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Abstract

A series of salicylideneaniline&SQ\) derivativesl-3 were prepared to study the substituent effect on the chromic properties. Compounds
1 and3, introduced naphthyl group on the A ring in the parent compdafgdexhibited the solvatochromism, thermochromism and pho-
tochromism, while compoun®| introduced the naphthyl group on the B ring3A, did not show the solvatochromism or thermochromism.
The discussion in this study is mainly focused on the behaviour of compdwardi?. The UV absorption spectra didramatically changed
with increasing the solvent polarity as well as cooling temperature, suggestirigakasZ-NH form in polar solvents at room temperature
or even in non-polar solvents at below 120 K. Compoliredhnits fluorescence (FL) only at low temperature with small Stokes shift, while
2 exhibits fluorescence emission with considerably large Stokes shift. On UV irradiatiobenzene underwent intramolecular hydrogen
atom transfer to giv&-NH form. The large Stokes shift observedZindicates tha® takesE-OH form even at low temperature in any
solvents, and underwent intramolecular hydrogen atom transfer in the excited state ZeNgi/éorm, which emits the fluorescence at
low temperature, or undergoes isomerization aroun@ Gouble bond to give-NH form. The potential energy diagrams fband2 were
also determined.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction analogues of salicyclideneaniline. The effects of solvent and
temperature on the absorption spectra for these compounds
Photochemical behaviour of salicylideneaniliiSaj and have already been report¢t0—23] but the photochromic
its related compounds have been thoroughly investigatedbehaviours have not been reported so far. In this respect we
especially in the solid stafg—7]. have performed laser transient spectroscopic experiments as
We have recently reported that salicylideneanilines and well as fluorescence (FL) studies of naphthyl analogues of
salicylidene benzylamines exhibited chromic behaviour de- salicyclideneaniline. We wish to report here colour change
pending on the substituent as well as solvent, temperaturedepending upon the solvent, substituent pattern, temperature
and light [8,9]. Among the compounds, the parent com- and lightirradiation. We studied the behaviour of compounds
pound salicylideneaniline exhibited photochromic behaviour 1-3 (Scheme }, but the discussion is mainly focused on the
in the excited triplet state. Furthermore, in salicylidene ben- behaviour of compounds and2.
zylamine we have observed T-T absorption spectra as well
as phosphorescence spectra and propose the occurrence of
hydrogen atom transfer in the excited triplet state of these 2. Exper imental
compounds.
In the course of our studies, we have prepared a series of2.1. Preparation of compounds-3
related compounds having different aromatic ring and stud-
ied their photochemical behaviours in addition to that of  Typical procedure: a corresponding aldehyde and amine
solvatochromic and thermochromic properties. In this pa- (1.0eq.) were dissolved to ethanol and the solution was
per we focus our discussion on these properties of naphthylrefluxed for 3h. After evaporation, a crude product was
recrystallized twice from ethanol to give a pure product.

* Corresponding author. Tek:81-298-53-4315; fax481-298-53-6503,  Compoundsl and 2 have been reported in previous paper
E-mail addressarai@chem.tsukuba.ac.jp (T. Arai). [11,14,16]
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2.2. Measurements

N Absorption spectra were measured on a Shimazu UV-
oH 1600. Fluorescence spectra were measured on a Hitachi

o y F-4500. Laser flash photolysis was performed by using
Salicylideneaniline (SA) an excimer laser (Lambda Physik LPX-100, 308 nm 20 ns

fwhm) as an excitation light source and a pulsed xenon arc
(Ushio UXL-159) was used as a monitoring light source. A

e O photomultiplier (Hamamatsu R-928) and a storage oscillo-
‘ \N @N ‘ scope (lwatsu TS-8123) were used for the detection.
OH OH
1 2

3. Results and discussion
Naphthyl group on the A ring Naphthyl group on the B ring
3.1. Absorption and fluorescence spectra

Fig. 1 shows the absorption spectralsf3 in various sol-
O . O vents. Similar absorption spectra bfvere observed in the
N previous papergl5,16] Compoundd exhibited the absorp-
‘ oH ‘ tion maxima at 380 and 320 nm with small shoulder at 460
3

and 440 nm in methylcyclohexane. The spectral profile dra-

Naphthyl groups on the both A and B rings matically changed with the solvent polarity. The absorbance

at longer wavelength region increased with increasing the

Scheme 1. solvent polarity with concomitant decrease of the absorbance
at 380 nm. The peak at 430—-460 nm becomes the highest in

2.1.1. 1-Phenyliminomethyl-naphthalen-2-d) ( ethanol. However, the profile of the absorption spectra of

1-Phenyliminomethyl-naphthalen-2-¢1) was prepared 2 is almost unchanged in all the solvents examined. Com-
from 2-hydroxy-1-naphthaldehyde and aniline in 61% yield. pound3, where two naphthyl groups are introduced on the
sH (400 MHz, CDC}, Me,sSi) 15.48 (1H, s, OH), 9.33 (1H,  both A and B rings in the parent compou8é4 showed the
s, HG>N), 8.09 (1H, dJJ9.2 Hz, ArH), 7.80 (1H, dJ 9.2 Hz, solvatochromism. The results indicate thh@&nd3 may exist
ArH), 7.66 (1H, d,J9.2 Hz, ArH), 7.54-7.44 (3H, m, ArH),  as a mixture otrans-enol form E€-OH form) andcis-keto
7.38-7.27 (4H, m, ArH), 7.08 (1H, d,9.2 Hz, ArH); Anal. form (Z-NH form) (Scheme 2 [14]. The equilibrium be-
Calcd. for G7H13NO: C, 82.57; H, 5.30; N, 5.66. Found: tween the two tautomers shifted to theNH form in highly

C, 82.51; H, 5.43; N, 5.64. polar solvents and in protic solvenf@ble 1summarised the
absorption maximum o01-3 observed in various solvents.
2.1.2. 2-(Naphthalen-1-yliminomethyl)-pheng) ( Compoundd and3, where the naphthyl group is introduced

2-(Naphthalen-1-yliminomethyl)-phen() was prepared  in the aromatic ring A $cheme }, exhibited similar solva-
from 2-hydroxybenzaldehyde and 1-naphthylamine in 40% tochromic effect.
yield. " (400 MHz, CDC}, Me4Si) 13.37 (1H, s, OH), 8.71 Fluorescence and fluorescence excitation (FLE) spectra
(1H, s, HGN), 8.27-8.25 (1H, m, ArH), 7.90-7.86 (1H, m, for 116-3 were observed at low temperature (77 K)g. 2
ArH), 7.78 (1H, d,J 8.8 Hz, ArH), 7.57-7.42 (5H, m, ArH),  shows the fluorescence and fluorescence excitation spectra
7.18 (1H, d,J 7.2Hz, ArH), 7.10 (1H, d,J 8.0Hz, ArH), for 1-3 in methylcyclohexane and in ethanol. The fluores-

6.98 (1H, t,J 7.6 Hz, ArH); Anal. Calcd. for g7H13NO: cence excitation spectra dfin both solvents were simi-
C, 82.57; H, 5.30; N, 5.66. Found: C, 82.34; H, 5.49; lar to the absorption spectra in ethanol at room temperature
N, 5.28. and in methylcyclohexane at low temperature. The fluores-

cence and fluorescence excitation spectrad wkre similar
2.1.3. 1-(Naphthalen-1-yliminomethyl)-naphthalen-23)l (  to those ofl. The fluorescence excitation spectrazfn
1-(Naphthalen-1-yliminomethyl)-naphthalen-2¢8) was both solvents are similar to the absorption spectra at room
prepared from 2-hydroxy-1-naphthaldehyde and 1-naphthyl-
amine in 20% yields" (400 MHz, CDCk, Me4Si) 15.68 Table 1
(1H, s, OH), 9.47 (1H, s, HEN), 8.33 (1H, d,J 7.6 Hz, Absorption maxima Xmaxnm~1) of 1-7 in various solvents
ArH), 8.14 (1H, d,J 8.0 Hz, ArH), 7.89-7.83 (2H, m, ArH),

779-7.73 (2H m AI’H) 7.58-7.50 (4H m AI’H) 7.36-7.32 Compounds MCH Benzene Acetonitrile Ethanol
(2H, m, ArH), 7.19 (1H, dJ 9.6 Hz, ArH); Anal. Calcd. for 1 376 378,433,457 376,433,453 438, 457
Cp1H15NO: C, 84.82; H, 5.08: N, 4.71. Found: C, 84.71; H, 2 853 855 349 352

3 384 386 382 455

5.13; N, 4.72.
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Fig. 1. UV absorption spectra of compound (&) (b) 2 and (c) 3 in
methylcyclohexane (red), in benzene (yellow), in acetonitrile (green) and
in ethanol (blue), respectively.
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Fig. 2. Fluorescence (FL) and fluorescence excitation (FLE) spectra of
compound (alL, (b) 2 and (c)3 in methylcyclohexane (red) and in ethanol
(blue) at 77 K.

temperature. The Stokes shift between the maximum wave-
length of fluorescence spectrum and the fluorescence exci-
tation spectrum was only 1100 cth for 1 and 540 cm?

for 3, respectively but is as large as 10,000¢nfor 2 (see
Table 9. These results indicate thhand3, which exists as

the Z-NH form at low temperature, absorbs light and emits
fluorescence without changing the conformation, wigile

Table 2
Stokes shift ofl-3 in methylcyclohexane and ethanol

Compounds Stokes shift (crh)
MCH Ethanol
1 1100 670
2 11000 9200
3 540 370
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160-180 K cannot be explained by the simple mechanism of
equilibration between th&-OH form andZ-NH form, but

can be explained by the sudden aggregation oflthethis
temperature range to induce tatomerizm in the ground state
as proposed by Ogawa et §1].

3.2. Transient absorption spectra

On 308 nm laser excitatiori, exhibited the transient ab-
sorption spectra at room temperature under argon atmo-
sphere as shown ifrig. 5. Compoundl showed a new
absorption peaking at 400-500 nm with the depletion at
350-400 nm in each solvent. The transient species appeared

*

S1 L *
T sy _ @ o —e-313us
67 keal/mol 54 kcal/mol - ;g‘: ﬁ:
S B
So | /

2 (E-OH form) 2 (Z-NH form)

Fig. 3. Potential energy diagram of compouridand 2 at 77 K.

existing as thé&e-OH form at low temperature, absorbs light
and undergoes intramolecular hydrogen atom transfer to pro-
duce thez-NH form in the excited singlet state, which gives
the fluorescence emission. The potential energy diagrams of
1 and?2 are shown irFig. 3.

Fig. 4 shows the change in the absorption spectrd of
in methylcyclohexane depending on temperature. Cooling
the solution causes a shift of the equilibrium betw&e@H
andZ-NH toward theZ-NH form [16]. The spectra largely
changed between 200 and 140K as shown in the inset in
Fig. 4 [21] The sudden change of the absorption spectra at
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at 400-500 nm in each solvent was not quenched by oxygen, (a) Sy m—p——___
so that it can be ascribed to the ground state tautomer, either =TSt
Z-NH form or E-NH form. The transient absorption spectra
observed at 400-500 nm in benzene and in acetnitrile are
similar to the absorption spectrum observed in ethanol as a
So

So
Z-NH form (Fig. 19. Therefore, the observed ground state Y So
species by laser flash photolysis could be assigned to the ﬂOH S / N@

Z-NH form (Fig. 5a and h However, in ethanol, the long

. o Z-OH form So —
lifetime of the observed ground state tautomer indicates that L D) O N@ o)
the transient spectra can be assigneB-tdéH form because ” @ H E-NH form
of the new absorption peaking at 480 nm which is longer Z-NH form i
wavelength than that of ground stateNH form of 1 in E-OH form ® Hl\@
ethanol Fig. 59. The decay curves for the transient peaking o

at 400-500 nm fit the single exponential function to give the
time constant of 22fis in benzene, 14Q0s in acetonitrile
and 19Qus in ethanol, respectively (inset Fig. 5. After S
the decay of the signal at 400-500 nm, the signals of deple- (b)
tion at 350-400 nm remain in the time range of ms in ben-

zwitter-ion form

zene and in acetonitrile (inset Fig. 5a and b [8], while So

the signal at 350—400 nm in ethanol decreased simultane- hv

ously with that at 400-500 nm (insetftig. 59. In addition, By So
we could not observe any permane_nt change of the absorp- @O’H @ 5 <
tion spectra by conventional UV-Vis spectroscopy. There- SOm—— t'
fore, the seemingly permanent change at shorter wavelength Z-OH form y @fo
region observed in benzene and acetonitrile is ascribable to ©\A\N C*(OH J E-NH form
the Z-OH isomer, given bye—Z photochemical isomeriza- OH Z-NH form ¢

tion around the €N double bond from the excited state of E-OH form |
E-OH form. On the other hand,in ethanol apparently takes @ J
Z-NH form in the ground state. Since the photo-excitation o

of 1 in ethanol did not give the long lifetime speci&QH Zwitter-ion form

form), the excited state df-NH form is more stable than
that of E-OH form.
Fig. 6 shows the transient absorption spectra2ofn

ethanol. Unlike the transient spectra bfn ethanol, com- 3.3. Potential energy diagram

pound 2 showed the signal of depletion at 380 nm with

the lifetime of milliseconds after the decay of the sig- In addition toFig. 3, the transient spectroscopies suggest

nals at 400-500nm. The transient absorption spectra ofthe potential energy diagram of hydrogen atom transfer of

2 in benzene and in acetonitrile were similar to that in 1 and2 at room temperature as shownFig. 7.

ethanol. At room temperaturd exist as a mixture oE-OH form
andZ-NH form and the equilibrium is shifted to th&NH
form with increasing the solvent polarity and in protic sol-

0.08 — ; ‘ ; . vent. In the excited singlet staeNH form is more stable

Fig. 7. Potential energy diagram of (&)and (b)2 at room temperature.

0.06 L —e— 0385 | | than that ofE-OH form from so that the long lifetime peak-
o i I ing at 350—400 nm, which was ascribedz®H form, was

observed in benzene and in acetonitrile but not in ethanol.
Compound? exists as th&-OH form regardless of the sol-
vent properties probably because the ground staiNH
form is less stable than that &OH form in 2. This is in
agreement with the results shownHig. 3.

Fluorescence spectra were not observed at room temper-
ature for any compounds in any solvent. However, at 77 K
fluorescence emission peaking at 485 and 494 nn feas
observed in methylcyclohexane and in ethanol, respectively.
The considerably small Stokes shift indicates thaxists as
Fig. 6. Transient absorption spectrazin ethanol on excitation at 308nm  the Z-NH form in the ground state at 77 K even in methyl-
under argon. Inset shows the time profile at certain wavelength. cyclohexane and the fluorescence is emitted from the same

—+—183.0 ps
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NH-form for 1. The observation of the fluorescence emis-
sion, peaking at 530 and 560 nm with large Stokes shift, in-
dicates tha® exists as &-OH form in the ground state even
at 77 K and the hydrogen atom transfer should take place in
the excited singlet state to produce @&H form, which
emits fluorescence with large Stokes shift.

Both 1 and 2 gave fluorescence emission of tAeNH
form indicating that in the excited singlet state tBeNH
form is more stable than the-OH form for both1 and 2.

In the ground state], exists as a mixture d&-OH form and
the Z-NH form depending on the solvent and temperature,
while 2 exists as th&-OH form irrespective of the solvent
and temperature.

3.4. Comparison with the parent compound,
salicylideneaniline

The photochemical properties B£3 were compared with
SA. Three points are noteworthy:

(i) SA and2 did not show the solvatochromism, while
and3, introduced naphthyl group on the A ring 8A
(Scheme }, showed the change in absorption spectra
depending on the solvent polarity, suggestingAq¢H
tautomer in high polar solvents was stabilarized by the
naphthyl group on the A ring dA.

SA and?2 did not show the thermochromism. The ab-

sorption spectra ofl in methylcyclohexane dramati-

cally changed with cooling temperature especially in
the range from 200 to 140 K, which indicates that the
ground state of th&-NH form of 1 is more stable than

that of E-OH form below 140 K.

(iii) The absorption maximum and the lifetime of transient
absorption on excitation at 308 nm light in benzene
were 480 nm and 40 ms f&A, 460 nm and 28 ms for
2, 440nm and 220 ms fat, and 440 nm and 2200 ms
for 3, respectively. Thus, the introduction of naphthyl
group on the A ring elongated the transient lifetime due
to theE-NH form.

(ii)

The observed differences of the photochemical properties in
SA, 1, and3 were mostly due to the effect of the introduction
of naphthyl group on the A ring oBA to give the similar
ground state energy betweBrOH form andZ-NH form in

1 as shown irFig. 7. The introduction of naphthyl group on
the B ring in2 scarcely affect the photochemical properties
of SA. The ground state energy afNH form in SA and in

2 should be higher than that &OH form and therefore,
SA or 2 did not show the solvatocromism or thermocromism
in the ground state.

4, Conclusion

Compoundd and3, introduced naphthyl group on the A
ring in the parent compound salicylideneaniline, exhibited
the strong substituent effect on their photochemical prop-

A. Ohshima et al./Journal of Photochemistry and Photobiology A: Chemistry 162 (2004) 473-479

erties. In this study we exploret as the typical example,
which showed the solvatochromism, thermochromism and
photochromism. The UV absorption spectralofiramati-
cally changed with increasing the solvent polarity as well as
cooling temperature, suggesting tHatakesZ-NH form in
polar solvents at room temperature or even in non-polar sol-
vents at below 120 K. Compouridemits fluorescence only

at low temperature with small Stokes shift. The transient
lifetime of 1 was much longer than that &A in benzene.
Compound2, on the other hand, introduced the naphthyl
group on the B ring ir8A, did not show the solvatochromism
or thermochromism. The Stokes shift dfvas much larger
than that ofl, indicates thaP takesE-OH form even at low
temperature in any solvents, and underwent intramolecular
hydrogen atom transfer in the excited state to givhiH
form, which emits the fluorescence at low temperature, fol-
lowed by isomerization around=C double bond to give
E-NH form.
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