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Abstract

Two new monomeric 1,8-naphthalimide blue-emitting fluorophores, containing hindered amine stabiliser fragment have been synthesised
for the first time using phase-transfer catalysis conditions. Their ability for simultaneously fluorescent brightening and stabilisation
of polyacrylonitrile has been demonstrated. The chemical bonding of the synthesised monomers in the polymer chain was confirmed
spectrophotometrically. The influence of these additives on the photostability of the co-polymers was studied. The participation of combined
molecules in the polymerisation did not affect considerably the co-polymers’ molecular weight. A significant stabilising effect against
photodegradation was determined.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction polymers[9]. Due to the presence of a polymerisable group,
they can polymerise with some commercial monomers,
During the last few years, a large number of light-emitting allowing to obtain co-polymers with an intensive blue
polymers have been investigated intensiél]. Polymers fluorescencg9c,10]
with aromatic or heteroaromatic fluorophores absorb light On the other hand, as a possible way to improve the poly-
with wavelength in the range from 300 to 500 nm due to mer photostability, a number of different stabilisers have
m—* transition and re-emit the light as fluorescence with successfully been usgiil]. Among them, hindered amines
different colour. such as 2,2,6,6-tetramethylpiperidine derivatives are of a
Naphthalimide derivatives usually exhibit strong fluores- great interest due to their high photostabilising efficiency
cent emission on irradiation and are well known to act as [12]. They inhibit the process of autoxidation by transfor-
photo-induced electron-transfer sens8$, fluorescence  mation of the parent amines té-oxyl radicals, either by
switchers[4], liquid crystal displays[5] or electrolumi- reaction with peroxyl radicals or occasionally by reaction
nescent materialf6]. Their fluorescence emission can be with singlet oxygen, which stop oxidative degradation by
widely tuned (from blue through yellow to green) with coupling of alkyl radicalg413].
amino- and alkoxy-groups at the 4-position of naphthal- A combination of 2,2,6,6-tetramethylpiperidine and 4-
imide [7]. 4-Alkoxy-1,8-naphthalimides are a new type of alkoxy-1,8-naphthalimide fragments in one molecule could
electron-transporting emitting materials. They act as an addi-result in a new type of fluorescent brighteners capa-
tional light source by transforming the absorbed UV light of ble of photostabilising the polymer materials. Here, the
terrestrial solar irradiation, below about 400 nm, re-emitting synthesis of two new polymerisable adducts of a hin-
the light as a violet—blue fluorescence in the visible region dered amine and a blue-emitting fluorophore, 6-allyloxy-2-
[8]. In the recent years, 4-alkoxy-1,8-naphthalimide deriva- (2,2,6,6-tetramethylpiperidin-4-yl)-benzlg]isoquinoline-
tives have aroused the scientific interest because of theirl,3-dione 5 (Scheme } and 2-allyl-6-(2,2,6,6-tetrame-
potential use as fluorophores for synthetic blue fluorescentthylpiperidin-4-yloxy)-benzaje]isoquinoline-1,3-dione 8
(Scheme 2, and their potential for simultaneously fluores-
* Tel.: +359-2-6254350. cent brightening and photostabilisation of polyacrylonitrile
E-mail address: vibojin@uctm.edu (V.B. Bojinov). (PAN) are reported.
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2. Experimental
2.1. Materials

The 4-bromo-1,8-naphthalic anhydride 2,2,6,6-tetra-
methylpiperidin-4-ylamine, allyl alcohol 4, 2,2,6,6-tetra-
methylpiperidin-4-ol7, allylamine and 18-crown-6 (Fluka
Products), p.a. grade, were used without purification. Com-
mercial acrylonitrile (AN) was distilled before use. Diben-
zoylperoxide (DBP, Fluka, 99.6%) re-crystallised from
chloroform was used as an initiator of the free radical
co-polymerisationN,N-dimethylformamide (DMF, Merck)
for synthesis and of a spectroscopy grade was used.

2.2. Methods

FT-IR spectra were recorded on a Bruker IFS-113 spec-
trometer at 2cm?® resolution using KBr discs. ThéH
NMR spectra (chemical shifts are given & ppm) were
recorded on a Bruker DRX-250 spectrometer, operating
at 250.13MHz. The measurements were carried out in
CDCls solution at ambient temperature. The electronic and
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eluant the solvent systemsheptane/acetone= 1:1 and
chloroform/methanok 9:1. The quantum yield of fluores-
cence was determined on the basis of the absorption and
fluorescence spectra at a concentration of®rfiol -1,
using quinine bisulfated®y = 0.55), as a standarid 4]. El-
emental analysis data were obtained on a Perkin-Elmer 240
automatic analyser. The melting points were determined by
means of a Kofler melting point microscope.

2.3. Yynthesis of monomers

2.3.1. Yynthesis of 6-bromo-2-(2,2,6,6-
tetramethyl piperidin-4-yl)-benzo[ de]isoquinoline-
1,3-dione (3)

To a suspension of 4-bromo-1,8-naphthalenedicarboxylic
acid anhydridel (8.31g, 30 mmol) in 100 ml of absolute
ethanol, 4.68 g of 2,2,6,6-tetramethylpiperidin-4-ylamihe
(d = 0.91, 30mmol) were added dropwise under stirring
at ambient temperature over a period of 30 min. The re-
sulting mixture was stirred at 7& for 4h (TLC control
in a solvent systemm-heptane/acetone- 1:1). The crude
product that precipitated on cooling with addition of water
was treated with 50 ml of 5% aqueous sodium hydroxide to
give after filtration, washing with water and drying 11.76 g
of 6-bromo-2-(2,2,6,6-tetramethylpiperidin-4-yl)-benae][
isoquinoline-1,3-dioned) as pale yellow crystals.

FT-IR (KBr) (cm~1): 3238 ¢NH); 3074 ¢ArCH); 2924
(v3CHa); 2874 (°CHjs); 1696 (?5C=0); 1654 ¢{°C=0);
1590 (QArC=C); 1452 ¢3CHs); 1364 ¢SCHs); 1346
(vC—-N-C); 778 §ArCH).

1H NMR (250.13 MHz, CDGJ) (ppm): 8.62 (dd, 1H/ =
7.3 and 1.1 Hz, benzdE]isoquinoline 7-H); 8.53 (dd, 1H,

J = 8.5 and 1.1Hz, benzdgjisoquinoline 9-H); 8.36 (d,
1H, J = 7.9 Hz, benzaofelisoquinoline 4-H); 8.02 (d, 1H,
J = 7.9 Hz, benzaflelisoquinoline 5-H); 7.81 (dd, 1H] =
8.5 and 7.3 Hz, benzdglisoquinoline 8-H); 5.68 (m, 1H,
tetramethylpiperidine CH); 2.52 (t, 2H,= 12.4 Hz, tetram-
ethylpiperidine CH); 1.83 (br.s, 1H, tetramethylpiperidine
NH); 1.68 (dd, 2H,J = 12.6 and 2.9 Hz, tetramethylpiperi-
dine CH); 1.41 (s, 6H, tetramethylpiperidine<2CHz); 1.28
(s, 6H, tetramethylpiperidine  CHz).

Elemental analysis: Calculated fop{E23BrN2O2 (MW:
415.32) C 60.73, H 5.58, N 6.74%; Found C 61.08, H 5.49,
N 6.82%.

2.3.2. Synthesis of 6-allyloxy-2-(2,2,6,6-
tetramethyl piperidin-4-yl)-benzo[ de] i soquinoline-
1,3-dione (5)
A solution of 6-bromo-2-(2,2,6,6-tetramethylpiperidin-
4-yl)-benzofle]lisoquinoline-1,3-dione3 (4.15g, 10 mmol)
in 50ml of toluene was added to a mixture of 0.70g of

fluorescence spectra were recorded on a Hewlett-Packardallyl alcohol ¢ = 0.85, 12mmol), 0.16 g of 18-crown-6

8452A spectrophotometer with 2nm resolution and on
a Perkin-Elmer MPF 44 spectrophotometer, respectively,
at room temperature in DMF. TLC was performed on
silica gel, Fluka F60 254, 2&x 20, 0.2mm, using as

(0.6 mmol, 5 mol% to the allyl alcohol) and 0.79 g (14 mmaol)
of finely ground potassium hydroxide at ambient tempera-
ture. The resulting mixture was vigorously stirred and heated
to 90°C for 3 h, then cooling to room temperature. The solid



V.B. Bojinov/Journal of Photochemistry and Photobiology A: Chemistry 162 (2004) 207-212

209

phase was filtered off, and the toluene solution was washedCH=); 5.25 (m, 2H, allyl CH=); 5.09 (m, 1H, tetram-
with water and dried over anhydrous sodium sulfate. After ethylpiperidine CH); 4.80 (dt, 2HJ = 5.7 and 1.3Hz,
evaporation of the toluene under reduced pressure the crudallyl OCHy); 2.24 (dd, 2H,J = 125 and 2.4 Hz, tetram-

residual was re-crystallised fromhexane to give 3.57¢g
of 6-allyloxy-2-(2,2,6,6-tetramethylpiperidin-4-yl)-benzo-
[delisoquinoline-1,3-dioneX) as pale beige crystals.

FT-IR (KBr) (cm™1): 3230 ¢NH); 3062 ¢ArCH); 2922
(vCHzs); 2880 (°CHs); 1698 (?5C=0); 1656 (>C=0);
1618 @AllylC=C); 1594 ¢ArC=C); 1458 $35CHs); 1372
(85CH3); 1354 ¢C—-N-C); 1266 ¢C—O-C); 996 §CH,=);
932 (§CH=); 780 SArCH).

IH NMR (250.13MHz, CDG) (ppm): 8.58 (m, 2H,
benzofelisoquinoline 7-H and 9-H); 8.49 (d, 1H/ =
8.3Hz, benzadflglisoquinoline 4-H); 7.70 (dd, 1HJ =
8.2 and 7.5Hz, benzdElisoquinoline 8-H); 7.04 (d, 1H,
J = 8.3 Hz, benzoflelisoquinoline 5-H); 6.16 (m, 1H, allyl
CH=); 5.67 (m, 1H, tetramethylpiperidine CH); 5.49 (m,
2H, allyl CHy=); 4.84 (d, 2H,J = 5.2 Hz, allyl OCH,); 2.49
(t, 2H, J = 124 Hz, tetramethylpiperidine C); 1.77 (br.s,
1H, tetramethylpiperidine NH); 1.65 (dd, 2H,= 12.4 and
3.0Hz, tetramethylpiperidine Cht 1.37 (s, 6H, tetram-
ethylpiperidine 2« CHg); 1.23 (s, 6H, tetramethylpiperidine
2 x CHg).

Elemental analysis: Calculated forn4E2gN2O3 (MW:

392.49) C 73.44, H 7.19, N 7.14%; Found C 73.72, H 7.26,

N 7.06%.

2.3.3. Yynthesis of 2-allyl-6-(2,2,6,6-tetramethylpiperidin-
4-yloxy)-benzo[ de] isoquinoline-1,3-dione (8)

A solution of 2-allyl-6-bromo-benzdE]isoquinoline-
1,3-dione6 (3.16 g, 10 mmol) in 30 ml of toluene was added
to a mixture of 1.89g of 2,2,6,6-tetramethylpiperidin-4-ol
7 (12mmol), 0.79g (14 mmol) of finely ground potassium
hydroxide, 0.16 g of 18-crown-6 (0.6 mmol, 5mol% to the
2,2,6,6-tetramethylpiperidin-4-ol) and 50 ml of toluene at
40°C. The resulting mixture was vigorously stirred and
heated to reflux for 3h, then cooling to room temper-

ethylpiperidine CH); 1.53 (br.s, 1H, tetramethylpiperidine
NH); 1.46 (d, 2H,J 125Hz, tetramethylpiperidine
CHy); 1.38 (s, 6H, tetramethylpiperidinex2CHs); 1.26 (s,
6H, tetramethylpiperidine 2 CHg).

Elemental analysis: Calculated fornfE2gN2O3 (MW:
392.49) C 73.44, H 7.19, N 7.14%; Found C 73.22, H 7.11,
N 7.21%.

2.4. Synthesis of polymers

The radical co-polymerisation of AN with the compounds
5 and 8 was carried out in vials, purged with pure nitro-
gen before use. The co-polymerisation was conducted under
conditions used with other similar 1,8-naphthalmide deriva-
tives [5a—c,9a] The initial concentration of DBP was 1
and 0.5wt.% of the monomer compourilland 8 with re-
spect to the AN monomer. The vials were treated in a ther-
mostat for 12 h at 70C. The side-group co-polymers thus
obtained were re-precipitated several times with methanol
from DMF in order to remove the non-interacted monomers.
The co-polymers poly(ANso-5,8) were dried to a constant
weight in vacuum at 40C. All spectrophotometric measure-
ments were carried out with precipitated polymers.

2.5. Photodestruction of co-polymers

A solar simulator (Suntest CRS HERAEUS), equipped
with a 1.5 kW xenon arc lamp, protected with an adequate fil-
ter to simulate the solar spectrum between 290 and 800 nm,
was used and the experiments were carried out in ordi-
nary atmosphere at 2C€. The irradiation of the PAN and
poly(AN-co-5,8) were performed in DMF solution at a con-
centration of 1.5 gi.

ature. The solid phase was filtered off, and the toluene 2 6 Determination of polymer molecular weights

was evaporated in vacuum. The crude product was dis-

solved in a mixture solvent of minim water and ethanol

The molecular weights of PAN and poly(Abb-5,8) were

(100 ml), and the undissolved residue was filtered off. The determined by measuring the limiting viscosity numbsgr [

filtrate then was diluted in 100 ml of water and the precip-

in DMF solution, using an Ubbelohde viscosimeter at@5

itated product was filtered off and dried. Re-crystallisation Mark-Houwink equation:if] = KM was used for determi-

from ethanol-water (50:50vo0l.%) afforded 3.45g of
2-allyl-6-(2,2,6,6-tetramethylpiperidin-4-yloxy)-benze]
isoquinoline-1,3-dioned) as white crystals.

FT-IR (KBr) (cm~1): 3242 ¢NH); 3066 ¢ArCH); 2956
(v¥CHs); 2894 (SCHs); 1704 (35C=0); 1668 (SC=0);
1614 (QAllylC=C); 1598 @ArC=C); 1464 ¢3<CHz); 1382
(85CH3); 1360 ¢C—N-C); 1248 ¢C—-O-C); 998 §CH,=);
928 (CH=); 788 (SArCH).

IH NMR (250.13MHz, CDC4) (ppm): 8.61 (m, 2H,
benzofelisoquinoline 7-H and 9-H); 8.56 (d, 1H/ =
8.4 Hz, benzafelisoquinoline 4-H); 7.69 (dd, 1HJ =
8.4 and 7.3 Hz, benzdElisoquinoline 8-H); 7.05 (d, 1H,
J = 8.4 Hz, benzofelisoquinoline 5-H); 6.01 (m, 1H, allyl

nation of the average viscosimetric molecular weidW{ X
The respective constants for PAN dfe= 1.75x 10~2 and
a = 0.66 [15].

3. Results and discussion

The aim of the present study was to synthesise 1,8-
naphthalimide fluorescent brighteners, containing a 2,2,6,6-
tetramethylpiperidine stabiliser fragment and a polymeris-
able allyl group for “one-step” chemically brightening and
stabilisation of PAN. It was of interest to obtain two com-
bined compounds in which the allyl group is situated at a
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different position (at theN-imide atom or at the C-6 po-
sition in the benzajelisoquinoline-1,3-dione ring) with a
view to investigate the position effect of the allyl group
upon the monomers ability for a radical co-polymerisation
with AN.

3.1. Synthesis

The target 6-allyloxy-2-(2,2,6,6-tetramethylpiperidin-4-
yl)-benzopelisoquinoline-1,3-diones was synthesised in
just two steps as outlined cheme 3

First, the intermediate 6-bromo-2-(2,2,6,6-tetramethyl-
piperidin-4-yl)-benzaofelisoquinoline-1,3-dione was pre-

OH

HyC
HyC o
N—CCH;s N

CH,

O CH,CH=CH,
NN

H

pared by condensation of the commercially available
4-bromo-1,8-naphthalic anhydrideind 2,2,6,6-tetramethyl-
piperidin-4-ylamine2. In order to obtain the blue-emitting
fluorescent compoun& and functionalise it with poly-
merisable group, the intermedia3ewas reacted with allyl
alcohol 4 under phase-transfer catalysis (PTC) conditions
[16]. By selection of the favourable reaction conditions,
in a solid-liquid two-phase system in the presence of
18-crown-6 as a phase-transfer catalyst, the desired com-
pound5 was obtained in high yieldTable J).

The synthesis of 2-allyl-6-(2,2,6,6-tetramethylpiperidin-
4-yloxy)-benzoflelisoquinoline-1,3-diones is displayed in
Scheme 4

CH,CH=CH,

—O

O :

>

Toluene, KOH, 18-crown-6 o)

Br

H,C
HAC
N—CCH;

H CH,

8

Scheme 4.
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Table 1 Table 3
Yields, melting points and TL@ values for compound8, 5 and 8 Spectrophotometric data for co-polymers of AN with monomeric com-
ounds5 and 8
Compound Yield (%) mp°C) Ry pou
. Polymer AA Yield Chemically bonded
3 94.5 204-206 0. (nm) (Wt.%) 5 and8 (wt.%)
5 91 178-180 0.34
8 82 165-167 0.32 PAN 87
poly(AN-co-5) 370 79 0.42
aTLC solvent systenn-heptane/acetone 1:1. poly(AN-co-8) 366 81 0.40

bTLC solvent system chloroform/methansl9:1.

also comprise some amount of unreacted monomers), pre-
cipitated co-polymers, monomeric compourkdand8, and
mixtures of a homopolymer with the monomé&rand8 were
studied by TLC. After the chromatography development, it
was established that the monom&rand8 in the mechani-

e : : ] g - cal mixtures (a mechanical blend of both homopolymer and
stitution of the brorr.nne. qtom in the intermedigdewith monomer) moved at the same speed as the monomeric com-
2,2,6,6-tetramethylpiperidin-4-of under the above de- onds did and had the same values of retention fator
scribed phase-transfer catalysis conditions in a good vyield (Table 3, while the monomers in the co-polymers, where

(Table 3. . . . they should be chemically bound, remained at the start to-
_The synthesised intermediadeas well as the NEW COM-  gather with the polymerR; = 0). This indicates the dif-
bined compound$ and8 were characterised by their melt-  terent absorbencies of bound and unbound monomers and

ing point, TLCR; value (Table J, absorption and fluores- ¢ jitatively confirms the binding of the compouriiand
cence maxima, Stokes shift{ —vr) and quantum yield of g5 the polymer chain.

quorescencedéF) [14a] (Table 9 and identified by elemen- The UV-Vis absorption spectra of the co-polymers
tal analysis data and FT-IR aréi NMR spectra. showed similar absorption maxima as those of the monomers
Data presented ifable 2show that the different sub- 5 a3nq g (Table 3. This is an indication that no changes

stituents at thé\-imide and C-6 atoms have a small effect cc\yrreq in their chromophoric systems, neither during the
on both the absorption and the fluorescence maxima. StOKe%olymerisation nor as a result of their incorporation to the

shif_t vglues are common for this class of 1,8-naphtha}imide polymer chain. That is why, the method of the standard
derivatives[14b], while the ®F value of the compoun8 is curve was used for spectrophotometric determination of the

higher than that of compourtsl which is surely connected  ghtent of a chemically bound monomer in the polymer
with the electron-donating nature of the substituent in a C-6 (Table 3.

position.

The starting 2-allyl-6-bromo-benzdg]isoquinoline-1,3-
dione 6 was prepared by condensation of 4-bromo-1,8-
naphthalic anhydridel with the commercially available
allylamine according to the reported proced{it&]. The
target compoun® was synthesised by a nucleophilic sub-

o 3.3. Photostability of PAN and poly(AN-co-5,8)
3.2. Polymerisation

o . . Inorder to investigate the influence of the monomérs

The applicability of the new compounds for “one-step” anqg g on the photostability of the co-polymers, the latter

fluorescent brightening and stabilisation of polymers was \yere analysed viscosimetrically5a] before and after 10h
examined on the basis of their ability to co-polymerise of jrradiation. Because of the low percentageSoand 8
with AN. The free-radical polymerisation of AN was in- jnto the polymer chain (about 0.4wt.%) towards AN, the
vestigated in the presence of 0.5wt.% of the correspond-yajyesk anda for homopolyacrylonitrile were used in the
ing monomer § or 8). The polymer yields obtained were  \jark-Houwink equatior{15b]. The average viscosimetric
79w.% for poly(AN€o-5), 81 wt.% for poly(ANeo-8) and  molecular weightsM, determined for poly(ANeo-5) and
87 wt.% for PAN {Table 3. It can be seen that monomer poly(AN-co-8) showed Table 4 that compounds and8 did

compounds5 and8 did not affect significantly the process ot affect significantly the co-polymers’ molecular weight.
of the co-polymerisation.

The presence of a covalent bond between the monomeric,, . ,

compound5 or 8 and the polymer chain has been proved oecular characteristics of PAN and AN co-polymers before and after
by a TLC technique. The unprecipitated co-polymers (they irradiation

Polymer Before After S = My/
Table 2 irradiation irradiation M, -1
Photophysical characteristics of compouridand 8 [n] Mvo  [n] My
c PR I . P (cmtg™) (cmtg™)
ompoun nm o -
P A (nm) ge F AT R F PAN 2.01 43300 1.84 37900 0.14
5 366 4.16 446 4752 0.51 poly(AN-co-5) 1.90 39800 1.88 39100 0.02

8 364 4.22 440 4745 0.62 poly(AN-co-8) 1.92 40400 1.91 40100 0.01
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The data obtained for the chain breaks per molecB)e (

[18] demonstrate the very good stabilising effect of the new

compoundsTable 4.

4. Conclusions

As a result of this investigation, it can be assumed that

the new adduct$d and 8, a combination of a 2,2,6,6-

tetramethylpiperidine stabiliser and a polymerisable group
in the molecule of the 1,8-naphthalimide fluorescent bright-
ener were successfully synthesised using phase-transfer
catalysis conditions. The new compounds were suitable for
preparing polyacrylonitrile co-polymers with intensive blue
fluorescence and high photostability. In terms of the electron
donor—acceptor interaction, which govern the polarisation
of the 1,8-naphthalimide molecule, the results imply that

the electron-donating ability of the 4-alkoxy derivati8és
somewhat higher than that of the 4-allyloxy derivative

Acknowledgements

The author thanks the Science Foundation at the Univer-(;1; g ranby,

sity of Chemical Technology and Metallurgy for the finan-
cial support of these investigations.

References

[1] A. Kraft, A. Grimsgale, A. Holms, Angew. Chem. Int. Ed. Engl. 37
(1998) 402.
[2] D. Kim, H. Cho, C. Kim, Prog. Polym. Sci. 25 (2000) 1089.

[3] (@) H. Tian, T. Xu, Y. Zhao, K. Chen, J. Chem. Soc., Perkin Trans.

2 (1999) 545;
(b) I. Grabchev, X. Qian, V. Bojinov, Y. Xiao, W. Zhang, Polymer
43 (2002) 5731;

(c) I. Grabchey, J.-M. Chovelon, X. Qian, J. Photochem. Photobiol.

A: Chem. 158 (2003) 37,

(d) H. Tian, J. Gan, K. Chen, J. He, Q. Song, X. Hou, J. Mater.
Chem. 12 (2002) 1262;

(e) W. Zhu, M. Hu, R. Yao, H. Tian, J. Photochem. Photobiol. A:
Chem. 154 (2003) 169;

(f) I. Grabchev, X. Qian, Y. Xiao, W. Zhang, New J. Chem. 26
(2002) 920.

V.B. Bojinov/Journal of Photochemistry and Photobiology A: Chemistry 162 (2004) 207-212

[4] X. Poteau, A. Brown, R. Brown, C. Holmes, D. Matthew, Dyes
Pigm. 47 (2000) 91.

[5] (@) I. Grabchev, I. Moneva, V. Bojinov, S. Guittonneau, J. Mater.
Chem. 10 (2000) 1291,

(b) G. Scherovsky, Macromol. Chem. Macromol. Symp. 69 (1993)
87,
(c) I. Grabchey, I. Moneva, J. Appl. Polym. Sci. 74 (1999) 151.

[6] (a) K. Utsugi, S. Takano, J. Electrochem. Soc. 139 (1992) 3610;
(b) T. Hassheider, S. Benning, H. Kitzerow, M. Achard, H. Bock,
Angew. Chem. Int. Ed. 40 (2001) 2060;

(c) F. Cacialli, R. Friend, C. Bouche, P. Le Barny, H. Facoetti, F.
Soyer, P. Robin, J. Appl. Phys. 83 (1998) 2343.

[7] (@) L. Patrick, A. Whiting, Dyes Pigm. 55 (2002) 123;

(b) I. Grabchev, C. Petkov, V. Bojinov, Dyes Pigm. 48 (2001) 239;
(c) V. Bajinov, |. Grabchev, Dyes Pigm. 51 (2001) 57.

[8] (@) R. Anliker, G. Muller, Fluorescence Whitening Agents in
Environmental Quality and Safety, vol. IV, Thieme, Stuttgart, 1975;
(b) B. Krasovitskii, B. Bolotin, Organic Luminophores, Chimia,
Moskva, 1987 (in Russian).

[9] (a) I. Grabchev, C. Petkov, V. Bojinov, Macromol. Mater. Eng. 287
(2002) 904;

(b) I. Grabchev, T. Philipova, Dyes Pigm. 27 (1995) 321;
(c) I. Grabchev, R. Becheva, J. Photochem. Photobiol. A: Chem. 142
(2001) 73.
[10] (a) T. Konstantinova, |. Grabchev, Polym. Int. 43 (1997) 39;
(b) I. Grabchey, T. Philipova, Des. Monomers Polym. 3 (2000) 439;
(c) I. Grabcheyv, V. Bojinov, J. Photochem. Photobiol. A: Chem. 139
(2000) 157.

J. Rabek, Photodegradation, Photo-oxidation and
Photostabilization of Polymers, Wiley, London, 1975.

[12] (a) A. Chirinos-Padron, J. Photochem. Photobiol. A: Chem. 49 (1989)
1
(b) J. White, A. Turnbull, J. Mater. Sci. 39 (1994) 584;
(c) V. Bojinov, Photochem. Photobiol. Sci. 1 (2002) 340;
(d) V. Bojinov, I. Grabchev, J. Photochem. Photobiol. A: Chem. 150
(2002) 223;
(e) V. Bojinov, I. Grabchev, Polym. Degrad. Stab. 74 (2001) 543.
[13] (&) N.S. Allen, Chem. Soc. Rev. 15 (1986) 373;
(b) Y. Kamiya, E. Niki, in: H. H. Jellinek (Ed.), Aspects of
Degradation and Stabilization of Polymers, Elsevier, Amsterdam,
1978, p. 103.
[14] (a) I. Grabchey, V. Bojinov, Polym. Degrad. Stab. 70 (2000) 147;
(b) J. Mama, Adv. Colour Sci. 2 (1999) 162.

[15] (&) W. Sorenson, T. Campbell, Preparative Methods of Polymer
Chemistry, Interscience, New York, 1961;
(b) I. Krunjanz (Ed.), Encyclopedia of Polymers, vol. |, Sovetskaya
Enciklopedja, Moskva, 1972 (in Russian).

[16] E. V. Dehmlow, E. S. Dehmlow, Phase Transfer Catalysis,
VCH-Verlagsgesellschaft, Weinheim, 1983.

[17] I. Grabchev, T. Philipova, Ind. J. Chem. 36b (1997) 264.

[18] E. Dan, A. Somersall, J. Guillet, Macromolecules 6 (1973) 228.



	Novel adducts of a hindered amine and a blue-emitting fluorophore for "one-step" fluorescent brightening and stabilisation of polymer materials
	Introduction
	Experimental
	Materials
	Methods
	Synthesis of monomers
	Synthesis of 6-bromo-2-(2,2,6,6-tetramethylpiperidin-4-yl)-benzo[de]isoquinoline-1,3-dione (3)
	Synthesis of 6-allyloxy-2-(2,2,6,6-tetramethylpiperidin-4-yl)-benzo[de]isoquinoline-1,3-dione (5)
	Synthesis of 2-allyl-6-(2,2,6,6-tetramethylpiperidin-4-yloxy)-benzo[de] isoquinoline-1,3-dione (8)

	Synthesis of polymers
	Photodestruction of co-polymers
	Determination of polymer molecular weights

	Results and discussion
	Synthesis
	Polymerisation
	Photostability of PAN and poly(AN-co-5,8)

	Conclusions
	Acknowledgements
	References


