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Experimental Section 

General: All manipulations were carried out using standard Schlenk techniques under argon purified 

by passing through a hot column packed with BASF catalyst R3-11. Copolymerization was 

performed in a 50 mL autoclave under ethylene pressure. 

 

Instrumentation. NMR spectra were recorded on JEOL JNM-ECP500 (1H: 500 MHz, 13C: 126 

MHz, 31P: 202 MHz with digital resolution of 0.239, 0.960, 4.33 Hz, respectively) or JEOL JNM-

ECS400 (1H: 400 MHz, 13C: 101 MHz, 31P: 162 MHz with digital resolution of 0.09125, 0.767, 3.46 

Hz, respectively) NMR spectrometers. 13C NMR analyses of polymers were performed in 1,1,2,2-

tetrachloroethane-d4 or 1,2,4-trichlorobenzene at 120 °C using a 30° pulse of 3.0 μs, a spectral width 

of 31 kHz, a relaxation time of 2 s, and an acquisition time = 1 s. Quantitative 13C NMR analyses of 

polymers were performed in a 5-mm probe on ca. 15 weight% solutions of the polymers and 0.05-M 

Cr(acac)3 as a relaxation agent in 1,2,4-trichlorobenzene unlocked at 120 °C using a 90° pulse of 9.0 

μs, a spectral width of 31 kHz, a relaxation time of 5–10 s, an acquisition time = 2 s, and inverse-

gated decoupling1,2 with the number of FID's collected per sample of 5000–10000. Chemical shift 

values for carbons are referenced to the carbon resonance of 1,2,4-trichlorobenzene (δ 127.9). Size 

exclusion chromatography (SEC) analyses were carried out with a Tosoh instrument (HLC-

8121GPC/HT) equipped with two SEC columns (Shodex GPC AT-806MS or Tosoh TSKgel 

GMHHR-H(S)HT) by eluting the columns with 1,2-dichlorobenzene at 1 mL/min at 145 °C. 

Molecular weights were determined using narrow polystyrene standards and were corrected for 

polyethylene by universal calibration using the Mark–Houwink parameters of Rudin: K = 1.75 × 10–

2 cm3/g and α = 0.67 for polystyrene and K = 5.90 × 10–2 cm3/g and α = 0.69 for LLDPE.3  
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Differential scanning calorimetry (DSC) measurements of polymers were performed on a Seiko DSC 

7020 analyzer at a heating and cooling rate of 10 °C/min. The reported Tm values were determined 

from the second heating scan. Thermogravimetric (TG) analyses were performed on a Seiko 

EXSTAR 6000 TG/DTA 6200 analyzer.at a heating rate of 10 °C/min. 

 

Materials. Anhydrous dichloromethane, diethyl ether, hexane, tetrahydrofuran (THF), and toluene 

were purchased from Kanto Chemical Co. Inc. and purified by the method of Pangborn et al.3 

Ethylene (>99.9%) was purchased from Takachiho Chemical Industrial Co., Ltd., dried, and 

deoxygenated by passing through columns. Allyl acetate (2a) was purchased from Tokyo Kasei Co. 

and purified by distillation over CaH2. Allyl alcohol (2b) was purchased from Tokyo Kasei Co. and 

dried over molecular sieve 4A. Allylamine (2c) was purchased from Tokyo Kasei Co. and used as 

received. Allyl chloride (2e) was purchased from Tokyo Kasei Co. and used as received. Allyl 

bromide (2f) was purchased from Kanto Chemical Co. Inc. and used as received. The following 

compounds were prepared according to literature procedures: (o-Cy2PC6H4SO3)PdMe(2,6-

Me2C5H3N) (1)4 and N-tert-butoxycarbonyl allylamine (2d).5 

 

A Representative Procedure for the Copolymerization of Allyl Monomers with Ethylene (entry 

3, Table 1) 

To a 50-mL autoclave containing catalyst 1 (58.2 mg, 0.10 mmol) were transferred toluene (12.0 

mL) and allyl acetate (2a) (3.0 mL) under argon atmosphere. After being charged with ethylene (3.0 

MPa), the autoclave was stirred at 80 °C for 3 h. After cooling to room temperature, methanol (30 

mL) was added into the autoclave. The polymer (1.38 g; 2a incorporation ratio = 3.4%) was isolated 

by filtration, washed with methanol, and dried under vacuum at 80 °C. The copolymer was further 

purified by reprecipitation from hot 1,2-dichlorobenzene/CH2Cl2. Molecular weights was determined 

to be Mn = 5,300 and Mn/Mw = 2.6 by SEC analysis. The molar incorporation ratio of 2a was 

determined to be 3.2% by quantitative 13C NMR analysis. 
 

Control Experiment for the Copolymerization of 2a with Ethylene in the Presence of 

Galvinoxyl. 

To a 50-mL autoclave containing catalyst 1 (58.2 mg, 0.10 mmol) and galvinoxyl (42.2 mg, 0.10 

mmol) were transferred toluene (12.0 mL) and allyl acetate (2a) (3.0 mL) under argon atmosphere. 

After being charged with ethylene (3.0 MPa), the autoclave was stirred at 80 °C for 3 h. After 

cooling to room temperature, methanol (30 mL) was added into the autoclave. The polymer (0.98 g) 

was isolated by filtration, washed with methanol, and dried under vacuum at 80 °C. The copolymer 

was further purified by reprecipitation from hot 1,2-dichlorobenzene/CH2Cl2. NMR and SEC 

analyses showed that the obtained copolymer has essentially the same structures as that obtained in 
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the absence of galvinoxyl (entry 3, Table 1). Molecular weights was determined to be Mn = 4,500 

and Mn/Mw = 2.2. The molar incorporation ratio of 2a was determined to be 3.8% by quantitative 13C 

NMR analysis. 

 

Comparison of Molecular Weights Determined by SEC and NMR analyses 

In entry 3 in Table 1 (ethylene/2a copolymer with 3.2% incorporation), molecular weight by SEC 

using polystyrene standard was Mn = 12,100 and corrected by universal calibration to be Mn = 5,300. 

Molecular weights by 1H NMR and 13C NMR were Mn = 7,300 and 10,800, respectively. 

In entry 10 in Table 1 (ethylene/2e copolymer with 0.9% incorporation), molecular weight by SEC 

using polystyrene standard was Mn = 9,700 and corrected by universal calibration to be Mn = 4,200. 

Molecular weights by 1H NMR and 13C NMR were Mn = 5,900 and 5,000, respectively. 

 

Hydrolysis of Acetoxy Groups in the Ethylene/2a Copolymer (obtained in entry 3 in Table 1) 

A mixture of ethylene/2a copolymer (obtained in entry 3 in Table 1; Mn = 5,300, Mw/Mn = 2.6, 2a 

incorporation ratio = 3.2%, 300 mg) and KOH (24 mg) in toluene (40 mL) and EtOH (12 mL) was 

stirred at 80 °C for 6 h. After cooling to room temperature, the solvents were removed under reduced 

pressure. After adding Et2O (50 mL), the resulting residue was washed with water (50 x 4 mL). The 

organic solvent was removed under reduced pressure to give ethylene/2b copolymer (272 mg). The 

molecular weights were estimated to be Mn = 4,700 and Mw/Mn = 2.4 by SEC. The molar 

incorporation ratio of allyl monomers was determined to be 3.3% by quantitative 13C NMR analysis. 

 

Deprotection of N-tert-butoxycarbonyl (Boc) Groups in the Ethylene/2d Copolymer (obtained 

in entry 8 in Table 1) 

Ethylene/2d copolymer (obtained in entry 8 in Table 1; Mn = 4,500, Mw/Mn = 2.4, 2d incorporation 

ratio = 1.8%, 300 mg) was treated with conc. HCl (20 mL) in toluene (30 mL) and EtOH (18 mL) at 

78 °C for 3 h. After cooling to room temperature, the solvents were removed under reduced pressure 

to give ethylene/CH2=CHCH2NH3Cl copolymer (285 mg). Although the molecular weights (Mn and 

Mw) could not be determined by SEC due to the broadening traces (Figure S57), comparison of 

main-chain signals (carbon e) and chain-end signals (carbons f, g, and h) in 13C NMR spectrum 

revealed that the backbone structure of the copolymer was not changed via the deprotection (Figure 

S32 and S58). The exact incorporation ratio of NH3Cl group could not be determined by quantitative 
13C NMR analysis due to the broadening signals of α and β carbons to the NH3Cl group (Figure 

S58). 
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Ethylene/2a Copolymer Obtained in Entry 1 in Table 1: 

 
Figure S1. SEC trace of ethylene/2a copolymer obtained in entry 1 in Table 1. Mn (PS) = 15,300 

was corrected to Mn (PE) = 6,700 by universal calibration. 
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Figure S2. Quantitative 13C NMR spectrum of ethylene/2a copolymer obtained in entry 1 in Table 1 

(101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S3. DSC chart of ethylene/2a copolymer obtained in entry 1 in Table 1. 
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Figure S4. TG chart of ethylene/2a copolymer obtained in entry 1 in Table 1. 
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Ethylene/2a Copolymer Obtained in Entry 2 in Table 1: 

 
Figure S5. SEC trace of ethylene/2a copolymer obtained in entry 2 in Table 1. Mn (PS) = 14,000 

was corrected to Mn (PE) = 6,100 by universal calibration. 
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Figure S6. Quantitative 13C NMR spectrum of ethylene/2a copolymer obtained in entry 2 in Table 1 

(101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S7. DSC chart of ethylene/2a copolymer obtained in entry 2 in Table 1. 
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Figure S8. TG chart of ethylene/2a copolymer obtained in entry 2 in Table 1. 
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Ethylene/2a Copolymer Obtained in Entry 3 in Table 1: 

 
Figure S9. SEC trace of ethylene/2a copolymer obtained in entry 3 in Table 1. Mn (PS) = 12,100 

was corrected to Mn (PE) = 5,300 by universal calibration. 
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Figure S10. 1H NMR spectrum of ethylene/2a copolymer obtained in entry 3 in Table 1 (400 MHz, 

Cl2CDCDCl2, 120 ˚C). 
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Figure S11. 1H NMR spectrum of ethylene/2a copolymer obtained in entry 3 in Table 1 (400 MHz, 

Cl2CDCDCl2, 120 ˚C). * The signal could not be fully assigned. A possible structure is –CH2=CH–

CH2OAc. 

 

S15



 
Figure S12. DEPT 135 NMR spectrum of ethylene/2a copolymer obtained in entry 3 in Table 1 

(101 MHz, Cl2CDCDCl2, 120 ˚C). 
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Figure S13. Quantitative 13C NMR spectrum of ethylene/2a copolymer obtained in entry 3 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S14. H–H COSY spectrum of ethylene/2a copolymer obtained in entry 3 in Table 1 

(Cl2CDCDCl2, 120 ˚C). 
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Figure S15. HMQC spectrum of ethylene/2a copolymer obtained in entry 3 in Table 1 

(Cl2CDCDCl2, 120 ˚C). 
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Figure S16. HMBC 13C NMR spectrum of ethylene/2a copolymer obtained in entry 3 in Table 1 

(Cl2CDCDCl2, 120 ˚C). 
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Figure S17. DSC chart of ethylene/2a copolymer obtained in entry 3 in Table 1. 
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Figure S18. TG chart of ethylene/2a copolymer obtained in entry 3 in Table 1. 

 

S22



Ethylene/2a Copolymer Obtained in Entry 4 in Table 1: 

 
Figure S19. SEC trace of ethylene/2a copolymer obtained in entry 4 in Table 1. Mn (PS) = 10,100 

was corrected to Mn (PE) = 4,400 by universal calibration. 
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Figure S20. Quantitative 13C NMR spectrum of ethylene/2a copolymer obtained in entry 4 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S21. DSC chart of ethylene/2a copolymer obtained in entry 4 in Table 1. 
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Figure S22. TG chart of ethylene/2a copolymer obtained in entry 4 in Table 1. 
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Ethylene/2a Copolymer Obtained in Entry 5 in Table 1: 

 
Figure S23. SEC trace of ethylene/2a copolymer obtained in entry 5 in Table 1. Mn (PS) = 14,300 

was corrected to Mn (PE) = 6,200 by universal calibration. 
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Figure S24. Quantitative 13C NMR spectrum of ethylene/2a copolymer obtained in entry 5 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S25. DSC chart of ethylene/2b copolymer obtained in entry 5 in Table 1. 
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Figure S26. TG chart of ethylene/2a copolymer obtained in entry 5 in Table 1. 
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Ethylene/2b Copolymer Obtained in Entry 6 in Table 1: 

 
Figure S27. SEC trace of ethylene/2b copolymer obtained in entry 6 in Table 1. Mn (PS) = 3,500 

was corrected to Mn (PE) = 1,500 by universal calibration. 
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Figure S28. Quantitative 13C NMR spectrum of ethylene/2b copolymer obtained in entry 6 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 

 

S32



 
Figure S29. DSC chart of ethylene/2b copolymer obtained in entry 6 in Table 1. 
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Figure S30. TG chart of ethylene/2b copolymer obtained in entry 6 in Table 1. 
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Ethylene/2d Copolymer Obtained in Entry 8 in Table 1: 

 
Figure S31. SEC trace of ethylene/2d copolymer obtained in entry 8 in Table 1. Mn (PS) = 10,200 

was corrected to Mn (PE) = 4,500 by universal calibration. 
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Figure S32. Quantitative 13C NMR spectrum of ethylene/2d copolymer obtained in entry 8 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S33. DSC chart of ethylene/2d copolymer obtained in entry 8 in Table 1. 
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Figure S34. TG chart of ethylene/2d copolymer obtained in entry 8 in Table 1. 
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Ethylene/2d Copolymer Obtained in Entry 9 in Table 1: 

 
Figure S35. SEC trace of ethylene/2d copolymer obtained in entry 9 in Table 1. Mn (PS) = 4,800 

was corrected to Mn (PE) = 2,100 by universal calibration. 
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Figure S36. Quantitative 13C NMR spectrum of ethylene/2d copolymer obtained in entry 9 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S37. DSC chart of ethylene/2d copolymer obtained in entry 9 in Table 1. 
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Figure S38. TG chart of ethylene/2d copolymer obtained in entry 9 in Table 1. 
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Ethylene/2e Copolymer Obtained in Entry 10 in Table 1: 

 
Figure S39. SEC trace of ethylene/2e copolymer obtained in entry 10 in Table 1. Mn (PS) = 9,700 

was corrected to Mn (PE) = 4,200 by universal calibration. 
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Figure S40. 1H NMR spectrum of ethylene/2e copolymer obtained in entry 10 in Table 1 (400 MHz, 

Cl2CDCDCl2, 120 ˚C). 
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Figure S41. 1H NMR spectrum of ethylene/2e copolymer obtained in entry 10 in Table 1 (400 MHz, 

Cl2CDCDCl2, 120 ˚C). 
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Figure S42. DEPT 135 NMR spectrum of ethylene/2e copolymer obtained in entry 10 in Table 1 

(101 MHz, Cl2CDCDCl2, 120 ˚C). 
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Figure S43. Quantitative 13C NMR spectrum of ethylene/2e copolymer obtained in entry 10 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S44. H–H COSY spectrum of ethylene/2e copolymer obtained in entry 10 in Table 1 

(Cl2CDCDCl2, 120 ˚C). 
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Figure S45. HMQC spectrum of ethylene/2e copolymer obtained in entry 10 in Table 1 

(Cl2CDCDCl2, 120 ˚C). 
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Figure S46. HMBC 13C NMR spectrum of ethylene/2e copolymer obtained in entry 10 in Table 1 

(Cl2CDCDCl2, 120 ˚C). 
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Figure S47. DSC chart of ethylene/2e copolymer obtained in entry 10 in Table 1. 
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Figure S48. TG chart of ethylene/2e copolymer obtained in entry 10 in Table 1. 
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Ethylene/2f Copolymer Obtained in Entry 11 in Table 1: 

 
Figure S49. SEC trace of ethylene/2e copolymer obtained in entry 11 in Table 1. Mn (PS) = 6,300 

was corrected to Mn (PE) = 2,800 by universal calibration. 
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Figure S50. Quantitative 13C NMR spectrum of ethylene/2e copolymer obtained in entry 11 in Table 

1 (101 MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S51. DSC chart of ethylene/2f copolymer obtained in entry 11 in Table 1. 
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Figure S52. TG chart of ethylene/2f copolymer obtained in entry 11 in Table 1. 
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Ethylene/2b Copolymer Obtained by Hydrolysis of Ethylene/2a Copolymer: 

 
Figure S53. SEC trace of ethylene/2b copolymer obtained in equation 1. Mn (PS) = 10,500 was 

corrected to Mn (PE) = 4,600 by universal calibration. 
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Figure S54. Quantitative 13C NMR spectrum of ethylene/2b copolymer obtained in equation 1 (101 

MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S55. DSC chart of ethylene/2b copolymer obtained in equation 1. 
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Figure S56. TG chart of ethylene/2b copolymer obtained in equation 1. 
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Ethylene/CH2=CHCH2NH3Cl Copolymer Obtained by Deprotection of  
Ethylene/2d Copolymer: 

 
Figure S57. SEC trace of ethylene/2c copolymer obtained in equation 2. 
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Figure S58. Quantitative 13C NMR spectrum of ethylene/2c copolymer obtained in equation 2 (101 

MHz, 1,2,4-Cl3C6H3, 120 ˚C). 
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Figure S59. DSC chart of ethylene/2c copolymer obtained in equation 2. 
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Figure S60. TG chart of ethylene/2c copolymer obtained in equation 2. 
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Figure S61. Comparison of extrapolated end melting temperatures (Tmef) measured by DSC analyses 

between the present ethylene/2 copolymers and ethylene/vinyl acetate copolymers produced by 

radical methods. 
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