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Abstract

Two novel N-heterocycle-containing benzotriazole compounds, 5-(5-chloro-2-benzotriazolyl)-6-hydroxy-1,4-dimethyl-3-car-

bonitrile-2-pyridone (2) and 4-(5-chloro-2-benzotriazolyl)-5-methyl-2-phenyl-3-pyrazolone (4), were synthesized from reactant 4-

chloro-2-nitroaniline via diazotization, azo coupling, reductive cyclization and acidification. Their structures were confirmed by

FT-IR, 1H NMR, mass spectroscopy and elemental analysis. Their spectral properties were investigated and compared with that of a

common commercial benzotriazole UV absorber Tinuvin 326. It is found that the novel N-heterocycle-containing benzotriazole

compounds exhibit sharp single peak in the range of 280–400 nm and have much higher molar extinction coefficients than that of

Tinuvin 326. Their anti-UV protection properties on polyester fabric were also evaluated and compound 4 was much superior to

compound 2 due to its higher exhaustion.
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It is widely recognized that ultraviolet rays (UVR) in sunlight is an important factor causing skin aging, eye disease

[1] and photodegradation to some organic substances such as polymers and colorants [2,3]. In practice, addition of UV

absorber is an effective and convenient method for protecting polymers and colorants against photodegradation [4,5].

2-(2-Hydroxyphenyl)-benzotriazole derivatives are one sort of efficient UV absorber absorbing in the wavelength

region of 300–360 nm and hardly absorbing visible light. The stabilizing mechanism of these type of compounds is

based on the formation of intramolecular hydrogen bonds (IMHB) between the o-hydroxyl group of the phenyl ring

and the nitrogen atom of the benzotriazole moiety and the excited state intramolecular proton transfer (ESIPT)

mechanism by O� � �H� � �N tunneling [6]. Since the discovery of 2-(2-hydroxyphenyl)-benzotriazole as a UV absorber

chromophore, most efforts have been focused on the effect of substituent variation in benzotriazole chromophore [7]

than chromophore variation itself. In view of the influence of heterocycle on the spectral property, two novel

N-heterocycle-containing benzotriazole derivatives 2 and 4 have been synthesized in this research (see Scheme 1).
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Scheme 1. Synthetic routes of N-heterocycle-containing benzotriazole compounds. Reagents and conditions: (a) NaNO2/HCl; (b) N-methyl-3-

cyano-6-hydroxy-4-methyl-2-pyridone, 0–5 8C; (c) thiourea dioxide, NaOH, 83 8C, 3 h; (d) HCl; (e) 1-phenyl-3-methyl-5-pyrazolone, 0–5 8C.
We hope the introduction of heterocycles (pyrazolone and pyridone) into benzotriazole chromophore might improve

their UV absorbance.

The synthesis processes of benzotriazole 2 and 4 are shown in Scheme 1. Firstly, compound 1 and 3 were

synthesized from 4-chloro-2-nitroaniline diazonium salts with N-methyl-3-cyano-6-hydroxy-4-methyl-2-pyridone

and 1-phenyl-3-methyl-5-pyrazolone using classical reaction for the synthesis of the azocompounds [8].

Subsequently, compound 1 was dissolved in aqueous solution containing NaOH (0.55 mol) and water (300 mL).

The solution was heated and kept the temperature at about 83 8C, and thiourea dioxide(0.25 mol) was added in four

times within 2 h. After a total reaction time of 3 h, the solution was poured in ice water and acidified to pH 2.0 with

concentrated hydrochloric acid, and then the product benzotriazole 2 was filtered and dried in vacuum. Benzotriazole 4

was also synthesized using the same process described above where compound 1 was replaced by compound 3. The

crude products were purified by recrystallization from ethanol.

5-(5-Chloro-2-benzotriazolyl)-6-hydroxy-1,4-dimethyl-3-carbonitrile-2-pyridone (2): yield: 86%. IR (ATR/

cm�1): 3346 (OH), 2206 (CN), 1643 (C O), 1106 (C–Cl). 1H NMR (400 MHz, DMSO-d6): d 8.11 (s, 1H, Ar–

H), 8.02 (d, 1H, Ar–H), 7.46 (d, 1H, Ar–H), 3.12 (s, 3H, N–CH3), 1.68 (s, 3H, CH3). MS (ESI, negative): m/z 314.0

(M�H)�. Element analysis: found (%): C, 53.21; H, 3.24; N, 22.23; Calcd. (%): C, 53.26; H, 3.19; N, 22.18.

4-(5-Chloro-2-benzotriazolyl)-5-methyl-2-phenyl-3-pyrazolone (4): yield: 88%. IR (ATR/cm�1): 2818 (CH3),

1631 (C O), 1049 (C–Cl). 1H NMR (400 MHz, DMSO-d6): d 8.08 (s, 1H, Ar–H), 7.99 (d, 1H, Ar–H), 7.94 (d, 2H, Ar–

H), 7.43 (d, 1H, Ar–H), 7.40 (d, 2H, Ar–H), 7.18–7.16 (m, 1H, Ar–H), 2.25 (s, 3H, CH3). MS (ESI, positive): m/z 326.1

(M+H)+, 348.1 (M+Na)+. Element analysis: found (%): C, 59.06; H, 3.67; N, 21.44; Calcd. (%): C, 58.99; H, 3.71; N,

21.50.

Both benzotriazole 2 and 4 may exist in two tautomeric forms (enol form and keto form) under unexcited states

(Fig. 1). The infrared spectrum of benzotriazole 2 shows one broad hydroxy band at about 3346 cm�1, which is
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Fig. 1. The tautomerism between keto and enol forms of benzotriazole 2 and 4 and their UV absorbing mechanism.
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Fig. 2. UV–vis absorption spectra of benzotriazole 2, 4 and Tinuvin 326. (a) In ethanol (2 � 10�5 mol/L); (b) in chloroform (2 � 10�5 mol/L).
assigned to the enol form. The infrared spectrum of benzotriazole 4 shows one intense carbonyl band at about

1631 cm�1, which is assigned to the keto form. Both of them can mainly exist as or convert to enol form firstly and

absorb UV light by ESIPT mechanism (Fig. 1) similar to 2-(2-hydroxyphenyl)-benzotriazole derivatives. In the 1H

NMR spectra of benzotriazole 2 and 4, the signals corresponding to OH proton resonance of the enol form and CH

proton resonance of the keto form do not appear. It indicates benzotriazole 2 and 4 mainly exist as enol form in DMSO-

d6 solution and their active hydrogen signal in OH often disappear due to hydrogen exchange with DMSO-d6.

The UV–vis spectra of the benzotriazole derivatives 2, 4 and Tinuvin 326 measured in ethanol and chloroform

according to their solubility are shown in (a) and (b) in Fig. 2, respectively. The absorption maximum (lmax) of

benzotriazole 2 and 4 is at 327 nm in ethanol and 339 nm in chloroform, respectively. And only one sharp peak appears

in the range of 280–400 nm, which has great difference with Tinuvin 326 exhibiting two peaks at about 310 nm and

350 nm. The molar extinction coefficients (emax) of benzotriazole 2 (29,600 L/mol cm at 327 nm in ethanol) and

benzotriazole 4 (19,500 L/mol cm at 339 nm in chloroform) are much larger than that of Tinuvin 326 (18,900 L/

mol cm at 351 nm in ethanol, 16,300 L/mol cm at 353 nm in chloroform).

Benzotriazole 2 and 4 had been milled in the presence of a dispersing agent NNO (1:1, w/w) with glass beads (1 mm

in diameter) for 4 h to form their aqueous suspension, respectively. Then the aqueous suspensions were applied to

polyester fabrics by an exhaustion dyeing at conditions of liquor-to-fabric of 40:1, concentration of 0.5–2.0% on

weight of fiber (owf) and dyebath pH 5.0. Dyeing was started at room temperature and increased to 130 8C, and held

for 1 h. Then the fabrics were carried out and rinsed with water. The exhaustion and UV protection data were listed in

Table 1. It was clear that the treated fabric provided effective protection against UVR. The application of benzotriazole

2 at 0.5% owf increased the ultraviolet protection factor (UPF) to 62 (the UPF of blank polyester fabric is only 37).

However, with the amount increase of benzotriazole 2 to 1.0% owf and even 2.0% owf, no obvious UPF increase for

polyester fabric was found which maybe be induced by their poor exhaustion (less than 11%). On the contrary,

benzotriazole 4 has better exhaustion on polyester fabric (more than 50%). The application of benzotriazole 4 at 0.5%

owf sharply increased the UPF over 180. With application of benzotriazole 4 at 2.0% owf, the UPF of polyester fabric

even reached 380. The higher UPF of the dyed polyester fabric means benzotriazole 4 is much superior to

benzotriazole 2 and acts as an effective UVabsorber due to its higher exhaustion, although it shows much lower molar

extinction coefficient compared with benzotriazole 2.
Table 1

Exhaustion, T(UVA), T(UVB) and UPF data recorded on dyed polyester fabrics.

Owf (%) Benzotriazole 2 Benzotriazole 4

Exhaustion (%) T(UVA) (%) T(UVB) (%) UPF Exhaustion (%) T(UVA) (%) T(UVB) (%) UPF

0.5 10.9 8.73 0.80 62 63.2 2.51 0.30 183

1.0 5.4 7.93 0.72 67 56.9 1.72 0.27 226

2.0 3.9 7.09 0.62 75 51.0 1.17 0.27 380

The UPF of blank polyester fabric is 37.
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In conclusion, the present work describes an efficient and simple method for the syntheses of two novel N-

heterocycle-containing benzotriazole UV absorbers. Their structures were characterized by FT-IR, 1H NMR, mass

spectroscopy and elemental analysis. The novel UV absorbers exhibited higher molar extinction coefficient at the

absorption maximum than commercial benzotriazole UVabsorber Tinuvin 326. It is also found that benzotriazole 4 is

more valuable for anti-UV protection on polyester fabric than benzotriazole 2 due to its higher exhaustion.
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