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Trimethylsilylation and methylation of 1-hydroxybenzotriazole 3-oxide 

S. L. Ioffe,* A. E. Fedorov, Yu. A. Strelenko, A. M. Churakov, and E d. Tartakovsky 
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Trimethylsilytation and methytation of l-hydroxybenzotriazole 3-oxide (1) proceed 
regioselectively and afford 1-trimethylsilyloxy- and 1-methoxybenzotriazole 3-oxides, 
respectively. The first compound easily undergoes fast hydroIysis and methanolysis, but does 
not react with nitroethane at 20 ~ A fast reversible 1,5-O,O-migratio n of the SiMe 3 group 
is observed for this compound. 
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the SiMe 3 group. 

Previously, 1 preparation of  a new derivative of  
benzotriazole, 1-hydroxybenzotriazole 3-oxide (1), was 
described. 

Since this compound is rather insoluble in organic 
solvents, its trialkylsilyl derivatives may be promising 
triatkyIsilytating agents for C - - H  acids, and, in particular, 
for nitro compounds. 

In the present report, methylation* and trimethyl- 
silylation of triazole 1 are considered. 

It has been found that  the action of various 
methylating agents (diazomethane and methyl iodide) 
on triazole 1 itself, as well as on its silver salt 3, 
prepared via potassium salt 2, affords regioselectively 
only the product of O-methylation, i.e., 1-methoxy- 
benzotriazole 3-oxide (4) (see Scheme 1). 

The structure of 4 was determined on the basis of its 
elemental analysis data, N M R  and mass spectra. The 
presence of four signals in the IH N M R  spectrum and 
six signals in the 13C N M R  spectrum of azole 4, which 
corresponds to benzene ring, confirms unequivocally the 
structure of  "unsymmetrical" O-methyl derivative for 
this compound.  The assignment of  signals in the 
tH N M R  spectrum (see Experimental) was carried out 
on the basis of their multiplicity assuming that the most 
lowfield doublet (7.96 ppm) corresponds to H(2). The 
signals in the 13C N M R  spectrum of compound 4 were 
assigned using direct and long-range 13C--IH spin 
coupling constants through one and more bonds obtained 
from two-dimensional C--H-correlat ion spectra. The 
choice between C(1) and C(6) signals was made by 
registration of signals of only non-protonated 13C atoms, 
taking into accotmt that the signal of  C(1) is broadened 

* Methyl derivative (4) of triazole 1 was used as the reference 
compound to establish the structure of trimethylsilyl deriva- 
tive 1. 

approximately twice in comparison to the C(6) signal 
due to 13C--14N spin coupling through one bond. 
Compound 4 exhibits thermal instability and enhanced 
susceptibility to mechanical actions, in particular, to 
trituration. According to DTA data,* the temperature, 
when intensive decomposition of 4 begins, is ca. 85 ~ 
i.e., near its melting point. Trimethylsilyl derivative (5)  
of triazole 1 was prepared by treatment of salt 3 with 
chlorotrimethylsilane in acetonitrile. The structure of 5 
was confirmed by its chemical transformations and 
the NMR data. An addition of two to three equivalents 
of water to a solution of compound 5 in acetonitfite 
leads to precipitation of triazole 1 in approximately 
quantitative yield, all of  the Me3Si moiety being 
converted into hexamethyldisiloxane as suggested by the 
tH N M R  spectrum. Similarly, derivative 5 silylates 
MeOH in acetonitrile that accompanies by fast and 
quantitative formation of precipitate of triazole 1. 
However, it appears that compound 5 does not silylate 
nitroethane at 20 ~ in an appreciable rate, i.e., 5 is not 
a strong silytating agent for C--H-acids.  

The multiplicity and the number of signals in 
the NMR spectra of compound 5 indicate either its 
"symmetrical" structure (5b) or the fast (on N M R  scale) 
and reversible 1,5-O,O-migration of the Me3Si group 
(5a ~ )' 5c). The structure 5b can be rejected, since it 
contradicts the broadening of some signals in the N M R  
spectrum observed by us for compound 5 (see Experi- 
mental). The NMR spectra of compound 4 can be 
considered as reference data for derivative 5a (or 5e), 
because the chemical shifts of the benzene ring in 
the N M R  spectra of compounds 4 and 5a should be 
rather similar. With fast 5a ~ 5c exchange, the 

* The authors thank V. I. Gulevskaya for DTA analysis of 
compound 4. 

Translated from Izvestiya Akademii Nauk. Seriya Khimieheskaya, No. 11, pp. 2283--2285, November, 1995. 
1066-5285/95/4411-2190512.50 �9 Plenum Publishing Corporation 



Trimethytsi lytat ion of l-hydroxybenzotriazole 3-oxide Russ.Chem.BulL, VoL 44, No. 1L November, t995 2191 

O 

t 
s A I  ~N 

1 
OH 

0-  
2 i 

3 ~ N \  

1 
O- 

2 

Scheme 1 

] 

AgNO3 
K + 

0 -  

t 
O- 

Ag + 

CH2N2..~,. 

O 

t 
3rA % 
4 ~ N /  

5 I 
OCHa 

Mei 
3 

MeaSiCl 

OSiMe 3 
2 t 

N 
3 @  s N 

O 

0 0 

t t 
N~SiMe~ ,t ...... 

N / N zN 

OSiMe 3 
O 

5a 5b 5c 

corresponding signals of H(2) and H(5), H(3) and H(4), 
C(I )  and C(6), C(2) and C(5), as well as C(3) and C(4) 
should collapse. 

As demonstrated in Table 1, the observed signals for 
derivative 5 are rather close to those calculated which 
indirectly confirms the structure of compound 5a and 
the fast 5a = " 5e exchange. However, the observed 
tempera ture-dependent  broadening of the signals of the 
Me3Si group for derivative 5 is hard to expla in  
disregarding participation of the symmetrical structure 
5b in the exchange as the intermediate. In  such case, the 
1 ,5 -O,O-migra t ion  of the Me3Si group should be 
considered as a sequence of two 1,3-O,N-shifts, and the 
process as whole can be expressed by the following 
scheme: 5a - '* 5b ~ 5e. There is the need in 
further investigations to establish the mechanisms of 
exchange processes in derivatives 5. 

Experimental 

The NMR spectra were registered with a Bruker AM-300 
spectrometer (300.13 MHz for IH nuclei), and the IR spectra 
were recorded with a UR-20 spectrometer. The UV spectra 
were obtained with a Specord UV VIS spectrometer, and the 
mass spectra were measured with a MAT 311A spectrometer. 

All the experiments on the synthesis of derivatives 4--5 
were carried out m dry solvents. 

l-Hydroxybenzotriazole 3-oxide (1). o-(2-tert-Butyl- 
azoxy)aniline z (8.5 g, 0.044 moI) in 50 mL of CH2Ct 2 was 

added in one portion to perbenzoic acid (18.5 g, 0.156 tool) 
in CH2CI 2 (150 mL) cooled to 10 ~ the mixture was stirred 
for 2 h at 20 ~ and the precipitate was filtered off, washed 
with ethyl ether (2x20 mL), and dried at 20 ~ (15 Torr). 
Triazole 1 (5.13 g, 80 %) was obtained, m.p. t27 ~ 
(decomp.). 

Silver salt of triazole 1 (3), Water (I0 mL) was added to a 
mixture of product 1 (3 g, 0.019 mob and KHCO 3 (2.1 g, 
0.02 tool), and after evolution of CO 2 was ceased, the solution 
of potassium salt 2 was obtained. NMR (D20, & acetone as 
the intemat standard): 1H NMR: 7.24 (m, 2 H, H-2), 7.42 
(m, 2 H, H-3); 13C NMR: t11.83 (C-2, IJ1R_~3 c = I70 Hz), 
126.63 (C-3, tJq.t._t3 C = 168 Hz), 127.06 (C-l). The prepared 
solution was neutralized with 0.l N aqueous HNO3, a solution 
of AgNO 3 (3,5 g, 0.02 mol) was added, and the yellow 
precipitate of silver salt 3 (4.75 g, 97 %) was filtered off. 
[Caution! Salt 3 is susceptible to trituration.] 

1-Methoxybenzotriazole 3-oxide (4). Method A. CH31 
(0.35 g, 2.5 mmol) was added to a suspension of silver salt 3 
(0.5 g, 2 retool) in acetonitrile (5 mL), the mixture was stirred 
at 20 ~ for 30 rain, filtered, evaporated to 50% of its volume 
at 25 ~ (15 Tort), and passed through a short column with 
silica gel 40/100 g (ether/acetone, 5:1, as the eluent), the 
solvent was removed at 25 ~ (15 Torr), the residue was 
dissolved in a minimum amount of acetonitrile and diluted 
with 5 mL of ether, product 4 (0.t53 g) was filtered off, the 
filtrate was evaporated to dryness, the residue was 
chromatographed on a silica gel column (ether/acetone, 5:1, as 
the eluent), and an additional amount of product 4 (0.I28 g) 
was isolated. The total yield of the product was 0.281 g 
(80 %), m.p. 88--89 ~ (decomp.). Found (%): C, 5t.65; 
H, 4.29; N, 26.86. C7H7N302. Calculated (%): C, 50.90; 
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Table 1. Comparison of the NMR spectral data for compounds 
2, 4, and 5 (& ppm) 

Atom Experiment [calculated data]* 

4 (CDC13) 5 (CH3CN) 2 (D20) 

H(2) 7.96 (d) 7.74 [7.771 7.24 
H(5) 7.59 (d) 

1:1(3) 7.41 (t) 7.54 [7.531 7.42 
I4(4) 7.65 (t) 

C(1) 129.79 131.60 [130.3] 127.06 
C(6) 130.83 

C(2) 115.56 113.55 [112.7] 111.83 
C(5) 109.90 

C(3) 125.16 128.71 [128.2] 126.63 
C(4) 131.24 

* The calculated values of chemical shifts for compound 5 
were obtained from the data on compound 4 using the following 
formulas: 8H(2)calc = (8H(2) + 8H(5))/2; c3H(3)calc = 
(fill(3) + ~3H(4))/2; 8C(1)calc = (6C(1) + 8C(6))/2; ~C(2)cal c = 

(8C(2) + 6C(5))/2; ~5C(3)~1~ = (~iC(3) + 15C(6))/2. 

H, 4.27; N, 25.44. IR (v/cm-l): 765 (s), 830 (w), 935 (m), 
1045 (s), 1345 (s), 1420 (s), 1460 (m). UV 0~max/nm, in 
CH3CN), 340 (s = 7600), Mass spectrnm: 165 [M] +, 150 
[M-CH3] +, 117 [M-OCH3-OH] +, 30 [NO] +. NMR (CDCI 3, 
5, tetramethylsilane) 1H NMR: 4.31 (s, 3 H, CH3), 7.41 (m, 
1 H, H(3), 3j = 8.6, 4j  = 1.1 Hz), 7.59 (m, 1 H, H(5), 
3j = 8.5 Hz), 7.65 (m, l H, H(4)), 7.96 (m, 1 H, H(2)); 
13C NMR: 67.32 (OCH3), 109.90 (C-5), 115.56 (C-2), 125.16 
(C-3), 129.79 (C-l), 130.83 (C-6), 131.24 (C-4); 14N NMR 
(6, from CH3NO2): -51.0 (N =, Avj/2 > 1000 Hz), -84.2 
(N(O), Avl/2 = 230 Hz). 

Method B. An ethereal solution of CH2N 2 (6 mL, 
0.18 mole/L) was added to a suspension of triazole I (0.151 nag, 
1 retool) in 10 mL of acetonitrile; after dissolution of the 
precipitate was completed and gas evolution ceased, the solution 
was evaporated at 25 ~ (15Torr); derivative 4 (0.163 g, 
quantitative yield) was obtained, m.p. 87--88 ~ (decomp.). 
The product was spectrally identical with the compound 
obtained by Method A. 

1-Trimethylsiloxybenzotriazole 3-oxide (5). Chloro- 
trimethylsilane (0.11 g, 1 retool) was added dropwise to salt 3 
(0.25 g, 1.1 mmol) in acetonitrile (1 mL) tinder argon. The 
mixture was stirred for 5 min and filtered, CD3CN (0.1 mL) 
was added, and the solution was studied by NMR (acetonitrile; 
8, ppm, tetramethylsilane). IH NMR: 0.41 (s, 9 H, Si(CH3)3), 
7.54 (m, 2 H, H(3)), 7.74 (m, 2 H, H(2)) (at -25 ~ the 
signals of H(2) and H(3) are significantly broadened); 
J3C NMR: -0.70 (Si(CH3)3, broadened from +20 ~ to 
-25 ~ 113.55 (C-2), 128.7l (C-3), 131.60 (C-I) (at 
-25 ~ the C-2 and C-3 signals are significantly broadened); 
29Si: 42.74 (the signal is significantly broadened from -25 ~ 
to 20 ~ Narrow signals were absent in the 14N NMR 
spectrtlm. 

The present work was supported by the Russian 
Foundat ion for Basic Research (project No. 93- -03- -  
18461). 
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