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The objective of this report is to investigate the steady state and dynamic photophysical and
photochemical properties of 1-(N,N-bisacyl)amino-4,5-diphenyl-1,2,3-triazoles in solvents of dif-
ferent polarity at room temperature and in frozen matrix at 77 K. On the basis of the comparison of
their UV absorption and luminescence spectra with those of 4,5-diphenyl-1,2,3-triazole and diben-
zamide (model compounds), cleavage of the N-N bond in the title compounds after irradiation with

polychrome UV light is proved.
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Introduction

Photochemical reactions of both aromatic and
aliphatic N-substituted phthalimides result mainly in
cyclic products [1, 2] or fission of the N-CO bond [3].
In the literature [4 - 8] there are also a few examples
which represent a formal 3-cleavage reactions [4] in-
volving carbonyl compounds beside those reported
for ketones containing good radical leaving groups
at a-carbon [6]. In [7] the first examples of pho-
toinduced (-elimination of the triazole group in 1-
(N,N-bisacyl)amino-1,2,3-triazoles are reported and
the proposed mechanism rested basically on prod-
uct isolation. The application of 1-(N,N-bisbenzoyl-
amino)-4,5-diphenyl-1,2,3-triazole as a photoinitiator
in photopolymerization of methyl methacrylate is re-
ported in [8].

The aim of the present work is to prove the re-
ported cleavage of the N-N bond in 1-(N,N-bisacyl)-
amino-1,2,3-triazoles [7] and the concomitant forma-
tion of 4,5-diphenyl-1,2,3-triazole and dibenzamide
after irradiation with polychrome UV light on the
basis of their photophysical and photochemical prop-
erties. For that purpose a detailed study of the UV ab-
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Fig. 1. Structure of the model compounds A and B and the
investigated compounds C, D, E, and F.
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Table 1. Spectral characteristics of the model compounds A, B and the investigated compounds C, D, E, and F in ethanol,
cyclohexane and acetonitrile at 300 K. v, and vy: absorption and fluorescence Franck-Condon transitions in [cm™'],
€: molar extinction coefficient in [lI/mol-cm], Qy: fluorescence quantum yield, 7: natural lifetime in [ns], K;: radiative rate

constant calculated from 7 and Q.

— Ethanol — — Cyclohexane — — Acetonitrile —

Comp. Vabs € vg Q@ T K Vabs vg Q@ 7 K Vabs vg @y T K
A 39 600 14200 28570 0.04 1.34 0.029 39 600 29410 0.02 1.36 0.015 39 600 27780 0.03 1.90 0.016
B 41 600 16 100 / / / / 43410 / / / / 41 600 / # / /
C  40820,35000s 33600 / / / / 40 820,35000 s / / / / 40000, 35000 s / / / /
D 36500,33000s 11500 24390 0.01 1.80 0.005 36530,34480s / / '} / 35710,32260s 22730 0.01 1.22 0.008
E  41230,33540s, 99700, 23500 0.03 3.30 0.009 40410,32390s, 26320 0.01 1.32 0.008 42 080,33 540s, 23260 0.02 3.20 0.006

28770 s 23 800 28770 s 28350s
F 41230,32770, 98500 21620 0.09 12.60 0.007 41230,32770, 23260 0.02 6.02 0.003 41 230,32770, 20830 0.06 10.60 0.006
30620 s 31090s 30620 s

sorption, and steady state and dynamic lumines-
cence properties of differently substituted 1-(N,N-bis-
acyl)amino-1,2,3-triazoles-compounds C, D, E and F
(Fig. 1) in solvents with different polarity at room tem-
perature and in frozen matrix at 77 K was performed.
The spectral results of compounds C, D, E and F
are discussed in comparison with those of the model
compounds A and B (Fig. 1) which are considered as
the two main fragments in the investigated structures.

Experimental

The investigated compounds (Fig. 1) were synthe-
sized according to procedures described in [9, 10].
The absorption spectra were recorded on a Specord
UV-VIS (Carl Zeiss, Jena). The solvents used were
of fluorescence grade. The corrected fluorescence
spectra were recorded on a Perkin Elmer MPF 44
spectrofluorimeter. The fluorescence quantum yields
(Qy) were measured in relation to 3-aminophtalimide
(@4 = 0.6 in ethanol) [11]. The fluorescence decay
curves (10 000 counts in the maximum, 512 channels,
0.1 ns/chan) were collected at 300 K on a nanosecond
Single Photon Counting spectrofluorimeter System
PRA 2000, using a nitrogen filling flash lamp with
Aex 313 nm and an emission wavelength correspond-
ing to the maxima of the emission bands. The natural
lifetime 7 was estimated by a standard deconvolution
procedure, the accuracy of the fit was controlled by the
weight residuals, the autocorrelation function of the
residuals and the reduced x2. The quantum-chemical
calculations were carried out with AM1 approxima-
tion, taking into consideration all single and double
excited configurations among 10 molecular orbitals
and simulating solvent effects in the ground and ex-
cited state [12]. The irradiation (up to 30 min) was

made in solutions with optical density (OD) at 250 nm
in quartz cells, using a medium pressure Hg lamp (150
W) up to no further changes in the electronic spectra.
The freezing of the solutions at 77 K was made after
their irradiation. Thin-layer chromatography (TLC)
was performed on 4 x 10 cm plates coated with Sil-
icagel 60,5, (Merck). The solvent system that pro-
duced a reliable separation was Heptane-Acetone, 5:2
(v:v). The compounds were applied as 5 pl aliquots
of 10™3 M ethanol solutions.

Results and Discussion

1. Absorption and Luminescence of Non-irradiated
Solutions

1.1. Absorption at300 K

The longest wavelength absorption bands both of
the investigated differently substituted 1-(N,N-bis-
acyl)amino-1,2,3-triazoles, compounds C, D, E and
F, as well as the model compounds A and B (Fig. 1)
are in the UV region (Table 1, Fig. 2). On Fig. 2 the
absorption spectra of the compounds C, D, A and Bin
ethanol at 300 K are shown, the vertical lines indicate
the calculated electron transitions of C and D.

The maxima of the longest wavelength absorp-
tion bands of the model compounds A and B in
ethanol are at 39600 cm~! (¢ = 14200 /mol-cm)
and 41 600 cm~! (¢ = 16 100 I/mol-cm), respectively
(Table 1, Fig. 2). In the case of compound A the in-
crease in the solvent polarity does not influence the
energy of the absorption maxima, indicating a very
low dipole moment in the ground state. For compound
B, a bathochromic shift of about 1800 cm~! from
cyclohexane to ethanol is observed, which should be
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Fig. 2. Absorption spectra of compounds A, B, C and D in
ethanol at 300 K. The vertical lines denote the computed
energies of the 7™ transitions and the corresponding os-
cillator strengths of C and D.

Fig. 3. Structure of compound C with optimized geometry
in ground state.

attributed to the presence of both carbonyl and phenyl
groups in the structure of B.

In the absorption spectrum of compound C in
ethanol there is one well-defined absorption band with
a maximum at 40820 cm~! (¢ = 33600 I/mol-cm)
(Fig. 2) and a weak shoulder in the region of
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35000 cm™!. The results from quantum-chemical cal-
culations show that the shoulder corresponds to the
So-S; (w*) transition (Fig. 2) with oscillator strength
f = 0.46, while the more intensive well-defined ab-
sorption band is due to the S)-S,(w7*) transition
(f =0.70). The lower energy of the Sj-S, (77*) tran-
sition in C in comparison to those in the fragments
A and B indicates that the two fragments are inter-
acting although they are out of plane, as it is seen on
Figure 3.

With introducing the -OCHj;-group (compound D)
in imide fragments of the molecule (Fig. 1), the
longest wavelength absorption maxima shift to the
red both in non-polar and in polar solvents (Table 1)
in comparison to compound C. This is related to the
interaction between the electron-donating substituent
-OCH,; group and the electron-accepting carbonyl
groups in the molecule. Similar effects are observed
also with the introdution of [-naphthalene- (com-
pound E) and a-naphthalene- (compound F) groups
at the same position (Table 1).

1.2. Fluorescence at 300 K

The model compound A fluoresces in all solvents
used (Table 1), and the fluorescence maxima shift
bathochromically with increasing solvent polarity; vq
is 29410 cm~! and 28 570 cm™! in cyclohexane and
ethanol, respectively. There are three N-atoms in the
molecule of A (Fig. 1), one of them is pyrrole-type
and not connected with the nm*-states, while the other
two are pyridine-type nitrogens. According to [13], if
both types of nitrogen atoms are present in a molecule,
a tautomeric equilibrium between two or more forms
may exist. In the case of 1,2,3-triazole (A) the ther-
modynamic parameters of the equilibrium in solution
at room temperature were calculated [14] and a pre-
dominance of the (2H)-1,2,3-triazole tautomer (83%)
over (1H)-1,2,3-triazole (17%) was found. Conse-
quently,the two pyridine-type N-atoms in A are not
adjacent, and because of that it is reasonable to com-
pare the energy of the nz*-levels in compound A
to that in the molecules of s-triazine (36770 cm™!
[15, 16)) or pyrimidine (33 300 cm ™! [16]). There are
not enough arguments to decide which one is more
relevant for the investigated structure A, but in both
cases the lowest singlet excited state in the energy
diagram of the model compound A should be of n7*
type because its first singlet 77* is at 39 600 cm~!
(Table 1). Hence the observed fluorescence of 4,5-di-
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phenyl-1,2,3-triazole (Q4 =0.04 in ethanol) is of n7*-
type, similarly to other aza heterocycles [17, 18].

The carbonyl containing model compound B does
not fluoresce in any solvent. According to literature
data [19, 20], the lowest singlet excited state of n7*-
type in the energy diagram of a compound with similar
structure, N-methylphtalimide is at 34000 cm~! and
no fluorescence is observed in that case. Based on
the structural analogy of the model compound B to
N-methylphtalimide it is reasonable to refer the same
energy of the nm*-state in both compounds. The max-
imum of the longest wavelength 77* absorption band
of B in ethanol is at 41 600 cm~! (Table 1) and simi-
larly to N-methylphtalimide the fluorescence from the
first singlet excited w7 *-state is quenched by internal
conversion through the lower lying S, (n7*) level.

Bearing in mind that the energy of the localized
nm*-levels depends weakly on the prolongation of
the m-system [21, 22], the energy of the first singlet
nm*-state in compounds C, D, E and F conforms to
the data of the model compounds A and B. Hence the
lowest singlet n*-state in C, D, E and F is in the
spectral region 33300 - 34000 cm ™!, corresponding
to the energy of the nr*-levels in pyrimidine or N-
methylphtalimide, respectively.

The lowest lying singlet 7 *- state in compound C
is at about 35000 cm™! (Table 1), so the first singlet
excited state in the energy diagram is of nm*-type,
and this explains the lack of fluorescence in C.

Compound D does not fluoresce in non-polar sol-
vents and fluoresces in polar ones (Table 1). In cyclo-
hexane the first singlet excited wm*-state is at about
34500 cm™!, and similarly to C itis again deactivated
through the close lying S,(n7*) state. Increasing sol-
vent polarity (cyclohexane - ethanol) shifts the longest
wavelength absorption maximum bathochromically
by about 1500 cm™!, consequently in polar solvents
the lowest singlet excited state is of mm*-type and this
fact clarifies the observed fluorescence. The fluores-
cence bands of D in ethanol and acetonitrile, which
are with maxima at 24390 cm™! (Q4 = 0.01) and
22730 em~! (Q4 = 0.01), respectively, differ com-
pletely (as to energy and shape of the band) from the
fluorescence of the model compound A, and therefore
this emission should be assigned to fluorescence from
the whole conjugated system of compound D.

The hypothesis for the quenching of the emission
through S, (n7*) states in C and D (in non-polar sol-
vents) is supported also by the observed fluorescence
of compounds E and F in all solvents used (Table 1).
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Table 2. Spectral characteristics in ethanol at 77 K. vg: ab-
sorption and fluorescence Franck-Condon transitions in
[em™!], Vphn: phosphorescence Franck-Condon transitions
in[cm™'], 7pn: Phosphorescence lifetime in [s].

Compound vy Voh Toh
A 30 300 23 600 2.1
B / 24330 1.3
C / 21450 1.3
D 28 990 23 000 1.3
E 25970 20 240, 18 800 1.3
F 26 110 19 920, 18 420 1.3
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Fig. 4. Luminescence spectra of compounds A, B, C, D and
E in ethanol at 77 K (normalized to 1).

As it is seen from these data, the S (w7* states both
in non-polar and polar media for E and F have ower
energy than 33300 cm™!, and consequently they are
not influenced by the higher lying singlet nm*-levels.

The maxima of the fluorescence bands v strongly
depend on the nature of the substituent and shift
bathochromically in the order -OCHj;, #-naphthalene,
a-naphthalene. The bathochromic shift of the Franck-
Condon fluorescence transition of compound F in
comparison to compound E agrees with the data in
[23], where a bathochromic shift of fluorescence max-
ima is also observed with replacement of S-naph-
thalene by a-naphthalene in arylethylene.

1.3. Luminescence at 77 K

The luminescence spectrum of model compound A
in frozen ethanol matrix at 77 K consists of two emis-
sion bands (Table 2, Fig. 4). The prompt shorter wave-
length luminescence with a maximum at 30 300 cm ™!
is blue shifted by about 1700 cm~! against the cor-
responding emission of A at room temperature, sim-
ilarly to the effects described in [16]. On the basis of
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these characteristics this band should be assigned to
the fluorescence of A at 77 K. The second lumines-
cence band has a maximum at 23 600 cm ™!, the band
is wide (26000 - 20000 cm™!) and long-lived, the
lifetime is 2.1 s. Based on the energy and the lifetime,
this emission band should be considered as the phos-
phorescence of the model compound A. The fact that
the excitation spectrum of this band is identical to the
one of the prompt fluorescence excludes impurities in
the matrix.

Contrary to the solutions of B at room temperature,
where no emission is observed, the frozen ethanol ma-
trix of B is characterized by one emission band with
well defined vibrational structure in the region 30 300
- 20000 cm~! and maximum at 24330 cm~! (Ta-
ble 2, Fig. 4). The lifetime of this emission is 1.3 s,
its intensity decreases proportionally to the decrease
in concentration, and consequently it is not connected
with aggregation. So this band should be considered
as phosphorescence of Model compound B. The exci-
tation spectrum of the phosphorescence band is iden-
tical to the absorption one.

In the luminescence spectrum of compound C the
single emission band has a maximumat 21450 cm™ 1
lifetime 1.3 s, and this emission should also be as-
signed to phosphorescence (Table 2, Fig. 4). The
phosphorescence of C, which is bathochromically
shifted in relation to the phosphorescence of the
model compounds A and B (Table 2, Fig. 4) should be
considered as an additional proof for the interaction
between the two fragments A and B in the molecule C.

The luminescence spectrum of D in frozen ethanol
matrix consists of two emission bands (Table 2,
Fig. 4). The maximum of the prompt fluores-
cence (lifetime in the order of nanoseconds) is at
28990 cm~! and is blue shifted against the fluores-
cence maximum of D in ethanol at 300 K. The second
emission band with a lifetime of about 1 s, clear vi-
brational structure, and a maximum of the longest
wavelength vibrational band in the region 21740 -
20400 cm™~! is due to the phosphorescence transi-
tion.

In the luminescence spectra of E and F, similarly to
the spectrum of D, two emission bands are observed
(Table 2, Fig. 4). The maxima of the prompt fluores-
cence bands in both compounds are almost with the
same energy and only a negligible difference in the
vibrational structure is registered. The Franck-Con-
don fluorescence transitions for both compounds are
hypsochromically shifted against the corresponding
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fluorescence maxima at 300 K. The long-lived phos-
phorescence bands (lifetime about 1.3 s) in E and
F have a well defined vibrational structure with two
maxima (Figure 4).

The effect of substituents in imide fragments of
the molecule upon the phosphorescence maxima is
similar to the effect upon the fluorescence maxima
at 300 K: bathochromic shift in the order -OCH,,
(B-naphthalene, a-naphthalene.

2. Absorption and Luminescence of Irradiated
Solutions

2.1. Absorption at300 K

In [7, 8] the result caused by irradiation of 1-(N,N-
bisacyl)amino-4,5-diphenyl-1,2,3-triazole (C) with
polychromatic light is explained with cleavage of the
N-N bond and formation of 1,2,3-triazolyl and imidy]
radicals which after hydrogen abstraction form the fi-
nal stable photoproducts 4,5-diphenyl-1,2,3-triazole
(model compound A) and dibenzamide (model com-
pound B).

Our experimental results show that after irradia-
tion with polychromatic light only a slight decrease
in the optical density in the region of the longest wave-
length absorption bands of compounds C, D, E and
F in all solvents used is registered. Furthermore, it
is very difficult to estimate the exact changes after
irradiation only from the absorption data because of
the overlapping of all absorption spectra in the region
48000 - 28000 cm~! (Fig. 2) and the less intensive
longest wavelength absorption bands of the two pos-
sible photoproducts A (¢ = 14200 I/mol-cm) and B
(e =16 100 /mol-cm) in comparison to that of C, D,
E and F (Table 1).

2.2. Fluorescence at 300 K

Similarly to the absorption, the fluorescence prop-
erties of both model compounds A and B are not
influenced by irradiation with UV light.

In contrast to the non-irradiated cyclohexane so-
lutions of compounds C and D, where no fluores-
cence is observed, fluorescence bands with maxima
at 29410 cm™! both for C and D are registered in
the irradiated solutions. The shapes of the bands and
the energies of the maxima are identical with the flu-
orescence band of A in cyclohexane. This supports
the hypothesis of the cleavage of the N-N bond after



I. Petkova et al. - Photochemical Transformations of 1-(N,N-bisacyl)amino-4,5-diphenyl-1,2,3-triazoles

1.0 i T
iy N e C

S N P Y D

w A ! X Voot F

(&} b ‘ - t

St A .

i ; ‘ .

[&] 4 R Y )

U) ¥y \ 2 b \

w L ] # A\ 5 T

o k. A A

o | ' n . S

0.0 /-- <l L TN

35 30 25 20 15
» *107 [em™]

Fig. 5. Fluorescence spectra of with UV light irradiated (30
min) ethanol solutions of compounds C, D, E, F and model
compound A at 300 K (normalized to 1).
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Fig. 6. Influence of polychrome irradiation on the fluores-

cence spectrum of F (ethanol, 300 K). Solid line: O min
irradiation, dotted line: 30 min irradiation.

irradiation and the formation of 4,5-diphenyl-1,2,3-
triazole (A) and dibenzamide (B). Since compounds
B, C and D are non-fluorescent in non-polar solvent,
only the emission of compound A should be observed
in the irradiated solutions of C and D. This statement
agrees also with the TLC results. On the TLC chro-
matogram with the samples of model compound B,
non-irradiated C and irradiated C it could be seen
that, while non-irradiated C produces only one spot,
irradiated C splits into two, and the one which is held
stronger matches exactly the spot of the model com-
pound B.

In the fluorescence spectra of irradiated ethanol so-
lutions of D the own fluorescence of D diminishes,
and after sufficiently long irradiation (30 min) only
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Fig. 7. Luminescence spectra of with UV light irradiated
(30 min) ethanol solutions of compounds C, D, E and model
compounds A and B at 77 K (normalized to 1).

the emission band which is due to the model com-
pound A appears (Figure 5). In the case of irradi-
ated solutions of E and F the intensity of the fluores-
cence bands at 23500 cm~! (E) and 21620 cm™!
(F) decrease slightly after 30 min irradiation, and
a weak shoulder in the region of the fluorescence
bands of A in the corresponding solvents is observed
(Figure 5).

Depending on the substituents in imide fragments,
the solutions of the investigated structures show dif-
ferent photostability, which could be followed by de-
crease in intensity of the fluorescence bands in D, E
and F after irradiation in the same conditions. The
photostability of the solutions increases in the same
order as the maxima of the fluorescence shift to the
red. On Fig. 6, the changes in the fluorescence spec-
trum of compound F in ethanol at 300 K in relation
to the irradiation time are shown.

2.3. Luminescence at 77 K

The irradiation does not influence the luminescence
spectra of the frozen irradiated ethanol solutions of
model compounds A and B.

After irradiation the intensity of the phosphores-
cence band of C decreases and two new bands appear
in the luminescence spectrum of the ethanol matrix.
The first band with maximum at 30300 cm™" corre-
sponds totally to the prompted fluorescence band of A
at 77 K (Figure 7). The second band is long-lived (in
order of 1 s) with maximum at about 23 800 cm~!,
which is in the same spectral region as the phos-
phorescence bands of A and B. Consequently, after
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irradiation the emission spectrum of C is a superpo-
sition of the luminescence spectra of A and B (Fig. 7)
including the prompt fluorescence of A and the phos-
phorescence of A and B.

Two bands, a prompt fluorescence band having
the same shape and maximum as that of the model
compound A, and a phosphorescence band, similar to
C, produced by overlapping of the phosphorescence
bands of A and B (Fig. 7) are distinguished in the
luminescence spectrum of frozen irradiated ethanol
matrix of D.

In the luminescence spectra of compounds E and
F only a weak shoulder in the region of the prompt
fluorescence of A arises after irradiation (Figure 7).
The luminescence characteristics at 77 K of irradi-
ated frozen solutions of E and F are the least influ-
enced in comparison to the other compounds simi-
larly to the fluorescence of the irradiated solutions
at 300 K.

[1] Y. Sato, H. Nakai, T. Mizoguchi, H. Migata, and
Y. Kanaoka, J. Amer. Chem. Soc. 98, 2349 (1976).

[2] Y. Sato, H. Nakai, H. Ogiwara, T. Mizoguchi, H. Mi-
gata, and Y. Kanaoka, Tetrahedron Lett. 4564 (1973).

[3] [a] R. O. Kan and R. L. Furey, Tetrahedron Lett. 2573
(1966), [b] Y. Katsahura, H. Maruyama, Y. Shigemitsu,
and Y. Odaira, Tetrahedron Lett. 30, 443 (1989).

[4] M. D. Sheltar and P. J. S. Koo, Tetrahedron Lett. 2015
(1975).

[51 N.J. Turro, Modern Molecular Photochemistry, Ben-
jamin / Cummings, Menlo Park 1978.

[6] [a] K. Schaffner, Pure Appl. Chem. 16, 75 (1967); [b]
P. J. Wagner and M. J. Lindstrom, J. Amer. Chem.
Soc. 109, 3062 (1987); [c] J. C. Netto-Ferreira and
J. C. Scanio, Tetrahedron Lett. 30, 443 (1989).

[7]1 E. A. Kalambokis, A. J. Maroulis, and N. E. Alexan-
drou, J. Heterocycl. Chem. 30, 1301 (1993).

[8] A.J.Maroulis, C.P. Hadjiantoniou-Maroulis, B. Geor-
giou, G. Seretoudi, and I. Sideridou-Karayannidou,
J.M. S. — Pure Appl. Chem. A 31, 4, 487 (1994).

[9] D. Y. Curtin and N. E. Alexandrou, Tetrahedron 19,

1697 (1963).

N. E. Alexandrou and C. P. Hadjiantoniou, J. Hetero-

cycl. Chem. 14, 269 (1977).

N. Borisovitch, V. Zelinskii, and B. Neporent, Dokl.

Acad. Nauk USSR 94, 37 (1954).

[10]

(11]

L. Petkova et al. - Photochemical Transformations of 1-(N,N-bisacyl)amino-4,5-diphenyl-1,2,3-triazoles

Conclusions

Steady state and dynamic photophysical investi-
gations on the 1-(N,N-bisacyl)amino-4,5-diphenyl-
1,2,3-triazoles, as well as quantum-chemical calcu-
lations indicate a conjugation between the two main
fragments in the structure. All the investigated com-
pounds have phosphorescence with 7, in the order
of 1s. On the basis of a comparative study of the
electronic spectra in solution and in frozen matrix of
the compounds C, D, E and F with those of the two
model compounds A and B, hypothesis for the cleav-
age of the N-N bond and formation of 1,2,3-triazole
and dibenzamide after irradiation with polychromatic
UV light is proved.
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