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1. General methods  

Unless otherwise noted, all manipulations involving air- or moisture-sensitive 

compounds were performed in a nitrogen-filled glovebox or using standard Schlenk 

techniques. Solvents were dried according to standard procedures. 1H NMR, 13C 

NMR, HRMS were used to characterize all the isolated compounds. 1H NMR spectra 

were recorded on 500 MHz and 13C NMR spectra were recorded on 125 MHz by 

using a Bruker Avance 500 spectrometer. Chemical shifts (δ values) were reported in 

ppm with internal TMS (1H NMR), CDCl3 (
13C NMR), or external 85% H3PO4 (

31P 

NMR) as the standard, respectively. Solid NMR was recorded on Agilent DD2 600 

MHz. HRMS (ESI) were determined on APEX III 7.0 TESLA FTMS spectrometers. 

ICP-MS were determined on Thermo iCAP Q. The IR spectra were measured on a 

Thermo (SCIENTIFC) NICOLET iS10 spectrometer. The SEM and TEM spectra 

were obtained on a Zeiss sigma 500 and JEOL-2100F spectrometers, respectively. N2 

sorption isotherms were obtained on a Micromeritics asap 2460. Thermogravimeric 

analysis was determined on NETZSCH TG 209 F1. X-ray photoelectron spectroscopy 

(XPS) was performed on a ThermoScientific ESCALAB 250Xi. GC analyses were 

measured on an Agilent 7820A system using a FID detector.  

2. Synthesis and characterization of Rh/POL-BINAPa&PPh3, 

Rh/POL-BPa&PPh3, Rh/POL-PPh3 and BINAPa (4) 

 

Synthesis of 6,6'-dibromo-[1,1'-binaphthalene]-2,2'-diol (1).  

Compound 1 was obtained by following the reported literature procedure.[1] 1H 
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NMR (500 MHz, CDCl3) δ 8.08 (s, 2H), 7.92 (d, J = 9.0 Hz, 2H), 7.43-7.39 (m, 4H), 

6.99 (d, J = 9.0 Hz, 2H), 5.09 (s, 2H) ppm. 

 

Synthesis of 6,6'-divinyl-[1,1'-binaphthalene]-2,2'-diol (2)[1].  

In the nitrogen atmosphere, compound 1 (500 mg, 1.13 mmol), C2H3BF3K (664 mg, 

4.9 mmol), K2CO3 (677 mg, 4.9 mmol) and Pd(PPh3)4 (25.0 mg, 0.021 mmol) were 

added to mixture solvent (6 mL THF and 1 mL H2O) in Schlenk tube. The mixture 

was heated to reflux for 24 h, then was purified by silica gel column chromatography 

(PE:EA = 2:1). The light yellow solid compound 2 was obtained in 80% yield (290.0 

mg). 

A light yellow solid, 80% yield. 1H NMR (500 MHz, CDCl3) δ 7.95 (d, J = 9.0 Hz, 

2H), 7.83 (s, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 9.0 Hz, 2H), 7.13 (d, J = 9.0 

Hz, 2H), 6.88 (dd, J = 11.0, 6.5 Hz, 2H), 5.82 (d, J = 17.5 Hz, 2H), 5.32 (d, J = 10.5 

Hz, 2H), 5.16 (s, 2H) ppm. 

 

Synthesis of 1,1',1'',1'''-(((6,6'-divinyl-[1,1'-binaphthalene]-2,2'-diyl)bis(oxy)) bis 

(phosphinetriyl)) tetrakis(1H-pyrrole) (3).  

Under N2 atmosphere, a solution of compound 2 (313.5 mg, 0.97 mmol) in THF 

(5.0 mL) was added dropwise to a solution of chlorodipyrrolylphosphine (424.0 mg, 

2.14 mmol) and triethylamine (216.6 mg, 2.14 mmol) in THF (5.0 mL) at 0 oC. After 

12 h of stirring at room temperature, the mixture of reaction was purified by silica gel 

column chromatography (PE:EA = 10:1). The white oily compound 3 was evaporated 
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under reduced pressure and obtained in 88% yield (557.0 mg). 

Oil, 88% yield.  1H NMR (CDCl3, 500 MHz): δ 7.92 (d, J = 7.0 Hz, 2H), 7.87 (s, 2H), 

7.33 (d, J = 8.0 Hz, 2H), 7.07 (s, 2H), 7.24-7.20 (m, 2H), 6.96-6.90 (m, 2H), 6.58 (d, 

J = 25.0 Hz, 8H), 6.20 (d, J = 25.0 Hz, 8H), 5.88 (d, J = 17.0 Hz, 2H), 5.39 (d, J = 

11.5 Hz, 2H) ppm. 13C NMR (125 MHz, CDCl3): δ 149.2 (d, J = 12.0 Hz), 136.4, 

134.5, 133.2, 130.9, 130.5, 126.3, 126.0, 124.5, 122.5, 121.0 (d, J = 14.4 Hz), 120.9 

(d, J = 13.9 Hz), 119.5 (d, J = 10.1 Hz), 114.3, 112.1 (d, J = 1.8 Hz) ppm; 31P NMR 

(161 MHz, CDCl3): δ 108.9 ppm; FTIR (neat): 3098.8, 2955.6, 2924.6, 2853.8, 

1587.7, 1454.3, 1345.7, 1071.9, 1054.2, 987.4, 826.4, 732.8, 619.7 cm-1.; HRMS 

(Maldi) m/z: Calcd. For C40H33N4O2P2
+: 663.2073 [M+H+], found: 663.2087. 

 

Synthesis of compound 2,2'-bis((di(1H-pyrrol-1-yl)phosphino)oxy)-1,1'- 

binaphthalene compound (4).  

The compound 4 was obtained by following the reported literature procedure[2]. 

88% yield. 1H NMR (CDCl3, 500 MHz): 7.88 (d, J = 8.5 Hz, 4H), 7.43 (t, J = 7.0 Hz, 

2H), 7.30 (t, J = 8.0 Hz, 2H), 7.23-7.21 (m, 2H), 7.13 (d, J = 9.0 Hz, 2H), 6.46 (d, J = 

10.5 Hz, 8H) , 6.11 (d, J = 26.0 Hz, 8H) ppm. 

 

Synthesis of tris(4-vinylphenyl)phosphine.  

The compound was obtained by following the reported literature procedure[3]. 1H 

NMR (CDCl3, 400 MHz): δ 7.35 (d, J = 10.0 Hz, 6H), 7.24-7.23 (m, 6H), 6.68 (dd, J 

= 20.0, 10.0 Hz, 3H), 5.76 (d, J = 20.0 Hz, 3H), 5.26 (d, J = 10.0 Hz, 3H) ppm. 
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Synthesis of POL-BINAPa&PPh3(5).  

Tris(4-vinphenyl) phosphane (460.0 mg, 1.36 mmol), compound 3 (225.0 mg, 0.34 

mmol) and AIBN (24.0 mg, 0.15 mmol) were dissolved in THF (11.0 mL) under N2 

atmosphere in Schlenk flask. After stirring for 10 minutes at room temperature, the 

mixture was heated to 100 oC for 24 h. The white solid was formed and swollen in 

THF. After evaporation of THF at 40 oC under vacuum, the crude product was washed 

by THF (3×8 mL) and separated by using a centrifuge (8000 rpm, 5 min). The 

copolymer POL-BPa&PPh3 (0.640 g) was obtained as a light yellow solid. 
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Synthesis of Rh/POL-BINAPa&PPh3.  

In glove box, POL-BINAPa&PPh3 (320.0 mg) and Rh(acac)(CO)2 (14.6 mg) was 

added to THF (10 mL). After stirring for 24 h under N2 at room temperature, the 

resulting product was separated by using centrifuge. The crude product was washed 

by THF (38 mL) and evaporation of THF under vaccum, the slight yellow catalyst 

Rh/POL-BINAPa&PPh3 (300 mg) was obtained.  

 

P

H2C

CH2

H
C

CH2 n
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Rh/POL-PPh3

 
Synthesis of Rh/POL-PPh3

[4].  

Tris(4-vinphenyl) phosphane (200.0 mg, 0.58 mmol) and AIBN (8.0 mg, 0.05 

mmol) were dissolved in THF (8.0 mL) under N2 atmosphere in Schlenk flask. After 

stirring for 10 minutes at room temperature, the mixture was heated to 100 oC for 20 h. 

The white solid was formed and swollen in THF. After evaporation of THF at 40 oC 

under vacuum, the crude product was washed by THF (3×8 mL) and separated by 

using a centrifuge (8000 rpm, 5 min). The POL-PPh3 (185.0 mg) was obtained as a 

white solid. 

In glove box, POL-PPh3 (185.0 mg) and Rh(acac)(CO)2 (12.0 mg) was added to 

THF (10 mL). After stirring for 24 h under N2 at room temperature, the resulting 

product was separated by using centrifuge. The crude product was washed by toluene 

(38 mL) and evaporation of toluene under vaccum, the light yellow catalyst 
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Rh/POL-PPh3 (152.4 mg) was obtained.  

 

Synthesis of Rh/POL-BPa&PPh3
[4]. Tris(4-vinphenyl) phosphane (138.4 mg, 0.4 

mmol) and vinyl phephosamidite (56.5 mg, 0.1 mmol) were dissolved in THF (6.0 

mL) under N2 atmosphere in Schlenk flask, followed by the addition of 12 mg of 

AIBN. After stirring for 10 minutes at room temperature, the mixture was heated to 

100 ℃ for 24 h. After evaporation of THF at 40 ºC under vacuum, the crude product 

was washed by THF (3×8 mL), the copolymer POL-BPa&PPh3 (143 mg) was 

obtained. 

In glove box, POL-BPa&PPh3 (195.0 mg) and Rh(acac)(CO)2 (20.0 mg) was 

added to THF (10 mL). After stirring for 24 h under N2 at room temperature, the 

resulting product was separated by using centrifuge. The crude product was washed 

by THF (3×8 mL) and evaporation of THF under vaccum, the slight yellow catalyst 

Rh/POL-BPa&PPh3 (192.0 mg) was obtained. 

3. General procedure for synthesis of substrates 8. 

Substrates 8a, 8d, 8g, 8k, 8l and 8o were purchased from commercial suppliers. 

 

Synthesis of 1,2-di-p-tolylethyne (8b)[5]. Calcium carbide (1.24 g, 19.4 mmol), 

p-bromotoluene (1.66 g, 9.7 mmol), (i-Pr)2NPPh2 (207 mg, 0.73 mmol), Pd(OAc)2 (55 

mg, 0.24 mmol) and K2CO3 (2.68 g, 19.4 mmol) were added into undried THF (25.0 

mL) under N2 atmosphere in Schlenk flask. The mixture was heated to 65 oC. After 12 

h of stirring, the mixture of reaction was purified by silica gel column 
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chromatography. The white solid Substrate 8b was evaporated under reduced pressure 

and obtained in 65% yield (650 mg). 1H NMR (CDCl3, 500 MHz): δ 7.42 (d, J = 8.0 

Hz, 4H), 7.15 (d, J = 7.5 Hz, 4H), 2.37 (s, 6H) ppm. 

Substrates 8c, 8e, 8f, 8g, 8h and 8i were prepared by the same procedure according 

to 8b. 

 

1,2-Di-m-tolylethyne (8c) [5] . White solid, 66% yield. 1H NMR (CDCl3, 500 MHz): δ 

7.36-7.33 (m, 4H), 7.25-7.22 (m, 2H), 7.16-7.14 (m, 2H), 2.36 (s, 6H) ppm. 

 

1,2-bis(4-methoxyphenyl)ethyne (8e) [5]. Yellow solid, 70% yield. 1H NMR (CDCl3, 

500 MHz): δ 7.46 (d, J = 8.5 Hz, 4H), 6.87 (d, J = 8.5 Hz, 4H), 3.83 (s, 6H) ppm. 

 
3,3'-(ethyne-1,2-diyl)dibenzaldehyde (8f) [5]. Yellow solid, 47% yield. 1H NMR 

(CDCl3, 500 MHz): δ 10.05 (s, 2H), 8.06 (s, 2H), 7.90-7.87 (m, 2H), 7.78-7.76 (m, 

2H), 7.59-7.54 (m, 2H) ppm. 

 

1,2-di(naphthalen-1-yl)ethyne (8g) [5]. White solid, 54% yield. 1H NMR (CDCl3, 500 

MHz): δ 8.58 (d, J = 8.5 Hz, 2H), 7.92-7.89 (m, 6H), 7.67-7.64 (m, 2H), 7.59-7.54 (m, 

4H) ppm. 

 

1,2-di(thiophen-3-yl)ethyne (8h) [5]. Brown solid, 41% yield. 1H NMR (CDCl3, 500 

MHz): δ 7.51 (s, 2H), 7.31-7.29 (m, 2H), 7.19-7.17 (m, 2H) ppm. 
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1,2-di(pyridin-3-yl)ethyne (8i)[5]. Brown solid, 66% yield. 1H NMR (CDCl3, 500 

MHz): δ 8.79 (s, 2H), 8.58 (d, J = 4.5 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H), 7.19-7.17 (m, 

2H) ppm. 

Synthesis of Substrates 1-methoxy-4-(phenylethynyl)benzene (8m)[5]. 

  Ethynylbenzene (490 mg, 4.8 mmol), 1-bromo-4-methoxybenzene (900 mg, 4.8 

mmol), (i-Pr)2NPPh2 (205 mg, 0.72 mmol), Pd(OAc)2 (55 mg, 0.24 mmol) and K2CO3 

(1.33 g, 9.6 mmol) were dissolved in undried THF (20.0 mL) under N2 atmosphere in 

Schlenk flask. The mixture was heated to 90 oC. After 12 h of stirring, the mixture of 

reaction was purified by silica gel column chromatography (PE 100%). After 

removing the solvent under reduced pressure, the yellow solid 8m was obtained in 

45% yield (450 mg). 1H NMR (CDCl3, 500 MHz): δ 7.59-7.53 (m, 4H), 7.39-7.36 (m, 

3H), 6.93 (d, J = 8.5 Hz, 2H), 3.84 (s, 3H) ppm. 

4. General procedure for the hydroformylation of Alkynes. 

In a glove box, a glass vial with a magnetic stirring bar was charged with 

Rh/POL-BINAPa&PPh3 (2.7 mg), the corresponding alkynes 8 (0.516 mmol), tolueue 

(1.0 mL) and p-xylene (30 µL, 0.25 mmol) as the internal standard. The vial was then 

transferred to an autoclave, which was purged with hydrogen for three times and 

subsequently charged with H2 (5 atm) and CO (5 atm). The autoclave was then heated 

to 70 °C (oil bath) and was kept at this temperature for 20 h. The autoclave was 

cooled in ice water, and the gas was carefully released in a well-ventilated hood. The 

mixture subsequently was analyzed by GC.After removing the solvent by vacuum, the 

residue was directiy purified by flash chromatography on silica gel to give the desired 

product 9.  

GC analysis condition for compounds of 9a, 9b, 9c, 9e, 9f, 9h, 9i: SE-5, 30 m×0.32 

mm×0.33 mm, flow rate 2.0 mL/min, method: ramp from 50 ℃ to 250 ℃ at a rate of 
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20.0 ℃/min, 250 ℃ hold for 20 min. 

GC analysis condition for compounds of 9j, 9k, 9l and 9n: SE-5, 30 m×0.32 

mm×0.33 mm, flow rate 2.0 mL/min, method: 50 ℃ hold for 5 min, and then ramp 

from 50 ℃ to 250 ℃ at a rate of 10.0 ℃/min, 250 ℃ hold for 5 min. 

CHO

9a  

(E)-2,3-diphenylacrylaldehyde (9a)[6]. White solid, 95.6 mg, 89% yield. The 

compound was purified by flash column chromatography on a silica gel with 

petroleum ether-ethyl acetate (10:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.77 (s, 1H), 7.42-7.38 (m, 4H), 7.29-7.28 (m, 1H), 

7.25-7.19 (m, 6H) ppm. 

CHO

9b  

(E)-2,3-di-p-tolylacrylaldehyde (9b)[6] . White solid, 107.2 mg, 88% yield. The 

compound was purified by flash column chromatography on a silica gel with 

petroleum ether-ethyl acetate (10:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.71 (s, 1H), 7.30 (s, 1H), 7.20 (d, J = 6.5 Hz, 2H), 

7.12 (d, J = 6.5 Hz, 2H), 7.08 (d, J = 7.5 Hz, 2H), 7.02 (d, J = 7.5 Hz, 2H), 2.37 (s, 

3H), 2.28 (s, 3H) ppm. 

 

(E)-2,3-di-m-tolylacrylaldehyde (9c)[7] . White solid, 106.0 mg, 87% yield. The 

compound was purified by flash column chromatography on a silica gel with 

petroleum ether-ethyl acetate (15:1 V/V) as eluant.  
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1H NMR (CDCl3, 500 MHz): δ 9.71 (s, 1H), 7.29 (s, 1H), 7.26-7.25 (m, 1H), 

7.17-7.16 (m, 1H), 7.07-6.95 (m, 6H), 2.32 (s, 3H), 2.20 (s, 3H) ppm. 

CHO

9d
Br Br

 

(E)-2,3-bis(4-bromophenyl)acrylaldehyde (9d)[6] . White solid, 122.7 mg, 65% 

yield. The compound was purified by flash column chromatography on a silica gel 

with petroleum ether-ethyl acetate (10:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.72 (s, 1H), 7.53 (d, J = 9.5 Hz, 2H), 7.37 (d, J = 7.0 

Hz, 2H), 7.33 (s, 1H), 7.07-7.05 (m, 4H) ppm. 

 

(E)-2,3-bis(4-methoxyphenyl)acrylaldehyde (9e)[7] . Yellow solid, 90.0 mg, 86% 

yield. The compound was purified by flash column chromatography on a silica gel 

with petroleum ether-ethyl acetate (5:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.70 (s, 1H), 7.29 (s, 1H), 7.21 (d, J = 8.5 Hz, 2H), 

7.14 (d, J = 9.5 Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H), 6.77 (d, J = 9.5 Hz, 2H), 3.84 (s, 

3H), 3.78 (s, 3H) ppm. 

 

(E)-3,3'-(3-oxoprop-1-ene-1,2-diyl)dibenzaldehyde (9f). Yellow solid, 98.2 mg, 

72% yield. The compound was purified by flash column chromatography on a silica 

gel with petroleum ether-ethyl acetate (2:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.96 (s, 1H), 9.81 (s, 1H), 9.80 (s, 1H), 7.90 (d, J = 

7.0 Hz, 1H), 7.78 (s, 1H), 7.69 (d, J = 5.0 Hz, 2H), 7.58-7.54 (m, 2H), 7.43 (d, J = 7.0 
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Hz, 1H), 7.36 (s, 2H) ppm. 13C NMR (125 MHz, CDCl3): δ 192.8, 191.6, 191.1, 148.8, 

141.5, 136.8, 136.5, 135.4, 135.2, 134.4, 133.5, 131.5, 130.9, 130.6, 129.7, 129.5, 

129.3 ppm; FTIR (neat): 3062.7, 2926.1, 2839.9, 2728.8, 1698.1, 1598.4, 1381.5, 

1285.3, 1226.2, 1163.9, 1073.5, 913.3, 798.3, 742.7 cm-1.; HRMS (ESI) m/z: Calcd. 

For C17H13O3
+: 265.0863 [M+H+], found: 265.0863. 

 

(E)-2,3-di(naphthalen-1-yl)acrylaldehyde (9g). White solid, 98.6 mg, 62% 

yield.The compound was purified by flash column chromatography on a silica gel 

with petroleum ether-ethyl acetate (10:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 10.08 (s, 1H), 8.48 (s, 1H), 8.25 (d, J = 8.5 Hz, 1H), 

7.84-7.79 (m, 3H), 7.67-7.61 (m, 3H), 7.54-7.51 (m, 1H), 7.44-7.32 (m, 3H), 

7.21-7.19 (m, 1H), 6.94-6.93 (m, 2H) ppm. 13C NMR (125 MHz, CDCl3): δ 193.6, 

147.8, 142.4, 133.7, 133.4, 131.7, 131.6, 131.5, 130.5, 130.3, 128.9, 128.7, 128.6, 

127.9, 127.6, 127.0, 126.4, 126.2, 126.0, 125.6, 125.0, 124.9, 123.2 ppm; FTIR (neat): 

3056.0, 2955.4, 2924.6, 2852.4, 2707.9, 1686.8 1611.2, 1507.3, 1463.6, 1391.4, 

1338.3, 1245.5, 1174.2, 1127.2, 777.5 cm-1.; HRMS (ESI) m/z: Calcd. For C23H17O
+: 

309.1274 [M+H+], found: 309.1278. 

 

CHO

S S
9h  

(E)-2,3-di(thiophen-3-yl)acrylaldehyde (9h)[10]. Yellow solid, 69.5 mg, 61% yield. 

The compound was purified by flash column chromatography on a silica gel with 

petroleum ether-ethyl acetate (5:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.70 (s, 1H), 7.43-7.40 (m, 3H), 7.31 (s, 1H) , 

7.21-7.19 (m, 1H), 6.97 (d, J = 5.5 Hz, 1H), 6.81 (d, J = 5.5 Hz, 1H) ppm. 
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CHO

N N
9i   

(E)-2,3-di(pyridin-3-yl)acrylaldehyde (9i)[6]. Yellow solid, 71.6 mg, 66% yield. The 

compound was purified by flash column chromatography on a silica gel with 

petroleum ether-ethyl acetate (1:4 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.80 (s, 1H), 8.63-8.51 (m, 3H), 8.38 (s, 1H), 7.55 (d, 

J = 7.5 Hz, 1H), 7.49 (s, 1H), 7.37-7.35 (m, 2H), 7.15-7.13 (m, 1H) ppm. 

 

(E)-2-ethylpent-2-enal (9j)[8]. Colourless liquid, 55.0 mg, 95% yield. The compound 

was purified by flash column chromatography on a silica gel with petroleum 

n-pentane-diethyl enter (20:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.30(s, 1H), 6.38 (t, J = 7.5 Hz, 1H), 2.36-2.29 (m, 

2H), 2.20 (q, J = 8.0 Hz, 2H), 1.07 (t, J = 7.5 Hz, 3H), 0.91 (t, J = 8.0 Hz, 3H) ppm. 

 

(E)-2-propylhex-2-enal (9k)[6]. Colourless liquid, 69.5 mg, 96% yield. The 

compound was purified by flash column chromatography on a silica gel with 

petroleum n-pentane-diethyl enter (20:1 V/V) as eluant.  

1H NMR (CDCl3, 500 MHz): δ 9.30 (s, 1H), 6.40 (t, J = 8.5 Hz, 1H), 2.30-2.25 (m, 

2H), 2.16 (t, J = 7.0 Hz, 2H), 1.49-1.45 (m, 2H), 1.34-1.29 (m, 2H), 0.91 (t, J = 8.5 

Hz, 3H), 0.81 (t, J = 7.0 Hz, 3H) ppm. 

  

(E)-2-butylhept-2-enal (9l)[6]. Colourless liquid, 84.2 mg, 97% yield. The compound 

was purified by flash column chromatography on a silica gel with petroleum 
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n-pentane-diethyl enter (20:1 V/V) as eluant. 

1H NMR (CDCl3, 500 MHz): δ 9.34 (s, 1H), 6.43 (t, J = 7.0 Hz, 1H), 2.36-2.32 (m, 

2H), 2.23-2.20 (m, 2H), 1.49-1.46 (m, 2H), 1.39-1.35 (m, 2H), 1.30-1.28 (m, 4H), 

0.94-0.87 (m, 6H) ppm. 

 

(E)-3-(4-methoxyphenyl)-2-phenylacrylaldehyde (9m)[9]. Yellow solid, 92.2 mg, 

67.5% yield. The compound was purified by flash column chromatography on a silica 

gel with petroleum ether-ethyl acetate (10:1 V/V) as eluant. 

9n 1H NMR (CDCl3, 500 MHz): δ 9.74 (s, 1H), 7.33 (s, 1H), 7.27-7.23(m, 4H), 7.13 

(d, J = 9.0 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 3.82 (s, 3H) ppm. 

 

5. Screening conditions for hydroformylation of diphenylacetylene. 

Table 1. Screening conditions for hydroformylation of diphenylacetylenea 

 

Entry Solvent H2/CO 

(bar) 

Temp. 

(℃) 

Conv. 

(%) 

9a(E/Z) 

(%) 

10a  

(%) 

1 Toluene 5/5 70 100 90 (60) 10 

2 Toluene 5/5 60 73 67 (87) 6 

3 Toluene 5/5 80 100 86 (57) 14 

4 Toluene 10/10 70 93 85 (59) 8 

5 Toluene 3/3 70 99 83 (55) 15 

6 THF 5/5 70 100 87 (22) 13 

7 CH3CN 5/5 70 100 90 (34) 10 

8 Ethyl acetate 5/5 70 99 89 (57) 10 
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9 CH2Cl2 5/5 70 82 74 (133) 8 

10 n-Hexane 5/5 70 100 80 (60) 19 

11 EtOH 5/5 70 92 81 (4) 10 

a8a (96.0 mg), 2.7 mg of Rh/POL-BINAPa&PPh3 (Rh loading at 1.32 wt%), S/C = 

1000, solvent (1.0 mL), 20 h. 

6. Recycling tests of the Rh/POL-BINAPa&PPh3 in 1,2-diphenylethyne 

hydroformylation. 

In a glove box, a glass vial with a magnetic stirring bar was charged with 

Rh/POL-BINAPa&PPh3 (28.0 mg), 1,2-diphenylethyne (950 mg, 5.33 mmol), toluene 

(7.0 mL) and decane (30 µL, 0.25 mmol) as the internal standard. The vial was then 

transferred to an autoclave, which was purged with hydrogen for three times and 

subsequently charged with CO (5 atm) and H2 (5 atm). The autoclave was then heated 

to 70 °C (oil bath) and was kept at this temperature for 8 h. The autoclave was cooled 

in ice water, and the gas was carefully released in a well-ventilated hood. The catalyst 

of reaction mixture was separated in air by using centrifuge and used to test next 

recycling reaction with the same condition and procedure. The mixture subsequently 

was analyzed by GC.  

Table 2. Catalytic hydroformylation of 1,2-diphenylethyne. 

 
Recycle Conversion 

(%) 

9a 

(%) 

9a 

(E/Z) 

10a 

(%) 

1 83.9 79.5 94.9 4.4 

2 83.4 79.1 97.2 4.3 

3 85.5 79.4 94.3 6.1 

4 84.5 77.4 92.0 7.1 

5 82.6 73.6 93.2 9.0 

6 84.6 73.7 84.1 10.9 

7 83.0 72.4 80.1 10.6 

8 84.5 73.6 81.4 10.9 

9 83.5 72.2 93.8 11.3 
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10 85.2 73.7 92.6 11.5 

7. 13C and 31P MAS NMR spectra of compound POL-BINAPa&PPh3 

 

Figure S1. 13C MAS NMR spectra of compound Rh/POL-BINAPa&PPh3 

 

 

Figure S2. 31P MAS NMR spectra of compound Rh/POL-BINAPa&PPh3 
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8. Nitrogen sorption isotherms of POL-BINAPa&PPh3 and 

Rh/POL-BINAPa&PPh3 

 

Figure S3. Nitrogen sorption isotherm and pore size distribution of 
POL-BINAPa&PPh3 
Pore size distribution is calculated from non-local density functional theory (NLDFT). 
The Brunauer-Emmett-Teller (BET) surface area and pore volume of POL-BINAPa 
&PPh3 are 518.8 m2/g and 0.42 cm3/g, respectively. 

 

Figure S4. Nitrogen sorption isotherms and pore size distribution of 
Rh/POL-BINAPa&PPh3 
Pore size distribution is calculated from non-local density functional theory (NLDFT). 
The Brunauer-Emmett-Teller (BET) surface area and pore volume of 
Rh/POL-BINAPa &PPh3 are 492.2 m2/g and 0.41cm3/g, respectively. 
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Figure S5. Nitrogen sorption isotherms and pore size distribution of the 
recovered Rh/POL-BINAPa&PPh3. 
Pore size distribution is calculated from non-local density functional theory (NLDFT). 
The Brunauer-Emmett-Teller (BET) surface area and pore volume of 
Rh/POL-BINAPa &PPh3 are 317.86 m2/g and 0.34cm3/g, respectively. 
 

 

 
Figure S6. Nitrogen sorption isotherm and pore size distribution of 
POL-BINAPa&PPh3 (vBINAPa:vPPh3 = 1:1.5) 
Pore size distribution is calculated from non-local density functional theory (NLDFT). 
The Brunauer-Emmett-Teller (BET) surface area and pore volume of 
Rh/POL-BINAPa &PPh3 are 4.52 m2/g and 0.0013 cm3/g, respectively. 
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9. XPS spectra of POL-BINAPa&PPh3, Rh/POL-BINAPa&PPh3 and 

the recovered catalyst. 

 

Figure S7. P2p XPS spectra of POL-BINAPa&PPh3 

 

Figure S8. P2p XPS spectra of Rh/POL-BINAPa&PPh3 

 

Figure S9. P2p XPS spectra of the recovered Rh/POL-BINAPa&PPh3 
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Figure S10. Rh3d3/2 and Rh3d5/2 XPS spectra of Rh/POL-BINAPa&PPh3 

 

Figure S11. Rh3d3/2 and Rh3d5/2 XPS spectra of the recovered 
Rh/POL-BINAPa&PPh3 

 

10. FT-IR spectra of POL-BINAPa&PPh3 Rh/POL-BINAPa&PPh3 

and the recovered catalyst. 
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Figure S12. FT-IR spectra of POL-BINAPa&PPh3 

 

 

Figure S13. FT-IR spectra of Rh/POL-BINAPa&PPh3 

 

 

Figure S14. FT-IR spectra of the recovered Rh/POL-BINAPa&PPh3 
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11. SEM and TEM images of Rh/POL-BINPa&PPh3 

 

Figure S15. SEM images of Rh/POL-BINAPa&PPh3. 
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Figure S16. TEM images of Rh/POL-BINAPa&PPh3. 
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12. NMR spectra of compounds 3 and 9a-9m. 
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13. GC Data of compounds of 9a, 9b, 9c, 9e, 9f, 9h, 9i, 9j, 9k, 9l, 9n. 
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