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The 1-Alkoxy-1,2,3-benzotriazole System
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The l-alkoxy-1,2,3-benzotriazole system has been synthesized and defined on the basis of its
physical and spectral properties. Bond orders and charge densities of the parent compound in
the series 1-methoxy-1,2,3-benzotriazole have been calculated. All-valence-electron calculations
with configuration interaction give a reasonable account of the observed absorption spectrum.

J. Heterocyclic Chem., 13, 509 (1976).

In our laboratory, we recently have become interested
in derivatives of l-alkoxy-1,2,3-benzotriazole (1) as a po-
tential new fungicide system. The reported physical data
on this system, however, are quite sparse. The parent
compound 1-methoxy-1,2,3-benzotriazole (2) was synthe-
sized by Brady and Reynolds (1), who identified it solely
on the basis of its elemental analysis. There appears to
have been no attempt made to delineate the physical and
spectral properties of this important system.

We would like to report several new examples of 1
along with the relevant physical and spectral data. All the
compounds were prepared by treating the sodium salt of
L-hydroxy-1,2,3-benzotriazole (3) with the appropriate
alkyl halide. The elemental analyses (Table I) lend support
to the assigned structures. The ultraviolet spectra of 1
have two major absorptions near 263 nm and 283 nm,
which can be ascribed to # = #* transitions. The infrared
spectra of 1 all possess bands at 1240, 1270 and 1380
em™! which are typical of molecules containing a 5-mem-
bered ring fused to a benzene nucleus (2). The pair of
bands in the vicinity of 1100 and 1000 em™! have been
previously reported for the triazole ring (3), while the
band at 940 cm™" has been ascribed to the N-O stretching
mode in alkyl nitrites (4). The nmr spectra of 1 all possess
peaks in the areas where alkyl groups attached to an ether
oxygen normally appear. In addition the nmr spectra of 1
showed two complex multiplets centered at 7.4 ppm and
7.9 ppm in the intensity ratio of 3:1, which correlate well
with the aromatic hydrogen positioning in the nmr spectra
of other 1,2 3-benzotriazole derivatives previously reported
(5).

The mass spectrum of 2 revealed a weak molecular ion
peak at 149.0597 (C,;H;N;0 = 149.0588). There were
also prominent peaks at 121.0541 (C,H,NO = 121.0528),

106.0339 (CcH4NO = 106.0293) and 90.0349 (CgH4N =
90.0343) which may be ascribed to M-N,, M-N,CH; and
M-N, OCH3, respectively.

To obtain a clearer understanding of the electronic
properties involved in the 1 system, calculations using
HMO theory (6) were made on the bond orders and charge
densities of 1. For simplification purposes, 2 was selected
as the model compound: The charge densities indicate
that the ground state electrophilic attack is most likely to
occur at positions 5 and 7 of the phenyl ring.

Spectral molecular orbital calculations on 2 were carried
out using the all-valence-electron CNDO/S method of Del
Bene and Jaffe (7). Two-center electron repulsion inte-
grals were calculated using the Nishimoto-Magata formula
(8), and the lowest 80 singly excited configurations were
included in the configuration interaction treatment. Two
geometries were treated: A) a geometry having the N-O-C
link in the plane of the molecule, and B) a geometry with
the methyl group sticking out of the molecular plane
(N-O-C = 120°). In cach case standard bond lengths and
bond angles were assumed. The results are given in Table

IL

Caleulated HMO Bond Orders for I-Methoxy-1.2.3 benzotriazole

699 ¢
"/4\(’()' 421N
/3

Cs 9C
633 78
588 2N
N s 0
.
7 \7 /60')\ ll\l
C
087
0
‘ 006
CH3



Vol. 13

hao

M. P. Servé, P. G. Seyhold, W. A. Feld and M. A. (

10

5

(w HT)wdd g1°¢
(wyg)wdd ;-1

(O 'Hg) wdd ¢y
(w 7)) wdd 9y

(1 "Hs) wdd gy
(W 'H6) wdd o'y

(1 'Hg) wdd ggy
(w y2) wdd ¢2°7

(1 'Hg) wdd ¢y
(w*Hs) wdd ¢g'1

(b‘Hg)wdd oy
(0 ‘HE) wdd gpy

(s ‘HE) wdd ¢y

BN

(8) O¥ET () 0221 () ova 1 ‘(W) oLT]

(W) SSTT (W) OTTI (%) S60T (M) S€0T

(%) 0001 () 2S6 '(5)28L () 0LL “(5) ShL
(S)02EE(5)022T “(S) O¥TE (S)SSTT (W) OT1T
(8)S60T ‘(W) 0¥01 (W) 000T ‘(W) 586 (W) She
() 676 (W) ST6 (W) 016 *(5) $82 (9 022 “(5) Sh2
(9)0LET (8) 0221 “(5) 0¥TT (W) SSTT
(W)OLTL(8) S60L (%) 030 [ (M) 0001

(5)096 “(s) 082 "(s) 022 () SH2

(S)OLET *(5) 0221 “(8) 0%ZT () 09TT *(S) OTTI
(8)S60T (W) 0901 “(w) 0201 (W) 00T (W) 096
() 0%6 ‘(W) ST6 (W) SHg (W) 682 ‘(W) 0LL {5) 842
(8)02€1 (5) 0221 “(8) 0¥2Z1

(W) SSTT (W)OTTT (8)S60T ‘(W) 296

(wr)og6 (w)ggL (W) orL ((s)ovL

(3)08€1 °(8) 0221 () 0¥2 1 (W) SSTT
(W)OTTT (8) S601 (W) 0001 *(5) STOT

(8) 096 *(s) 82 “(8) 022 “(S) Sh2

(S)0L¥1 (3)08ET *(S) 0221 “(S) 0¥21

(W) oor1 (W) Se11 ‘() S60T *(S) 096

(s) 026 “(s) 682 “(8) 022 ‘(S) S

[ U2 poresjuy

(12°¢ = 2 Bo}) £8z
(82°¢ = 2 901) y92
(s9°¢ =2 R01) ggg
(69'¢ = 2 807) 97
(69'¢ = 2 3o)) ¢gg
(yLg =2 3o0) y9z
(18'¢ = 2 80]) ¢gz
(88°¢ = 2 8o) oz
(92°¢ = 2 80]) g8z
(¥8°¢ = 2 8o1) y97
(92°¢ = 2 301) £8C
(z8'¢ = 2 80[) g9g
(09'¢ = 2 30}) g8z
(¢2°¢ = 2 8o]) g9z
(bLg=230))¢cL1
[oueyyy ut

(wu) 1a101E0]N

%TT 0%
%S9
%ETS9

%Ee8 81
%6672
%55°59

%eL 0T
%9S°L
%IT'E9
%eTTT
%¥S'9
%ES 89

%Y €T
%IE'9
%2119

%06°ST
%L9'S
%198
%9182
%TSY
%0295

punoj
sisAfeuy

L jo sonuadolg [endadg pue [ed1sky g

I21qeL

%29°0% ‘N
%S¥'9 ‘H
%00°59 D
%IT 6T ‘N
%egL ‘H
%TL'S9 D
%LV 0T ‘N
%€l ‘M
%9€'V9 D
%2612 ‘N
%S89 ‘H
%0z°89 ‘D
%1L€T ‘N
%929 ‘H
%00°19 ‘D
%SLST ‘N
%95°S ‘H
%88°8S ‘D
%L1°8Z ‘N
%ELY ‘H
%L€°9S ‘D

‘P2IED
[EtuaLIoly

(ww g0) D FH1-2h1

(wuwig'9)D ,08T-461

(ww 20) ) 0¥1-8€1

(ww 2°0) D ,021-8T1

(wwt 20) D ,96%6

(ww 2°0) D $8-28

utog 3urjiog

EHDTHD*HD *HO*HD *HY

CHO*HD HDTHD *HY

EHOTHD*HOPHD-

EHITHDTHD-

€YD THD-

4D~



June 1976

The 1-Alkoxy-1,2,3-benzotriazole System 511

Table I1

Calculated Electronic States of 1-Methoxy-1,2,3-benzotriazole

Planar Geometry

E (2V) £
3
4.03 0.016
4.08 0.112
4.47 0.0
4.57 0.308
5.26 0.243
5.83 0.281
6.00 0.149

Out-of-Plane Geometry

E (V) .
00
499 0.015
4.10 0.108
4.56 T
4.60 0.309
5.28 0.228
5.85 0.289
Calculated Net 7 Flectron Densities for T-Methoxy-1.2.3 benzotriazole
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The calculated results are in reasonable agreement with
the observed transitions near 283 nm (4.38 eV) and 263
nm (4.71 eV). Both transitions involve significant intra-
molecular charge-transfer character as indicated by their
dipole moments.

It is apparent that the calculated transition energies and
intensities are quite insensitive to the change in geometry
between A and B. However, the dipole moments calculated
for the ground and excited states of the non-planar form
tend to be 20-50% higher than those found for the same
states of the planar form. The in-plane configuration is
calculated to be 0.6 eV more stable than the out-of-plane
configuration. Both calculations predict the lowest excited

singlet state to be !(n,m*), but with a !(m,7*) state

lying very close in energy. Presumably solvent-solute

Type of Electronic Transition u (D)
...... 2.60
n—> n* 2.28
n—m* 6.73
n->n* 3.99
n—>a* 8.40
n—>a* 4.11
n->n* 3.04
> 5.35
Type of Electronic Transition u(D)
------ 4.04
n-> ¥ 6.02
n—>a* 8.04
n—>a* 6.29
n—>a* 10.10
n—>n¥* 6.35
non* 3.89

interactions could determine which of these two states is
actually lowest in any particular solvent, thereby influ-
encing the lowest singlet lifetime, fluorescence intensity,
and inter system crossing (ISC) rate to the triplet state.
A lowest '(n,n*) state should favor ISC to the triplet
manifold, with a resulting high triplet yield for reactivity
at that level. In the absorption spectrum the weak ! (n,7%)
state is presumably masked by the more intense ! (m,7%)
state, but the presence of the '(n,n*) state might be
detectable from emission or polarization measurements.
The lowest triplet state (Ecalc = 2.15 eV) is a 3 (m,7%) state.

These results should help explain and predict the chem-
istry of 1.

EXPERIMENTAL

The infrared spectra were obtained on a Beckman IR-4 spectro-
photometer. The ultraviolet spectra were obtained on a Cary 14
spectrophotometer. High-resolution mass spectra were obtained on
a CEC-21-110 instrument.

Materials.

1 Hydroxy-1,2,3-benzotriazole was prepared according to the
procedure of Macbeth and Price (9).

Preparation of 1.Alkoxy-1,2,3-benzotriazole.

A solution of 1-hydroxy-1,2.3-benzotriazole (5 g., 0.037 mole)
in ethanol was added to an ethanolic solution of sodium ethoxide
(prepared from 0.65 g. of sodium). The appropriate alkyl iodide
(0.05 mole) was then added with stirring. The solution was then
refluxed for 3 hours. The alcohol was then removed under reduced
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pressure.  Steam distillation yielded the 1-.alkoxy-1,2,3-benzo-
triazole, which was then vacuum distilled. The relevant data
concerning each of the products is listed in Table I.
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