-G-(CHy)y-CH = CH-CHy CH = CHACH31g-CHy

Absorbance

500 700
Wavelength, nm

200

Figure 7. UV spectra of the 2-[2-hydroxy-3-tertiary-
butyl-5-(3’-hydroxypropyl)phenyl]-2H-benzotriazole
product with linoleic acid in chloroform (1) and in
n-hexane (2).

n-hexane was used as the solvent. Figure 7
shows the UV spectrum of Bzt in chloroform
(Bzt is not very soluble in hexane). For com-
parison, the UV spectrum of Bzt linoleate
in chloroform and »n-hexane is shown in Figure
8. The values of extinction coefficients ¢ for
both maxima, calculated from UV spectra of
all samples are shown in the Table I. The 4,,,,
of the planar species (4,,,, B) is slightly shifted
to lower wavelengths in the Bzt esters with long
aliphatic side chains. The position of the second
band (4,,,, A) was unchanged in all cases.

We have briefly tested oriental lacquer coat-
ings of wrushi compositions that contained
about 2% of Bzt stabilizers for their ability to
protect the coatings of oriental lacquers against
UV radiation. The “polymerizable UV stabili-
zers” were added to three different samples of
urushi lacquers and also, for comparison, to
linseed oil.

The lacquer samples, dark oily liquids, were
placed in a desiccator under a nitrogen atmo-
sphere in a refrigerator. In all cases 0.2 mol%
of stannous octonoate was also added, which
served as a polymerization (curing) catalyst.
To half of the samples 2mol% of Bzt lino-
lenate was added, the second half served as a
reference. After careful mixing for 3 min the
viscous solutions were used for coatings appli-
cations.

Two base materials were used as coating
substrates: polyethylene films and cedar wood.
The coatings prepared on either polyethylene
or wood backing were cured at room tempera-

Table I. Characterization of 2-[2-hydroxy-3-fertiary-butyl-5-(3’-hydroxypropyl)phenyl]-2 H-benzotriazole
(Bzt) derivatives by UV spectroscopy in chloroform
Amax A Amax B
Sample type MOIG.:C“IM Wavelength/ £ Wavelength/ €,
weight
absorbance absorbance
Bzt 325.2 304/1.31 13100 350/1.23 12300
Stearic acid ester 591.7 304/1.48 14800 339/1.41 14100
Oleic acid ester 589.7 304/1.47 14700 339/1.39 13900
Linoleic acid ester 587.7 304/1.23 12300 346/1.17 11700
Linolenic acid ester 585.7 304/1.18 11800 341/1.12 11200

Polym. J., Vol. 27, No. 7, 1995
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ture and controlled humidity. It is known that
the best quality of oriental lacquer curing is
accomplished when the thin layers of oriental
lacquer are cured at room temperature with
the relative humidity of at least 65%. In order
to simulate these conditions we cured our films
in a glass jar. The samples were placed over a
Petri dish containing a saturated solution of
sodium nitrite which provided the controlled
humidity.

After 10 days of curing, solid shiny black
coatings of the oriental lacquer were obtained
on polyethylene film and on the cedar wood.
From the samples prepared on the polyethylene
films, small pieces (3 x 1 cm) were used for UV
testing. The films were fastened on the glass
plate. One half of the sample was covered with
an aluminum foil and one half of the sample
was exposed. The glass plate was placed 10cm
below the 300 Watt Sylvania Sunlamp 078
(which provides a broad spectrum of white
light) for 3 weeks.

After the test was judged complete the
aluminum foil was removed and the quality of
surface of the coatings was visually evaluated.
All coatings to which the UV stabilizer had
been added showed no difference in appearance
between the part of the coating that had been
exposed to the UV light and the part that had
been covered. The lacquer coatings that did
not contain the Bzt stabilizer (the originally
shiny lacquer) had turned opaque on the ex-
posed surface and visible cracks had appeared.

From our preliminary results of the “aging”
studies of UV stabilized oriental lacquer com-
positions it is clear that the Bzt derivatives
are effective UV stabilizers for oriental lacquer
compositions. We have found similar results
when Bzt linolenate was added to linseed oil
and this composition was co-cured to UV
stabilized drying oils.

CONCLUSIONS

We synthesized polymerizable UV stabilizers
with linear long unsaturated aliphatic chain
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attached to a 2-(2-hydroxyphenyl)-2 H-benzo-
triazole moiety. The UV spectra of the syn-
thesized 2-(2-hydroxyphenyl)-2 H-benzotri-
azoles showed the presence of expected double
maxima at about 340nm and 300—310 nm.
The compounds were added to oriental lac-
quer compositions and were successfully in-
corporated by oxidative “‘co-curing” into ori-
ental lacquer coatings to give UV-stabilized
polymer films.

Our objective was to demonstrate the UV
stabilization of oriental lacquer coatings by
Bzt type groups. It was not our objective to
evaluate in detail the effect of low molecular
weight UV stabilizers vs. polymer-bound UV
stabilizers, although this objective might in
time be of considerable interest.

We believe that the demonstration that ap-
propriately substituted Bzt type UV stabilizer
could be incorporated into oriental lacquer
compositions, could have a major impact on
the use of urushi lacquer for outdoor uses,
especially in traditional Japanese buildings,
such as temples, which are the centers of great
historic ad artistic importance in many loca-
tions in Japan.
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