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Abstract

Novel probes represented 4-substituted 1,8-naphtalic anhydride and 1,8-naphthalimide as a chromophore and sterically hindered amine in
the form of parent amine as well as stable nitroxyl radical form were synthesized. Laser flash photolysis was used to examine the triplet route
of deactivation. The formation of the triplet state occurred at 355 nm laser excitation exhibiting the absorption in the range 360—700 nm. Triplet
states of 1,8-naphthalic anhydride chromophore were quenched by oxygen with rate constankab@udr® mol~* cm~* for unsubstituted
and 4-bromo substituted derivatives. The 4-dimethylamino substitution of 1,8-naphthalic anhydride exhibited the triplet state, which was not
quenched by oxygen or 1-ox0-2,2,6,6-tetramethylpiperidine (TEMPO). The same effect of 4-dimethylamino substitution was observed on the
triplet state ofN-(2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide.

In the series of 4-bromdk(2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide derivatives, the weak transient triplet absorption was
observed for 1-oxo derivative. Probably, the decay of triplet state of 1,8-naphthalimide chromophore is fast due to combination of two effects:
paramagnetic effect of frdd-oxyl radical and heavy atom effect of bromo substituent.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Mechanism of inter- or intramolecular quenching of ex-
cited states biN-oxyls is not well established even after such
Free radicals of th&l-oxyl type attract attention because an extensive studies. The following processes are discussed:
they influence the photophysical and photochemical pro-

cesses due to their paramagnetic effée®]. Quenching of - catalytic enhancement of intersystem crossing as a result of
singlet and triplet states of aromatic hydrocarbons and ke- @nincreasein spin-orbital coupling due to the paramagnetic
tones was studied in detail. effect,

Fluorescence probes of several types have been prepared cgtalytic enhancement of the efficiency of internal conver-
in which simple aromatic chromophore was combined with ~ S'0", _
a free radical centre of thi-oxyl type. Formation or de- - transfer of electronic energy of resonance or exchange type,
cay of the free radical is connected with switching off or on - transfer of electron and formation of cation or anion radical.
of the chromophore emission as a result of intramolecular

The majority of mechanistic studies of quenching of the
quenchind10-17] jority istic studi qu ing

singlet state of aromatic hydrocarbons wiNkoxyl radicals
concluded that enhancement of intersystem crossing is the

* Corresponding author. Tel.: +42 7 373448; fax: +42 7 375923. most probable route for dissipation of energy. Quenching of
E-mail addressupolhrdi@savba.sk (P. HrdIds)i a triplet state occurs through internal converdiba9]. The

1010-6030/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jphotochem.2004.07.021



152 J. Kollar et al. / Journal of Photochemistry and Photobiology A: Chemistry 170 (2005) 151-159

photophysical process is a preferred route for deactivation of 0
excited state by intramolecular quenching as \-17] O
The photoinitiated intramolecular electron transfer from 0
N-oxyl to diimide under formation of diimide monoanion R Q
has been observed recenth8]. These studies indicate that ©
N-oxyl radical is able to quench the excited state by differ- R
ent mechanisms depending on the structure of the couple
quenchee-quencher and medium. NA 1 H
Recently time resolved electron spin resonance (TR-EPR)
has been used to investigate the chemically induced dynamic NA 2 Br
electron polarization (CIDEP) generated betwedwaxyl
and the triplet state of thioxanthonedioxide derivatives in a NA 3 N/CH3
molecules where these moieties are covalently linkeq. “NCH,
Two mechanisms have been proposed to explain the quench-
ing of the triplet state biN-oxyl radical. One is radical triplet Scheme 1.
pair mechanism and another is electron spin polarization
transfer. (napht.-6), 8.40-8.60 (m, 3H,HC(napht.).

In this paper the triplet route of deactivation has been ex- GC-MSm/z 241[M], 197, 168, 154, 126.

plored for chromophore as substituted 1,8-naphthalic anhy-

dride and for related probes consisting of chromophore/amine2.2. 4-Bromo-N-(2,2,6,6-tetramethyl-4-piperidinyl)-1,

and chromophorél-oxyl with 4-bromo-1,8-naphthalimide  8-naphthalimide (BNI1)

as chromophore in methanol solution. Previously, it was

found that the unsubstituted 1,8-naphthalimide combined 4-Bromo-1,8-naphtalic anhydride (2.2g, 8mmol)

with 1-ox0-2,2,6,6-tetramethylpiperidine-4-yl structural unit was dissolved in 15mL of DMF and 4-amino-2,2,6,6-

exhibited the most effective route of triplet deactivation tetramethylpiperidine (1.25g, 8 mmol) in 15mL of DMF

among combined probes with naphthalene and pyrene aswas slowly added (40 min) under stirring and after this time

chromophoreg20]. Therefore, transient triplet absorption AcOH (1.5mL) was added. Mixture was stirred at room

spectra of substituted 1,8-naphthalic anhydride and relatedtemperature for 40 min and 12 h at 18D. Reaction mixture

1,8-naphthalimide were studied in detail in order to better was cooled and washed with diethylether (40 ml). Yellow

understand the routes of triplet deactivation. solid was filtered off, crystallized from hexane and purified
by column chromatography (dichloromethane/methanol
5:1). Ry of the product was 0.6. Yield 2.1 g (64%) of gray

2. Experimental crystals with m.p. 205-20°C.

Methanol was for UV spectroscopy. 1,8-Napthalic anhy-

dride was analytical grade (Aldrich, Steinheim, Germany). 0
The free radicals: 1-oxo0-2,2,6,6-tetramethylypiperidine O
(TEMPO)was commercial product (Aldrich, Steinheim, Ger- N N—R,
many). R; '
1,8-Naphthalic anhydride (NA1) and 4-bromo naphthalic 0

anhydride (NA2) were commercial products (Aldrich, Stein-

heim, FRG). The structures of probes used in this paper are

shown inSchemes 1 and. New probes NA3, DMANI and R, R,
BNI1-3 were prepared according to the following procedures.

BNI 1 H Br
2.1. 4-Dimethylamino-1,8-naphthalic anhydride (NA3) Br
BNI 2 0
4-Bromo-1,8-naphthalic anhydride (1.11 g, 4 mmol) was CH
dissolved in 3-methyl-1-butanol (28 ml) and solution was | 3
heated under stirring to 13Z and 3-dimethylamino- BNI 3 o—w@ Br
propionitrile (1.6 g, 16 mmol) was added and stirred 12 h. ’
The formed crystals were than filtered out and washed with /CH3
water and with cool isohexane to yield 0.8 g (83%) of orange DMANI H r\
crystals. Melting point (m.p.) 208-22C. CH,

1H-NMR (300 MHz, CDC4): § = 3.16 (s, 6H, 2x Els-
N), 7.10 (d,J = 8.3Hz, 1H, & (napht.-3), 7.67 (t, 1H, B Scheme 2.



J. Kollar et al. / Journal of Photochemistry and Photobiology A: Chemistry 170 (2005) 151-159

1H-NMR (300 MHz, CDC}): § = 1.21 (s, 6H, 2x Elzay),
1.37 (s, 6H, 2x @l3eg), 1.70 (M, 2H, 2x EiH), 2.50 (m, 2H,
2x CHH), 5.65 (m, 1H, Gi—N), 7.85 (t, 1H, G4 (napht.-6)),
8.10(dJ=7.8Hz, 1H, ¢d (napht.)), 8.40 (dJ=8.1 Hz, 1H,
CH (napht.)), 8.55 (dJ = 7.8 Hz, 1H, &1 (napht.)), 8.65 (d,
J=7.8Hz, 1H, ® (napht.)).

13C-NMR (CDCh): ( =28.1 (2C,CH3), 34.9 (2C,CH3),
40.8 (2C, 2xCH,—CH), 47.5 (1C,CH-N), 51.8 (2C, 2x
C—N), 122.7 and 123.5 (2GZ(1), C(8)), 128.2-133.1 (8C,
(napht.)), 164.3 (2G2=0).

FTIR (KBr) (cm™1): 1»(C=0) 1699, v(C=0) 1657,
3(CHz)-dublet 1358, 1342;(napht.) 779.

GC-MSm/z 416[M]T, 401, 399, 124,

2.3. 4-Bromo-N-(1-ox0-2,2,6,6-tetramethyl-
4-piperidinyl)-1,8-naphthalimide (BNI2)

Parent amine BNI1 (0.44 g, 1.6 mmol) was dissolved in
30 mL of dichloromethane and cooled t6@. Under stirring,
3-chloroperoxy-benzoic acid (0.5 g, 2.9 mmol) was added in
small portions during 15 min. Originally transparent solution

became orange. The mixture was then warmed to room tem-

perature and stirred for another 4 h. Reaction mixture was ex-
tracted with aqueous¥COgz solution and with water. Organic
layerwas dried over anhydrous sodium sulfate and the solven
was removed. Crude product was purified by column chro-
matography using a mixture of dichloromethane/isohexane 3:
1. The product was crystallized from hexane to yield slightly
orange crystals (0.42g, 61%), m.p. 220-2€4 Structure
and purity of the radical was proved by FTIR and EPR spec
troscopy as well as by TL chromatography.

FTIR (KBr) (cm™1): 1»(C=0) 1701, v(C=0) 1659,
v(N—0) 1375,5(CHz)-dublet 1358 and 1342(napht.) 779.
N—O stretching vibrationn(N—O) of 4-acroylamino-1-oxy-
2,2,6,6-tetramethyl-piperidine was observed at 1365%tm
[21].

2.4. 4-Bromo-N-(1-(1-phenylethyl)oxo-2,2,6,
6-tetramethyl-4-piperidinyl)-1,8-naphthalimide (BNI3)

BNI2 (0.6 g, 1.4 mmol), Mn(OAg) (1.3 g, 5.6 mmol) and

t
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'H-NMR (300 MHz, CDC5): § = 0.70 (s, 3H, El3ay),
1.20 (s, 3H, Gzay), 1.34 (s, 3H, Glzeg), 1.39 (s, 3H,
CHzeg), 1.40-1.60 (m, 2H, 2x BH), 1.50 (dJ = 6.6 Hz, 3H,
CH3—CH-Ph), 2.70-2.90 (m, 2H, 2x at), 4.80 (m, 1H,
CH-Ph), 5.50 (m, 1H, €&-N), 7.25-7.40 (m, 5H, Ph), 7.80
(t, 1H, CH (napht.-6)), 8.00 (dJ = 8.1 Hz, 1H, G (napht.)),
8.33(dJ=7.8Hz, 1H, ¢ (napht.)), 8.50 (dJ=7.8 Hz, 1H,
CH (napht.)), 8.59 (dJ = 7.2Hz, 1H, &1 (napht.)).

13C_.NMR (CDCk): § = 20.8 (1C,CH3—CH-Ph), 23.4
(2C, CH3), 34.0 and 34.5 (2CCHg), 41.6 (2C, 2x
CH>—CH-N), 46.0 (1C,CH-N), 60.7 and 60.9 (2C, 2x
C—N), 83.3 (1C,CH—Ph), 122.7 and 123.6 (2C(1), C(8)),
126.8-133.0 (8C, napht. and 5C, Ph.), 145.6 (C®h)),
164.3 (1CC=0).

FTIR (KBr) (cm™1): »(C=0) 1701, v(C=0) 1663,
3(CHg)-dublet 1361 and 1343y(napht.) 778,v(phenyl)
700.

2.5. 4-Dimethylamino-N-(2,2,6,6-tetramethyl-4-
piperidinyl)-1,8-naphthalimide (DMANI)

BNI1 (429, 1mmol) was dissolved in 3-
methyl-1-butanol (8 mL) and warmed to 132. 3-
(Dimethylamino)propionitrile (0.4g, 4mmol) was added
and the reaction mixture were stirred for 12 h. The formed
crystals were filtered off, washed with water and then with
cooled isohexane. Crystallization from dichloromethane
gave 0.25g of orange crystals, which were a mixture of
starting material and the required product according to
TLC. Column chromatography (AD3) using a mixture
of dichloromethane/isohexane/methanol 6:6:1 afforded
yellow crystals (90 mg, 24%), m.p. 187-19D. Sample
for analysis was obtained by repeated crystallization from
dichloromethane.

1H-NMR (300 MHz, CDC}): § = 1.21 (s, 6H, 2X El3ax),
1.37 (s, 6H, 2x Elzeg), 1.65 (m, 2H, 2x EH), 2.50 (m, 2H,
2x CHH), 3.11 (s, 6H, 2x El3—N), 5.70 (m, 1H, Gi—N),
7.10 (d,J = 8.1Hz, 1H, ®& (napht.-3)), 7.70 (t, 1H, B
(napht.-6)), 8.40-8.60 (m, 3H,HC(nhapht.)).

13C.NMR (CDCh): § = 28.0 (2C,CHaay), 34.9 (2C,
CHzeg), 40.9 (2C, 2xCH,—CH), 44.8 (2C, 2)CH3—N), 46.8

styrene (0.58 g, 5.6 mmol) were suspended in 25 mL solvents(1C, CH—N), 52.0 (2C, 2xC—N), 113.4 (2C,C(1), C(8)),
mixture (ethanol/toluene/acetic acid 2: 2: 1) and stirred vig- 115.5 (1C,C(3)), 123.6-132.6 (6C, (hapht.)), 156.8 (1C,
orously at room temperature. NaBkD.32g, 8.4 mmol)was  C(4)), 164.8 and 165.3 (2@G=0).

added slowly in very small portions and reactionwas checked GC-MSm/z: 379[M], 365, 267, 241, 124.

by TLC. After addition the mixture was filtered and washed Absorption spectra were recorded on M40 (C. Zeiss, Jena,
three times with dichloromethane. The organic layers were Germany) and on UV 160 (Shimadzu, Japan). EPR spectrum
combined, concentrated and the residue was dissolved inwas measured with X-band spectrometer E-4 Varian (USA)
30 mL of dichloromethane. The solution was washed with interfaced on PC with program Symphonia Bruker. Mea-
aqueous NaHCgxsolution and with water. Organic layerwas surements of transient absorption spectra in the time scale
separated, dried over Ma0O, and the solvent was removed. 20 ns to 50Qus were carried out on a nanosecond laser flash
Purification by column chromatography, eluting with 2:1 photolysis LKS 60 from Applied Photophysics Ltd. (Lon-
dichloromethane/isohexane, gave a colorless wax. Crystal-don, England). The laser excitation at 355 nm (third) from
lization from isohexane yielded white crystals (0.58 g, 77%) Quanta Ray GCR 130-1 Nd:YAG (pulse widi#¥O ns) was
m.p. 174-177C. used in right angle geometry with respect to the monitor-
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ing light beam. The transient absorbance at the pre-selectedf 4-bromo-1,8-naphthalic anhydride (NA2) and equimolar
wavelength was monitored by a detection system composedamount of 4-amino-2,2,6,6-tetramethylpiperidine in DMF.
of a pulsed Xe-lamp (150 W), monochromator and a 1P28 Solid crude product was crystallized from hexane, but
photomultiplier. A unit controlled synchronizing of the pulse some starting material was still present. After purifica-
lamp, programmable shutters and high voltage power supplytion by column chromatography the final product was re-
with laser output. The signal from photomultiplier was dis- cieved in high purity. The structure was confirmed us-
played on digital osciloscope (HP 54522A) and analyzed on ing *H-NMR (Fig. 1), 13C-NMR, FTIR and mass spec-
32 bit RISC work statio22,23]. troscopy.

Transformation of parent amine to stable nitroxyl radical
can be done with different oxidation agents. The advantage of
using 3-chloroperoxobenzoic acid is its very high selectivity
3.1. Synthesis to oxidized >NH to >NO and reasonable simple purifica-

tion of final product. In our case direct oxidation of BNI1

The synthetic approach we pursued is depicted in with 3-chloroperoxy-benzoic acid in dichloromethane was
Scheme 3 4-BromoN-(2,2,6,6-tetramethyl-4-piperidinyl)-  successful, giving a 4-bromi-(1-oxo0-2,2,6,6-tetramethyl-
1,8-naphthalimide (BNI1) was prepared by the reaction 4-piperidinyl)-1,8-naphthalimide (BNI2) in 61% yield as or-

O NaBH,
Mn(OAc
N
Br O EtOH/toluene/AcOH
(o}

BNI3 BNI2

CH,Cl, T
cl

0 !
(2 NC o
O 4+
)
o

3. Results and discussion

O H

NH,
NA2 BNI1
l Ve
N =N
/
o] H O
O st sl O
N o + N N N—H
by i
7 o NH, o
DMANI
(Y (Y
N N-H 4 SN NN N N N—H
) g )
o) 7 o)
BNI1 DMANI

Scheme 3.



J. Kollar et al. / Journal of Photochemistry and Photobiology A: Chemistry 170 (2005) 151-159 155

increases the solubility of the Mn(OAg)s0 only a four-fold
excess of Mn(OA@ and styrene is needed. Using of pure

} R gHsCH‘g acetic acid yields only the hydroxylamine as a sideproduct.
N/ NS N\ Conversion of 4-bromo-1,8-naphtalic anhydride (NA2) to
B’O{Ewﬁ 4-dimethylamino-1,8-naphthalic anhydride (NA3) was pro-
21 o vided by the reaction with 3-(dimethylamino)-propionitrile,
which was prepared by the addition reaction of dimethy-
lamine with acrylonitrile in ethanol. Thus, treatment of
2 1 3-(dimethylamino)propionitrile with NA2 in polar sol-
N . vent, afforded dimethylaminoderivate NA3 in a very good
yield.
J)( Following conversion of NA3 to 4-dimethylaming-(2,
‘ : 2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide (DMA
90 80 70 60 50 40 30 20 L0 NI) using the same procedure as in the case of preparation of
Fig. 1.'H-NMR spectrum of 4-bromd-(2,2,6,6-tetramethyl-4- E’I\l;]g%rgl4_brom0_]f’8_na.lphtahc anhyd”de was unsuccgss—
piperidinyl)-1,8-naphthalimide (BNI1) in CDGJ y many unldentlfled product_s were formed. Using
a BNI1 as a starting material solved this problem. BNI1 was
ange crystals. The purity of BNI2 was checked by EPR spec- treated with an excess of 3-(dimethylamino)propionitrile to
troscopy. Quantitative measurements were performed in ben-provide a 1:1 mixture of desired product and unreacted BNI1.
zene solutionsq = 1 x 103 mol/dn?). Integral of EPR Careful column chromatography gave the crude product
spectra for BNI2 was Compared with the integra| of stan- which was crystallized from dichloromethane obtaining yeI-
dard measured under the same conditions. As the standardow crystals of 4-dimethylamind(2,2,6,6-tetramethyl-4-
4-hydroxy-2,2,6,6-tetramethyl-piperidifé-oxyl was used.  piperidinyl)-1,8-naphthalimide in high purity. To our knowl-
EPR spectrum of the BNI2 as well as standard were triplets €dge the compounds BNI1, 2, 3 and DMANI are newly syn-
with equal line intensities. The values of integrals are propor- thesized.
tional to the number of radicals so the relative concentration
¢ provides information about amount of radical in the BNI2. 3.2. Spectral measurement
We assume that the concentration of radicals in the standard
is 100%. The value; for BNI2 was 95%, which is the proof Effect of substituent in position 4 of naphthalene ring on
of the very high purity. Purity was checked by TLC too. the absorption spectra is shownFig. 2 Spectra of unsub-
Synthesis of alkoxyamine 4-bromd-1-(1-phenylethyl) stituted 1,8-naphthalic anhydride (NA1) and 4-bromo-1,8-
0x0-2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide naphthalic anhydride (NA2) are very similar. Just very small
(BNI3) from this nitroxide was accomplished by the addition bathochromical shift of several nanometer can be seen in
of styrene in the presence of Mn(OAGs a catalyst. The  the case of bromo-derivative in comparison with unsubsti-
most efficient conditions were obtained using a solvent tuted anhydride. However, substantial changes can be seen
mixture ethanol/toluene/acetic acid 2:2:1. Acetic acid by introduction of dimethylamino group to naphthalene ring.

200 250 300 350 400 450 500
A,nm

Fig. 2. Absorption spectra of 1,8-naphthalic anhydride (NA1), 4-bromo-1,8-naphthalic anhydride (NA2), 4-dimethylamino-1,8-naphthaldeaiiN#8ly
and 4-dimethylamindN-(2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide (DMANI) in methanol.
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003 ——Mm ™ —————————7 Table 1
—n— 1ps Kinetic data of decay of probes based on 1,8-naphthalic anhydride
—e— 5 —R NA1-NA3 and 1,8-naphthalimide DMANI at 355 nm excitation in methanol
us
002k —a—20 s \ Probé Condition® A°(nm) I k& (Af) (s 1) kq? (dmPmol~1s71)
' NAL1  Air 480 M 1.49x 1C° 0.57.x 10°
AA N2 480 B 2.35x 10° (51%)
4.00x 10* (49%)
001+ N2 480 M 1.00x 10°
’ N2/Q> 480 M 1.28x 107 2.54x% 10°
NA2  Air 500 M 2.34x10° 0.99x 10°
N2 500 M 1.59x 10°
000k | N2/Q; 500 M 2.62x 1¢f
’ N N2/Q2 500 M 1.47x 107 2.94% 10°
350 400 450 500 NA3  Air 650 M 2.24x 10* 0
anm N2 650 M 3.30x 10*
N2/Qs 650 M 3.70x 10* 4.0x 10°
Fig. 3. Time resolved transient absorption spectra of 1,8-naphthalic anhy- PMANI Air 650 M 3.87 x 10° 0
dride NA1 at 355 nm excitation in methanol. N2 650 M 4.07x 10
N2/Qs 650 M 2.33x 10* 0

Clearly, the substitution of electron donating dimethylamino  a syructure of the probe according®ehemes 1 and 2

group in the position 4 of naphthalene ring in the case of ° Experimental conditions: air — aerated solutiong, Nbubbling with
1,8-napthalic anhydride (NA3) as well as in the case of 1,8- stream of nitrogen for 10 mirQ — quencher TEMPO at concentration, Q
naphthalimide (DMANI) shifts the long wavelength band :CO'&gﬁit?r;gﬁg\?éIgnzt?]mmo'dms'

bathOChror_mca“y from _Ca'_ 300 to 425 nm. . YFitingto monoexponeﬁtial M, or biexponential B.

Absorption spectra indicate that the 355 nm excitation is e Rate constant of the decay.

feasible for unsubstituted 1,8-naphthalic anhydride (NA1) f Fraction at the bimolecular decay.

and derivatives derived from it NA2, NA3 and DMANI. In 9 Bimolecular rate constant of quenching by oxygen (oxygen concentra-
the case of NA1 and 2 the excitation occurs at the long wave- ion¢= 24> 102 mol dnm? [23]) and 1-0x0-2,2,6.6-tetramethylpiperidine
length edge while it occurs at short wavelength edge for (TEMPO).

NA3 and DMANI. Concentration of all solutions used for

laser flash photolysis experiment was used according to theare two different excited states concerning the lifetime. The
absorption at 355 nm. All solutions had at this wavelength decay of transient absorption at 480 nm of NA1 in methanol
roughly the same absorption ca. 0.6 to secure similar popu-is about 10 times more rapid in the presence of oxyden (
lation of excited states. The transient triplet absorption spec-= 1.49 x 10°s™%, Table J than in nitrogen atmospherel
trum of 1,8-naphthalic anhydride NA1 exhibits two distinct x 10°s™%, which is clearly biexponential. Surprisingly, the
maxima Fig. 3). First maximum around 400 nm, practically triplet of NA1 is quenched more efficiently by free nitroxyl
does not decay during the time scale used, contrary to theradical 1-oxo-2,2,6,6-tetramethyl-piperidine (TEMPO) than
second one around 480 nm which decays. It means that theyoy ground state of oxygeéble 3. The bromo substituted

0,020 [
.\-\
0,015 |- l\ 4
L '\f \
o n
0,010 |- \ i
<
) N
—@
0,005 |- AL 4
/A !
A "
I \, \
A——
A\A\
0,000 |- 4
IR T T | I T T PR [T T TR T | IR PR | PR T T
350 400 450 500 550 600

Anm

Fig. 4. Time resolved transient absorption spectra of 4-bromo-1,8-naphthalic anhydride NA2 in methanol at 355 nm excitation.
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derivative NA2 Fig. 4) shows similar features with some ad-
ditional maximaat 370 and 510 nm. Under the same condition
the overall absorption is weaker indicating lower concentra-
tion of triplet state. By bromo substitution, heavy atom effect
was introduced to the molecular system. One can expect tha
the heavy atom effect will increase the deactivation routes and
consequently lower measurable triplet concentration might
be expected. Again the triplet of NA2 is more effectively
quenched by free nitroxyl radical -TEMPO - than by oxy-
gen. Bimolecular rate constaky of quenching of NA1 and
NA2 with oxygen is 1x 10° dm® mol~1 s~ and for TEMPO

(Q) kq is higher 3x 10° dm® mol~ts~1. In accord with pre-
vious studies with probes based on naphthalene, quenching
of derivatives containing different substituent in position 4
with N-oxyls as well as with oxygen is well below diffusion-
controlled limit for these 1,8 naphthalic anhydride derivatives
as well. The decays of transient absorption fit monoexponen-
tial but in nitrogen atmosphere the decay is better described
by biexponential with fast rate 2.36 10° s~1 and slow rate
4.0x 10*s71.

Dimethylamino group in position 4 of 1,8-naphthalic an-
hydride — NA3 or naphthalimide — DMANI results in the
shift of transient triplet absorption maxima of NA3 and
DMANI (Figs. 5 and p above 600 nm. The intensity es-
pecially in the case of DMANI was much lover. These
triplets were difficult to quench with oxygen as well as by
TEMPO. For NA3 the estimated value kf was around 4
x 10° dm® mol~1s~1 that is five orders of magnitude lower
than diffusion-controlled limit. Clearly, this dimethylamino
substitution on 1,8-naphthalic anhydride or imide frame low-
ers the formation of triplet state under the same conditions
and also lowers its energy so that it is difficult to quench it
by oxygen and TEMPO.

In comparison with nonsubstituted as well as 4-bromo-
substituted 1,8-naphthalic anhydride (NA1 and NA2) which

A . /'

02T T T
—m— 2us
—e—15us
—A—40 s
[
o
A\
AA .\./.

0,00

:;éEZA\ A/A /\A

A—\ a

A

500

Fig. 5. Time resolved transient absorption spectra of triplet 4-
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Fig. 6. Time resolved transient absorption of 4-dimethylani(2,2,6,6-
tetramethyl-4-piperidinyl)-1,8-naphthalimide DMANI at 355 nm excitation
in methanol.

have in UV absorption spectra maximum of the longest
wavelength band around 300 nnfig. 2), N-substituted
derivatives of 4-bromo-(2,2,6,6-tetramethyl-4-piperidinyl)-
1,8-naphthalimide (BNI1-BNI3) have absorption maxi-
mum shifted to the longer wavelength at 340 nisig( 7).

The absorption spectra of 4-bromo-(2,2,6,6-tetramethyl-4-
piperidinyl)-1,8-naphthalimide in polar methanol are not in-
fluenced by substitution on sterically hindered nitrogen. The
longest wavelength bands show some vibrational resolution.
When these derivatives are probed by 355nm excitation,
they exhibit similar behaviour as derivatives without sub-
stitution in position 4 of naphthalene rirjg0]. The triplet
transient absorption spectra of parent amine (BNI1) and
alkoxyaminoether (BNI3)Kigs. 8 and 9 exhibit maxima
around 480 and 380 nm in nitrogen. Additional band is at

400 450

200 250

Fig. 7. Absorption spectra of 4-brom<2,2,6,6-tetramethyl-4-
piperidinyl)-1,8-naphthalimide (BNI1), 4-bromig-(1-o0xo0-2,2,6,6-
tetramethyl-4-piperidinyl)-1,8-naphthalimide (BNI2), and 4-brohhg1-

dimethylamino-1,8-naphthalic anhydride NA3 in methanol at 355nm ex- (1-phenylethyl)oxo-2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide

citation.

(BNI3) in methanol.
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Fig. 8. Time resolved triplet absorption spectra of 4-brdwi(2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide (BNI1) in methanol at 355 nm excitation.

T T " T " T T Table 2
—=— 1pus | Kinetic data of decay of triplet of derivatives of 4-brorhbf2,2,6,6-
--e-- 8us tetramethyl-4-piperidinyl)-1,8-naphthalimide BNI1-BNI3 at 355 nm exci-
—A— 16 us tation in methanol
001 — Probé@ Condition® A¢(hm) F ke (s 1) kg' (dm® mol~ts~)
. R BNI1  Air 470 M 2.35x10° 0.92x 10°
p .j N2 470 M 1.36x 10°
Sy N2/Qq 470 M 2.09x 10°
A ¥ N2/Q, 470 M  9.97x 1C°
0,00 [ L N2/Qs 470 M 2.88x10° 2.84x 10°
BNI2  Air 470 — Weak signal
N2 470 — Weak signal
350 200 250 00 50 BNI3  Air 470 M 222x10°  0.87x 10°
onm N2 470 M 1.34x 10°
' No/Q1 470 M 251x 106 2.37x 10°
v
Fig. 9. Time resolved triplet absorption spectra of 4-braWat-(1- N2/Q2 470 M_115x10° 2.30x 16°
phenylethyl)oxo-2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthalimide & Structure of the probe according$zheme 2
(BNI3) in methanol at 355 nm. b Experimental conditions: air — aerated solutiong, -Nbubbling with

stream of nitrogen for 10 min. Q = quencher TEMPO at concentratign, Q
=0.001, @ = 0.005, @ = 0.01 mol dnt3.

420 nm which does not decay in the case of BNI3. In this ¢ Monitoring wavelength.

case also, the quenching of triplet BNI1 and BNI3 by oxygen ¢ Fitting to monoexponential M.

Is less effective as by TEMPG&.ble 3 . fe Si?‘;i;%ﬁ?::?tag ::hoeng?:niy(.)f quenching by oxygen (oxygen concentra-

No (or extremely v_veak tran_ﬂent) absorptl_on Sp_eCtra W8S tionc=2.4x 103 mol dm3 [23]) and 1-0x0-2,2,6,6-tetramethylpiperidine

observed for stable nitroxyl radical BNI2. Excited triplets are (tempo).

quenched by nitroxyl radical which is part of the molecule.

This intramolecular quenching is faster than the shortest time Acknowledgements

we can use for measurement. This is the similar behaviour as

in the case of nonsubstituted derivative (2,2,6,6-tetramethyl-  The authors thank CNRS for support the photophysical
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In conclusion one can state that the triplet state of 1,8-
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