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Abstract

The fluorescence properties and photoisomerization behavior for trany and ¢is isomers of [-(9-anthryl)-2-( 2-pyrazinyl)ethene (AP7E). a
diaza analogue of 1-(9-anthryl}-2-phenylethene (9-APE). were studied. The fluorescence maximum (A,). quantum yield ( &), and lifetime
(7,1 of -AP7E were solvent-dependent reflecting the intramolecular charge transfer character in the lowest excited singlet state. However, in
polar protic solvent. some discrepancy was observed probably due (o protonation on the nitrogen atoms. The photoisomerization of 1-AP7E
was observed even in very nonpolar solvent. in contrast that the parent -9-APE did not photoisomerize in any solvent and photoisomerization
of monoaza analogues 1-1-(9-anthryl)-2-(n-pyridyl)ethenes (-APYE) was very inefficient in nonpolar solvent. The quantum yield of the
truns — cis photoisomerization (4, | ) of -AP7E was also solvent-dependent. Not only the inverse dependence for @ and &, of -APzE
on the temperature and the solvent polarity but also biacetyl-sensitized photoisomerization experiment indicate that the photoisomerization
of -AP7E occurs. at least in part. via the excited singlet state. In air-saturated solution, another side photoproduct was observed in all solvent
examined and identified as anthraquinone. a photo-oxidation product. For ¢-APZE. the 7, is too short to measure and @, is relatively low.
Quantum yields of fluorescence and ¢is — trans photoisomerization of ¢-APZE in various solvent and temperature indicate singlet mechanism
for the ¢iy = tranys photoisomerization of c-APzE in polar solvent but mixed singlet/triplet mechanism in nonpolar solvent. On irradiation of
¢-APzE. the photo-oxidation product was not generated at all in any solvent. [n n-hexane, photocyclization competing with photoisomerization
was observed both for 7- and ¢-AP7E. © 1998 Elsevier Science S.A. All rights reserved.

Kevivords: Photoisomerization: Fluorescence: Solvent effect: Temperature effect: 1-09-Anthryl)-2-0 2-pyrazinyDethene: Diaza derivative of 1-(9-anthryl)-2-
phenylethene

1. Introduction

The photochemical and photophysical behaviors of 1-(n-
anthryl)-2-phenylethene (n-APE, n=1, 2, and 9) have been
extensively studied [ 1-15]. They exhibitefficient cis — trans
photoisomerization but do not undergo rrans — cis photoiso-
merization. Large energy barriers against twisting for rrans
isomers were attributed to localization of excitation energy
in anthracene moiety. The dominant photoisomerization
pathway of ¢-2-APE has been reported recently to be singlet
adiabatic  photoisomerization [3.02].
contrary  to  triplet  adiabatic  photoisomerization
¢*—r*="'1) proposed by Arai and Tokumaru
[1.2]. One-way c¢is—mans isomerization ol ¢-9-APE
[ 13.16] huas been reported to occur mainly via triplet adia-
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batic pathway in nonpolar solvent and singlet diabatic/adia-
hatic mixed pathway (‘¢ = 'p*—'p—'ror '¢* - x> 1)
in polar solvent. Because r-n-APE is photochemically non-
redactive, main decay pathway of its lowest excited singlet
state is fuorescence and intersystem crossing but internal
conversion is not negligible tor 7-9-APE | 11]. However. in
some 9-APE derivatives bearing electron-donating or clec-
tron-withdrawing substituent. the diabatic rrans — cis pho-
toisomerization (7% 'p*—"p ") has been observed
conceivably in the singlet manifold by way of intramolecular
charge transter processes. which is more efficient in polar
solvent [ 17-20.16].

The photochemistry of aza-derivatives of two-way
photoisomerizing diarylethenes  such as  aza-stilbenes
[21.22]. aza-1-naphthyl-2-phenylethenes [23-25] and aza-
I-phenanthryl-2-phenylethenes |21.26]. has been exten-
sively investigated. The introduction of nitrogen atom to
diarylethenes produces low-lying n.77% states and the vibronic
perturbation of the lowest 7.7 state by a close-lying n. 7%
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state can lead to an efficient S| — §,, internal conversion, thus
affecting photophysical and photochemical behavior. When
several nitrogen atoms are introduced into diarylethenes,
n,7* state may become the lowest excited state and this can
lead to an efficient S, — T, intersystem crossing.

In our previous paper [27]. the photophysical properties
and photoisomerization behavior of 1-(9-anthryl)-2-(n-pyr-
idvl)ethenes (n-APyE, n=2_ 3 or 4). mono-aza analogues

of 9-APE, have been reported together with the influence of

nitrogen position. temperature, and solvent polarity on those.
It was inferred that introduction of nitrogen atom. cspecially
in para position of phenyl ring of 9-APE. induces the low-
ering of the energy barrier against twisting of central double
bond on the excited singlet energy surface in polar solvent
probably through the intramolecular charge transfer and
makes trans — cis photoisomerization feasible. although not
innonpolar solvent. A singlet mechanism for rrans -» cis pho-
toisomerization has been proposed.

The present paper describes the fluorescence properties and
phototsomerization behavior of [-{9-anthryl)-2-(2-pyra-
zinyl)ethene (APzE), a diaza analogue of 9-APE in various
solvents and temperatures in comparison with those of 9-
APE (a parent hydrocarbon) and n-APyE (n=2-4. mono-
aza analogues ot 9-APE).

The parent hydrocarbon 9-APE does not accomplish the
trans — cis isomerization but only cis — trans 1somerization,
1.e., one-way photoisomerization is observed both in nonpolar
and polar solvent. The photoisomerization of n-APYE (n7=2.
3.or4) is changed from one-way mode to two-way mode on
going from nonpolar to polar solvent. In contrast. APzE
exhibits two-way photoisomerization even in nonpolar sol-
vents. Intramolecular charge transfer between pyrazinyleth-
ene and anthracene moieties overcomes the restriction against
rotation 1n the excited singlet state and the n.7* state intro-
duced by two nitrogen in APzE affects extensively the excited
state property.

\
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2. Experimental details
2.1. Chemicals

For spectroscopic measurements and photochemical reac-
tions. n-hexane. ethyl acetate. acetonitrile. and methanol of

HPLC grade (Merck) and methylcyclohexane and ethanol
of spectrophotometric grade ( Aldrich) were used. Dichlo-
romethane, toluene. and tetrahydrofuran were freshly dis-
tilled from P.Os, CaH-. and Na, respectively. Quinine sulfate
(Aldrich). standard for fluorescence quantum yield measure-
ment, was purified by recrystallization from water. Kiesel Get
60 (70-230 mesh, Merck) and RP-18 F,.,, TLC plate
(Merck) were used for silica gel column chromatography
and thin layer chromatography. respectively. All other chem-
icals arc used as received.

2.2. Svnthesis

-APzE was synthesized by the Wittig reaction between 9-
anthrylmethyltriphenylphosphonium bromide and 2-pyrazi-
necarboxaldehyde. 2-Pyrazinecarboxaldehyde was prepared
by careful reduction of tetrahydrofuran solution of 2-pyrazi-
necarboxylic acid methyl ester using LiAIH, at —78°C [ 28].
9-Anthrylmethyltriphenylphosphonium bromide was pre-
pared by bromination of 9-methylanthracene in carbon tet-
rachioride using n-bromosuccinimide, followed by the
reaction of triphenylphosphine in toluene. In dimethylsulf-
oxide (60 ml) solution of 9-anthrylmethyltriphenylphos-
phonium bromide (4 g, 7.3 mmol), sodium methoxide (0.4
g. 7.4 mmol). and 2-pyrazinecarboxaldehyde (1.0 g, 9.2
mmol) was added and stirred at 100°C for 1 h. The resulting
mixture was poured into distilled water, extracted three times
with cthyl ether, rinsed several times with water, and dried
with anhydrous magnesium sulfate. The resulting solution
was concentrated in vacuo and was chromatographed on sil-
ica gel using hexane/ethyl acctate = 1/2 as an eluentin order
to remove the unreacted starting materials and side products.
The resulting yellow solid (0.98 g. 48% yield) involving r-
APzE and ¢-APzE which exhibited very similar retention
times was further separated on RP-18 F.o,, TLC platc
(Merck) using methanol as a developing solvent in the dark
room because cis isomer is very sensitive to light and revert
rapidly to trans isomer by the daylight, - and ¢-APZE are
characterized by NMR, IR. UV. and mass spectral data.

1-AP7E yellow solid. IR: 3046, 1635, 1515, 1396, 1145,
1015, 983. 875, 724 cm ™', "H NMR (CDCl,): 8 7.08( IH.
d.J=16Hz H8).7.52-7.48 (4H. m. H2".3".6". 7"). 8.02—
8.06 (2H, m, H4'. 5"). 8.23-8.38 (2H. m. HI'. 8"). 8.46
(1H.s.H10"). 852 (1H.d. J=3Hz, H3).8.68 (IH.d./J=3
Hz H4),8.69 (1H.d. /=16 Hz. H7), 8.7 (IH. s, H6) ppm.
EI-MS:m/e 282| M| ™. 203.

c-APzE yellow solid. IR: 3044, 1620, 1515, 1467, 1396,
1145.1012.854.733¢cm ' '"HNMR (CDCl,): §7.32 ( 1H.
d. /=12 Hz. H8), 7.40-7.50 (4H. m, H2'. 3'. 6". 7"). 7.59
(IH.d.J=1.6Hz. H6). 7.63 ( [H.d. J= 12 Hz. H7), 8.00—
8.05 (2ZH. dd. J=8.0.0.7 Hz. H4',5"), 8.08 (1H. d. J=3.2
Hz. H3). 8.12-8.16 (2H. dd. /=8.0, 0.7 Hz, HI'. 8"). 8.40
(I1H.dd, J=3.2,1.6 Hz. H4). 8.46 (1H, s, HI0") ppm. EI-
MS: m/e 282[M] ', 203.
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2.3. Spectroscopic and photochemical measurements
P [

'H NMR spectra were obtained on 300 MHz Bruker DRX
300 spectrometer in chloroform-d,. Mass spectra were meas-
ured on Hewlett-Packard 5890 series I1 gas chromatograph-
5972 series mass selective detector. IR spectra were recorded
in KBr pellets on Midac Prospect-IR spectrometer. The
absorption spectra were recorded on a Hitachi U-321097
spectrophotometer. Aminco-Bowman Series 2 luminescence
spectrometer was used for steady sate fluorescence measure-

ments. SLM-AMINCO 480008 phase resolved spectrometer

was used for the measurement of fluorescence lifetimes. Exci-
tation wavelength at 360 nm for steady-state fluorescence
measurement, excitation wavelength at 385 nm and emission
wavelength at 470 nm for fluorescence lifetime measurement.
and irradiation wavelength of 366 nm for photoisomerization

were employed in argon-saturated solution. Concentration of

t-APzE and ¢-APzE for the determination of quantum yield
of fluorescence were controlled to be ca. 1 X 107" M or
below. where the absorbances of the solutions at the excita-
tion wavelength (360 nm} were usually at the value of 0.07-
0.08, to avoid inner filter effects. Concentration of r-AP/E
and ¢-APzE for the measurements of quantum yicld of pho-
toisomerization was ca. 6 X 10 M in which all incident light
was absorbed.

3. Results and discussion

3.1. Absorption and fluorescence study

The absorption spectra of -APzE and -APzE at room
temperature (Fig. 1) appear at similar region, but ¢-AP7E

ABSORBANCE
FLUORESCENCE INTENSITY

300 400 500 600
WAVELENGTH(nm)

Fig. I. Absorption (left) and fluorescence (right) spectra of i-APzE (upper)
and ¢-APzE (lower) i various solvents at room temperature. Absorption
spectraare similar in all solvents examined. Fluorescence intensity isreduced
with increasing the salvent polarity.

shows weaker, more structured. and blue-shifted absorption
than --APzE as in parent 9-APE [6.9,10] and n-APyE (n=2-
4y [27]. The absorption maxima([1,™™) of --APzE are 368
(£=7800), 387 (10,700). and 401 (10.000) nm in aceton-
itrile. The absorption spectrum of 1-APzE is more structured
than those of -9-APE [6.9.10| and r-n-APyE [27], which
exhibits only single maximum at around 386 nm with shoul-
der bands. A, of ¢-APzE in acctonitrile are 335 { = 3400),
352 (5200). 370 (7500). and 390 (7400) nm, which are
similar to A" of ¢-9-APE {6.9] and ¢-n-APvE [27]. The
absorption spectra of r-APzE and -AP7E are insensitive to
the solvents of various polarity.

Fluorescence spectra of -AP7E and ¢-APzE at room tem-
perature (Fig. 1) show very similar structureless shape but
fluorescence maximum (A,) of -APzE is slightly longer than
that of ¢-APzE.

Fluorescence  properties  of the parent r-9-APE
[6.9.10.17.19.20] are independent of the solvent polarity but
those of 1-n-APyE (n=2and 4) {27]. mono-aza analogues,
are strongly dependent on the solvent. @; of 1-APzE (0.37)
1s lower than those of parent +-9-APE (0.48 in cyclohexane)
[20] and r-n-APYE (0.43-0.49. 5 ==2-4) |27] in n-hexane.
Moreover, 7, (3.3 ns) of 1-APzE is slightly shorter than those
of parent 1-9-APE (3.6 ns in cyclohexane) [20] and r-n-
APYE (3.5-3.7 ns. n=2-4) [27] in n-hexane, due to low-
lying n,7* state leading to etficient radiationless deactivation,
As shown in Table 1. as the solvent polarity is increased, &,
and 7, of 1-AP7E is markedly decrcased and A, is pronounc-
cdly red-shifted. This remarkable solvent dependence of flu-
orescence reflects a polar charge transfer character of the
excited singlet state. The value of & ( Table 1) obtained from
&, and 7, of 1-APzE is similar to those of parent 1-9-APE and
-n-APyE [ 27]. indicating that the fluorescent state ot these
compounds is of the similar nature. Fluorescence of 1-APzE
becomes structured and blue-shifted on going from room
temperature to 77 K (Fig. 2) and fluorescence maxima at 77
K { Table 2) are almost independent of solvent polarity sim-
ilar to those of 9-APE [ 17] and r-n-APYE [ 27]. For i-APzE.
A al room temperature is 479 nm in n-hexane. but
fluorescence at 77 K shows two maxima of 446 and 474 nm
in methyleyclohexane. Similarly to @, of 1-9-APE [ 17| and
i-n-APyE (n=2-4) [26] at 77 K. &, of -APzE at 77 K is
even smaller than unity indicating the efficient intersystem
crossing. In determination of & at 77 K, considerable error
may be included because it is assumed that absorbance ratio
of sample { APzE) and reference (9,10-diphenylanthracene )
is not changed on going trom room temperature to 77 K.

It has been reported that @ of ¢-9-APE | 13.17] und ¢-n-
APYE (n=2-4) |27} in polar solvent are smaller than those
in nonpolar solvenl. As shown in Table 3. @, of ¢-APzE is
also decreased with increasing the solvent polarity and A, is
almost independent of the solvent polarity. Lower &, ot ¢-
AP7E than that of +-APzE indicates the barrierless twisting
around ethenic bond in ¢is isomer. Trans and cis isomers of
AP7E have lower @, than parent 9-APE and n-APyE. indi-
cating efficient nonradiative decay such as internal conver-
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Table 1

Fluorescence maxima (A,). hfetime (7). quantum vield (42, and photoisomerization quantum vield 142, or &) of -APZE und «-APzE al rooin

temperature in various solvents®

Solvent 1-APzE c-AP/E

A, fnm} 7 (ns) &, Ex10 Y Y &, A, (nnn) o, &,
Hexane” 472 33 0.37 0.11 0.07 470 (.24 0.31
Toluene 485 1.8 0.16 0.09 0.14 190 (1L.06 0.24
THF 485 0.7 0.08 0.1 0.17 A58 0.011 0.26
ElOAc 485 0.6 0.07 0.12 0.18 485 0.009 0.23
CH.LCI- 191 0.5 0.05 (.10 0.19 492 £.003 0.24
CH.ON 494 — .03 - £.20 182 (3.002 0.25
EIOH 830 - .02 - 013 490 (.007 0.23
MeOH 536 - .01 - (.0Y S38 (.002 (.26

‘Excitation wavelength at 360 nm for fluorescence measurements and irradiation wavelength of 366 nm for photoisomerization.

"Photocyclization reaction competes with photoisomerization and fuorescence.
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Fig. 2. Fluorescence spectra of -APzE (upper) and -APzE ilower) at 77

K in MCH (solid line). MCH (dot-dashed line . and cthanol 1 dotted line ).

Tuble 2
Fluorescence maxima (A)) and quantum yield (@) of 1-APzE and «-AP/E
at 77 K in various solvents®

Solvent 1-AP/E c-APzE

A (nm) o, A (o) o
Methvleyclohexane 446,474 (.21 449 6.29
2-Methyltetrabydrofuran S48, 474 0.48 449 0.40
Ethanol 448,470 (.52 457 0.20

“Excitation wavelength at 360 nim.

sion and intersystem crossing induced by (wo nitrogen atoms.
7, of -APzE is too short to measure with our instrument.
Fluorescence spectra of ¢-APzE at 77 K are still broad but
blue-shifted compared with those at room temperature ( Fig,
2 and Table 2).

Table 3
Photoreaction of 1-APZE and ¢-APzL in the absence and presence of biacety |
in toluene and acetonitrile at 450 nm irradiation”

| Biacetyl).  [-APzE] produced in | -APzLE] produced in
M photoreaction ol -AP2E. M photorcaction of «-APzE. M
Toluene Acctonitrile  Toluene Acetonitrile

=0t
24107

0 31X 10
0.19 +5x00 ¢

4.0ox10 7
89X O

36x10 7
3910 "

"Absorbance of +~APZE (47> 10 M) and biacetyl (0.19 M) w450 mn
is 0.16 and 0.90 in acctonitile. and 0.33 and 2.12 in tolucne. respectively.
In biacetyl photosensitization reaction. direct absorplion by -APzE cannot
he neglected. Absorbance of -APZE at 450 nm is 0.02 in acetonitrile and
(101 in toluene. In biwcety! photosensitization reaction. direct absorption by
¢-AP7E can be negiected. Moreover. 450 nm Hanovia low pressure mercurs
lamp which showed broad band cmission and was not monochromatic wis
used as light source. Therelore, we did not try to estimate biacetyl sensitized
phototsomerization quantum vicld

3.2, Photoisomerization of t-AP-E

The quantum yield of rrans— cis photoisomerization
(&, . ) of -APzE upon 366 nm irradiation is dependent o7
solvent polarity (Table 1). In n-hexane, -APzE undergoes
inefficient but measurable rrans — cis photoisomerization
while parent +-9-APE [6.7.10.17] and r-n-APYE (n=2-4)
[27] exhibit practicallv no photoisomerization. However. as
the solvent polarity increases., @, | for -APzE increases
similar to those of -2-APyE and 1-4-APyE. while still virtu-
ally zero for 1-9-APE und -3-APyE. &, strongly decreascs
bul &, .. moderately increases with increasing the solven:
polarity while both @, . and &, in 1-2-APYE and r-4-APyE
show strong solvent dependence. @, ., of -APzE is lower
than thosc of --2-APvE | 27 | is probably due to more efficient.
nonreactive radiationless deactivation induced by the lower-
late in r-AP7E than in r-n-APyE. Therefore, &, .,
of i-APzE is enhanced only moderately even at low temper-
ature. @, . and @ of 1-APzE show. at least partly, inverse
relationship in varying the solvent polarity ( Table 1). The

lying n,7m*
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excited state involved in trans — cis photoisomerization is
presumed to be a singlet excited state with the polar intra-
molecular charge transfer character as in some 7-9- APE deriv-
atives  [17-20]  containing electron-donating  and
electron-withdrawing substituents and some /-9-anthryleth-
ene derivatives [29] containing electron-withdrawing sub-
stituent such as ester or nitrile and t-n-APYE (n=2 or 4)
[27]. However, the contribution of the triplet state to pho-
toisomerization cannot be completely excluded. 1-APZE
exhibits less efficient photoisomerization in polar protic sol-
vent such as methanol. The reason can be explained that the
hydrogen-bonding or protonation on the nitrogen utom of -
APzE in protic solvent results in decrease of the photoiso-
merization efficiency.

For 1-n-APyE, introduction of a nitrogen atom into pheny!
moiety of 9-APE contributes to induce some change on the
excited singlet energy surface such that the activation barrier
against twisting and/or the energy of the excited perpendic-
ular state is lowered through intramolecular charge transfer
process and thereby enhancement of &, ,  with &, decreasing
and 7, being shortened. However, for --APzE. introduction of
two nitrogen atoms into phenyl moiety of 9-APE induces not
only lowering the activation barrier against twisting on the
excited singlet energy surface but also more efficient radia-
tionless deactivations. In spite of @; decreasing and 7, being
shortened, @, _, .of --APzE in polar solventis only moderately
increased and smaller than that of +-n-APyE (n=2 or 4)
because the photoisomerization in the singlet manifold com-
petes with efficient radiationless deactivation.

Azulene quenching experiments on photoisomerization of

+~-APzE in toluene and acetonitrile was carried out and &,
is practically unchanged in the azulene concentration range
between | X 107" and 8 X 10° " M. As shown in Table 3.
production of ¢-APzE was greatly reduced in biacetyl-sen-
sitized photoisomerization of -APzE both in toluene and
acetonitrile at irradiation of 450 nm. These results support
the singlet mechanism for photoisomerization of -APZE as
suggested above, Absorbance of -APzE (4.7 X 10 " M) and
biacetyl (0.19 M) at 450 nm is 0.16 and 0.90 in acetonitrile,
and 0.33 and 2.12 in toluene, respectively. In biacetyl pho-
tosensitization reaction, because direct absorption by +-APzE
at 450 nm is not negligible (13% in toluene and 15% in
acetonitrile  where  [r-APzE}=4.7x 107" M. |biace-
tyl] =0.19 M), trans — cis photoisomerization could not be
completely inhibited. Moreover, 450 nm Hanovia low pres-
sure mercury lamp which showed broad band emission and
was not monochromatic was used as light source. Therefore,
we did not attempt to estimate biacetyl-sensitized photoiso-
merization quantum yield.

Irradiation of -APzE in air-saturated solution gives c-
APzE and a side photoproduct X in all solvent cxamined.
Fxceptionally, in n-hexane, the photoreaction is complicated
by the production of another side photoproduct Y expected
as a cyclization product. A side photoproduct X has been
isolated by silica gel column chromatography and character-
ized as a anthraquinone by spectral analysis. Absorption spec-

trum in acetonitrile exhibits maxima at 252, 262 (shoulder),
272 (shoulder), and 323 nm with very weak broad band
around 400 nm. El-mass spectrum shows a molecular ion
peak at m/e 208. '"H NMR spectrum in CDCl is very simple
and shows only two multiplets ( 1:1) at 7.8 and 8.3 ppm. The
amount of this photo-oxidation product is practically inde-
pendent of the solvent polarity. In the biacetyl sensitized
experiment in acetonitrile, the formation of anthraguinone is
markedly increased. Therefore. this photo-oxidation reaction
should proceed on the triplet manifold. Anthraquinone is not
detected on irradiation of ¢-APzE as well as r- and ¢-APyE.
The prolonged irradiation of r-APzE leads to severe decom-
position to give tar-like material. - APzE is very unstable and
susceptible to photo-oxidation relative to 1-9-APE and r-n-
APYE.

3.3. Temperature dependence on fluorescence and
photoisomerization of -APZE

@, of -9-APE, even if no photoisomerization was
observed, was reported to increase with decreasing temper-
ature both in nonpolar and polar solvents [ 10]. As shown in
our previous report |27 ], while @ of +-n-APYE (n=2.4)
are independent of temperature and @, is practically zero
in nonpolar solvent, @ is increased but @, , _is complemen-
tarily decreased with decreasing temperature in polar sol-
vents. Fort-APzE, @, , is decreased and @, is increased with
decreasing temperature both in non-polar and polar solvent.
The temperature dependence on ¢, and @, _,, of ~APzE in
n-hexane, toluene, and methanol between 50 and —20°C is
represented in Table 4. &, was measured in n-hexane and
methanol, but &, was studied in toluene and methanol,
because in n1-hexane the determination of &,_, . was compli-
cated by the formation of a side photoproduct Y (probably
photocyclization product). Plots of log @, and log @, , vs.
T for +-APzE in n-hexane, toluene. and methanol between
50 and —20°C are shown in Fig. 3. Assuming that the
trans — cis photoisomerization occurs in the singlet manifold
and is the only activated process in the excited singlet state,
from plots of In( b, ., "' —1) vs. T ', activation energy for
photoisomerization of 2.1 kcal/mol both in toluene and meth-
anol was obtained. The intramolecular charge transfer inter-
action in the lowest excited singlet state is inferred 1o lead
low torsional barrier even in toluene probably due to the
presence of low-lying n.ar* state. Inverse solvent and tem-
perature dependence on @; and &, | of -APZE reveal that
trans - cis photoisomerization proceeds via the excited sin-
glet state.

3.4, Photoisomerization of ¢-APzE

The quantum yield of cis—1rans photoisomerization
(. .,) of -APzE upon 366 nm irradiation at room temper-
ature is practically independent of solvent polarity ( Table 1),
similar to &, of c-n-APYE (n=2.4) [27]. This is in con-
trast that @, ., . of -APzE is relatively inefficient in nonpolar
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Table 4

Temperature effect of fluorescence quantum yield () and photoisomerization quantum yicld (4,

a nonpolar solvent and in methanol as a polar solvent'
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.oor ) of -APZzE and ¢-APZE in hexane or toluene as

Temperature (K) 1-APzE c-AP7E

n-Hexane Toluene Methanol Toluene Methanol

&, o, . &, @D, . o, b, &, ¢,
323 0.33 0.22 0.008 .15 0.05 0.22 0.001 -
313 0.34 0.20 0.004 0.13 0.05 0.2] 0.001 0.28
303 0.35 0.18 0.009 .11 0.05 (.23 0.002 -
203 0.36 0.17 0.009 0.11 0.06 0.26 0.002 (.27
283 0.37 0.14 0.009 0.09 0.06 0.24 0.002 0.26
273 0.39 0.13 0.010 0.09 0.05 0.22 0.002 0.21
263 0.39 0.12 0.010 0.07 0.05 0.20 0.002 0.23
253 0.39 0.10 0.012 0.07 0.04 0.20 0.002 0.22

‘@, of 1-APZE was measured in n-hexane and methanol. but &,
complicated by the competing photocyclization.

1.000 — e e -
e o 00 ® e & o0
]
N O o
I A [
100 A A 2
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5]
D
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00F L aa a A4 |
\
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10%T, 1/K

Fig. 3. Plots of log @, (filled symbol) and log &, ., (open symbolj vs. T
for -APzE in n-hexane (circle). toluene (square ), and methanol (triangle)
between 50 and —20°C.

solvent and increases with the solvent polarity. Contrary to
the other solvents, in n-hexane the HPLC analysis of photo-
reaction mixture of ¢-APzE on 366 nm irradiation shows the
formation of -APzE and a side photoproduct Y as in ¢-9-
APE [13] and ¢-n-APYE (n=2.4) {27]. The HPL.C reten-

tion of this side photoproduct Y is very close to that of

¢-APzE. Therefore, @, ,, of ¢-APzE in n-hexane is difficult
to determine. However. except in n-hexane, photoreaction
seems to proceed cleanly to give only -APzE. We did not try
toisolate and characterize this photoproduct Y, but tentatively
assigned this one as a photocyclization product. In parent ¢-
9-APE. only side photoproduct other than photoisomeriza-
tion to 1-9-APE in nonpolar solvent was assigned to be a
photocyclization product and in polar solvents the formation
of Y became very inefficient competing with more efficient
photoisomerization [ 13]. [tis proposed in i1-hexane that pho-

was studied in toluene and methanol. because in n-hexane the determination of @, |,

tocyclization proceeds via the singlet manifold while photo-
isomerization occurs mainly by a triplet mechanism with
contribution of some degree of singlet mechanism, due to
substantial barrier to twisting in singlet manifold. As the
solvent polarity is increased, torsional energy barrier on the
singlet energy surface is decreased by the contribution of
intramolecular charge transfer. Therefore, even in toluenc
photoisomerization occurs mostly in the singlet manifold
while photocyclization product is not produced at all. Similar
mechanism has been suggested for the photoreaction of ¢-
APE | 13].

As shown in Table 3. the production of trans isomer upon
irradiation of c-APzE at 450 nm is very inefficient in aceton-
itrile both in the presence and absence of biacetyl. But the
production of frans isomer in toluene is increased twice but
still inefficient in biacetyl-sensitized photoisomerization of
¢-APzE on irradiation of 450 nm. Absorbance of -APzE at
450 nm is 0.02 in acetonitrile and 0.01 in toluene. In biacetyl
photosensitization reaction. direct absorption by ¢-APzE at
450 nmis negligible (0.6% n toluene and 1.8% 1 acetonitrile
where |c-APzE|=4.7x10 ' M, |biacetyl] =0.19 M).
These results imply the singlet mechanism for photoisomer-
ization in polar solvents and some contribution of triplet path-
way. i.e., the singlet/triplet mixed mechanism, in nonpolar
solvents as suggested above,

3.5. Temperature dependence on fluorescence and
photoisomerization of c-APzE

The temperature dependence of @, and &, _, in toluene
and methanol between 50 and —20°C is represented in Table
4 for ¢-APzE. Plots of log &, and log @, ,, vs. T~ for ¢-
AP7E in toluene, and methanol between 50 and —20°C are
shown in Fig. 4. We did not use n-hexane as a solvent to
avoid the complication by competitive photocylization reac-
tion mentioned above. In methanol, @, ., of ¢-APzE is
slightly increased and @ is slightly decreased with increasing
temperature. especially above room temperature. Such an
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Fig. 4. Plots of log & (filled symbol) and log &, ,, (open symbol) vs. T
for -APZE in toluene (square) and methanol (triangic) between 50 and
-20°C.
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Fig. 5. Schematic representation of potential energy surfaces for the ground
and lowest excited singlet states of APZE as a function of the torsional angle
( #) about the ethenic bond.

inverse but small temperature dependence of @.. ,, and @, of

~-APzE implies very low activation barrier for ¢is — trans
photoisomerization, as found for 9-APE [ 13}. Photoisomer-
ization proceeds via an excited singlet state in polar solvent
as suggested above. In toluene. while @, remains constant.
& _,, of c-APzE is slightly increased from 253 K to 293 K
but slightly decreased above 293 K. Decomposition reaction
such as polymerization seems to compete with photoisomer-
ization above 293 K. This is in agreement for singlet/triplet
mixed mechanism for photoisomerization in nonpolar solvent
ias suggested above.

Schematic representation of potential energy surtaces for
the ground and lowest excited singlet states of APZE as a
function of the torsional angle ( #) about the ethenic bond is
shown in Fig. 5. For the parent hydrocarbon, 9-APE | 1 [.12],

the lowest excited singlet state has anthracenic nature but not
ethenic. As a consequence, the activation barrier against
twisting of ethenic bond is so high (17.8 kcal/mol [11])
that trans — cis photoisomerization of 9-APE is inhibited and
only cis — rrans isomerization. i.e., one-way photoisomeri-
zation, is observed both in nonpolar and polar solvent. In
APzE, the low-lying n,7* state changes the excited singlet
state surface toward low activation barrier (ca. 2.1 kcal /mol)
for trans—-»>cis photoisomerization. Intramolecular charge
transfer between pyrazinylethene and anthracene moieties
overcomes the restriction against rotation in the excited sin-
glet state and a shallow minimum at ca. 90° is expected as
shown in Fig. 5. As a result, two-way photoisomerization is
observed in APzE.

4. Nomenclature

APzE 1-(9-Anthryl}-2-( 2-pyrazinyl)ethene
9-APE 1-(9-Anthryl)-2-phenylethene
n-APyE 1-(9-Anthryl)-2-(n-pyridyl)ethene
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