ELS

EVI

ER European Polymer Journal 36 (2000) 1533-1535

EUROPEAN
POLYMER
JOURNAL

Luminol chemiluminescence selectively stimulated with
self-assembled molecular aggregates of fluoroalkylated
end-capped N-(1,1-dimethyl-3-oxobutyl) acrylamide oligomer

Hideo Sawada® ®*, Yoshiko Yoshino®, Tokuzo Kawase®, Ken Fujimori

d

2Department of Chemistry, Nara National College of Technology, Yamatokoriyama, Nara 639-1080, Japan
®Department of Chemistry, Faculty of Advanced Engineering, Nara National College of Technology, Yamatokoriyama,
Nara 639-1080, Japan
“Faculty of Human Life Science, Osaka City University, Sumiyoshi, Osaka 558-8585, Japan
dDepartment of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8571 Japan

Received 14 June 1999; accepted 9 August 1999

Abstract

Fluoroalkylated end-capped N-(1,1-dimethyl-3-oxobutyl) acrylamide oligomer is a unique host molecule
accommodating luminol and potentially enhancing light emission yield in its chemiluminescence with hydrogen
peroxide-potassium ferricyanide in an aqueous solution. © 2000 Elsevier Science Ltd. All rights reserved.
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Considerable attention has been focused on partially
fluorinated macromolecules, particularly fluoroalky-
lated end-capped macromolecules, due to their unique
properties, such as biological activity and surface-
active properties imparted by end-capped fluoroalkyl
segments setting them apart from ordinary fluorinated
polymers [1,2]. Fluoroalkylated end-capped amphiphi-
lic oligomers have been demonstrated to form self-
assembled molecular aggregates with aggregations of
the end-capped fluoroalkyl segments in aqueous and
organic media [3], indicating that well-known chemilu-
minescent compounds such as luminol and lucigenin
are potential guest molecules for fluorinated molecular
aggregates to enhance chemiluminescence intensity. It
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would be interesting to develop this chemiluminescence
into an enzymatic model for luciferase-catalyzed biolu-
minescence. Given the development of such biomimetic
chemiluminescence using partially fluorinated macro-
molecules, we were interested in the chemiluminescence
of luminol in the presence of self-assembled aggregates
of fluoroalkylated end-capped oligomers. We report
here that fluoroalkylated end-capped acrylamide oligo-
mers, particularly fluoroalkylated end-capped N-(1,1-
dimethyl-3-oxobutyl)acrylamide oligomer [Rg-
(DOBAA),-Rg], as a powerful enhancer of luminol-
H,0,-K3Fe(CN)g chemiluminescence.

A series of fluoroalkylated end-capped oligomers
were prepared by known methods [4-7]. In a typical
chemiluminescence study, aqueous solutions of luminol
(200 nmol/ml, 200 pl) and K3Fe(CN)s (400 pmol/l;
50 pl), Rg-(DOBAA),-Rg methanol solution (2 g/l,
450 pl) and 0.2 mol/l sodium carbonate buffer
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Fig. 1. Time-course of chemiluminescence of luminol in the
presence of fluorinated oligomer.
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(pH 11.7; 300 pl) were mixed in a polyethylene tube
placed in a chemiluminescence detector (Luminescence
Reader BLR-201, Aloka Co. Ltd, Japan) at 37°C.
After 1 min, chemiluminescence was initiated by add-
ing an aqueous H,O, solution (100 pumol/l, 100 pul) by
an injector to record the light emission time course.

Table 1
Light intensity of luminol in the presence of a series of fluoro-
alkylated end-capped oligomers

Light intensity

Oligomer (Mn) @
(x 10 counts/30min)

Re-(CH,CHCOOH),-Rr (9200) 600
Re-(CH,CMe),-Re: (12300) 700
GO,CH,CH,SO5H

Re-(CH2CH)o-Rr (9040)
CO,CH,CH,N*MeyCI 800

Re-(CHoCH),-(CH,CH), R (1430; x:y =53 :47) 1000
= C—NHCHMe,
o=¢-N D
CN_S
Rp(CHZCH)x-(CHZ'CH)y-RF (2230; x : y =53 : 47) 1400
0=C-NMe,
O=C—-N o]
_f

Re-(CH,CH),-Rf (4730) 1600

O=C-N O
/

Re-(CH,CH),-Re (7900) 5700
0= C—NHCMe,CH,(C=0)Me

¥ R = CF(CF3)OCF,CF(CF3)OC;5F;.

The fluoroalkylated end-capped DOBAA oligomer
(Rg-(DOBAA),-Rg) was found to enhance dramati-
cally the light emission yield, while the corresponding
nonfluorinated DOBAA  oligomer  (Mn=6900)
decreased the light yield (Fig. 1). Relative chemilumi-
nescence light yields measured after all luminol was
consumed were determined to be 1:0.4:65 (absence of
polymer: presence of nonfluorinated DOBAA oligo-
mer: presence of Rp-(DOBAA),-Rg). These obser-
vations indicate that the perfluoroalkylated end-capped
structure is essential in oligomers enhancing luminol
chemiluminescence light yield.
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To study the effect of the fluoroalkyl structure on
luminol chemiluminescence, we tested several fluor-
oalkylated end-capped oligomers under similar con-
ditions (Table 1). Fluoroalkylated end-capped
oligomers containing carboxy, sulfo, and trimethylam-
monium segments were found to be less effective than
fluoroalkylated end-capped acrylamide oligomers in
enhancing chemiluminescence. Among these Rg-
(DOBAA),-Rf, a polyacrylamide, was most effective.
We reported that fluorinated acrylamide oligomers
such as fluoroalkylated end-capped acryloylmorpho-
line, N, N-dimethylacrylamide and N-isopropylacryla-
mide oligomers form molecular aggregates in aqueous
solutions through (a) the interaction between end-
capped fluoroalkyl segments and (b) the intermolecular
hydrogen bonding of amide segments. These aggre-
gates act as hosts of calcium ions as a guest molecule
[8], but corresponding nonfluorinated acrylamide oligo-
mers do not [8]. In contrast, the calcium binding of
fluoroalkylated end-capped acrylic acid oligomers
reportedly is almost the same as the theoretical binding
one [9]. The acrylamide moiety in fluoroalkylated end-
capped oligomers is a segment very important to the
formation of molecular aggregates with suitable host
moieties, and these fluorinated aggregates are essential
to enhancing luminol chemiluminescent light yield.

It would be interesting to extend this experiment to
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Fig. 2. Time-course of chemiluminescence of lucigenin in the
presence of oligomer.
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lucigenin, another famous chemiluminescent com-
pound. The light emission yield of the lucigenin chemi-
luminescence with H,O, measured for 30 min at 37°C
was, however, rather suppressed by Rg-(DOBAA),-RE.
(Fig. 2) and the corresponding nonfluorinated
DOBAA oligomer, [-(DOBAA),-]. This finding
suggests that our present fluorinated molecular assem-
blies formed by Rp-(DOBAA),-Rg recognize luminol
rather than lucigenin preferentially as a guest molecule.
We found that fluoroalkylated end-capped DOBAA
oligomers form self-assembled aggregates that selec-
tively recognize aromatic amine derivatives such as
methylene blue and methyl orange bearing negatively
charged groups. These aggregates do not, however,
recognize lucigenin [10]. This suggests that these fluori-
nated aggregates accommodate luminol monoanion, an
aromatic amine, as a guest molecule, but do not inter-
act with lucigenin, a large aromatic quaternary am-
monium ion.

To substantiate this, we have examined the
liquid-liquid extraction behavior of an 1,2-dichlor-
oethane solution (5 ml) of the fluoroalkylated end-
capped DOBAA oligomer [2.0 g/l
Rg=CF(CF3)OC;F; (Mn=6900)] for 0.2 mol/l sodium
carbonate buffer (pH 11.7, 5 ml) containing luminol
(0.02 mol/l). In spite of whole luminol molecules
(pK,=6) in the monoanion forming in the aqueous
medium, the CF(CF;)OC;F;-containing organic phase
was found to have an extraction ability (25%) toward
the luminol monoanion. This fluorinated aggregate
therefore recognizes luminol as a guest molecule poten-
tially enhancing chemiluminescence light yield. Several

factors determine chemiluminescence efficiency [11].
The polymer aggregation provides hydrophobic en-
vironment to the guest, luminol. The fluorescence
quantum yield of the light emitter is often increased by
changing the environment from hydrophilic to hydro-
phobic [12-15]. The fluorescence quantum yield of
singlet excited sodium 3-aminophthalate, the light
emitter of luminol chemiluminescence, was found to be
scarcely affected by adding fluoroalkylated end-capped
DOBAA oligomers, suggesting that fluoropolymers
increase singlet excited state of 3-aminophthalate yield
in the polymer bound Iuminol chemiluminescence.
Luciferin-luciferase bioluminescence quantum yields
are generally greater by a few orders of magnitude
than luciferin chemiluminescence. Our fluorinated
polymer aggregates selectively include Iluminol to
enhance the quantum yield of singlet-excited emitter
formation such as luciferase. Our fluoroalkylated end-
capped DOBAA oligomers are therefore promising in
providing a hydrophobic environment mimicking luci-
ferase bioluminescence and other enzymatic reactions.

References

[1] Hunt Jr MO, Belu AM, Linton RW, DeSimone JM.
Macromolecules 1993;26:4854.

[2] Sawada H. Chem Rev 1996;96:1779.

[3] Sawada H, Kawase T. Yuki Gosei Kagaku Kyokai Shi
1999;57:291.

[4] Sawada H, Gong Y-F, Minoshima Y, Matsumoto T,
Nakayama M, Kosugi M, Migita T, Fluorinated acrylic
acid oligomer. J Chem Soc Chem Commun 1992:537.

[5] Sawada H, Ohashi A, Baba M, Kawase T, Hayakawa Y.
Fluorinated sulfonic acid oligomer. J Fluorine Chem
1997:83:125.

[6] Sawada H, Katayama S, Oue M, Kawase T, Hayakawa
Y, Baba M, Tomita T, Mitani M. Fluorinated oligomers
containing trimethylammonium segments. J Jpn Oil
Chem Soc 1996;45:161.

[7] Sawada H, Kawase T, Ikematsu Y, Ishii Y, Oue M,
Hayakawa Y, Fluorinated acrylamide oligomer. Chem
Commun 1996:179.

[8] Sawada H, Yoshino Y, Itoh M, Kawase T, Hayakawa
Y. J Fluorine Chem 1997;83:183.

[9] Sawada H, Kawase T, Yamashita K, Hayakawa Y.
Chem Commun 1996:827.

[10] Sawada H, Yoshino Y, Kurachi M, Kawase T, Takishita
K, Tanedani T. Polymer 2000;41:397.

[11] MacCapra F. Chemiluminescence in organic chemistry.
New York: Springer-Verlag, 1987.

[12] Tsuji FI, Inouye S, Goto T, Sakaki Y. Proc Natl Acad
Sci USA 1986;83:8107.

[13] DeLuca M. Biochemistry 1969;8:160.

[14] Goto T, Fukatsu H. Tetrahedron Lett 1969:4299.

[15] Teranishi K, Goto T. Chem Lett 1989:1423.



