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Experimental Section

Materials. Unless stated otherwise, all chemicals were obtained from commercial 

suppliers and used without further purification. [Rh(nbd)Cl]2, Aladdin, 96%, CAS: 

12257-42-0. Methyl 4-ethynylbenzoate (monomer 5), Alfa Aesar, 97%, CAS: 3034-86-

4. 4-Ethynyl-N,N-dimethylaniline (monomer 1), Sigma Aldrich, 97%, CAS: 17573-94-3. 

Phenylacetylene，Alfa Aesar, 99%,CAS: 536-74-3. Chloroform-d, Methanol-d were 

bought from Innochem. The para-substituted phenylacetylenes bearing different 

amine-containing pendant groups p-CH≡CC6H4-R (2‒4) (2: R = -CON(CH2CH3)2; 3: R = -

CON(CH2CH2)2NCH3; 4: R = -COOCH2CH2N(CH2CH3)2) were synthesized according to the 

commonly used synthetic routes (see Scheme S1). All monomers put into vacuum 

oven to drying. Polymerization in Schlenk tube in air. 

Instrument. 1H NMR and 13C NMR were recorded on a Bruker AVANCEIII 400MHz 

NMR spectrometer with a BBO probe in CH3OD. ESI-Mass Spectra were acquired on a 

Thermo Q-Exactive. The number-average Mw (Mn) and the dispersity (Mw/Mn) were 

determined by Gel Permeation Chromatography (GPC) in 5 mmol/L BrLi DMF solution 

at 85 ℃ at a flow rate of 1 mL/min and calibrated against narrow polydispersity 
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polystyrene standers. The GPC was conducted with a Waters 1515 isocratic HPLC 

pump and Waters 2414 refractive index detector using PPS columns. UV-Vis spectra 

were recorded on a TU-1901 double beam UV-Vis spectrophotometer. Fluorescence 

spectra were measured on a Hitachi F-7000 fluorescence spectrophotometer. TGA 

were measured on Shimadzu DTG-60H

Synthesis.
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Scheme S1. The synthetic route of monomers.

Synthesis of N,N-diethyl-4-ethynylbenzamide (2). A 100 mL flask was charged with 

4-bromobenzoic acid (10 mmol, 1 equiv), EDCI (7 mmol, 0.7 equiv) and DMAP (0.5 

mmol, 5% equiv), then the 50 mL DCM and the 10 mL TEA were added in the flask. The 

reaction mixture was activated under stirring at 0 ℃. After 1 h, diethylamine (12 



6

mmol, 1.2 equiv) and EDCI (7 mmol, 0.7 equiv) was added. The reaction mixture was 

stirred at room temperature. After 4 h, crude products was separated by column 

chromatography (DCM : methyl alcohol = 19 : 1). Products (compound a) was prepared 

by the recrystallized process. Yield is 77%. Monomer 2 was prepared by Sonogashira 

reaction. The process was shown as following. A Schlenk tube was charged with 

compound a (0.5 mmol, 1 equiv), PdCl2(Pph3) (0.015 mmol, 3% equiv), CuI (0.04 mmol, 

8 % equiv), Pph3 (0.03 mmol, 6 % equiv) and placed under nitrogen atmosphere. 

Anaerobic TEA (15 mL) and THF (8 mL) was added, and the reaction mixture was 

heated under stirring to 65 ℃. After 12 h, products were separated by flash column 

chromatograph. The previous product (0.1 mmol, 1 equiv), Na2CO3 (0.1g, 1 mmol, 10 

equiv) and methanol (50 mL) were adding in 100 mL flask. The reaction mixture was 

stirred at room temperature. After 24 h, Na2CO3 was removed by filtration. Filtrate 

was collected and solvent was evaporated. Products were separated by flash column 

chromatograph. Yield is 91%. 1H NMR (400 MHz, Chloroform-d): δ = 7.54 (d, J = 7.9 Hz, 

2H), 7.35 (d, J = 8.0 Hz, 2H), 3.78 – 3.17 (d, 4H), 3.15 (s, 1H), 1.40 – 0.92 (d, 6H) ppm. 

MS (ESI): m/z calcd for C13H15NO+ [M]+: 201; found: 201.

Synthesis of (4-ethynylphenyl)(4-methylpiperazin-1-yl)methanone (3). A 100 mL 

flask was charged with 4-bromobenzoic acid (10 mmol, 1 equiv), EDCI (7 mmol, 0.7 

equiv) and DMAP (0.5 mmol, 5% equiv), then the 50 mL DCM and the 10 mL TEA were 

added in the flask. The reaction mixture was activated under stirring at 0 ℃. After 1 

h, 1-methylpiperazine (12 mmol, 1.2 equiv) and EDCI (7 mmol, 0.7 equiv) was added. 
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The reaction mixture was stirred at room temperature. After 4 h, crude products was 

separated by column chromatography (DCM: methyl alcohol = 19 : 1). Products 

(compound a) was prepared by the recrystallized process. Yield is 71%. Monomer 3 

was prepared by Sonogashira reaction. The process was shown as following. A Schlenk 

tube was charged with compound a (0.5 mmol, 1 equiv), PdCl2(Pph3) (0.015 mmol, 3% 

equiv), CuI (0.04 mmol, 8% equiv), Pph3 (0.03 mmol, 6% equiv) and placed under 

nitrogen atmosphere. Anaerobic TEA (15 mL) and THF (8 mL) was added, and the 

reaction mixture was heated under stirring to 65 ℃. After 12 h, products were 

separated by flash column chromatograph. The previous product (0.1 mmol, 1 equiv), 

Na2CO3 (0.1g, 1 mmol, 10 equiv) and methanol (50 mL) were adding in 100 mL flask. 

The reaction mixture was stirred at room temperature. After 24 h, Na2CO3 was 

removed by filtration. Filtrate was collected and solvent was evaporated. Products 

were separated by flash column chromatograph. Yield is 87%. Compound a: 1H NMR 

(400 MHz, Chloroform-d): δ = 7.59 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 18.1 Hz, 2H), 3.81 (b, 

4H), 2.48 (b, 7H) ppm. MS (EI): m/z calcd for C12H15BrN2O+ [M]+: 282, 284; found: 282, 

284. Monomer 3 1H NMR (400 MHz, Chloroform-d): δ = 7.62 – 7.51 (m, 2H), 7.45 – 7.35 

(m, 2H), 3.63 (d, J = 142.8 Hz, 4H), 3.16 (s, 1H), 2.34 (d, 7H) ppm. MS (EI): m/z calcd for 

C14H16N2O+ [M]+: 228; found: 228.

Synthesis of 2-(diethylamino)ethyl 4-ethynylbenzoate (4). A 100 mL flask was 

charged with 4-bromobenzoic acid (2g, 10 mmol, 1 equiv), EDCI (1.15g, 7 mmol, 0.7 

equiv) and DMAP (61 mg, 0.5 mmol, 5% equiv), then the 50 mL DCM and the 10 mL 
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TEA were added in the flask. The reaction mixture was activated under stirring at 0 ℃. 

After 1 h, 2-(diethylamino)ethan-1-ol (1.4 g, 12 mmol, 1.2 equiv) and EDCI (1.15g, 7 

mmol, 0.7 equiv) was added. The reaction mixture was stirred at room temperature. 

After 4 h, crude products was separated by column chromatography (DCM: methyl 

alcohol = 19 : 1). Products (compound a) was prepared by the recrystallized process. 

Yield is 71%. Monomer 2 was prepared by Sonogashira reaction. The process was 

shown as following. A Schlenk tube was charged with compound a (123 mg, 0.5 mmol, 

1 equiv), PdCl2(Pph3) (11 mg, 0.015 mmol, 3% equiv), CuI (8 mg, 0.04 mmol, 8% equiv), 

Pph3 (9 mg, 0.03 mmol, 6% equiv) and placed under nitrogen atmosphere. Anaerobic 

TEA (15 mL) and THF (8 mL) was added, and the reaction mixture was heated under 

stirring to 65 ℃. After 12 h, products were separated by flash column chromatograph. 

The previous product (31 mg, 0.1 mmol, 1 equiv), Na2CO3 (0.1g, 1 mmol, 10 equiv) and 

methanol (50 mL) were adding in 100 mL flask. The reaction mixture was stirred at 

room temperature. After 24 h, Na2CO3 was removed by filtration. Filtrate was 

collected and solvent was evaporated. Products were separated by flash column 

chromatograph. Yield is 90%. Monomer 2 1H NMR (400 MHz, Chloroform-d): δ = 8.00 

(d, J = 8.2, 1.6 Hz, 2H), 7.68 – 7.45 (d, 2H), 4.41 (t, J = 1.4 Hz, 2H), 3.25 (s, J = 1.5 Hz, 

1H), 2.86 (t, J = 6.4, 1.6 Hz, 2H), 2.64 (dd, J = 7.2, 1.6 Hz, 4H), 1.08 (t, J = 7.1, 1.5 Hz, 

6H) ppm. MS (ESI): m/z calcd for C15H20NO2
+ [M+H]+: 246; found: 246.

Polymerization of substitute of phenyl(polyacetylene) and its derivatives (PPAs). 

A 25 mL Schlenk tube was charged with monomer (0.13 mmol, 1 equiv) and 
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[Rh(nbd)Cl]2 (different equiv). Then DCM (2.6 mL) (the monomer concentration is 50 

mmol/L) was added. The reaction mixture was heated at different temperature with 

stirring. After 2 h, the solution was diluted with 10 mL DCM. Then the PPAs were 

precipitated with 50 mL n-hexane. Pure PPAs was washed three times with n-hexane. 

The 1H NMR spectrum was used to calculate the proportion of cis/trans-selectivity of 

the PPAs.1, 2 The resonance of cis polyenic proton overlaps the resonance of aromatic 

proton. Multi-peak fitting method shows one cis polyenic proton at δ = 5.7 ~ 6.3 ppm, 

four aromatic protons, and the trans polyenic proton at δ = 6.3 ~ 8.3 ppm. Cis contents 

can be calculated by eq. (1):

           Cis contents (%)  =                     (1)

𝐴6.2
𝐴𝑡/5

× 100

Where A6.2 is the area of the polyenic proton in cis form and At is the total area of 

the olefinic and aromatic protons in the spectra. Take entry 4 (see Figure S25) as 

example: three protons resonances, centered at δ = 6.1 ppm (the cis polyenic proton), 

centered at δ = 6.9 ppm and δ = 7.4 ppm (the trans polyenic proton and four aromatic 

protons). According to the protons distribution of olefinic and aromatic, the 

configuration of PPAs have a cis-transoid configuration.3
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Figure S1. 1H-NMR spectra of monomers in CDCl3.

Figure S2. 1H-NMR spectra of PPAs of entries 1 and 2 in Table 1 in CDCl3.
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Figure S3. The GPC result of PPA of entry 1 in Table 1. 
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Figure S4. The GPC result of PPA of entry 2 in Table 1.
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Figure S5. 1H-NMR spectra of PPAs of entries 4‒6 in Table 1 in CDCl3.
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Figure S6. The GPC result of PPA of entry 4 in Table 1.
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Figure S7. The GPC result of PPA of entry 5 in Table 1.
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Figure S8. The GPC result of PPA of entry 6 in Table 1.

Figure S9. 1H-NMR spectra of PPAs of entries 7‒9 in Table 1 in (CD3)2SO.
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Figure S10. The GPC result of PPA of entry 7 in Table 1.
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Figure S11. The GPC result of PPA of entry 8 in Table 1.
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Figure S12. The GPC result of PPA of entry 9 in Table 1.
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Figure S13. 1H-NMR spectra of PPAs of entries 10‒12 in Table 1 in CD3OD.
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Figure S14. The GPC result of PPA of entry 10 in Table 1.
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Figure S15. The GPC result of PPA of entry 11 in Table 1.
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Figure S16. The GPC result of PPA of entry 12 in Table 1.
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Figure S17. 1H-NMR spectra of PPAs of entries 13‒15 in Table 1 in CDCl3.
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Figure S18. The GPC result of PPA of entry 13 in Table 1.
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Figure S19. The GPC result of PPA of entry 14 in Table 1.
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Figure S20. The GPC result of PPA of entry 15 in Table 1.

Figure S21. 1H-NMR spectra of PPAs of entries 16‒17 in Table 1 in CDCl3.
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Figure S22. The GPC result of PPA of entry 16 in Table 1.
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Figure S23. The GPC result of PPA of entry 17 in Table 1.
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Figure S24. Part of 1H NMR spectra of PPAs of entries 1‒4 in Table 2 in CD3OD.
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Figure S25. Part of 1H NMR spectra of PPAs of entries 4‒8 in Table 2 in CD3OD.
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Figure S26. The GPC result of PPA of entry 1 in Table 2.
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Figure S27. The GPC result of PPA of entry 2 in Table 2.
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Figure S28. The GPC result of PPA of entry 3 in Table 2.
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Figure S29. The GPC result of PPA of entry 4 in Table 2.
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Figure S30. The GPC result of PPA of entry 5 in Table 2.
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Figure S31. The GPC result of PPA of entry 6 in Table 2.
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Figure S32. The GPC result of PPA of entry 7 in Table 2.
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Figure S33. The GPC result of PPA of entry 8 in Table 2.
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Figure S34. The GPC result of PPA of entry 9 in Table 2.
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Figure S35. The GPC result of PPA of entry 10 in Table 2.
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Figure S36. Calculation of Eg by the tangent of the max slope method.

Figure S37. In-situ 1H NMR spectra of polymerization of monomer 3 without 

cocatalyst at 40 ℃ in 5 min, 30 min, 60 min, 120min.
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Figure S38. In-situ 1H NMR spectra of polymerization of monomer 5 without 

cocatalysis at 40 ℃ in 5 min, 30 min, 60 min, 120min.
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(b)

(a)

Figure S39. In-situ 1H NMR spectra of polymerization of monomer 3 (a) under UV 
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light, under natural light and in dark. (b) in the presence of radical inhibitors such as 

hydroquinone and 1,4-naphthoquinone and under nitrogen

In the Figure S39, spectra under UV light, under natural light and in dark are almost 

overlapped, suggesting cis-content of polymers is approximately equal. Therefore, the 

light had not any influence on the polymerization. Moreover, spectra with the addition 

of radical inhibitors such as hydroquinone and 1,4-naphthoquinone and under 

nitrogen are almost overlapped, suggesting cis-content of polymers is approximately 

equal. the addition of radical inhibitors and oxygen could not restrain the 

polymerization, indeed ruling out the possibility of the thermal cis-trans isomerization 

and degradation via the radical mechanism. These results demonstrated that the cis-

trans transformation and the decrease of molecular weight of the resulting PPAs 

occurred prior to double bond formation.
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Figure S40. In situ 1H NMR spectra of polymerization of phenylacetylenes: (a) 

comparison of NMR spectrum between [Rh(nbd)Cl]2, monomer 3 and mixture. (b) 

comparison of NMR spectrum between mixture and monomer 5.

NMR spectrums of [Rh(nbd)Cl]2 and monomer 3 were shown in Figure S40 

respectively. After mixed [Rh(nbd)Cl]2 and monomer 3 together 5 min, the resonances 

of protons of double bond in nbd have changed from 3.925 ppm to 3.905 ppm (Figure 

S40 (a)). Similarly, the resonances of protons of methylene nearby tertiary nitrogen 

atom in piperazine and protons of acetenyl have changed from 2.317 ppm and 3.1393 

ppm to 2.319 ppm and 3.1390 ppm respectively (Figure S40 (a)). It is indicated that 

rhodium was coordinative with tertiary nitrogen atom and acetenyl before insertion 

of monomer. Comparison of NMR spectrum between mixture and monomer 1 was 

shown in Figure S40. Without bifunctional monomer, the resonances of protons of 

double bond in nbd, methylene in piperazine and acetenyl have not changed (Figure 

S40 (b)). It was indicated that [Rh(nbd)Cl]2 hardly translated into active species. Such 

results agreed with the truth that the monomer 5 can’t polymerized without 

cocatalyst.
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