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2(2-Vinyl-4-hydroxyphenyl)2 H-benzotriazole and
2(3-Vinyl-4-hydroxyphenyl)2 H-benzotriazole

Shohei Yoshida, C. Peter Lillyac, and Otto Vogl*

Polymer Science and Engincering Department, University of Massachusetts,
Ambherst, MA 01003, U.S.A.

( Received 9 November 1981. Accepted 3 December 1981 )

Condensation of diazotized o-nitroaniline with 3-ethylphenol or with 2-
ethylphenol followed by reduction of the resulting azo compound with zinc dust
in sodium hydroxide solution gave 2-(2-ethyl-4-hydroxyphenyl)2H-benzo-
triazole and 2(3-ethyl-4-hydroxyphenyl)2 H-benzotriazole; respectively. The
individual compounds were acetylated, brominated with N-bromosuccinimide
to the corresponding 1-bromoethyl compounds which were then dehydro-
brominated with triethyl amine in acetonitrile and hydrolyzed to 2(2-vinyl-4-
hydroxyphenyl)2 H-benzotriazole or 2(3-vinyl-4-hydroxyphenyl)2 H-benzo-
triazole: The two monomers could be polymerized and copolymerized with
styrene and methyl methacrylate. The ethyl as well as the vinyl compounds
and the corresponding polymers, when tested, are ineffective as ultraviolet
absorbers as they have structures of 4-hydroxyphenyl rather than 2-hydroxy-
phenyl compounds with respect to the benzotriazole ring. A careful NMR
analysis for the correct structural assignment is also described.

( Keywords: Benzotriazole formation; NM R-structure analysis; Polymeriza-
tion and copolymerization; Ultraviolet absorbers; 2[2-Vinyl-4-hydroxy-
phenyl |2 H-benzotriazole; 2[3-Vinyl-4-hydroxyphenyl |2 H-benzotriazole)

Funktionelle Polymere, X11:
Synthese und Polymerisation von 2(2-Vinyl-hydroxyphenyl ) 2 H-benzotriazol und
2(3-Vinyl-4-hydroxyphenyl )2 H-benzotriazol

Diazotiertes o-Nitroanilin wurde mit 3-Ethylphenol bzw. mit 2-Ethyl-
phenol kondensiert. Reduktion der Diazoverbindung mit Zinkstaub in Na-
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triumhydroxid ergab 2-(2-Ethyl-4-hydroylphenyl)2 /-benzotriazol, bzw. 2-(3-
Ethyl-4-hydroxyphenyl)2 H-benzotriazol. Nach Acetylierung der freien Phe-
nolgruppe wurden diese Verbindungen mit N-Bromsuccinimid zu den ent-
sprechenden 1-Bromethylverbindungen umgewandelt und daraufhin in Aceto-
nitril mit Triethylamin dehydrobromiert. Darauf folgende Hydrolyse fithrte zu
2(2-Vinyl-4-hydroxyphenyl)2 H-benzotriazol bzw. zu 2(3-Vinyl-4-hydroxy-
phenyl)2 H-benzotriazol. Beide monomeren Verbindungen wurden sowohl ho-
mopolymerisiert als-auch mit Styrol oder mit Methylmethacrylat copoly-
merisiert. Weder die Ethyl- noch die Vinylverbindungen oder deren Polymere
erwiesen sich als UV-Stabilisatoren, eine Eigenschaft die den 2(2-Hydroxy-
phenyl)2 H-Benzotriazolen eigen ist. Eine Methode der Strukturbestimmung
mit Hilfe einer detaillierten NMR-Analyse wird ebenfalls beschrieben.

Introduction

Over the years extensive work has been carried out in our research
effort to prepare polymerizable ultraviolet absorbers and to study
polymeric UV absorbers and their effectiveness for protecting common
plastic materials against photooxidationl-5. Vinyl derivatives of sali-
cylic acids specifically their methyl esters®:?, methyl 3-vinylsalicylate$,
methyl 4-vinylsalicylate? and methyl 5-vinylsalicylate!0 were synthe-
sized. Derivatives of other important ultraviolet absorbing classes have
been reported as, for example, 4'-vinyl-2,4-benzophenonell and 4-vinyl- -
a-cyano-B-phenyleinnamate!2.13. Most recently the synthesis of 2(2-
hydroxy-5-vinylphenyl)2 H-benzotriazole has been accomplished4,15.

The synthesis was accomplished with o-nitroaniline as the starting
material. It was diazotized, condensed with 4-ethylphenol, the azo
compound dissolved in sodium hydroxide solution and reduced with
zinc powder to 2(2-hydroxy-5-ethylphenyl)2 H-benzotriazole (2H5E).
In preparation for the bromination of the methylene group of the ethyl
substituent, the phenolic hydroxy group was acetylated and the acetyl
compound successfully brominated with N-bromosuccinimide. De-
hydrobromination yielded 2(2-acetoxy-5-vinylphenyl)2 H-benzotria-
zole (2A 5V) which was hydrolyzed to 2(2-hydroxy-5-vinylphenyl)2 H-
benzotriazole (2H 5V).

It was the purpose of this work to investigate whether the conden-
sation of 2-ethylphenol or 3-ethylphenol with the diazonium salt of o-
nitroaniline could be used to synthesize 2(2-hydroxy-4-vinylphenyl)-
2 H-benzotriazole (2H4V) or 2(2-hydroxy-3-vinylphenyl)2 H-benzo-
triazole (2H 3V). It was uncertain whether the condensation of the
diazonium salt of o-nitroaniline would occur in ortho or para position of
2-ethyl- or 3-ethylphenol. The condensation with 4-ethylphenol, where
the para position is blocked by the ethyl group can occur only in the
desired ortho position. In the case of a condensation with 2-ethylphenol
or 3-ethylphenol, both ortho and para positions were open for conden-
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sation. As it will become apparent from the description in this paper,
the condensation reaction actually led to the synthesis of the isomers
2(4-hydroxy-2 or 3-ethylphenyl)2 H-benzotriazole (2E4H or 3E4H)
obtained from para-condensation rather than the corresponding 2(2-
hydroxy-3 or 5-ethylphenyl)2 H-benzotriazoles (2H 3E or 2H5E) from
the ortho condensation of the diazonium salt to the phenolic hydroxyl
group of the ethylphenols.

Experimental

Materials

2-Ethylphenol and 3-ethylphenol (Aldrich Chemical Co.), o-nitroaniline
(Aldrich Chemical Co.), acetic anhydride (J. T. Baker Chemical Co.), dimethyl-
formamide (DMF) (Aldrich Chemical Co.), zine dust (Fisher Scientific Co.),
alumina (neutral, Brockman Activity 1, 80 ~ 200 mesh) (Fisher Scientific Co.),
and N-bromosuccinimide (NBS) (Eastman Kodak Co.) were used without
purification.

Triethylamine (99%, Aldrich Chemical Co.) and tri-n-butylamine (97%,
Aldrich Chemical Co.) were dried by heating to reflux for 5h over potassium
hydroxide pellets and distilled under reduced pressure.

Acetonitrile (J. T. Baker Chemical Co.) and dimethylacetamide (DM Ac)
(Aldrich Chemical Co.) were dried by heating to reflux for 3 h over phosphorus
pentoxide and distilled.

Tetrahydrofuran (I'HF) (Aldrich Chemical Co.) was dried by heating to
reflux for 5h over calcium hydride and distilled.

Methyl methacrylate (MM A4) (Eastman Kodak Co.), styrene (St) (Al-
drichChemical Co.), and =n-butyl acrylate (54) (Polysciences, Inc.) were
distilled twice at 10 mm immediately before use to remove the inhibitors.

Picric acid (Eastman Kodak Co.) was dried at 0.05 mm for a day.

Azobisisobutyronitrile (41BN) (Aldrich Chemical €Co.) was recrystallized
three times from dry methanol and dried for 1 day at 0.05mm and room
temperature.

Deuterated solvents: deuterated chloroform (min. 99.8% D, Norell Chemi-
cal Co.), acetone-dg (99.5% D, Aldrich Chemical Co.) and dimethylsulfoxide-dg
(99.5% D, Aldrich Chemical Co.) were used as received.

Measurements

Infrared spectra were recorded on a Perkin-Elmer Model 727 Spectro-
photometer.

Solid samples of low molecular weight compounds were measured as KBr
pellets; low melting compounds were spread between hot sodium chloride
plates; polymers were measured as films on sodium chloride plates, cast from
chloroform solutions.

1H NMR spectra of low molecular weight compounds were measured on a
60 MHz R-24 Hitachi Perkin-Elmer spectrometer. Polymers were measured on
the same instrument at low scan speed (20 mm/min) and low concentration
(3wt/vol%).

The 13C NMR spectra were measured on a Varian CFT-20 Spectrometer
under complete proton decoupling. The measurements were carried out in 25%,
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or saturated deuterated chloroform solutions at room temperature with TMS
as the internal standard.

Acquisition conditions were as follows: spectral width: 4 000 Hz ; number of
transients: over 3 600, acquisition time: 1.023 s; pulse width: 8 ys, pulse delay:
0.017 s, and data points: 8 184.

Ultraviolet absorptions were measured on a Beckman MVI spectrometer in
a double-beam servo mode. The sample solutions were held in 1.0em quartz
cells: The maximum absorbances and corresponding wavelengths were deter-
mined by dialing in the wavelength and recording the absorbance value
presented on the digital display.

Regular melting points were measured on a MEL-TEMP capillary melting
point apparatus at 2 °C/min rate and are uncorrected.

Microanalyses were done by the Microanalytical Laboratory, Office of
Research Services, University of Massachusetts, Amherst, Massachusetts.

Preparations

Diazotation of o-Nitroaniline, Coupling with 2-Ethylphenol and Reductive

Ring Closure: o-Nitroaniline (55.2g, 0.4mol) was diazotized, and the
filtered diazonium solution coupled with 2-ethylphenol (49 g, 0.4 mol). The red
azo compound in 400ml of aqueous 2 N-sodium hydroxide (0.8mol) was
reductively ring closed with zinc dust (120¢, 1.84 mol) and gave crude 2(3-
ethyl-4-hydroxyphenyl)2 H-benzotriazole (3E4H) in 80% yield based on o-
nitroaniline.

2(3-Ethyl-d-acetowyphenyl )2 H-benzotriazole (3E4A4): 3E4MT (90g) was
acetylated with acetic anhydride (400 ml, 4mol) and 0.2ml of sulfuric acid
catalyst by allowing it to stand at room temperature for a few days.
Ammonium acetate (1.0g) was added, acetic acid and excess acetic anhydride
were removed under reduced pressure and the product was distilled at
0.05mm., b.p. 210°C (33 g, 29%), which solidified readily. Vacuum fractiona-
tion followed by chromatography on a neutral alumina column (3 em diameter,
3 cm length) and recrystallization at — 78 °C gave needles of 3E4 A (52%), m.p.
124 to 125.5°C.

The *H NMR spectrum is listed in Table 2 and the 13C NMR spectrum in
Table 1.

Anal.: Caled. for CigH;3N;0,: C68.31%, H5.37%, N 14.94%. Found:
©68.14%, H5.31%, N 14.89%.

2(3-Ethyl-4-hydroxyphenyl )2 H-benzotriazole (3E4H): 3E4H was obtain-
ed by hydrolysis of the pure 3E4 A. A solution of 3E4A (2.0g, 7.1mmol) in 25ml
of methanol was poured into a 5% aqueous solution of sodium hydroxide (24 g,
30 mmol); the fine suspension was heated to reflux for 5h, and methanol was
removed under reduced pressure. Acidification with 6 N-HCI resulted in the
precipitation of & solid which was collected by filtration, dried, decolorized,
recrystallized from carbon tetrachloride and n-hexane to give white cylindrical
crystals of pure 3E4H (60%), m.p. 148 to 149 °C.

The 1H NMR chemical shift data are listed in Table 2 and the 13C NMR
chemical shift data in Table 1. The UV spectrum showed one strong absorption
band at 310 pm.

Apal.: Caled. for C,H;3N;0: C70.28%, H5.48%, N17.56%,. Found:
C70.13%, H5.77%, N 17.34%.
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Diazotization of o-Nitroaniline and Coupling with 3-Ethylphenol: A similar
procedure was used for the preparation of 2(2-ethyl-4-hydroxyphenyl)2 H-
benzotriazole (2E4H), as has been used for the synthesis of 3E 4H. The oily

vigcous crude material of 2E4H was obtained in about the same yield.

2(2-Ethyl-4-acetoxyphenyl )2 H-benzotriazole (2E4.4): A similar procedure
was used for the synthesis of 2E4A; a yield of 37 g (32) was obtained.

The crude solid was fractionally distilled under reduced pressure; the
product was chromatographed and recrystallized from carbon tetrachloride
and n-hexane to give white hexagonal crystals (60%), m.p. 68 to 69 °C.

The *H NMR data are listed in Table 2 and the 13C NMR spectrum in
Table 1.

Anal.: Caled. for CgHisN305: C68.31%, H5.34%, N14.94%,. Found:
€69.02%, H5.73%, N 15.287%,.

2(2-Ethyl-4-hydroxyphenyl )2 H-benzotriazole (2E4H ): 2E 4H was obtain-
ed by hydrolysis of pure 2E4A (2.0g, 7.1 mmol), followed by recrystallization
from chloroform/n-hexane to give 2E4H as white needles (60%,), m.p. 103.0 to
104.0°C.

The 'H NMR chemical shift data are listed in Table 2 and the 13C NMR
spectrum in Table 1. The UV spectrum showed one strong absorption at
310 um.

Anal.: Caled. for Ci H;3N;0: €70.28%, H5.48%, N17.56%. Found:
€170.06%, H5.66%, N 17.57%,.

2[3(1-Bromoethyl )-4-acetoxyphenyl |2 H-benzotriazole (3B4A): Crude dis-
tilled 3E4A (38g, 0.13mol), NBS (72¢g, 0.21 mol) and 200ml of carbon
tetrachloride were heated in an oil bath to reflux temperature. 47BN (0.44 ¢,
2.7mmol) was added every hour for 3h as a catalyst to promote the radical
bromination. The reaction progress was followed by 1H NMR measurements of
aliquots. After a reaction time of 3h, the methyl proton resonance of the
starting material had disappeared and a methine proton absorption of the
bromoethyl group of the product appeared and increased simultaneously until
an integration equivalent to 86%; yield was reached.

The reaction mixture was filtered to remove unreacted N BS and succinimi-
de. The combined organic solutions were washed with 5% aqueous solution of
sodium bicarbonate and water, dried and concentrated to a volume of 100 mi,
and poured into 500ml of methanol. The yellow precipitate was filtered,
washed with fresh methanol and dried at 0.05mm; 47g (96% yield) of
brominated product was obtained (80% purity).

After recrystallization from hot ethanol and chromatography of the
chloroform solution, a 60% yield of pure 3B4A was obtained; m.p. 168 to
169°C.

The 'H NMR spectrum is shown in Table 2.

Anal.: Caled. for C;gH,BrN;O: C53.35%, H3.92%, N 11.67%, Br22.18%.
Found: C54.47%,, H4.009, N 12.00%, Br23.72%.

2[2(1-Bromoethyl ) 4-acetoxyphenyl |2 H-benzotriazole (2B4A4): 2E4A (87 ¢,
0.3 mol) was brominated using NBS (164g, 0.92mol) in 500ml of carbon
tetrachloride with AIBN (1g, 6.1 mmol) as the catalyst. After 2h the methyl
proton chemical shift of the starting material had disappeared, and the methine
proton absorption of the bromoethyl group of the reaction product had



Table 1. Chemical shift data of 3C NMR spectra

OH OH OH
. Btr. ¢
Btf b Btrf }
Btr:3 ‘/N\N_ ¢ ¢
Sl CH, CH,CH,
2H5M 2H35B 2H5E
Assign- Chemical Obs. Caled. Obs. Caled. Obs. Caled.
ment Shift Int. C8 CS Int. CS CS Int. C8 CS
a 21 1429 1426 18 1426 1427 11 1430 1429
b 65 1188 1164 15 1386 1385 55 1189 1165
Phenoxy c 70 1312 131.0 46 1251 1237 61 130.1 1298
Group d 21 1294 131.2 18 1416 144.0 10 136.1 137.6
e 58 121.2 120.8 o 124.3 48 120.2 119.6
f 8 125.0 1223 43 116.2 1149 6 125.1 1224
Benzo- 1 19 14738 14 146.8 15 148.0
triazole 2. 112 1176 85 1175 94 117.7
Group 3 139 1275 89 1273 120 127.6
—CH,— Int. ppm 39 28.1
Sub- — CH,—CH, C 18 357 40 15.6
stituent ~ —Ar—CH, 26 205 C 11 346
Group —C0—CH; CH; 107 31.6
—C0 CH, 125 297
0COCH,4 OCOCH, oH
Btr S Btr < <
f f f
CH,CH,
CH, CH,CHy Btr
2A5M 2A5E 2E4H
Assign- Chemical Obs. Caled. Obs. Caled. Obs. Caled.
ment Shift Int. CS CS Int. CS CS Int. CS CS
a 12 140.8 138.1 12 1412 1384 37 1579 1558
b 74 1259 1221 74 1247 122.2 64 1166 116.0
Phenoxy- c 79 1306 130.0 59 1294 1292 23 1416 1357
Group d 19 1369 1353 17 1432 1417 13 1328 1274
e 78 1246 119.8 65 1249 1186 64 127.9 1201
f 7 1325 128.0 6 1328 128.1 61 113.8 1138
Benzo- i 18 144.8 15 1450 12 1446
triazole 2 121 1183 98 1184 116 1182
Group 3 150 124.2 120 1242 120 1271
—CH,— 42 28.3 52 247
Sub- —CH,—CH, 41 152 37 145
stituent —Ar—CHg 58  20.9
Group —CO—CH; 29 209
13 169.3 7 169.2

—CO



of various 2( hydroxyphenyl) benzotriazole derivatives?

OH OCOCH, 0COCH,
] 2 _CH,CH, ; g ; & _CH,CH,
CH,CHy
Bir 8tr Btr
3E4H 2E4A 3E4A
Assign- Chemical Obs. Caled. Obs. Caled. Obs. Caled.
ment Shift Int. CS CS Int. €8 S Int.  C8 s
a 18 154.7 1553 12 1516 151.3 9 1493 1508
b 15 131.7 1321 55 1229 1217 17 1373 137.8
Phenoxy- ¢ 48 1220 1196 16 1411 134.7 54 1216 118.6
Group d 7 1340 1279 6 1374 1315 10 1383 132.0
e 48 1197 1174 57 1275 119.1 57 119.2 1164
f 51 1158 1165 56 119.8 119.5 57 1233 1222
Benzo- 1 20 1448 15 1449 17 1452
triazole 2 91 1181 101 1184 104 1184
Group 3 110 127.0 120 126.9 120 1274
—CHy,— 44 232 50 25.0 48 235
Sub- —CH,—CH; 32 1338 37 144 38 139
stituent —Ar—CHg
Group —CO—CH; 29 210 3t 207
—CO 12 108.6 12 168.8
OH OH OH
PN S CH=CH, irs <
CH=CH,
Btr Btr CH=CH,
2V4H 3V4H 2H5V
Assign- Chemical Obs. Caled. Obs. Caled. Obs. Caled.
ment Shift Int.  CS CS Int. C8 CS Int. CS CS
a 20 1594 155.7 18 153.9 1535 17 142.8 144.8
b 36 1164 114.2 20 1260 1254 594 1191 1164
Phenoxy- c 12 1355 129.0 47 119.8 1178 69 1280 128.0
Group d 10 1281 1256 6 1342 1278 16 1302 1309
e 41 128.8 120.0 44¢ 1213 1193 604 119.0 1178
f 48 117.2 1157 54 1166 1164 6 1252 1232
Benzo- i 8 1457 18 144.9 17 1494
triazole 2 56 119.0 102 118.2 92 117.6
Group 3 78 1276 107 127.0 120 127.2
—CH,—
Sub- —CH,—CHy—
stituent —Ar—CHj3
Group —CO—CH;
—CO
—CH= 36 133.1 49 130.7 51 1354
—CH=CH, 36 1133 36¢ 117.3 36 113.0

Caled.: Calculated values. Obs.: Observed values. Int.:

CS: Chemical Shift (ppm) from Si (CHz),.
a Measured in acetone-dg.
b Overlapped on c.

NTT 1 , ] 1

Relative intensity.
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appeared and increased to indicate a 75% yield. 2B 4A (85 g, 77%,) was isolated
and was purified as described for 3B4A with a final recrystallization from
methanol to give a 28) vield. Yellow cylindrical crystals of 2B4 A, m.p. 84 to
85 °C, were obtained.

The 'H NMR chemical shift data is shown in Table 2.

Anal.: Caled. for C;gH4,BrNgO,: ©53.35%, H3.92%, N 11.67%;, Br22.18%,.
Found: C55.30%, H4.22% N12.11%, Br23.15%.

Table 2. Chemical shift data of 1H NMR spectra of 2- and 3-sub

" C“C/ e

T Ar/ \Hb
Compound —CHy,—CH; —CH,—CH; CHBr—CH; —CHBr—CH; a b ¢
2E4H 1.02 (%) 2.56 (d) — — — — —
2E4A 1.10(t) 2.76(d) — — - — _
2B4A — — 2.13(d) 6.01(d) — — —
2V4A — — — — 535(d) 5.78(d) (dd)
2V4H — — — 528(d) 5.75(d) 6.75(dd)
3E4H 1.32(t) 2.75(d) — — —
3E4A 1.27(t) 2.66 (d) — _ —_ _
3B4A — — 2.14(d) 5.35(d) — —_
3V4A — — — 540(d) 5.86(d) 6.75(dd)
3V4H — — — — 5.32(d) 590(d) 7.05(dd)

» R I

, / . /

XN @ oR? Y =N o;ez
4 p s

2(3-Vinyl-4-acetoxyphenyl )2 H-benzotriazole (3V 4A4): 3B4A (40g, 0.10 mol)
acetonitrile (200 g), triethylamine (67 g, 0.66 mol) and picric acid (2 g, 8.7 mmol)
were heated rapidly to reflux temperature by immersing the flask in an oil bath.
The reaction was monitored using 1H NMR. After 4 h the mixture was cooled in
an ice-water bath, acidified by the slow addition of 2. N-aqueous hydrochloric
acid and the product quickly extracted with carbon tetrachloride (to avoid
hydrolysis). The dried organic phase after filtration and concentration under
reduced pressure was recrystallized from carbon tetrachloride to give a yellow
crystalline product: 13.7 g (35% yield).

To obtain polymerization grade product the compound was further purified
by distillation: 3V 4A (5.8g, 21 mmol), cuprous chloride (0.1¢g), copper powder
(0.1g) and picric acid (0.5g) were charged in a 10ml flask equipped with a
magnetic stirrer and a Claisen head. To avoid the polymerization of 3V 4 A, the
distillation was carried out quickly by immersing the flagk into a hot oil bath
(200°C) and it was completed within 10min at 0.005mm. The distillate
solidified and gave 3.2g (54% yield) of a crystalline product in 979, purity,
which was recrystallized from aqueous methanol.

The 1H NMR chemical shift data are listed in Table 2.
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2(2-Vinyl-4-acetoxyphenyl )2 H -benzotriazole (2V 44): 2B4A (45g, 0.12mol)
was dehydrobrominated in acetonitrile (200g), with triethylamine (75g,
0.74 mol) and picric acid (2 g, 8.7 mmol) as described above for the dehydrobro-
mination of 3B4A. After 3h a 849 yield was indicated. Normal work-up and
recrystallization from carbon tetrachloride/acetone gave yellow crystals in 359,
yield.

The 1H NMR data is shown in Table 2.

stituted dertvatives of 2(4-hydroxyphenyl)2 H-benzotriazoles?

Rt 4-Hydroxyphenyl Benzotriazole
groups group
i

OH CCH; 2 3 5 6 5,6 4-7
(7.6) — — 6.25(d) 6.18(d) 6.40(d) 72~755 T7~81
— 228(s)  — 710(d)  7.00(dd) 7.60(d) T.2~7.55 78~8.1
— 2.30 (s) — 7.64(d) 7.22(dd) 7.84(d) 72~760 77~81
— 230(s) — 750(d)  770(dd) 761(d)  T3~77 7.8~82
9.7 — — 7.28(d) 6.98(dd) 7.57(d) 731750 7.85-8.05
(5.9) — 8.10(d) — 6.89(d) 8.00(dd)  7.20-7.60 7.75-8.10
— 2.30(s) 8.25(d) — 7.16(d) 8.18(d) 7275 7.7-8.0
— 237(s)  852(d) — 792(d)  825(dd) 72~76 7.7-8.10
— 2.39(s) 8.48(d) — 7.15(dd)  829(d) 7.20-7.50 7.65-7.90
10.3 — 8.03(d) — 7.04(dd)  8.38(d) 7.20-74 7779

& Signal multiplicity in parenthesis following the chemical shift value
(ppm), s = singlet, d = doublet, dd = doublet of doublets.

2(3-Vinyl-4-hydroxyphenyl )2 H-benzotriazole (3V4H): 3V4A (6.0g,
21 mmol) and pieric acid (0.5 g, 2.2 mmol) were dissolved in acetone (20 ml). The
solution was added to a 5% aqueous solution of sodium hydroxide, the resulting
fine dispersion heated to 55 °C, and after 2h the acetone was removed under
reduced pressure. The solution was cooled to 0°C, acidified with 2 N-hydroch-
loric acid; the reaction product was immediately extracted with chloroform
from the aqueous phase.

Removal of the solvent and recrystallization from aqueous methanol gave
2.4 g (47% yield) of pure 3V4H, r.p. 154 to 156 °C.

The 1H NMR chemical shift data are listed in Table 2 and the 13C NMR data
in Table 1.

Anal.: Caled. for CyyH;;N3O0: C70.87%, H4.67%,, N17.71%. Found:
(69.63%;, H4.79%, N 17.287,.

2(2-Vinyl-4-hydroxyphenyl )2 H-benzotriazole (2V4H): 2V4A (4.1g,
14.5 mmol, 80% purity) was dissolved in acetic acid (20ml) and 50 ml of 2.V-
hydrochloric acid and picric acid (0.5 g, 2.2 mmol) were added. The suspension
was heated to reflux temperature, and some methanol was added to obtain a
homogeneous solution. After 2h the mixture was cooled to give needle-like
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crystals which were washed with 50%, aqueous methanol and dried ; a total yield
of 3.2 (91%) was obtained.

Purification to produce polymer grade 2V4H was done by chromato-
graphy of the acetone solution of 2V4H over alumina and followed by
recrystallization from acetone to give a white powder: 1.6 g (509 yield), m.p.
172 to 173.5°C.

The 'H NMR data is shown in Table 2 and the 13C NMR spectrum (20% in
acetone-dg) in Table 1.

Anal.: Caled. for Ci,H;;N30: C70.87%, H4.67%, N17.71%,. Found:
C170.39%;, H5.08%, N 17.16%,.

Polymerization

Polymerization of 2(2-Vinyl-4-hydroxyphenyl )2 H-benzotriazole (2V 4H). A
5ml polymerization tube was charged with AIBN (0.66 mg, 0.004 mmol),
2V4H (0.47 g, 2.0 mmol), tetrahydrofuran (1.0 ml) and acetone (2.0 ml) in this
order. After the mixture became homogenous, the tube was degassed by three
freeze-thaw cycles with nitrogen gas sweeps, sealed at 0.005 mm, and placed in a
constant temperature bath at 50 °C. After 60h, the contents of the tube had
separated into two liquid phases. The tube was opened and the contents were
dissolved in 50ml of DMF, filtered, and the solution poured into 500 ml of
methanol. The resulting suspension was filtered and washed with fresh
methanol. The collected polymer was dried at 0.005 mm and gave 0.32g (68%,
yield).

Copolymerization of 2(2-Vinyl-4-hydroxzyphenyl)2 H-benzotriazole (2V 4H )
with Methyl Methacrylate (MMA). A 5ml polymerization tube was charged
with AIBN (2.95mg, 0.018 mmol), 2V4H (0.32¢, 1.35mmol), MMA (0.77 g,
7.65 mmol), tetrahydrofuran (0.5 ml) and acetone (1.0 ml). The homogeneous
mixture was degassed, sealed at 0.005 mm, and placed in a constant tempera-
ture bath of 50 °C. After 60h the tube was opened, the viscous solution was
diluted with 50 ml of acetone, filtered and poured into 500 ml of methanol. The
precipitated polymer was collected by filtration, washed with methanol and
dried at 0.005 mm; a yield of 0.94g (85%) was obtained.

The 1H NMR spectrum of the polymer in deuterated mixed solvent of
DMSO and CDCl; (1/3) showed 36.40 to 17.95 (aromatic protons), 2.85 to 3.90
(methoxy protons) and 0.30 to 2.35 (methyl, methylene and methine protons).
From the ratio of the intensity of the methoxy protons to the aromatic protons,
a copolymer composition of 16 mol % 2V 4 H units was determined.

Copolymerization of 2(2-Vinyl-4-hydroxyphenyl )2 H-benzotriazole (2V 4H )
with n-Butyl Acrylate (BA). A 5ml tube was charged with 4IBN (2.30 mg,
0.014mol), 2V4H (0.25¢g, 1.05mmol), B4 (0.76 g, 5.95mmol), THF (0.5ml)
and acetone (1.0ml). The homogeneous mixture was degassed, sealed at
0.005 mm and placed in a constant temperature bath at 50 °C. After 60 h the
tube was opened, the viscous solution was diluted with 50 ml of 7THF and the
solution was precipitated into 500 ml of methanol. The sticky polymer which
had precipitated was collected by filtration, and was dried at 0.05mm to give
0.82g (81%;) of polymer.

The 'H NMR spectra in deuterated chloroform showed 36.32 to 8.08
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(aromatic protons), 3.32 to 4.32 (methylene protons adjacent to oxygen), 0.52
to 2.82 (methyl, methylene and methine protons). From the intensity ratio of
the methylene protons adjacent to oxygen to aromatic protons, a copolymer
composition of 18 mol % 2V 4H units was determined.

Polymerization. of 2(3-Vinyl-hydroxyphenyl)2 H-benzotriazole (3V4H).
Polymerization of 3V 4 H was carried out as described for the polymerization of
2V4H with AIBN (0.66mg, 0.004mmol), 3V4H (0.47g, 2.0mmol) and
acetone (10 ml), 0.033 g (7% yield) of the homopolymer of 3V 4H was obtained.

Copolymerization of 2(3-Vinyl-4-hydroxyphenyl)2 H-benzolriazole (3V 4H )
with Methyl Methacrylate (MMA). Copolymerization of 3V4H (0.32g,
1.35mmol), MMA (0.77¢, 7.65 mmol) with A/BN (2.95mg, 0.018 mmol} in
acetone (1.0ml) was carried out in a vacuum sealed tube for 2.5 days at 50 °C.
After precipitation of the acetone solution of the polymer into 500ml of
methanol, filtration and drying under vacuum (0.005 mm), 0.86g, (797, yield)
of 3V4H-co-M M A was obtained.

The 'H NMR spectrum in 1/3 mixture of deqterated DMSO and CDCly
showed §6.60 to 8.13 (aromatic protons), 2.55 to 3.95 (methyoxy protons), 0.40
to 2.45 (methyl, methylene and methine protons). From the intensity ratio of
aromatic protons to methoxy protons, a copolymer composition of 14 mol % of
3V 4H units was determined.

Copolymerization of 2(3-Vinyl-4-hydroxyphenyl)2 H-benzotriazole (3V 4H )
with n-Butyl Acrylate (BA). Copolymerization of 3V4H (0.25g, 1.05 mmol),
BA (0.76 g, 5.95 mmol} with AIBN (2.30 mg, 0.014mmol) in acetone (1.0ml}
was carried out in a vacuum sealed tube for 2.5 days at 50 °C. The mixture was
dissolved in 10 ml of THF, filtered, and poured into 300 ml of methanol. The
precipitated polymer was collected by filtration, washed with methanol and
dried at 0.05 mm. The polymer was obtained in 659, yield (0.66g) by freeze
drying 10m! of a benzene solution.

The 'H NMR chemical shift data of the copolymer solution of this 1/3
mixture of DM SO and CDCl; showed 86.23 to 7.86 (aromatic protons), 3.15 to
4.35 (methylene protons adjacent to oxygen), 0.30 to 2.85 (methyl, methylene
and methine protons). From the intensity ratio of the methylene protons
adjacent to oxygen to aromatic protons, a copolymer composition of 12.5mol %,
of 3V 4H units in the poly(3V 4H-co-B4) was determined.

Results and Discussion

2V4H and 3V4H were prepared starting from diazotized o-
nitroaniline and 2-ethylphenol or 3-ethylphenol, respectively. The
condensation products were reduced and at the same time the benzo-
triazole ring was closed. The respective ethyl groups in the 2- and 3-
positions of the benzotriazole ring were transformed into vinyl groups
by bromination and dehydrobromination (Schemes 1-4).

40 Monatshefte fiic Chemie, Vol. 113/5
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Synthesis of 2(2-Vinyl-4-hydroxyphenyl)?2 H-benzotriazole and 2(3-
Vinyl-4-hydroxyphenyl )2 H-benzotriazole

When the diazotization of o-nitroaniline with sodium nitrite is
complete and the ethyl phenol is added, the orange-red azo compounds
precipitate; they were isolated and reduced with zine and sodium
hydroxide solution. The condensation of 2-ethylphenol and 3-ethyl-
phenol was originally expected to give the para-condensation but also
at least some of the ortho-condensation product. After reduction and
cyclization, the ortho-condensation products were expected to give 2(2-
hydroxy-3-ethylphenyl)2 I{-benzotriazole and 2(2-hydroxy-4-ethyl-
phenyl)2 H-benzotriazoles from which the corresponding vinyl com-
pounds could have been prepared by bromination and dehydro-
bromination. These 2-hydroxyphenyl compounds were expected to give
excellent polymerizable UV stabilizers with the hydroxy group in the
appropriate 2-hydroxy position and the vinyl group in the 3- and 4-
position of the phenol ring. Testing of our compounds revealed that
none of them, neither monomers nor homo-or copolymers, were effec-
tive UV stabilizers. In our discussion of the NMR spectra we will show
that condensation had occurred exclusively in para-position to give the
4-hydroxyphenyl compounds, with the ethyl group and ultimately the
vinyl group in 2- or 3-position of the phenol ring. The 2(4-hydroxy-
phenyl)2 H-benzotriazoles are not expected to be UV stabilizers, as the
OH-group is not in ortho position to the triazole ring. Structural
assignment and polymerization is the subject of this discussion. TLC
analyses of the mother liquors of the reactions which led to the
synthesis of 2E4H or 3E4H (obtained directly by reduction of the azo
~ compounds) revealed that only one single compound, namely 2E 4H
and 3K 4H had been obtained as the result of condensation para to the
hydroxyl group. Within the accuracy of the TLC analysis no trace of
the ortho-condensation product was found.

Details of the diazotization of o-nitroaniline and the condensation with 4-
substituted phenols has been described in our earlier papers!s. The conden-
sation with the 2-ethylphenol and 3-ethylphenol as well as the reduction
behaved in a qualitatively similar fashion. It was important to isolate, after the
reduction, 2E4H or 3E4H by distillation in order to separate them from
higher boiling condensation products.

The distilled compounds were immediately acetylated to the acetyl
compounds, 2E4A and 3E4A, in yields of slightly higher than 50%;. It
was convenient to purify the acetyl compounds at this stage and to
characterize them and the free phenols carefully, particularly by
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elemental analysis, and by 1H NMR and 13C NMR spectroscopy. The
13C NMR chemical shift data of all compounds are described in Table 1.
The detailed analysis of the NMR spectra is given below.

For subsequent bromination with N BS, the use of pure 2E4A and 3E4A is
desirable although crude, but distilled 2E4A or 3E4A can also be used.
Bromination was accomplished in refluxing carbon tetrachloride solution with
a slight excess of NBS and with AIBN as the radical catalyst. The trans-
formation of the ethyl group directly attached to an aromatic ring into a vinyl
group can be readily achieved; mono-bromination of the o-acetyl phenol
occurred exclusively in the methylene group even when a relatively large excess
of NBS was used. The progress of the bromination can be measured by
comparing the integrated ratio of the protons of the CHBr group to the
aromatic protons. After about 3h the starting material had disappeared as
judged by the disappearance of the ethyl protons and reaction yields of
approximately 85-90%, bromination were estimated. Although a high yield of
bromination products was obtained, it was difficult to isolate the bromo
compound in high yield as the workup is relatively difficult and is accompanied
by degradation.

Effective dehydrobromination of substituted 1-bromobenzyl deriv-
atives is essential to introduce vinyl groups. Since the technique of
dehydrobromination has been carefully studied previously for the
preparation of the 2H5V and 2H5M5 V1519 the apparently best
method was adapted for our dehydrobromination experiments. Dehy-
drobromination of 2B4A and 3B4A was achieved with acetonitrile
and triethylamine in the presence of a small amount of picric acid. The
dehydrobromination products have to be carefully purified in order to
obtain polymerization grade 2V4H or 3V 4H. First, crude 2V 4A or
3V4A was dissolved in acetone and the vinyl compounds were
hydrolyzed in 5%, aqueous sodium hydroxide solutions. The yield in the
last step was approximately 50%,. After acidification of the basic
solution, the 2V4H or 3V 4 H was immediately extracted with chloro-
form in order to avoid any polymerization or other side reactions.
Hydrolysis of crude 2V4A could also be carried out in acetic acid
solution with 1 N-hydrochloric acid.

As in similar cases, it was important that distillations were carried
out in a short path (Kugelrohr) distillation set-up rather than by
regular fractional distillation through a small Vigreux column, in order
to avoid, or at least to minimize the polymerization of the already
formed vinyl compound. In most cases the 2V 4A and 3V 4 A were not
actually isolated but were immediately hyvdrolyzed to the corre-
sponding 2V4H and 3V 4H.

It is estimated that under the most favorable reaction conditions a
20-25%, overall yield of 2V4H or 3V4H from o-nitroaniline was
obtained.
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Table 3. Summary of the polymerization experiments of 2( 2- Vinyl-4-Hydroxyphenyl )

Monomer Charged Comomoner Charged Total of Monomer
g (mmol) g (mmol) g (mmol)

2V4H 0.47 (2.0 (Homopolymer) 047 (2.0) 0.47 (2.0)
2V4H 0.32 (1.35) MMA 1.09 (9.0) 1.09 (9.0)
2V4H 0.25 (1.05) BA 1.01 (7.0) 1.01 (7.0)
3V4H 0.47 (2.0) (Homopolymer)  0.47 (2.0} 047 = (2.0)
3V4H 0.32 (1.35) MMA 1.09 (9.0) 1.09 .
3V4H 0.25 (1.05) BA 1.01 (7.0) 1.01 (7.0)

To obtain polymerization grade monomer from 2V4H or 3V4H, further
purification of the monomers has to be carried out, for example, by passing the
monomer solution through a neutral alumina column to decolorize the product
and to remove other impurities. Repeated recrystallization was also used to
prepare polymerization grade monomers. In some cases the distillation of the
crude vinyl compounds (2V 4H or 3V 4H) was more conveniently carried out
with copper powder or copper salts as the inhibitors for polymerization rather
than in the presence of picric acid. Picric acid is sometimes difficult to remove
by recrystallization, therefore causing an inhibitory effect in subsequent
polymerization.

13C chemical shift values for benzenoid carbons have been calcula-
ted. Shifts for 2-phenyl-1,2,3-triazole6:17, A have been used to estima-
te substituent chemical shifts for the benzotriazole substituent, B. The
calculated chemical shifts along with relative intensity data allow
assignment of the benzenoid carbon signals as reported in Table 1. The
relative intensities and chemical shifts of the remaining aromatic
signals conform closely to those expected for the benzotriazole moiety.
Thus, the two sets of equivalent proton-bearing carbons, Cy + C5 and
Cs + C,, exhibit the highest relative intensities in these spectra. Rela-
tive intensities for the non-proton-bearing set, C; +Cg, which ex-
periences no nuclear Overhauser enhancement, are low. Observed
chemical shifts, C; 144.6-149.4, C; 117.5-119.0, C; 124.2-127.6 ppm are
consistent with those of 2-methyl-1,2 3-benzotriazole, €, C, 144.3, (g
117.5, and Cy 125.9 ppm?8. ‘

/N\ /N\ /N\
N N— N—CH,
-
N =N =N
A B C
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2H-benzotriazole (2V 4H) and 2(3-vinyl-4-Hydroxyphenyl )2 H-benzotriazole (3V 4H )

Polymer
Solvent for Solvents Polymeriza- Composition
Polymerization for Polymer tion Yield in mol%,
in ml g (mmol) monomer unit
Acetone 2.0 THF|DMF 0.32 (68)
THF 1.0
Acetone 1.0 Acetone 0.94 (83) 16
THF 0.5
Acetone 1.0 THF 0.82 (81) 18
THF 0.5
Acetone 1.0 Acetone 0.033 (7) —
Acetone 1.0 Acetone 0.86 (79) 14
Acetone 1.0 CHCL,/THF 0.66 (65) 13

Use of substituent chemical shift effects derived from mono-
substituted benzenes to estimate shifts for polysubstituted benzenes is
fraught with some risk. Effects of some substituent groups are a
function of their conjugative interaction with the benzenoid pi electron
system. Twisting such substituents out of the benzene ring plane
diminishes conjugation and changes their chemical shift effects. Thus,
ortho substituents which would cause twisting of the benzotriazole
substituent out of the benzene ring plane should alter its chemical shift
effects. The planar compound A will be a poorer model for such
systems. Begirup has demonstrated such conformational effects for
several closely related systems including i-phenylpyrrole, 1-phenyl-
pyrazole, and 1-phenyl-1,2,3-triazolels.

Agreement between our calculated and observed shifts is dependent
on molecular structure in a way which is consistent with operation of
such a conformational mechanism. All compounds which should have
coplanar benzene and benzotriazole rings give excellent to good fits.
The 2-hydroxyphenyl derivatives, 2H5M, 2H35B, and 2H5E,
(Table 1) exhibit shifts which fall within 3 ppm of the calculated values.
For most signals the difference is much less than 3 ppm. The ortho-
hydroxy group has a small steric effect, and intramolecular hydrogen
bonding would lock the two rings in a coplanar conformation, D.

4H——0

== N\
o
=N

D
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Acylation of the hydroxy group, 2A5M and 2A5E, reduces the
quality of fit at carbons e and f. Compounds which lack substituents
ortho to the benzotriazole grofip, 3E4H, 3E4A, and 3V 4H, should
have coplanar rings and do exhibit good fits. With the exception of the
Cq signals which are deshielded by 6ppm more than we calculate,
differences between calculated and observed shifts are less than 3 ppm.
In contrast, compounds 214 H, 2E4 A, and 2V 4H, which should have
non-coplanar rings owing to the steric effect of substituents ortho to the
benzotriazole ring, exhibit much poorer fits. The largest effect is felt at
carbons ortho to the benzotriazole group, ¢ and e, which are deshielded
6-9 ppm more than we calculate. This is in accord with Beglrup’s
observation that the major effect of rotating azole type substituents
out of a benzene ring plane was to deshield the ortho carbons!6. The
magnitude of these shifts was 4-5ppm, smaller than the 6-9 ppm we
observe for the benzotriazole substituent. 13C shift data for additional
2-(2-hydroxy) and 2-(2-acetoxyphenyl)benzotriazoles, reported in a
following paper?, are in full accord with the analysis above.

Taking specific conformational effects into account, we have deriv-
ed a selfconsistent set of substituent chemical shifts which give
calculated shifts which are in excellent agreement with experiments for
all the compounds of this series. The parameters include special values
for hydroxy and acetoxy, ortho to ethyl or vinyl, and for hydroxy and
benzotriazole groups, ortho to each other. Owing to the probable narrow
applicability of these parameters we do not reproduce them here.

Preparation and Characterization of Polymers and Copolymers of 2(2-
Vinyl-4-hydroxyphenyl )2 H-benzotriazole  and — 2(3-Vinyl-4-hydroxy-
phenyl )2 H-benzolriazoles

As with other polymerizations where a free phenolic hydroxyl group
is involved, the polymerization of 2V4H and 3V 4H and the copoly-
merization of these compounds with styrene, M M A and BA had to be
carried out in sealed glass tubes, completely excluding oxygen, other-
wise the polymerization is inhibited. The results of the polymerization
of these compounds are summarized in Table 3. The yields and inherent
viscosities of these polymers should not be taken as the best results,
obtainable under optimum conditions. In some cases, the polymeriza-
tions were carried out with relatively small amounts of not highly
purified monomer (Scheme 5).

The polymerization of 3V4H and 2V4H were carried out in
acetone in about 509 solution. For 2V4H, THF was used as cosolvent
because the monomer is most readily soluble in acetone in the
concentrations needed for copolymerizations. With the exception of the
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homopolymer of 3V4H all polymerizations gave good yields of poly-
mer with adequately high inherent viscosity and molecular weight. The
homopolymer of 2V 4H was obtained in 687, yield while the copolymer
of 2V4H with MM A was obtained in 85% and that with B4 in 81%,

Scheme 5
OH OH

= CH—CH
CH=CH, Poly merization 2

AIBN

poly—2V4H
poly“3V4H

Rl=H, R2=C,,H5: Styrene
R'=CH;, R?=COOCH,: Methyl methacrylate

yield. The copolymer composition, analyzed from the ratio of aromatic
and methoxy or methylene-oxy protons showed 16 and 18mol 9, of
2V 4H in the copolymer which compares to a 15mol %, feed ratio of
2V 4H in the comonomers.

Homopolymerization of 3V4H gave a low yield of poly 3V4H.
Copolymers of 3V4H with MM A and B4 were obtained in 79%, and
65%, yield respectively. The copolymer composition analyzed by com-
paring the aromatic protons to the methoxy or methylene-oxy protons
showed a comonomer composition of 14 and 12.5mol 9 respectively.
This composition was obtained from a comonomer feed ratio of
15mol % of 3V 4H in each of the copolymerization reactions.
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