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The photophysical and photochemical deactivation behaviour of 2,6di- 
phenyl-4@&methylaminophenyl)-benzoyliminopyridinium ylide as amodel 
compound of N-ylides has been studied. The solvent has a marked influence 
on its absorption and fluorescence spectra and also on its photophysical and 
photochemical deactivation behaviour. 

A deactivation scheme is discussed in the light of fluorescence lifetime 
and quantum yield measurements. The main radiationless deactivation 
process in protic solvents involves torsional relaxation and is viscosity 
dependent_ In solvents of moderate polarity it is postulated that the forma- 
tion of a valence isomer diminishes the population of the fluorescing state. 
The influence of the solvent can be described by means of the multiparam- 
eter model of Kamlet and Taft. 

The photochemical N-N bond cleavage originates from the tiplet state 
but the intramolecular rearrangement to the 1,2diazepine occurs in the 
singlet state. The properties of the solvent determine which of the two 
photoreactions predominates. 

1. Introduction 

The photochemistry of pyridinium ylides such as 1 

8 &COPh 

1 

is characterized by competition between ring enlargement leading to 1,2- 
diazepines and conversion to 2-aminopyridines Cl]. In contrast to other 
heterocyclic N&nines, N-N bond rupture in the electronically excited state 
does not play an important role. This reaction, which leads to nitrenes and 
pyridines, is the main reaction of the ground state [2,3]. 
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The photoreactions of pyridinium ylides have been investigated exten- 
sively [I], but there has been a lack of investigation concerning the pro- 
perties of excited states and their role in photochemistry, Therefore the aim 
of this paper is to report on investigations regarding the photophysical and 
photochemical deactivation behaviour of the model compound 1, the first 
pyridinium ylide found to exhibit fluorescence+ The conditions under which 
N-N bond cleavage is the main reaction were explored to enable the photo- 
chemical production of acylnitrenes to be carried out with high efficiency. 

2. Results 

2.1. Absorption spectrum 
A source of information on the nature and properties of excited states 

is the dependence of absorption and fluorescence spectra on the properties 
of the solvent. Therefore, it is important to analyse the influence of the sol- 
vent on absorption and luminescence energies, quantum yields, fluorescence 
lifetimes etc. Exact procedures for the characterization of this influence are 
not yet available. An accepted model for the description of the effect of the 
solvent is the multiparameter model of Kamlet et ~2. [4], and this is also 
suitable for the interpretation of the influence of the solvent on the transi- 
tion energies and photophysical deactivation parameters of the ylide 1. 

The maximum of the longest wavelength absorption band is correlated 
with the solvent parameter A* (the polarity) and the parameter ~1 for the 
hydrogen-bonding capacity of the solvent: 

ZA (X105 m-l) = 26.03(*0.32) - 1,95(+0.52)n* -1.27(+0.32&~ 0) 

where the multiple correlation coefficient R = 0.954, the standard deviation 
SD of the regression fit is 0.244 and the number N of solvents used is 18 IS]. 

The absorption energy is not affected by the properties of the solvent 
alone but is also dependent on the temperature. From Fig. 1 it can be seen 
that the absorption band is shifted bathochromically on decreasing the 
temperature in alcoholic solvents. 

2.2. Fluorescence spectrum 
Whilst absorption spectra provide information about the Franck- 

Condon excited state, one can also obtain some insight into the nature of the 
relaxed excited state from the dependence of tbe fluorescence energies on 
the solvent properties. 

To obtain a good correlation between the fluorescence energies and the 
pr perties of the solvent it is necessary to include a solvent-viscosity param- 
e 

” 

rfi [S]: 

cF (X10’ m-‘) = 21.98(+0.47) - 3.91(*0.68)x* - 1.54(*0,46)~~ 

RI 

+ O-55(+0.36) 4 (2) 

( = 0.982; SD = 0.191; N = 12). Also, in the case of fluorescence, the 
temperature affects the energy, but in contrast to the absorption maximum 
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Fig. 1. Absorption spectrum of compound 1 in ethanolic solution at different tempera- 
tures: curveO,O -290 K;curve 1,238 K;curve 2,219 K;curve3,163 K;curve 4,92 K. 
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Fig. 2. Dependence of the fluorescence maximum of 1 in ethanol and i-propanol on the 
temperature. 

the fluorescence maximum is shifted hypsochromically on decreasing the 
temperature (Fig. 2). As with the fluorescence energy, the fluorescence 
quantum yield and the fluorescence lifetime are also strongly dependent on 
the properties of the solvent (Table 1). 

Varying the temperature is useful in the detection of thermally activated 
processes in ‘the excited states and to prevent radiationless deactivation 
processes at low temperatures. In this way it is possible to measure the 
fluorescence quantum yield and fluorescence lifetime in the absence of 
thermally activated radiationless processes (Table 2). 
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TABLE 1 

Fluorescence maxima i& , quantum yields #F and lifetimes Tp of 1 in different solvents 

Solvent 

Methanol 18.62 0.02 0.1 
Ethanol 19.05 0.07 0.4 
n-Propanol 19.61 0.20 1.3 
Sropanol 19.61 0.27 1.8 
II -Butanol 19.42 0.29 1 .s 
n-Pentanol 19.23 0.36 1.9 
i-Pentanol 19.23 0.42 2.2 
Heptanol 19.23 0.37 1.9 
Octanol 20.00 0.31 2.5 
1 ,2-Ethanediol 18.36 0.06 0.4 
Dimethyl sulphoxide 18.62 0.05 0.3 
Dimethylformamide 18.69 0.03 0.3 
Acetonitrile 19.05 0.01 0.1 
Ethyl acetate 20.62 0.002 0.6 
Tetrahydrofuran 20.20 0.002 0.2 
Diethyl ether 21.28 0.006 1.2 
Toluene 21.20 0.002 1.2 
Methylene chloride 20.40 0.003 1.7 

1.9 
1.8 
1.6 
1.5 
1.9 
1.9 
1.9 
1.9 
1.2 
1.3 
1.6 
1.2 
1.1 
0.05 

:::5 
0.02 
0.05 

2.3. Photochemical reactivity 
Two completely different reactions could be detected. 

(3) 

DMA 

Ph ’ 
Q 

m + I&CDPh,+ -. 

k 

In the solvent diethyl ether the bicyclic compound 2 was the only detectable 
product of the photoreaction. In n-butanol, only the product of the N-N bond 
cleavage, the 2,6_diphenyl-4-(p-dimethylaminophenyl)-byridine 4, wan iso- 
lated. These results are different from those obtained with other pyridinium 
ylides [6]. Using the known absorption spectra of the photoproducts 4 and 2, it 
was possible to calculate the proportions of 4 or 2 by comparison with the 
absorption spectrum of the solution in other solvents after the photoreaction 



315 

TABLE2 

Fluorescence quantum yields, lifetimes and fluorescence maxima of compound 1 in 
alcoholic solvents at different temperatures 

T (W ;;F (xlOSm-') #P TF cm) 

Ethanol 
298 
273 
263 
253 
243 
233 
223 
213 
190 
173 
163 
153 
133 
113 
77 

i-Propanol 
292 
281 
240 
223 
203 
191 
180 
172 
153 
143 
133 
113 
93 

18.9 
18.8 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.9 
- 

19.0 
- 
- 

20.8 

19.6 
19.5 
19.5 
19.7 
20.0 
20.1 
20.5 
20.8 
20.8 
- 
- 

21.3 
21.3 

0.07 0.4 
0.08 0.84 
0.09 1.1 
0.1 1.2 
0.12 1.3 
0.15 1.4 
0.17 1.5 
0.2 1.6 
0.3 1.8 
0.6 2.1 
- 2.6 
0.6 2.6 
0.6 3.0 
0.6 2.9 
0.6 3.1 

0.27 2.1 
0.28 - 

0.42 2.7 
0.46 2.7 
0.64 2.9 
0.67 3.1 
0.61 3.1 
0.66 3.2 
0.6 2.9 
0.6 2.9 
0.6 2.8 
0.5 2.7 
0.7 2.7 

was complete. Therefore the photoreactions were followed by monitoring 
the absorption spectra (Fig. 3). From Fig. 3 it can be seen that the two kinds 
of photoreactions can be discriminated easily by the UV absorption spectra. 

The intramolecular cyclization leads to 2 exclusively. The other possi- 
ble product 3 could not been detected. The formation of 2 is preferred in 
less polar and non-polar solvents such as diethyl ether and cyclohexane 
(yield of 2, above 90%). The N-N bond cleavage with the formation of 4 is 
dominant in more polar solvents, such as acetonitrile, and in alcohols._ In 
solvents of moderate polarity, such as tetrahydrofuran, the products 2 and 
4 are obtained in nearly equal proportions. 

The formation of the bicyclic compound 2 involves a sequence of 
photochemical reactions. The non-linearE-E diagram obtained by following 
the photoreaction spectroscopically (Fig. 3(a)) shows that there must be an 
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Fig. 3. UV spectra of the solution of 1 at various exposure times (hxC = 405 nm): (a) 
cyclohexane; (b) n-butanol. 

intermediate product [7] (this could not be isolated as a photoproduct). The 
bond rupture is a uniform reaction (Fig. 3(b)), and the rate of bond cleavage 
is dependent on the viscosity of the solvent. Therefore the reaction rates are 
in the sequence n-butanol S ethanol > methanol. The rate of the reaction 
is also influenced by oxygen. The rate of the bond cleavage is three times 
greater in solutions without oxygen than in air-saturated solutions. Further- 
more, this photoreaction can be sensitized in acetonitrile by biacetyl. The 
phosphorescence of biacetyl is quenched by adding 1. 

The efficiency of the formation of the bicyclic compound 2 is generally 
much larger than that of the bond rupture without sensitization. Oxygen 
does not influence the rate of the cyclization reaction. 

3. Discussion 

3. I. A bsorp tbn spectra 
The double-bond character of the N-N bond in heterocyclic IV-ylides 

is commonly increased in the excited state compared with the ground state 
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because of the charge transfer to the heterocyclic ring which results on 
light absorption [8]. The dipole moment of such compounds is smaller in 
the excited state than in the ground state, causing the negative solvato- 
chromism of the longest wavelength absorption band. 

On introducing the dimethylaminophenyl substituent (a strong electron 
donor) in a pyridinium ylide such as 1, the direction of the charge transfer 
in the excited state is changed. The dipole moment is now increased in the 
excited state compared with the ground state. 

The positive solvatochromism associated with the direction of the 
charge transfer is expressed in eqn. (1) by the sign of the regression coeffi- 
cient for the polarity parameter x*. Hydro gen bonding between the solvent 
and the exocyclic nitrogen atom of the ylide fragment in 1 in the ground 
state is increased in the excited state because of the increased negative 
charge at this nitrogen atom (see resonance structure 5). 

I I 

8 

5 

Ph ’ ’ Ph 

lbstl 
Ph 

The progressive red shift of the UV absorption band of 1 in ethanol 
as a result of cooling (Fig. 1) can be explained by the assumption of tor- 
sional motions of the single bond between the donor and the acceptor 
moiety of the molecule, which are expected to be appreciably excited at 
room temperature. Upon cooling the torsional motions are reduced, resul- 
ting in nearly planar geometries with more efficient conjugation. An increase 
in intensity can be expected in systems which include conjugative inter- 
actions between two chromophores because the oscillator strength depends 
on the twisting angle. Similar effects have been observed in other non- 
rigid molecules, such as tetraphenylbutadiene [9] or arylcycloheptatrienes 
WI f 

According to this explanation of the effect of temperature on the 
absorption spectrum it can be assumed that the structure of the molecule 1 
is altered only slightly at low temperatures. 

3.2. Fluorescence sped-a 
From eqns. (1) and (2) a moderate Stokes shift can be derived. As 

usually observed, the influence of polarity and hydrogen-bonding capacity 
of the solvent is greater for the fluorescence energy than for the absorption 
energy (see the regression coefficients). The inclusion of the viscosity in eqn. 
(2) leads to a significant improvement in the correlation for the fluorescence 
energy 153. This means that the relaxation from the Franck-Condon state! 
to the equilibrium excited state configuration involves torsional motions 
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which are limited by the solvent viscosity. The incomplete twisting relax- 
ation causes a blue shift of the fluorescence maximum [9], which is ex- 
pressed by the positive regression coefficient in eqn. (2) for the parameter 
% 

Also, the large blue shift of 2.3 X lo5 m-l on going from the fluid 
solvent ethanol to a rigid glass at 77 K may be explained by the viscosity 
dependence of the fluorescence energy, This explanation is supported by the 
different dependence of the fluorescence maximum on the temperature in 
two alcohols which have a different dependence of the viscosity on the 
temperature (Fig. 2). The increase in 5 F over the temperature range from 
260 K to room temperature in Fig. 2 may be due to temperature-induced 
selective quenching by population of the upper torsional modes which 
undergo more efficient internal conversion (selective red quenching [ll]). 

The torsional modes may be identified with twisting motions of the 
donor fragment (dimethylatninophenyl ring) and the acceptor moiety 
(pyridinium ylide). This means that the molecule in the fluorescing state is 
more coplanar than in the ground state. 

3.3. Photophysical deactivation 
l%e measured values of the fluorescence quantum yields together with 

the fluorescence lifetimes in several solvents are given in Table 1. The for- 
mally calculated fluorescence rate constants I+ = #J~/T~ differ considerably 
in different solvents. Only for alcoholic solvents do the fluorescence rate 
constants, which can be evaluated from the absorption spectrum [ 121, agree 

with the experimentally measured kF (k=(calc) = 1.8 X 10s IS-’ for butanol). 
According to the absorption spectra such large deviations of kF in moder- 
ately polar and non-polar solvents cannot be expected because the extinction 
coefficients are of a similar order of magnitude in all solvex&Two different 
reasons for the differences are possible. 

(1) The fluorescent state in the moderately polar and non-polar solvents 
is not identical with the singlet state reached by absorption. 

(2) Both states are adequate but the quantum yield of the population 
of the fluorescent state from the Franck-Condon excited state is smaller 
than unity. 

Two arguments support the assumption of case (2): (i) those solvents 
in which 1 exhibits the anomalous kIr values are described by correlations (1) 
and (2); (ii) neither from the excitation spectra nor from the behaviour of the 
fluorescence spectra can any reference to a special excited state in moder- 
ately polar and non-polar solvents be seen. Therefore, two competing pro- 
cesses in the Franck-Condon excited state must be assumed. 

(4) 
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The experimental natural fluorescence lifetime is given by 

In highly polar solvents kl -4 k2 is valid but in moderately polar and non- 
polar solvents k9 < kl . 

The radiationless process characterized by k3 in process (4) must be 
related to the viscosity of the solvent because both the fluorescence quan- 
tum yield and the lifetime are quite different in different alcohols (Table 1). 
Taking into account the different ratios of kl to k2 in several solvents, the 
rate constants k3 cannot be evaluated from & and 7F but must be evaluated 
from the lifetime alone according to 

1 
- = kF + k3 + k4 
TF 

(6) 

The rate constant k4 is introduced as an additional radiationless process from 
the fluorescent state because the measured fluorescence lifetime does not 
reach the calculated value of 5.6 ns (from the absorption spectrum) in either 
highly viscous solvents or at 77 K. Thus a viscosity- and temperature-indepen- 
dent fourth deactivation pathway must be assumed. According to the 
lifetime at 77 K in ethanol or in EPA a limiting lifetime r. = 3.2 ns was 
derived and used in eqn. (6) leading to the relation 

1.1 
J+=---_ 

TF 70 
(7) 

with k,-, = kp + k4= l/To. 
The influence of the solvent viscosity on the deactivation rate constant 

k3 is obvious from the data in Table 1. We believe that this influence results 
from the control by the viscosity of a torsional relaxation process iu 1 which 
is associated with large amplitude motion. Such effects of solvents on the 
radiationless decay of excited molecules which are thought to undergo large 
amplitude structural changes have been the subject of both early [13, 141 
and recent [ 15, 161 studies. The rate. constants can be expressed generally 
as a function f(q) of the viscosity and the internal barrier height EO of the 
radiationless process. Courtney and Fleming [ 151 found at higher viscosities 
that their data were fitted by an equation of the form 

k = ?f_ exp 
Va 

(8) 

Solvents may affect both terms of eqn. (a), the separation of which should 
be possible by using similar solvents for the correlation between the deacti- 
vation rate constant and the viscosity of the solvent. Indeed, from Fig. 4, a 
rather, good linear function of In k3 from the solvent viscosity in alcoholic 
solutions can be seen. The larger deviations of the less polar alcohols lead to 
the assumption that, besides the viscosity, polarity parameters may also be 
involved. Indeed a correlation of the radiationless rate constant k3 with 
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Fig. 4. Plot of the radiationless deactivation rate constant k3 on the solvent viscoeity in 
alcoholic solutions: 1, methanol; 2, ethanol; 3, n-propanol; 4, ipropanol; 6, n-butanol; 
6, n-pentanol; 7, ipentanol; 8, heptanol; 9, noctanol. 

solvent parameters for the viscosity (ii), polarity (R*) and hydrogen-bonding 
capacity (cu) can describe the influence of the solvent on k3 for all solvents 
used 1171: 

Inks= 19_72(U..O6) +- 6.00(+1.5-6)7r* + 2,02(*1..37)01- 2.69(fl.l7)fi (9) 

(R = 0.937; SD = 0.670; N = 14). Equation (9) shows the complex character 
of the influence of the solvent on the deactivation of the fluorescent S1 state 
in the yhde 1. The pdfririty and hydrogen-bonding capacity of the solvent 
both influence the shape and the height of the intrinsic energy barrier along 
a twisting coordinate. Such effects were also found for other cases [ 18 1. 

Considering eqn. (9), it can be seen that an increase in solvent polarity 
(n* and a) favours barrier crossing (increased ks)_ This may be due to the 
stabilization of a twisted state which is more polar than the initial state. This 
will also lower the crossing point of the two states [ 18 1. 

Increasing the solvent viscosity +j lowers the rate of barrier crossing; 
this is associated with the structural changes of the molecule during barrier 

crossing. 
We believe that the radiationless deactivation channel corresponds to 

a twisted intramolecular charge transfer state (TICT) (this is known to exist 
for other donor-acceptor-substituted moIecules [ 191). The radiationless 
deactivation of the postulated TICT state is so fast that fluorescence from 
this state cannot be observed. The formation of the TICT state is irrevers- 
ible. This can be concluded from the temperature dependence of the flue- 
rescence lifetime, which does not correspond to a back reaction as in other 
cases [19] (Fig. 5). An activation energy of 7 kJ moi-i results in the low 
temperature region in which the fluorescence maximum does not depend on 
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Fig. 5. Dependence of k3 on the temperature in ethanolic solution. 

the temperature. This activation energy of the corresponding twisting 
process is significantly lower than the apparent activation energy of the 
ethanol viscosity (15 kJ mol-I). This indicates that there must be a low 
internal barrier for relaxation in alcoholic solvents. 

The third deactivation channel which is independent of temperature 
and limits the lifetime of the fluorescence to about 3 ns can be associated 
with an intersystem crossing process (k4 * 3 X lo8 s-l). .Indeed, phosphores- 
cence can be observed in ethanol at 77 K with a maximum at 600 nm. 

3.4. Photochemical deactivation 
3.4.1. Intramolecular cyclization 
According to studies with other pyridinium ylides [ 1,201 the reaction 

1 --* 2 should proceed via the singlet state with the known sequence (10) [I.]. 

Therefore the E--E diagrams must be non-linear. The postulated singlet 
reaction is confirmed by the failure to observe any influence of oxygen on 
the reaction rate. In contrast to the other- examples photochemical enrich- 
ment of the intermediate 1,2diaxepine 6b is not possible, and there are two 
reasons for this. 

(1) The absorption spectra of compounds 1 and 6b are superimposed, 
as can be seen from a comparison of the thermally prepared 1,2diaxepine 
6b with the ylide 1 (Fig. 6). 
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Fig. 6. UV spectra of compounds 1 and 6%~ in n-butaanol. 

300 350 400 Qm 

Fig. 7. UV spectra of the solution of 6b in cyclohexane at various exposure times 
&xc - 406 nm). 

(2) The quantum yield of the cyclization 6b + 2 is significantly higher 
than that of the ring enlargement I+ 6b as can be seen from a comparison 
of the exposure times of reaction 1 + 2 (Fig. 3(a)) with those of 6b + 2 
(Fig. 7). 
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The intramolecular bond formation leading to 2 is regiospecific under 
the influence of the donor substituent in the seven-membered ring 1211. The 
formation of the bicyclic compound 2 is observed exclusively in those 
solvents in which an additional deactivation channel from the Franck- 
Condon excited state was postulated (kI). Therefore it may be concluded 
from these results ,that the ring enlargement reaction represents this deacti- 
vation channel kl. This means that this photoreaction does not proceed via 
the fluorescing singlet state but is a competing process of the population of 
the fluorescing state provided that the fluorescence observed in moderately 
polar or non-polar solvents really belongs to compound 1. This question was 
discussed in Section 3.3. An alternative explanation would be the classi- 
fication as the fluorescence of the- compound 6b formed in an adiabatic 
photoreaction. But this interpretation would be in contradiction with the 
generally low fluorescence quantum yields of such l&diazepines [ 221. 
Indeed compound 6b does not fluoresce in solvents such as hexane, ethyl 
acetate, ethers or toluene. Taking into account the low efficiencies of 
fluorescence and formation of 2 it is necessary to postulate additionally an 
intermediate product which is able to react thermally to 1 to dissipate the 
excitation energy in this way. The recent studies by Kwart et al. [23] support 
the postulated mechanism of the photorearrangement of pyridine N-acyli- 
mines via the 1,7diazanorcaradienes. Therefore it is obvious that the bicyclic 
compound 6a is the first intermediate which reacts mainly back to the ylide 
1 and tc a smaller extent to the seven-membered ring. In polar solvents 6a is 
not formed (k, ii+ k,). This is the reason why the reaction 1 + 2 does not 
occur in these solvents. The experiment shows that the 1,2_diazepine 6b also 
reacts to the bicyclic compound 2 in polar solvents, with a quantum yield 
which is comparable with that in non-polar solvents. 

3.4.2. N-N bond cleavage 
Both the influence of oxygen and the possible sensitization of the 

photoreaction by the triplet generator biacetyl indicates that this photo- 
reaction takes place via the excited triplet state. The population of the 
triplet state occurs from the fluorescing state in competition with the 
radiationless deactivation via the torsional motion. Increasing the solvent 
viscosity diminishes the radiationless deactivation rate and favours, there- 
fore, the transition to the triplet state. Therefore the N-N bond cleavage 

Fig. 8. Deactivation scheme for photoexcited 1. 
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can be observed in butanol but can be neglected in ethanol or methanol. 
The quantum yield of the N-N bond scission rises considerably by direct 
population of the triplet state with a sensitizer. 

The deactivation possibiliti& of photoexcited 1 are summarized in 
Fig. 8. ICT denotes the planar intramolecular charge transfer state from 
which the fluorescence originates. As described above, which of the different 
deactivation channels is selected is mainly controlled by the solvent. 

4. Experimental details 

4.1. Materials 
2,6cliphenyl-4-~-dimethyl~ophenyl)-benzoylim~op~d~ium ylide 

(1) was p&pared as described in ref. 24 and purified by recrystallization 
(with acetonitrile) and column chromatography. 

1,4-diphenyl-2-benzoyl-6-Cp-dimethylanhinophenyl~-2,3~iaza-bicyclo- 
[ 3.2.O]hept.a-3,7-diene (2) was prepared by irradiation of a solution of 0.2 g 1 
in 0.5 1 diethyl ether for 4 h using a photoreactor with a mercury lamp 
(VEB NARVA) and a filter solution of sodium nitrite in water. After evapo- 
rating, the precipitate obtained was extracted with boiling ethanol. The 
insoluble residue was recrystallized from acetonitrile to give 0.18 g 2 (purity, 
90%; melting point, 270 “C; X ,,,(diethyl ether) = 308 nm (lg e = 3-2); 
@=,(C=O) = 1630 cm-‘; m/e = 469 (13%) M*, 145 (100%)). Because of the 
poor solubility of compound 2 in all solvents the identification of 2 cannot 
be carried out by nuclear magnetic resonance spectroscopy, but the absorp- 
tion spectrum excludes the alternative formation of the other possible 
bicyclic compound 3. The mass spectrum of 2 agrees with the spectra of 
other similar bicyclic compounds [Zl], especially regarding the formation 
of the fragment pdimethylaminophenylacetylene (MO+, 145). The obtained 
carbon, hydrogen and nitrogen contents agree within the error limit with the 
calculated values. 

In similar manner the irradiation of 1 was carried out in butanol. After 
evaporation of the reaction solution the 2,6_diphenyl-4-(p_dimethylamino- 
phenyl)-pyridine (4) was isolated and recrystallized from ethanol. The identi- 
fication was carried out by comparison with an authentic sample. Solvents 
(Uvasol and Merck) were used as received. 

4.2. Spectrometers 
Absorption and fluorescence measurements were performed using a 

Perkin-Elmer 556 spectrometer and an MPF 2A spectrofluorometer respec- 
tively. Fluorescence quantum yields were determined using quinine sulphate 
in 1 N H2S04 as the standard (&- = 0.56). Air-saturated solutions of 1 with 
an optical density of about 0.05 were used. Oxygen does not influence the 
fluorescence quantum yield. 

Fluorescence lifetimes were measured using an LIF 200 laser impulse 
fluorometer (ZWG, Academy of Sciences of G.D.R.) with a nitrogen laser as 



326 

the excitation source and ORTEC single-photoncounting apparatus (excita- 
tion wavelength, 405 run). The lifetimes were calculated by deconvolution 
of the fluorescence decay [25]. The error can be estimated to be &lo%. 

The low temperature measurements were performed usjng an Oxford 
Instruments cuvette. Removal of oxygen was achieved by the freeze-thaw 
technique. The multiple regression computations were carried out with a 
least-squares program. 

4.3. Photochemical investigations 
The spectroscopic investigations of the photoreactions were performed 

using dilute solutions ((1 - 3) X 10e5 mol 1-l). A mercury high pressure lamp 
(HBO 500, VEB NARVA) combined with metal interference filters was the 
excitation source. The relative rates of the photoreactions were estimated 
from the extinction-time functions using the tangent method for compara- 
tive measurements. 

Sensitization experiments for the reaction 1 + 4 were run with biacetyl 
as the sensitizer. The optical density of 1 and biacetyl amounts to 1.5. 
Oxygen was removed by the freeze-thaw technique. The formation of the 
substituted pyridine 4 (h,,, = 330 nm) could be followed by UV spectros- 
copy because an optical window exists at 330 nm in the reaction mixture. 
Using the excitation wavelength 436 nm, ah 1 was transformed into 4 within 
6 min. The irradiation of 1 alone with 436 nm light does not yield any 
reaction within this time period. After evaporation of the solution of the 
sensitization experiment the residue was dissolved in methylene chloride. 
The reaction product 4 was identified by thin-layer chromatography and by 
its known fluorescence. 
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