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ABSTRACT: A novel fluorescein-containing norbornene monomer was synthesized. This 
monomer copolymerized with norbornene via ring opening to give high molecular weight polymers. 
It gave a homopolymer with a Pd-containing catalyst opening of its double bond. All polymers 
exhibited absorption and emission spectra similar to those of fluorescein. 

KEY WORDS Fluorescein / Norbornene / Metathesis Polymerization / 
Luminescence / 

Chromophore functionalyzed polymers have 
attracted much attention and recently various 
new materials have been prepared; such as, 
poly(N-vinylcarbazol) 1 ·2 ) fluorescein-tagged 
poly(vinyl pyrrolidone). 3 Matsuo et al. 4 re­
ported new fluorescent poly(arylene ether)s. 
Dharia et al. 5 reported the synthesis and 
characterization of wavelength-shifting poly­
mers based on 3-hydroxyflavone. These poly­
mers have potential applications as photo­
conductive resins, fluorescent labels, scintilla­
tors and photon harvesters. 6· 7 These "plastic 
scintillators" which are conveniently processed 
into films or fibers have faster response times 
than solid inorganic scintillators, and therefore 
they are useful in cases requiring high rates of 
energy analysis, such as particle accelerator 
facilities. The polymers containing chromo­
fores of push-pull type also may have applica­
tion in nonlinear optics. 8·9 

Various fluorescein-containing polymers 
have been synthesized recently at the authors' 
laboratory. They were found to be luminescent 
and showed third order nonlinear optical 
susceptibility around (2-3) x 10- 10 esu. 10 

A number of cycloolefins bearing different 
functional groups have been polymerized by 
ring-opening metathesis polymerization 

(ROMP) to yield polyalkenamers.11- 15 For 
example, the preparation of functionalized 
polynorbornenes containing different chromo­
pore16· 17 and stabilizer18 groups have been 
reported. The polymers which contain polar 
functional groups have been prepared by 
metathesis polymerization of the cycloolefins, 
by new monocomponent Mo, W, Ru, and Os 
catalysts. 19·20 These types of catalysts are not 
strong Lewis acids and initiate polymerization 
under mild conditions to exhibit remarkable 
intensitivity against polar groups. 21 

The present paper describes the synthesis 
and characterization of novel fluorescein-con­
taining polymers by the polymerization of 
a norbornene containing fluorescein moiety 
(monomer 5) and its metathesis copolymeriza­
tion with norbornene (NB) using Ru, Os, and 
Pd catalysts. 

EXPERIMENT AL 

Materials 
Polymerization solvents, chlorobenzene and 

toluene, were distilled over calcium hydride 
before use. Other reagents (Aldrich) were used 
as received. 
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Monomer Synthesis 
The synthesis of the monomer is shown in 

Scheme 1. 
(2-Norbornene)methyltosylate (3) To a so­

lution of (2-Norbornene)methanol (12.4 g, 
0.1 mol) in pyridine (50ml) tosyl chloride 
(19.0 g, 0.1 mol) was added at 0°C and the 
mixture was stirred overnight. The reaction 
mixture was poured into diluted hydrochloric 
acid. The oil formed was extracted with 
methylene chloride. The extract was washed 
twice with water and dried over anhydrous 
magnesium sulfate. The oil was dissolved in 
hot hexane and cooled to - 50°C. The white 
solid precipitated was filtered off and dried in 
vacuum at room temperature. Yield 84%, 
Tm=31°C. IR (cm- 1 ) 3050 (C-H arom), 
2968-2870 (C-H aliph), 1650 (C=C), 1597 
(C=C, arom), 1361 (-SO2-). 1H NMR 
(CDC13) 0.23-2.89 (7H, aliph), 2.30 (s, · 3H, 
CH3), 3.23--4.06 (m, 2H, CH 2-O-), 5.30-
5.95 (m, 2H, -HC=CH--), 7.06 (d, 2H, 2H 
arom, orto to CH 3), 7.50 (d, 2H, arom, orto 
to -SO2). 

3 

Ts Cl -

5 

2 

Monomer 5 Fluorescein (5 g), compound 2 
(12 g), potassium carbonate (7 g) and N­
methylpirrolidone (100 ml) were stirred for 3 
days at 70°C. The reaction mixture was poured 
in water, and the precipitated oil was washed 
with water and dried in vacuum at room 
temperature. This oil (crude compound 4) was 
dissolved in methanol (200 ml), and potassium 
carbonate (2 g) was added to the solution and 
the mixture was stirred for 24 hours. Methanol 
was partially evaporated and the residue was 
poured into diluted hydrochloric acid. The 
crude product was extracted with benzene and 
chromatographed on Si02 (eluent benzene­
acetone). Tm= 142°C, Yield 38%. 1H NMR 
(CDCl 3) 0.60-3.00 (m, 7H (aliph)), 3.60--4.18 
(m, 2H (-OCH2-)), 3.61 (s, 3H (-OCH3), 

5.92-6.19 (m, 2H (CH= CH)), 6.44-----8.32 (m, 
lOH (fluorescein moiety)). 13C NMR (CDC1 3 ) 

29.1, 38.20, 41.66, 42.30, 43.94, (aliph), 49.51 
(-CH 2-O-), 52.30 (CH 3-O-), 100.8, 105.7, 
113.9, 114.7, 117.5, 128.8, 129.6, 129.8, 130.2, 
130.6, 131.1, 132.1, 132.6, 134.6, 136.2, 137.0, 
138.0, 150.34, 154.45, 159.1 (all ring un-

4 

MeOH -KCO 
2 3 

Scheme I. 
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saturated atoms), 163.8 (C=O, ester), 185.6 
(C=O, ketone). Elemental analysis: Calcd for 
C, 79.80%, 5.54%. Found C, 78.99%, H, 
5.55%. 

Polymerization 
The homopolymerization of monomer 5 and 

its metathesis copolymerization with norbor­
nene were carried out using Pd, Ru, and Os­
containing catalysts (Table I) under a dry 
nitrogen atmosphere. Active metathesis cata­
lysts were prepared by refluxing 25 mg of 
commercial RuCl3 and OsCl3 hydrates in 5 ml 
of 90% ethanol for 3 hours. 16• 1 7 A typical 
copolymerization experiment is as follows: 
0.5 g of monomer 5 and I g of norbornene (6) 
were dissolved in 8 ml of chlorobenzene under 
dry nitrogen. To this solution were added 2 ml 
of RuCl3 x H 20 ethanol solution (0.027 
mo11- 1 ). The reaction was carried out at 70°C 
for 24 hours. The polymer formed was pre­
cipitated into methanol, filtered and purified 
by reprecipitation from CHC1 3 into methanol. 
The reprecipitated polymer was dried in a 
vacuum oven at 35°C for 24 hours. 

Measurements 
FT-IR-spectra were taken using a Nikolet 

510 p spectrometer. Uv-visible spectra were 
taken using a Shimadzu UV-260 in chloroform. 
1 H NMR and 13C NMR spectra were taken 
with TMS as the internal standard in chloro­
form using a Varian at 300 and 75.5 MHz, re­
spectively. Photoluminescence was measured 
using a Perkin-Elmer LS-2 fluorimeter in 
chloroform solution excitation wavelength of 
310nm. 

RESULTS AND DISCUSSION 

Various catalysts containing the transition 
metals can induce the polymerization of 
norbornene and norbornene derivatives. 22 W, 
Mo, Ru, and Os catalysts polymerize norbor­
nenes by ROMP giving poly(l,3-cyclopentenyl­
ene vinylene). 22 •23 The active species in ROMP 
is a transition metal carbene. 22 However, some 
Ti24 and Pd25 •26 catalysts are active in addition 
polymerization and copolymerization of nor­
bonenes and lead to the formation of polymers 
which do not contain double bonds. In this 
case, polymerization takes place by an insertion 
mechanism into metall-alkyl species. 

Table I. Polymerization of fluorescein-containing norbornene (NBF) and its copolymerization 
with norbornene (NB) by catalysts based on Pd, Os, and Ru" 

Run Catalyst 

I RuCl 3 x H 20 
2 RuCl 3 x H20 
3 OsCl3 xH20 
4 PdCl2 
5 Pd(OAc)2 
6 RuCl3 xH20 
7 RuCl3 x H20 
8 RuCl3 xH 20 

--- ------- ------

Mole ratio 
5: NBb 

100 
100 
100 
100 
100 
6:94 

12:88 
25:75 

[M1 +M2Joc 

0.5 
1.0 
0.5 
1.0 
1.0 
0.5 
0.5 
0.5 

-----·· 

Polymer 
yield 

85 
72 
89 
84 
75 

0.22• 
0.28• 
4.5h 
3.8h 

3.1 

• Polymerization was carried out in chlorobenzene for 24 h at 70°C, monomer (sum of monomers) to catalyst mole 
ratio-100. b Feed mole ratio. c Initial monomer concentrations. a Methanol insoluble polymer. r In CHCl3 at 25°C. 
"Inherent viscosity in DMSO at 25°C. h Relative molecular weight was determined using a Varian 9012 instrument at 
30°C in tetrahydrofuran (THF) with polystyrene standard, universal column and a flow of I ml min - 1. Copolymers 
show M.=(5-6) x 105 and MwfM.=2. Other polymers was not soluble in THF. 
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Table I shows that monomer 5 is not active 
in the ring-opening polymerization by metath­
esis catalysts containing Ru and Os, while Pd 
catalysts give polymer soluble in dimethyl 
sulfoxide (DMSO) and N,N-dimethyl for­
mamide (DMF). A possible explanation for 
this is that the metal carbene active species 
formed by the reaction of the metathesis 
catalyst and monomer 5 does not initiate 
ROMP due to the steric effect of the bulky 
fluorescein moiety in the monomer. However, 
this metal carbene can propargate to NB (Table 
I). This means that the copolymerization 
proceeds by formation of an ordinary carbene 
active complex from NB which reacts with both 
NB and monomer 5. The sterically hindered 
metal carbene active species from monomer 5 
reacts only with NB. 

The polymerization of monomer 5 proceed­
ed without ring-opening with Pd-containing 

5 

5 + 

6 

2 + 
Pd 

Ru. 0 s 

catalysts by the addition mechanism g1vmg 
cyclochain-containing polymers (Scheme 2). It 
is possible that in this case the steric effect of 
the substituent in the norbornene is less im­
portant. As can be seen from Table I mono­
mer 5 was copolymerized with NB to high mo­
lecular weight polymers. The intrinsic and 
inherent viscosity of the polymers depended on 
the nature of the catalysts, and both were found 
to be in the range of 0.2 to 4.8 dl g- 1 . The 
copolymers obtained were soluble in common 
organic solvents such as chloroform, toluene, 
and chlorobenzene. The resulting copolymers 
were colored rubber like materials and could 
be cast from chloroform solution into flexible 
transparent films. They showed 5% weight loss 
around 300°C under nitrogen at heating rate 
of l0°Cmin- 1 . 

1 H NMR spectra of monomer 5 (a), the 
homopolymer (b), and copolymer (c) prepared 

Homopolymer 

0 

Copolymer 

Scheme 2. 
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by PdC1 2 and RuC1 3 x H 2O catalysts, respec­
tively, are shown in Figure 1. The norbornene 
olefin signals between 5.98~6.2 ppm (a) dis-
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appeared in the spectrum of the homopolymer 
(b). The data of the 13C NMR and IR of the 
homopolymer also confirmed that the polym-
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Figure I. 1 H NMR spectra of monomer S (a), homopolymer (b), and copolymer (Table I, run 6) (c). 
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Figure 2. 13C NMR spectra of copolymer (Table I, run 6). 
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Figure 3. UV-Visible spectra of homopolymer and Figure 4. Luminescence spectrum of copolymer (run 6). 
copolymer (Table I, runs 4 and 6). 

erization of monomer 5 using Pd-containing 
catalysts proceded by the addition mechanism 
rather then ring opening. In the spectrum of 
monomer 5 and NB copolymer containing 
12 mol % monomer 5, these monomer signals 
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are replaced by a new signal with a maximum 
at 5.33 ppm (Figure I). This signal corresponds 
to trans olefin protons of the ring-opened 
norbornene structure. 8 13C NMR spectrum of 
this copolymer consists of CO resonance at 
165.Sppm, aromatic carbons peaks at 128.6---
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125.3ppm, olefinic signals at 135-129ppm 
and aliphatic ring-carbon peaks at 43-32 ppm 
(Figure 2). 

All the polymers show identical absorption 
bands in the visible region due to the fluorescein 
chromophore in each of them. Apparently, 
the position of the absorption maxima does 
not depend on the fluorescein ratio in the poly­
mers. Examples of the visible absorption spec­
tra of chloroform solutions of homopolymer 
(run 4) and of copolymer (run 6) are shown in 
Figure 3. 

All copolymers and homopolymer exhibited 
luminescene in solution and films. Figure 4 
shows the spectra of luminescence of diluted 
00- 3 mo11- 1) chloroform solutions of copoly­
mer (run 6). The luminescence spectrum re­
sembled that of the fluorescene. 
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