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Abstract

The synthesis and characterization of a novel class of linear poly(alkyl aryl) ethers containing 1,2,3-triazolyl and perfluorocyclobutyl units
have been described. These polymers were readily prepared from the Huisgen’s 1,3-dipolar cycloaddition of poly(ethylene glycol) diazides and
1,2-bis(4-ethynylphenoxy)perfluorocyclobutane that is defined as ‘click chemistry’ recently. These polymers exhibited relatively small polydis-
persity, good thermal stability and solubility in common organic solvents.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Fluoropolymers keep attractive in the development of ad-
vanced materials with high thermal and oxidative stability,
chemical resistance and superior electrical insulating ability
[1,2]. In recent years, partially fluorinated polymers containing
perfluorocyclobutane (PFCB) rings have been developed [3—
5]. PFCB aromatic ether polymers, combining the engineering
thermoplastic nature of polyaryl ethers and the stability of
fluorocarbon segments, exhibit excellent processability, opti-
cal transparency, high temperature performance and low
dielectric constants. These performances make them good can-
didates for a variety of applications, such as high performance
structure coatings, interlayer dielectrics, circuit board laminas,
dielectric wave guides and optical cladding layers [6]. PFCB
polymers are generally obtained by the thermal (27t + 27)
cyclopolymerization of aryl trifluorovinyl ethers in bulk or
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solution. However, this polymerization process generally
needs high temperature (>150°C) and long reaction time
[3—5,7].

Recently, click chemistry, the copper (I)-catalyzed
Huisgen’s azide—alkyne (3 4 2) cycloaddition reaction, has
attracted much attention [8]. This type of reaction, character-
ized by very high yields, mild and simple reaction conditions,
oxygen and water tolerance, and simple work-up of products,
is highly chemoselective in the formation of the desired 1,4-
disubstituted 1,2,3-triazole even in the presence of a large va-
riety of functional groups. This methodology has been applied
widely in organic chemistry [9], supramolecular chemistry
[10], drug discovery [11], bioconjugations [12] and materials
science [13]. The applications in materials science are espe-
cially interesting. However, most of them were focused on
the preparation of dendronized polymers [13a,b] and conju-
gated polymers [13c] or incorporation of 1,2,3-triazole ring
into polymers by graft [13d—f]. The 1,2,3-triazole ring was
seldom incorporated into the backbone of linear polymers
[13g—i]. Since the stable 1,4-disubstituted 1,2,3-triazoles
could be formed as part of the polymer [9,14], we envisaged
that perfluorocyclobutane-containing dialkynes could be used
to polymerize with azido-terminated polyethylene glycol via
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a ‘click chemistry’ to give linear poly(alkyl aryl) ethers, which
would have good thermal stability, flexibility and solubility.
Thus, we describe herein the preparation of novel 1,2-bis(4-
ethynylphenoxy)perfluorocyclobutane, its polymerization with
polyethylene glycol diazides and the characterization of the
resulting polymers.

2. Experimental
2.1. Materials

Triethylamine (TEA), tetrahydrofuran (THF), methanol
(MeOH), acetonitrile (MeCN) were distilled over CaH,.
Chlorotrimethylsilane was distilled under nitrogen. 1-Bromo-
butane was distilled and then purified by rapid passage through
basic alumina. Magnesium turnings and zinc granular were
treated with 5% aqueous hydrochloric acid for several min-
utes, and then washed with water, ethanol and ether succes-
sively, and dried in vacuum. Other reagents or materials
were used as received.

2.2. Measurements

Elemental analysis was carried out on a Carlo-Erba 1106
system. Infrared spectra were obtained on Thermo Electron
Corporation Nicolet 380 FT-IR spectrophotometer. Gas chro-
matography/mass spectrometry (GC/MS) was recorded on
a Finnigan-MAT-8430 instrument using EI ionization at
70 eV. '"H NMR (400 MHz) and '>C NMR (100 MHz) were
recorded on a Bruker AM-400 spectrometer with Me,Si
("H NMR) and CDCl; ('3C NMR) as internal standard. '°F
NMR (376 MHz) was collected with CFCl; as external stan-
dard. Relative molecular weights and molecular weight distri-
butions were measured by gel permeation chromatography
(GPC) system equipped with a Waters 1515 Isocratic HPLC
pump, a Waters 2414 refractive index detector (RI), a Waters
2487 dual-wavelength A absorbance detector and a set of Wa-
ters Styragel columns (HR3, HR4 and HRS, 7.8 x 300 mm).
GPC measurements were carried out at 35 °C using THF as
eluent with a 1.0 mL/min flow rate. The system was calibrated
with polystyrene standards. Differential scanning calorimetry
(DSC) was conducted on a Perkin—Elmer model DSC Pyris
1 system calibrated with indium and zinc standards. Dynamic
thermogravimetric analysis (TGA) was performed on Perkin—
Elmer model TGA Pyris 1 system on film or powder samples
at a heating rate of 20 °C/min in N,.

2.3. Synthesis of trimethylsilylacetylene (TMSA)

TMSA was prepared using methods as described in
Ref. [15].

2.4. Synthesis of 1,2-bis(4-bromophenoxy)-
perfluorocyclobutane 2

Compound 2 was prepared using methods as described
in Refs. [3—5]. '"H NMR (CDCl;, 400 MHz, ppm): 6 7.45—

7.48 (m, 4H), 7.07 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 8.9 Hz,
2H). 'F NMR (CDCls, 376 MHz, ppm): 6 —126.7, —128.1,
—128.7, —129.5, —130.1, —130.3, —130.9, —131.3, —131.4.

2.5. Synthesis of 1,2-bis(4-trimethylsilylphenoxy)-
perfluorocyclobutane 3

To a flame-dried 250 mL three-neck round-bottom flask
equipped with a magnetic stirrer, a thermometer, and a
condenser with a drying tube were charged compound 2
(20.30 g, 40 mmol), copper (I) iodide (0.76 g, 4 mmol) and
bis(triphenylphosphine)palladium dichloride (1.40 g, 2 mmol).
TEA/THF (60 mL, 1:1 v/v) was added via syringe under N,
atmosphere. The solution was stirred for 30 min at room tem-
perature, and then TMSA (17.00 mL, 120 mmol) was added
via syringe and the mixture was stirred for another 30 min.
The resulting mixture was stirred at 50 °C for further 48 h.
TEA and THF were removed under reduced pressure. The
resulting dark brown solid was then dissolved in ethyl
acetate and water. The organic layer was separated and washed
with brine (20 mL x 3), then dried over anhydrous MgSQy,
filtered, and concentrated. The residue was purified by column
chromatography (silica gel, petroleum ether) to afford the
desired product 3 (95%) as a pale yellow solid. '"H NMR
(CDCl;, 400 MHz, ppm): 6 7.42—7.46 (m, 4H), 7.10 (d,
J=28.16 Hz, 2H), 7.01 (d, J=8.6 Hz, 2H), 0.25 (s, 18H).
"F NMR (CDCl;, 376 MHz, ppm): 6 —126.7, —127.7,
—128.1, —128.6, —129.5, —130.1, —130.7, —130.9, —131.3.
IR (KBr, cm'): » 2960, 2161, 1603, 1504, 1314, 1298,
1251, 1200, 1017, 963, 866, 836, 760. MS (EI): m/z 525,
255, 158, 73. Anal. Calcd for CpcH,60,F6Si,: C, 57.78%; H,
4.81%. Found: C, 57.62%; H, 4.96%.

2.6. Synthesis of 1,2-bis(4-ethynylphenoxy)-
perfluorocyclobutane 4

To a flame-dried 250 mL three-neck round-bottom flask
were charged compound 3 (27.00 g, 0.05 mol) and anhydrous
potassium carbonate (20.70 g, 0.15 mol). The flask was
flushed with nitrogen and then methanol (60 mL) and THF
(60 mL) were added via syringe. The mixture was stirred at
room temperature for 3 h. The resulting solution was poured
into dichloromethane (50 mL) and water (100 mL). The or-
ganic layer was separated and the aqueous layer was extracted
with CH,Cl, (20 mL x 3). The combined organic phases were
washed with brine (30 mL x 3), dried over MgSQ,, filtered,
and concentrated under reduced pressure to give compound
4 (19.80 g, 100%) as a pale yellow oil. '"H NMR (CDCl;,
400 MHz, ppm): 6 7.45—7.51 (m, 4H), 7.13 (d, J=8.09 Hz,
2H), 7.04 (d, J=8.59Hz, 2H), 3.08 (s, 2H), 'F NMR
(CDCl3, 376 MHz, ppm): 6 —126.6, —127.8, —128.1, —128.7,
—129.5, —130.1, —130.7, —131.2, —131.5. IR (neat, cm '):
v 3300, 2928, 2112, 1605, 1504, 1315, 1303, 1262, 1202,
1017, 962, 835. MS (EI): m/z 198, 151, 101, 75. Anal. Calcd
for C,oH9O,Fs: C, 60.61%; H, 2.53%. Found: C, 61.05%; H,
2.80%.
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2.7. General procedure for the preparation of
polyethylene glycol dinitrates 5a—d

To a 250 mL three-neck round-bottom flask equipped with
a magnetic stirrer, a thermometer, and a condenser with a dry-
ing tube were charged 98% nitric acid (20 mL), 98% sulfuric
acid (20 mL) and CH,Cl, (80 mL). The mixture was cooled to
~5°C, and a solution of polyethylene glycol (PEG)
(0.05 mol) in CH,Cl, (20 mL) was added dropwise while the
temperature was kept below 10 °C. Then the reaction mixture
was poured into stirring cold water (500 mL). The organic
layer was separated and washed successively with water
(100 mL), 5% aqueous sodium bicarbonate (20 mL), and
water (30 mL) and then dried over MgSO,. The solvent was
removed and the residue was purified by flash chromatography
over neutral alumina with chloroform as eluent to give Sa—d
as colorless oils.

Compound S5a: 72.7% yield; '"H NMR (CDCls, 400 MHz,
ppm): 0 3.66 (s, 4H), 3.79—3.83 (m, 4H), 4.62—4.64 (m,
4H). IR (neat, cm™'): v 2896, 1629, 1453, 1365, 1280, 1128,
1029, 907, 859.

Compound 5b: 71.8% yield; "H NMR (CDCl;, 400 MHz,
ppm): 6 3.66 (s, 8H), 3.78—3.80 (m, 4H), 4.61—4.64 (m,
4H). IR (neat, cm™'): v 2875, 1630, 1452, 1353, 1280, 1131,
1027, 907, 858.

Compound 5c¢: 70.9% vyield; '"H NMR (CDCls, 400 MHz,
ppm): 6 3.63 (t, J=1.56Hz, 24H), 3.77—3.82 (m, 4H),
4.59—4.62 (m, 4H). IR (neat, cm™'): » 2873, 1629, 1454,
1351, 1280, 1110, 1030, 907, 859.

Compound 5d: 70.4% yield; '"H NMR (CDCl;, 400 MHz,
ppm): 0 3.65 (t, J=1.58 Hz, 44H), 3.75—3.80 (m, 4H),
4.58—4.61 (m, 4H). IR (neat, cmfl): v 2866, 1629, 1454,
1376, 1280, 1126, 1029, 907, 858.

2.8. General procedure for the preparation of
polyethylene glycol diazides 6a—d

To a 250 mL three-neck round-bottom flask equipped with
a magnetic stirrer, a thermometer and a condenser were
charged compounds Sa—d (10 mmol), sodium azide
(40 mmol), DMF (40 mL) and water (10 mL). The mixture
was stirred vigorously at 90 °C for 24 h. The reaction mixture
was cooled to room temperature and was diluted with water
(100 mL) and CH,Cl, (100 mL). The organic phase was sep-
arated and washed with water (30 mL x 3), and dried over
MgSO,. The solvent was removed and the residue was purified
by flash chromatography over neutral alumina with chloro-
form as eluent to give 6a—d as colorless oils.

Compound 6a: 84.0% yield; '"H NMR (CDCl;, 400 MHz,
ppm): 6 3.68—3.71 (m, 8H), 3.39 (t, J=5.04 Hz, 4H). IR
(neat, cm™"): v 2869, 2111, 1442, 1345, 1286, 1124, 1029,
853.

Compound 6b: 82.5% yield; 'H NMR (CDCl3, 400 MHz,
ppm): 6 3.67—3.70 (m, 12H), 3.39 (t, /=5.02 Hz, 4H). IR
(neat, cm™'): » 2869, 2109, 1442, 1345, 1286, 1124, 1033, 854.

Compound 6¢: 79.5% vyield; '"H NMR (CDCls, 400 MHz,
ppm): 6 3.65—3.69 (m, 28H), 3.39 (t, /=5.0 Hz, 4H). IR

(neat, cm™1): » 2869, 2106, 1448, 1350, 1301, 1119, 1038,
852.

Compound 6d: 76.8% yield; '"H NMR (CDCl3, 400 MHz,
ppm): 6 3.64—3.70 (m, 48H), 3.39 (t, J=5.08 Hz, 4H). IR
(neat, cm™1): v 2869, 2104, 1454, 1350, 1299, 1113, 1050, 852.

2.9. General procedure for polymerization

To a 50 mL three-neck round-bottom flask equipped with
a magnetic stirrer, a thermometer, and a condenser were
charged compound 4 (0.32 g, 0.8 mmol), compounds 6a—
d (0.8 mmol), +-BuOH (8 mL) and TEA (0.2 mL). Then a
solution of sodium ascorbate (0.02 g, 0.08 mmol) and
CuS0O4-5H,0 (0.01 g, 0.04 mmol) in water (8 mL) was added.
The resulting mixture was degassed and stirred at 80 °C for
10—12 h. The solvent was decanted to leave a gum residue
in the flask. The residue was then stirred with H,O (10 mL)
and concentrated ammonia (2 mL) for 20 min. The mixture
was filtered and the resulting filter cake was washed with
H,O (3 x 20 mL). The filter cake was then dissolved in THF
and a yellow precipitate was formed by addition of hexane.
After filtration, the desired fluoropolymers 7a—d were ob-
tained as yellow solids, respectively.

Compound 7a: 74.9% yield; '"H NMR (CDCls, 400 MHz,
ppm): 6 7.83 (s, 2H), 7.75 (d, 4H), 7.18 (q, 4H), 4.47 (s,
4H), 3.81 (s, 4H), 3.53 (s, 4H). *C NMR (CDCls,
100 MHz, ppm): 6 50.4, 69.4, 70.6, 118.5, 118.9, 120.8,
120.9, 127.0, 127.1, 127.9, 128.2, 146.5, 152.1, 152.3. '°F
NMR (CDCls, 376 MHz, ppm): 6 —126.6, —127.9, —128.7,
—129.5, —130.3, —130.7, —131.1. IR (CHCl5, cm™'"): »
3137, 2873, 2104, 1609, 1560, 1496, 1460, 1356, 1318,
1263, 1201, 1115, 1016, 961, 841, 805.

Compound 7b: 70.8% yield; "H NMR (CDCl;, 400 MHz,
ppm): 6 7.83 (s, 2H), 7.75 (d, 4H), 7.18 (q, 4H), 4.48 (s,
4H), 3.81 (s, 4H), 3.53 (s, 8H). '*C NMR (CDCl;,
100 MHz, ppm): ¢ 50.3, 69.3, 70.5, 118.0, 118.5, 118.9,
120.9, 127.0, 127.1, 127.9, 128.2, 146.5, 152.1, 152.3. '°F
NMR (CDCls, 376 MHz, ppm): 6 —126.6, —127.9, —128.7,
—129.5, —130.3, —130.7, —131.1. IR (CHCl5, cm™"): »
3136, 2870, 2104, 1615, 1560, 1496, 1461, 1361, 1316,
1263, 1202, 1118, 1017, 962, 841, 807.

Compound 7¢: 72.1% yield; '"H NMR (CDCl3, 400 MHz,
ppm): 0 7.98 (s, 2H), 7.80 (d, 4H), 7.20 (q, 4H), 4.56 (s,
4H), 3.87 (s, 4H), 3.53 (br, 24H). 3C NMR (CDCl,,
100 MHz, ppm): ¢ 50.1, 69.1, 70.2, 118.5, 118.9, 120.8,
120.9, 127.0, 127.1, 127.4, 129.1, 145.5, 151.8, 152.0. '°F
NMR (CDCl;, 376 MHz, ppm): 6 —126.6, —127.9, —128.6,
—129.5, —130.2, —130.7, —131.1. IR (CHCl5, cm™ "): »
3134, 2870, 2104, 1615, 1558, 1496, 1461, 1350, 1314,
1262, 1201, 1112, 1017, 962, 842, 805.

Compound 7d: 64.9% yield; '"H NMR (CDCls, 400 MHz,
ppm): 6 8.00 (s, 2H), 7.82 (d, 4H), 7.22 (q, 4H), 4.58 (s,
4H), 3.90 (s, 4H), 3.53 (br, 44H). '3C NMR (CDCls,
100 MHz, ppm): ¢ 50.1, 69.1, 70.2, 118.5, 118.9, 120.8,
120.9, 127.0, 127.1, 127.6, 129.6, 145.5, 151.9, 152.1. "°F
NMR (CDCls, 376 MHz, ppm): 6 —126.6, —127.9, —128.6,
—129.5, —130.2, —130.7, —131.1. IR (CHCls, cm™'): » 3135,
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Scheme 1. Synthesis of 1,2-bis(4-ethynylphenoxy)perfluorocyclobutane 4.

2870, 2103, 1610, 1556, 1496, 1461, 1362, 1300, 1258, 1203,
1109, 1016, 961, 842, 805.

3. Result and discussion

3.1. Synthesis and characterization of
1,2-bis(4-ethynylphenoxy)perfluorocyclobutane 4

The synthesis of compound 4 was outlined in Scheme 1 as
similar to Ref. [16a—d]. Compound 2 was prepared from
4-bromophenol as described in Refs. [3—5]. The next step
involved a Sonogashira coupling [16e] between 2 and tri-
methylsilylacetylene (TMSA). Typically, Pd(PPh;),Cl, was
used as a palladium catalyst (5 mol%), Cul (10 mol%) as a
cocatalyst and triethylamine as a base and co-solvent. The
desired product 3 was obtained in 95% yield. Treatment of 3
with K,COj3 in THF and MeOH gave 4 in quantitative yield [17].

The conversion of 2 to 3 was confirmed by FT-IR (Fig. 1).
The IR spectrum of 3 exhibited the C=C stretch at
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v

A

60 -

40 H

20 +

0
4000

T Ll Ll I | ]
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v T
3500

Fig. 1. FT-IR spectra of compounds 3 and 4.

2161 cm™'. The formation of 3 was further confirmed by the
signal of Me;Si group at 0.24 ppm in the '"H NMR spectrum.
The conversion of 3 to monomer 4 was also identified not only
by the FT-IR spectrum of 4 which exhibited the =C—H
stretch at 3300 cm ™' (Fig. 1) but also by the disappearance
of the signals corresponding to Me;Si group and the presence
of the signal at 3.07 ppm corresponding to =C—H in the 'H
NMR spectrum (Fig. 2A). 'F NMR of compound 4 displayed
a series of peaks between —126.6 and —131.5 ppm which
were assigned as the perfluorocyclobutyl fluorine signals
(Fig. 2B). The structures of 3 and 4 were characterized by
"H NMR, "F NMR, IR and elemental analysis.

3.2. General preparation of polyethylene glycol
diazides 6a—d

Azides can be prepared from halides, alcohols, amines or
hydrazines [18]. In our work, diazides 6a—d were prepared
in two steps from alcohols as similar to Ref. [19], as shown

Hy

Il }
JL/ V|

......

-131

e o p e e

132 PPM

-128 -129

Fig. 2. '"H NMR (A) and '°F NMR (B) spectra of compound 4.
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Scheme 2. Synthesis of polyethylene glycol diazides 6a—d.

in Scheme 2. The classical approach through the intermediate
tosylate derivative of polyethylene glycol was firstly consid-
ered. However, the use of the tosylate moiety as a leaving
group for such large molecular weight materials has the disad-
vantages of lower yields and higher costs. Therefore, we chose
nitryl as a leaving group. The polyethylene glycol dinitrates
were readily prepared from the glycols and nitric acid, and
then converted to the corresponding diazides. Thus, triethylene
glycol and a series of commercially available polyethylene
glycols (PEG) with molecular weights ranging from 200 to
600 (PEG-200, PEG-400, and PEG-600) were converted to
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Fig. 3. FT-IR spectra of compounds PEG-200, 5b and 6b.

F
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F F

O% >7: H + 6a-d

the corresponding diazides. Their structures were character-
ized by "H NMR and FT-IR.

The conversion of PEG-200 to Sb was confirmed by the
disappearance of —OH stretching at 3500—3100 cm™' of
PEG-200 in the IR spectrum, and the presence of —ONO,
group stretching at 1630 cm™' (s) and 1280 cm™' of 5b
(Fig. 3). The conversion of Sb to 6b was also confirmed by
the FT-IR spectrum of 6b (Fig. 3). The strong absorbance of
—ONO, group at 1630 cm ™' disappeared and a new strong
band at 2110 cm ™" appeared for the —Nj group.

3.3. Polymer synthesis

Polymers containing 1,2,3-triazole rings and perfluorocy-
clobutyl groups were prepared from 4 and polyethylene glycol
diazides 6a—d by click chemistry as shown in Scheme 3.

When we used similar reaction conditions as described by
Sharpless et al. [8], i.e. 5mol% copper (II) sulfate and
10 mol% sodium ascorbate in isobutanol and water (1:1, v/v)
and stirred for 24 h at room temperature, the isolated yield
of polymers was very poor. Substitution of isobutanol with
THF or acetonitrile gave almost the same result. It might be
that the reactivity of diazides containing long CH,CH,O chain
was low. As a result, Cul was used as a catalyst, acetonitrile
and water (1:2, v/v) were used as co-solvents, the reaction
rate was improved markedly, however, what we obtained was
an emulsion after removal of acetonitrile, and it was difficult
to extract the emulsion with dichloromethane, diethyl ether or
ethyl acetate. When the emulsion was concentrated to dryness,
the resulting residue was dissolved in THF and the polymeric
compound was precipitated by adding hexane. The yield was
very poor. When copper (II) sulfate and sodium ascorbate

CuS0,-5H,0, 5 mol%
Sodium ascorbate, 10 mol%‘

H,0/t-BuOH, 1:1, Ligand

N=N

F F
N=N F F \
N’@—Qo OMN— CH,CH,0(CH,CH,0),, CH,CH,

7a-d

n

a,m=1

b, PEG-200
¢, PEG-400
d, PEG-600

Scheme 3. Preparation of fluoropolymers by click chemistry.
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Fig. 4. '"H NMR (A), '°F NMR (B) and *C NMR (C) spectra of polymer 7a.

were used in isobutanol and water in the same manner, but the
reaction temperature was raised to 80 °C, a polymer was
obtained with low molecular weight, a large polydispersity
and several overlapping distributions. The problem was solved

when triethylamine was used as a ligand for Cu (I). Thus, com-
pounds 4 and 6a—d were polymerized in the presence of cop-
per (I) sulfate, sodium ascorbate and triethylamine at 80 °C,
the desired fluoropolymers 7a—d were obtained in 65—75%
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yields, respectively with reasonable molecular weight. This
result was complied with the findings reported by Lewis
et al. [20] and Rodionov et al. [21] that ligands could improve
the azide—alkyne cycloaddition process.

The 1,2,3-triazole rings of the polymer were characterized
by signals near 7.9 ppm of the triazole protons in the '"H NMR
spectrum (Fig. 4A), and signals at 146.5 and 128.2 ppm of
triazole carbons in the '>’C NMR spectrum (Fig. 4C). The tri-
azole ring was confirmed further by the presence of =C—H of
1,2,3-triazole ring stretch near 3135 cm~ ! in the FT-IR
spectrum (Fig. 5).

A particularly useful method of characterization available
for PFCB polymers is FT-IR spectrum. A strong sharp band
near 960 cm ™' is diagnostic for the presence of hexafluorocy-
clobutyl group. This easily resolved absorption has proven to
be a useful analytical tool since this region in the IR is rarely
occupied by other functionalities [3a]. The hexafluorocyclobu-
tyl groups in PFCB polymers were characterized further by
"F NMR (Fig. 4B), in which fluorine signals of these groups
were presented from —126.6 to —131.1 ppm.

The 1,2-disubstituted perfluorocyclobutyl group was further
identified in the '*C NMR spectrum of polymers 7a—d by the
presence of four separated multiplets from 118 to 121 ppm.
These unresolved cyclobutyl carbon signals showed that
both cis and trans geometric isomers were all coupled to
each nonequivalent fluorine atom attached to the cyclobutyl
ring. The aromatic carbons of polymer 7a—d adjacent (ipso)
and ortho to the perfluorocyclobutyl ether linkage did give
separate signals dictated by the 1,2-disubstituted cis/trans
(Z/E) configuration of the ring: the ipso carbon signals near
152.1 (presumably trans) and 152.3 ppm (cis) (Fig. 4C).

0 cyclobutyl-Fg
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Fig. 5. FT-IR spectra of polymer 7a—d.

Table 1

Characteristics of the perfluorocyclobutane-containing polymers

Polymers M, M2 (M /M) Ty CC)°
7a 20,780 25,560 1.2 427

7b 14,480 25,570 1.7 425

Tc 15,950 20,790 1.3 417

7d 7520 9960 1.3 412

% GPC in THF vs. polystyrene at 35 °C.
® TGA at 20 °C/min in N,.

The corresponding data of GPC analysis in THF for 7a—
d were listed in Table 1. The molecular weights reduced
from 7a to 7d. The shorter the polyethylene glycol chain
was, the higher the molecular weight obtained. Compared to
the high M, and M,, of polymers 7a—c, the M,, and M,, of
7d were much lower. It may be due to the open-chain crown
ether action of long CH,CH,O chain [19]. The action can en-
circle Cu (II) that prevents the reduction reaction from Cu (II)
to Cu (I). For the count of repeating unit of CH,CH,O for 6a—
¢ was less than seven, the crown ether action was inconspicu-
ous, however, the crown ether action of 6d became relatively
evident. The polydispersities of fluoropolymers 7a—d were
low which indicated that the click chemistry was efficient.

3.4. Thermal properties of polymers

The DSC and TGA curves of the resulting polymers were
presented in Figs. 6 and 7, and the corresponding data of ther-
mal analysis were listed in Table 1. The DSC curves showed
that no crystalline transitions and glass transitions were ob-
served. The TGA curves and data in Table 1 showed that the
decomposition temperature T4 was higher than 410 °C. The
results of thermal analysis demonstrated that the resulting
poly(alkyl aryl) ethers had good thermal stability and melting
fluidity; this would be suitable for application and processing.
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Fig. 6. DSC analysis of polymer 7a—d at 20 °C/min.
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Fig. 7. TGA analysis of polymer 7a—d at 20 °C/min.

3.5. Solubility tests

Polymers 7a—d were performed with solubility tests in four
common solvents including chloroform, acetone, tetrahydro-
furan and N,N-dimethylformamide at room temperature. The
results indicated that polymers 7a—d containing 1,2,3-triazole
rings and perfluorocyclobutyl groups exhibited excellent
solubility in all solvents mentioned above.

4. Conclusion

A novel dialkyne, 1,2-bis(4-ethynylphenoxy)perfluoro-
cyclobutane 4, was prepared by the Sonogashira coupling
reaction between 1,2-bis(4-bromophenoxy)perfluorocyclo-
butane and trimethylsilylacetylene. A series of diazide
monomers 6a—d were prepared from polyethylene glycol
dinitrates. The click chemistry between 4 and diazides 6a—
d provided novel polymers containing 1,2,3-triazole rings
and perfluorocyclobutyl groups. These polymers exhibited
good solubility and had reasonable molecular weight. TGA re-
sults showed that they possessed good thermal stability. These
properties can make them the candidates for good thermal-
stable and soluble linear polymers.
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