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Novel soluble triazoleimide oligomers terminated with arylacetylene terminated were synthesized by the Cu(I)-catalysed 
1,3-dipolar cycloaddition polymerization of diazides and imide-containing dialkyne. Several molecular weight 
triazoleimide oligomers were prepared from diazide and dialkyne monomers with different stoichiometric combi-
nations. The curing behaviors of the oligomers were tested by differential scanning calorimetry (DSC). The thermal 
properties of the cured products were evaluated by DSC and thermogravimetric analysis (TGA). These cured oligomers 
showed the glass transition temperature of about 225 - 235 oC and the decomposition temperature (at 5% weight 
loss) of about 385 - 393 oC in nitrogen.
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Introduction

Polyimides have been extensively utilized owing to their 
excellent thermal stability, mechanical properties, good che-
mical resistance, high dimensional stability and good electric 
properties.1 However, the poor processability limited their wide-
spread application. To improve their processability (melt pro-
cessing properties or solubility in organic solvents), more and 
more attention has been focused on the study of various kinds 
of PETIs2-5 (phenylethynyl-terminated polyimide oligomers). 
These resins are general prepared by using end-capping reagent.

The Cu(I)-catalyzed cycloaddition of azides and alkynes is 
known as the “cream of the crop” of the click chemistry.6,7 It has 
been utilized in material synthesis and a wide range of polymer 
architectures have been designed and made by the CuAAC.8-14 
Material scientists not only use it as a synthetic tool but also 
discover applications for the triazole moiety. Sharpless, Fokin, 
and Finn combined di-, tri-, and tetravalent azides and alkynes 
to produce crosslinked polymers as adhesives, which could 
bind metal surfaces together.15 The triazole’s electronic pro-
perties have made it popular among fluorgenic probes. Fahrni 
and Wang both demonstrated a dye that exhibited no fluorescene 
until click chemistry was performed to yield a triazole moiety.16 
The step-growth polymerization of diazide and dialkyne has 
been used to prepare a series of functionalized polyesters.17,18

1,2,3-Triazoles are noteworthy for their pseudoaromatic 
nature, large dipole moment, and excellent　hydrogen-bonding　
ability.31 It has good affinity for metallic surfaces. We report the 
synthesis and characterization of a kind of novel soluble aryl-
acetylene-terminated triazoleimide oligomers by the CuAAC 
step-growth polymerization of diazides and dialkyne in solution 
in this paper. A series of t triazoleimide oligomers with vari-
ous molecular weigh were prepared from dialkyne and diazide 
monomer with different stoichiometries. The curing behave of 
the oligomers were tested by differential scanning calorimetry 
(DSC). The properties of the cured products of the oligomers 
were also investigated. 

Experimental Part

Materials. 2,2-Bis [4-(3,4-dicarboxyphenoxy) phenyl] pro-
pane dianhydride (BPADA) was used as purchased from Shang-
hai Synthesis Resin Institute. 3-Amine-phenylethyne (APE), 
tetrahydrofuran (THF), acetone, dimethylacte (DMAc), di-
methylformide (DMF), toluene, N-methyl-2-pyrrolidinone 
(NMP) were purchased and used as received (from Shanghai 
No.1 Reagent Company). p-Xylylene diazide (XDA) was syn-
thesized in our laboratory according to the method described in 
the literature.19-22 XDA: mp 27 - 29 oC (Reported value: 27.5 - 
29 oC),32 FT-IR: 2098 cm‒1 (azide), 1H-NMR: (CDCl3, TMS): 
7.33 (s, 4H, Ar-H), 4.35 (s, 4H, Ar-CH2N3). The spectroscopic 
data was consistent with reported value.

Measurements. 13C-NMR spectra (125 MHz) and 1H-NMR 
(500 MHz) were recorded on a Bruker AVANCE 500 Spectro-
meter in DMSO. FT-IR spectra were determined by a Bio-Rad 
Digilab Division FTS-165 Spectrometer. Differential scanning 
calorimeter (DSC) analyses were performed with UniversalV2.3 
TA Instruments with 2910 modulated system. The heating rate 
was 10 oC/min at a flow rate of nitrogen 15 cm3/min. Thermo-
gravimetric analysis (TGA) was performed on a METTLER 
TGA/SDTA 851 analyzer with a heating rate of 10 oC/min. Ele-
mental analyses were determined with a Elementar Analysen-
systeme GmbH vario EL III analyzer.

Synthesis of 3,3-bis (N-acetylenephenylphthalimide) ether of 
bisphenol A (BAPIPA). The synthesis of 3,3-bis (N-acetylene-
phenylphthalimide) ether of bisphenol A (BAPIPA) is shown 
in Scheme 1. In a 250 mL three-necked flask equipped with a 
refluxing condenser and a stirrer, 4 mmol of BPADA, 8 mmol 
3-amine-phenylacetylene and 50 mL acetone were charged. The 
solution was formed after stirring for a few minutes. The solu-
tion was heated to refluxing. The reaction continued for 6 h. 
Then 50 mL acetic anhydride and 70 mL triethylamine as ca-
talyst were added. The temperature of the reaction was increased 
to 80 oC and maintained for 4 h. The product was precipitated 
in solvent. The crude product was collected by filtration, washed 
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Scheme 1. Synthesis of the phthalimide dialkyne monomer BAPIPA

 

 

Scheme 2. Synthesis of arylacetylene-terminated imide oligomers by CuAAC step-growth polymerization
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Figure 1. FT-IR spectra of the oligomers; Molar ratios of BAPIPA to
XDA: 1-3:2, 2-5:4, 3-8:7, 4-1:1.

several times by acetone and dried at 80 oC for 24 h in a va-
cuum oven.

Yield: 90%. FT-IR (cm‒1): 3276 (≡C-H stretch), 2103 (C≡C), 
1774 (C=O antisym stretch), 1719 (C=O sym stretch, imide I), 
1376 (C-N-C, imide II).

1H-NMR (500 MHz, DMSO-d6, ppm): δ 1.72 (s, 6H, -CH3), 
4.31 (s, 2H, -C≡C-H), 7.12-7.98 (m, 22H, -C6H4-, -C6H3 and 
-C6H4) ppm. 13C NMR (125 MHz, DMSO-d6, ppm): δ 166.0 
(N-C=O), 162.8, 132.1, 129.3, 128.6, 122.8, 111.5 (-C6H3-); 
152.4, 147.1, 130.1, 119.7 (O-C6H4-); 134.1, 131.1, 130.1, 127.8, 
125.9, 125.1 (-C6H4-C≡C-H), 82.5 (-C≡CH), 81.7 (-C≡CH), 
42.0 (-C(CH3)2-), 30.5 (-CH3).

Element analysis. Calcd. for C47H30N2O6: C, 78.55%; N, 
3.90%; H, 4.18%. Found: C, 78.10%; N, 3.82%; H, 4.16%. 

Synthesis of arylacetylene-terminated imide oligomers. The 
oligomers were prepared by the Cu(I)-catalyzed 1,3-dipolar 
cycloaddition step-growth polymerization. A typical procedure 
for the preparation was as follows: To a 100 mL three-neck 
round-bottom flask equipped with a magnetic stirrer, a thermo-
meter and a condenser were charged 10 mmol BAPIPA, 6 mmol 
XDA and 50 mL NMP. The temperature of the mixture was 
increased to 60 oC under stirring. Then sodium ascorbate 
(0.198 g, 1 mmol) and CuSO4 5H2O (0.125 g, 0.5 mmol) were 
added into the flask. After the mixture stirred for 5 minutes, 
10 mmol triethylamine was added. The solution stirred at 60 oC 
for 4 h to preduce oligomers solution. Then the solution was 
poured into 1000 mL of water. The precipitation was collected 
and washed by water. Then the dried precipitation was dissolv-
ed in NMP and precipitated in water again. The precipitation 
product was dried at 100 oC under vacuum for 24 h. As a result, 
the corresponding oligomer was obtained. Similarly, with chang-
ing the molar ratios of BAPIPA to XDA with 5:4, 8:7 and 1:1, 
a series of arylacetylene-terminated oligomers with different 
molecular weight were prepared. The oligomers were obtained 
as light white solids.

Results and Discussion

Synthesis and characterization of Arylacetylene-terminated 
imide oligomers. The arylacetylene-terminated tiazoleimide 

oligomers were prepared from 3,3-bis (N-acetylenephenyl-
phthalimide) ether of bisphenol A and the diazides (BAPIPA and 
XDA) by 1,3-dipolor cycloaddition polymerizations in NMP 
as shown in Scheme 2. Click polymerization of dialkyne with 
diazides were carried out under mild conditions. The polymeri-
sation reactions were performed by mixing different molar 
ratios of dialkyne with diazides in NMP at 60 oC under an open 
atmosphere.

The chemical structures of the obtained arylacetylene-ter-
minated triazoleimide oligomers were characterized by FT-IR 
spectroscopy and 1H-NMR. The IR spectra of oligomers derived 
from BAPIPA and XDA were given in Figure 1. The imide 
characteristic bands at 1780, 1720 cm‒1and 1370 cm‒1 had no 
change before and after the polymerization, which implied that 
polymerization did not affect the imide units. The absorption 
bands associated with the triazole appeared at 3120 cm‒1. The 
absorption bands associated with the vibrational stretching of 
≡C-H at 3247 cm‒1 and C≡C at 2009 cm‒1 become weak with 
the molar ratios of BAPIPA to XDA increasing.

The 1H-NMR spectroscopy of oligomers showed the presence 
of the expected repeating unit. Since the 1H-NMR spectrum of 
oligomers were similar, thus only the spectroscopies of oligo-
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Figure 2. 1H-NMR spectroscopy of oligomers derived from BAPIPA 
and XDA; Molar ratios of BAPIPA to XDA: 1 - 3:2, 2 - 8:7.
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Figure 3. DSC curve of the oligomers derived from BAPIPA and XDA;
Molar ratios of BAPIPA to XDA: 1 - 3:2, 2 - 5:4, 3 - 8:7.

Table 1. Solubility and inherent viscosities (ηinh) data of polytri-
azoleimides 

Oligomers
Solvent

DMF NMP DMSO CHCl3 THF Acetone

1 ＋＋ ＋＋ ＋＋ ＋ ＋ －
2 ＋＋ ＋＋ ＋＋ ＋ ＋ －
3 ＋＋ ＋＋ ＋＋ ＋ ＋ －
4 ＋＋ ＋＋ ＋＋ － － －

Oligomers derived from BAPIPA and XDA; Molar ratios of BAPIPA to
XDA: 1 - 3:2, 2 - 5:4, 3 - 8:7, 4 - 1:1. + + soluble at room temperature; + 
soluble on heating; －insoluble even on heating.

Table 2. Thermal and tensile properties of the polytriazoleimides

Oligomers Texo (oC) ∆H (J g‒1)
1 236 97.4
2 241 85.4
3 258 66.8

Oligomers derived from BAPIPA and XDA; Molar ratios of BAPIPA to
XDA: 1 - 3:2, 2 - 5:4, 3 - 8:7.

mers derived from BAPIPA and XDA with molar ratios of 3:2 
and 8:7 were showed in Figure 2. The methylene protons adja-
cent to the azide group of XDA resonated at δ 4.71; this peak 
completely disappeared after polymerization. The acetylene 
protons of BAPIPA resonated at δ 4.31 decreased apparently. 
The new resonance peaks were observed at δ 8.65, 5.63. The 
peak at 8.65 was associated with the resonances of 1,2,3-triazole 
rings (a). These indicated that the azide groups of the mono-
mers had undergone the polycycloaddition reactions to form 
the triazole rings in the oligomers The peaks at 5.63(c) are due 
to the downfield shift of the benzyl proton resonances of XDA 
after the polymerization reaction. The absorption peaks at 7.2 - 
8.0 ppm were assigned to the aromatic protons in the poly-
triazoleimides backbone. The integrals of resonance peaks a 
and c in Figure 2 were consistent with the structures of the 
oligomers (the same as molar ratios of BAPIPA to XDA).

The novel triazoleimide oligomers could dissolve in most 

of organic polar solvents. The solubility of the oligomers was 
determined by dissolving 0.3 g of oligomers in 10 mL of sol-
vent, as shown in Table 1. It could be seen that oligomers with 
different molecular weight could be dissolved in most of organic 
polar solvents, such as DMSO, NMP and DMAc, even at room 
temperature in most cases. The result indicated that the oligo-
mers containing 1,2,3-triazole rings and imide units were di-
ssolved readily in most of organic polar solvents at room tem-
perature.

Thermal behaviors of arylacetylene-terminated triazoleimide 
oligomers and their thermal properties. The curing behaves of 
the arylacetylene-terminated triazoleimide oligomers were mea-
sured by DSC under nitrogen. The DSC curves of oligomers 
derived from BAPIPA and XDA were shown in Figure 3. These 
results are also summarized in Table 2. There were an endo-
thermic peak and an exothermic one in the curves. The exo-
thermic peaks were attributed to a cross-linking reaction of the 
arylacetylene groups, which showed the enthalpy of 66.8 - 97.4 
J/g and a onset temperature of 215 - 240 oC. With the increasing 
of molar ratios of BAPIPA to XDA, the onset and peak tem-
perature increased.

The cure process of the arylacetylene group has been widely 
investigated.23-28 Solid-state 13C-NMR, FT-IR and ESR analyses 
have brought some insight into the cure mechanism of aryl-
acetylene group. The results demonstrated that the arylacetylene 
group underwent cyclotrimerization, hydrogen addition, Diels- 
Alder cycloaddition, etc., and formed a complex crosslinked 
structure like condensed polycyclic aromatic structure during 
the cross-linking process.

The oligomers were weighted and kept in an oven at 200 oC/ 
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Table 3. Thermal properties of the cured oligomers

Cured oligomers Tg Td5 Char Yielda (%)

1 225 393 60
2 229 385 51
3 235 390 48

Oligomers derived from BAPIPA and XDA; Molar ratios of BAPIPA to
XDA: 1 - 3:2, 2 - 5:4, 3 - 8:7. aResidual weight (%) when the polymers 
were heated to 800 oC in nitrogen.
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Figure 4. The TGA curves of oligomers derived from BAPIPA and
XDA; Molar ratios of BAPIPA to XDA: 1 - 3:2, 2 - 5:4, 3 - 8:1, 4 - 1:1.

2 h + 260 oC/4 h to get cured products under air. The thermal 
properties of the cured oligomers were determined by using 
DSC and TGA. The results were showed in Table 3. The values 
of glass transition temperature (Tg) of these cured oligomers 
were tested by DSC with heating rate of 20 oC/min. These cured 
oligomers showed Tg’s of 225 - 235 oC.

The TGA curves of cured oligomers were shown in Figure 4. 
The decomposition temperatures of the cured oligomers at 5% 
weight loss were between 370 to 395 oC in nitrogen. The de-
composition temperatures of the cured oligomers derived from 
BAPIPA and XDA were also between 375 to 395 oC in nitrogen. 
These illustrated the cured products were thermally stable. As 
compared with conventional polyimides,29,30 the cured oligo-
mers showed lower decomposition temperature due to the weak 
bonding of the -C-N- adjacent to diazide, and the easy breakage 
during the heating process.

Conclusion

In this paper, we have prepared various linear arylacetylene- 
terminated triazoleimide oligomers by the CuAAC polymeri-
zation of a diazide and dialkyne in solution. These oligomers 
were characterized by FT-IR and 1H NMR. The novel aryl-
acetylene-terminated triazoleimide oligomers showed good 
solubility in organic polar solvents. The curing behavior of the 
oligomers were tested by DSC. The oligomers showed a low 
onset curing temperature of 215 - 240 oC. The cured oligomers 
showed high thermal stability and high glass transition tem-
perature. The good properties of triazoleimide oligomers could 
be utilized in high-performance metal coatings, matrix and 

adhesives. The adhesion and anti-corrosin functionalities and 
applications of the materials are currently under investigations.
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