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Abstract—This report describes a convenient two-step synthesis of free radical polymerizable ligand monomers starting from
4,5-diazafluoren-9-one. © 2003 Elsevier Science Ltd. All rights reserved.

In recent years, the synthesis of metal-containing poly-
mers has attracted considerable attention due to their
numerous applications in the fields of catalysis, con-
ducting and photoresponsive materials, as well as in
supramolecular chemistry.1 Due to their high binding
affinity for transition metal ions, 2,2�-bipyridine-, 1,10-
phenanthroline-type ligands are useful for introducing
metal binding sites into polymers.2 Therefore, some
bipyridine-containing monomers were synthesized and
used for synthesis of metal-containing polymers.2–5

Here we report on the synthesis of novel bipyridine-
based polymerizable ligand momomers.

The commercially available ligand compound, 4,5-
diazafluoren-9-one, in the presence of catalytic acetic
acid condensed with 4-aminophenol and 4-
aminophenylethyl alcohol to produce two intermediate
I1 and I2, respectively (Scheme 1). The two intermedi-
ate I1 and I2 were further reacted with methacryloyl
chloride respectively with catalytic triethylamine to give

Scheme 1.

� Supplementary data associated with this article can be found at doi:10.1016/S0040-4039(03)00747-0
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two polymerizable ligand monomers M1 and M2,
respectively (Scheme 2). The two ligand monomers were
further purified by recrystallization from ethyl alcohol.

In addition, 4,5-diazafluoren-9-one (DAFO) reacted
with vinylmagnesium bromide which further
hydrolyzed to produce 9-hydroxyl-9-vinyl-4,5-diaza-
fluorene (M3) (Scheme 3). The crude ligand monomer
M3 was recrystallized from chloroform to give the pure
monomer M3. The monomer M3 was further converted
into the monomer M4 by methacrylation with
methacryloyl chloride with catalytic triethylamine
(Scheme 3). All three methacrylate-typed ligand
monomers, M1, M2 and M4 were co-polymerized with
styrene to give three bipyridine-containing co-polymers.
A detailed study of the homo- and co-polymerization of
the three monomers is in progress.

Experimental

NMR spectra were acquired on a Bruker ARX400
spectrometer at 400 MHz for 1H and 100 MHz for 13C.
High-resolution mass spectrometry (HRMS) was per-
formed on a VG Instruments 70SE using electron-
impact (EI) ionization. Melting points were measured

with a Thomas Hoover capillary melting point appara-
tus without calibration.

Synthesis of the intermediate I1: a mixture of DAFO
(450 mg, 2.470 mmol), glacial acetic acid (0.20 ml, 3.494
mmol), ethanol (30 ml) and 4-aminophenol (270 mg,
2.474 mmol) was heated at 80°C for 18 h. The resulting
reaction mixture was cooled to −20°C, then filtered and
washed with cold ethanol three times, and finally dried
under vacuum at 40°C to give 529 mg of the intermedi-
ate I1 (78%). Mp 317.5–318°C. 1H NMR (DMSO-d6): �
9.56 (b, 1H, OH), 8.79 (d, 1H), 8.66 (d, 1H), 8.25 (d,
1H), 7.52 (q, 1H), 7.25 (q, 1H), 7.11 (d, 1H), 6.95 (m,
4H). 13C NMR (DMSO-d6): 160.6, 159.1, 157.2, 155.2,
152.8, 152.2, 142.0, 132.9, 132.4, 130.2, 125.8, 124.6,
123.7, 120.1, 115.9. HRMS (EI): calcd for C17H11N3O
m/z=273.0902, found m/z=273.0897.

Synthesis of the intermediate I2: a mixture of DAFO
(1115 mg, 6.120 mmol), glacial acetic acid (0.50 ml,
8.734 mmol), ethanol (45 ml) and 4-aminophenethyl
alcohol (870 mg, 6.342 mmol) was heated at 80°C for
17 h. The resulting reaction mixture was cooled to
−20°C, then filtered and washed with cold ethanol three
times, and finally dried under vacuum at 40°C to give
1229 mg of the intermediate I2 (67%). Mp 235–236°C.

Scheme 2.

Scheme 3.
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1H NMR (DMSO-d6): � 8.83 (d, 1H), 8.68 (d, 1H), 8.29
(d, 1H), 7.56 (q, 1H), 7.36 (d, 2H), 7. 23 (q, 1H), 7.02
(d, 2H), 6.91 (d, 1H), 4.78 (t, 1H, OH), 3.74 (t, 2H),
2.86 (t, 2H). 13C NMR (DMSO-d6): 160.8, 159.2, 157.5,
153.0, 152.4, 148.4, 136.3, 133.1, 132.1, 130.4, 129.8,
125.8, 124.6, 123.6, 118.0, 62.1, 38.5. HRMS (EI): calcd
for C19H15N3O m/z=301.1215, found m/z=301.1205.

Synthesis of the monomer M1: methacryloyl chloride
(150 mg, 1.435 mmol) and 0.40 ml (2.870 mmol) of
triethylamine was mixed with 5 ml of THF to give a
solution. The solution was added dropwise into a dis-
persion solution of the intermediate I1 (200 mg, 0.733
mmol) in 70 ml CH2Cl2. After addition, the reaction
mixture was stirred at room temperature for 3 h. The
resulting reaction solution was washed with 1% NaOH
solution and distilled water until neutral, was then dried
over anhydrous Na2SO4 overnight. The solvent was
removed under vacuum to give 248 mg of crude
monomer M1 (99%). The crude monomer was further
recrystallized from ethyl alcohol to give pure monomer
M1. Mp 187–188°C. 1H NMR (CDCl3): � 8.80 (d, 1H),
8.66 (d, 1H), 8.23 (d, 1H), 7.39 (q, 1H), 7.22 (d, 2H),
7.03 (m, 4H), 6.36 (s, 1H, vinyl), 5.80 (s, 1H, vinyl),
2.10 (s, 3H, CH3). 13C NMR (CDCl3): 165.8, 161.5,
159.9, 158.8, 153.3, 152.7, 148.2, 148.10, 135.7, 133.7,
132.3, 130.5, 127.3, 126.0, 124.1, 123.3, 122.6, 119.1,
18.3. HRMS (EI): calcd for C21H15N3O2 m/z=
341.1164, found m/z=341.1154.

Synthesis of the monomer M2: methacryloyl chloride (85
mg, 0.813 mmol) and 0.20 ml (1.435 mmol) of triethyl-
amine was mixed with 5 ml of THF to give a solution.
The solution was added dropwise into a solution of the
intermediate I2 (200 mg, 0.664 mmol) in 50 ml CH2Cl2.
After addition, the reaction mixture was stirred at room
temperature for 2.5 h. The resulting solution was
washed in turn with 1% NaOH solution and distilled
water until neutral, was then dried over anhydrous
Na2SO4 overnight. The solvent was removed under
vacuum to give 236 mg of crude monomer M2 (96%).
The crude monomer was further recrystallized from
ethyl alcohol to give pure monomer M2. Mp 146–
145°C. 1H NMR (CDCl3): � 8.81 (d, 1H), 8.66 (d, 1H),
8.24 (d, 1H), 7.39 (q, 1H), 7.31 (d, 2H), 6.98 (q, 1H),
6.94 (d, 2H), 6.88 (d, 1H), 6.11 (s, 1H), 5.57 (s, 1H),
4.46 (t, 2H), 3.05 (t, 2H), 1.95 (s, 3H). 13C NMR
(CDCl3): 167.2, 161.4, 159.8, 158.4, 153.2, 152.5, 149.3,
136.2, 134.7, 133.7, 132.4, 130.4, 129.9, 126.1, 125.4,
124.1, 123.1, 118.5, 65.2, 34.6, 18.3. HRMS (EI): calcd
for C23H19N3O2 m/z=369.1477, found m/z=369.1468.

Synthesis of the monomer M3: vinylmagnesium bromide
(6.0 ml, 1.0 M in THF) was added dropwise to a
solution of 0.910 g of DAFO in 100 ml THF. The
mixture was heated under reflux for 2.5 h and
hydrolyzed by addition of saturated ammonium chlo-
ride solution (200 ml). Dichloromethane was then
added. The organic phase was separated, dried over

anhydrous magnesium sulfate overnight. The solvent
was removed under reduced pressure to give 1.050 g of
crude monomer M3. The monomer M3 was recrystal-
lized from chloroform; yield 0.535 g (51%). Mp 208–
209°C. 1H NMR (DMSO-d6): � 8.61 (d, 2H), 7.84 (d,
2H), 7.39 (q, 2H), 6.20 (s, 1H, OH), 5.97 (q, 1H), 5.37
(d, 1H), 5.17 (d, 1H); 13C NMR (DMSO-d6): � 156.9,
150.4, 144.0, 139.3, 132.4, 123.9, 113.8, 77.7. HRMS
(EI): calcd for C13H10N2O m/z=210.0793, found m/z=
210.0790.

Synthesis of the monomer M4: methacryloyl chloride
(1.943 g, 18.683 mmol) and 2.280 g (22.570 mmol) of
triethylamine was mixed with 20 ml of dry CH2Cl2 to
give a solution. The solution was added dropwise to a
solution of the monomer M3 (1.250 g, 5.952 mmol) in
150 ml of CH2Cl2. After addition, the reaction mixture
was stirred at room temperature for 72 h. The resulting
reaction solution was washed in turn with 1% NaOH
solution and distilled water until neutral, was then dried
over anhydrous Na2SO4 overnight. The solvent was
removed under vacuum to give crude monomer M4.
The crude monomer was further recrystallized from
ethyl alcohol to give pure brown monomer M4 (32%).
Mp 143.5–144°C. 1H NMR (CDCl3): � 8.72 (d, 2H),
7.86 (d, 2H), 7.28 (q, 2H), 6.11 (s, 1H), 6.07 (t, 1H),
5.59 (s, 1H), 5.42 (d, 1H), 5.26 (d, 1H), 1.88 (s, 3H). 13C
NMR (CDCl3): 165.1, 157.9, 151.2, 139.7, 136.1, 135.4,
132.2, 126.3, 123.5, 115.5, 83.7, 18.2. HRMS (EI): calcd
for C17H14N2O2 m/z=278.1055, found m/z=278.1055.

Supplementary material

1H and 13C NMR spectra, GC–MS and HRMS of all
compounds are provided in the online version of this
paper.
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