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Experiment Section
Propylene/isoprene copolymerization (Table S1, Run 6)

In a glovebox, a toluene solution (15 mL) of isoprene (272.4 mg, 4 mmol) was added into a stainless steel
autoclave (100ml). The autoclave was sealed, taken outside and connected to a well-purged propylene line.
Propylene (0.2 MPa) was introduced into the autoclave quickly and was saturated by stirring for 1 min. A toluene
solution (5 mL) of [1,3-(Me,Si),CoHs]Sc(CH,SiMes),(THF) (11.1 mg, 20 umol) and [PhsC][B(CsFs)s] (18.5 mg, 20
pumol) was then added through a springer into the autoclave under vigorous stirring. The total pressure in the
reactor was controlled at 0.1 MPa. After 5 min, the polymerization was terminated by methanol. The copolymer
was collected by adding another 100 mL of methanol, dried at 30 °C under vacuum to a constant weight. The
propylene (P) and isoprene (lp) contents of the propylene-isoprene copolymers were calculated according to the
following formulas:

Ip Mol% = (6 1143 1,)/(6 11+3 I+2 I5)x100

3,4-lp mol%= 2 I1/(2 I1+/,) x100

1,4-Ip mol%=100-3,4-1p mol%

P mol% = 100-1p mol%

Where [, is the integration of the resonances from 4.90 to 5.20 ppm (one unsaturated protons of the 1,4-
isoprene unit), /, is the integration of the resonances from 4.50 to 4.85 ppm (two unsaturated protons of the 3,4-
isoprene unit), /5 is the integration of the resonances from 0.40 to 0.90 ppm (three methyl protons of the
propylene unit).

Ethylene/isoprene copolymerization (Table S1, Run 13)

In a glovebox, a toluene solution (15 mL) of isoprene (681.1 mg, 10 mmol) was charged into a stainless steel
autoclave (100 mL). The autoclave was sealed, taken outside and connected to a well-purged ethylene line.
Ethylene (0.1 MPa) was introduced into the autoclave quickly and was saturated by stirring for 1 min. A toluene
solution (5 mL) of [1,3-(Me;Si),CoHs]Sc(CH,SiMes),(THF) (11.1 mg, 20 umol) and [Ph3C][B(CsFs)s] (18.5 mg, 20
pumol) was then added through a springer into the autoclave under vigorous stirring. The total pressure in the
reactor was controlled at 0.1 MPa, the polymerization was terminated after 2 min by methanol. The copolymer
was collected by filtered, washed with methanol and dried at 30 °C under vacuum to a constant weight. The
isoprene and ethylene contents of the ethylene-isoprene copolymers were calculated according to the
literature.?



Table S1  Ethylene, propylene and isoprene polymerization catalyzed by (CsMe;SiMes)Sc(CH,SiMes),(THF) (1)
and [1,3'(MeZS|)2C9H5]SC(CH25|M93)2(THF) (2) /[Ph3C][B(C5F5)4]a

Pressur ) Yiel Composition ¢(mol%)
Ip Time . M, 9 M., Te(Tm) €
Run (el © PIE (mmol) (min) & AV a4 B P (<109 /M (°0)
(MPa) (8) T "
1f 1 0.2 1/0 2 0.59 886 - - 100 1.2 1.98 -9
2 2 0.2 1/0 2 1.52 2280 - - 100 2.0 1.91 -4
39 1 10 60 0.18 9 5/54/41 - - 24.5 1.31 -38
4 2 20 5 1.35 810 75/0/25 - - 14.5 1.23 -45
5 1 0.2 1/0 4 5 0.05 30 34(60/40) - 66 n.d. n.d. -25
6 2 0.2 1/0 4 5 0.27 162 23(74/26) - 77 2.3 1.65 -15
7 1 0.2 2/1 2 1.82 2730 - 58 42 n.d.” n.d. —(104)
8f 1 0.2 5/1 2 1.53 2295 - 50 50 2.8 1.79 -41
9 2 0.2 2/1 2 2.25 3375 - 47 53 n.d. n.d. -44
10 2 0.2 5/1 2 2.09 3135 - 40 60 3.2 1.90 -30
11 1 0.1 0/1 5 2 0.54 810 16(45/55) 84 - n.d. nd. (64,132)
12 1 0.1 0/1 10 2 0.41 615 26(42/58) 74 - 12.4 1.23 -54
13 2 0.1 0/1 10 2 0.42 630 30(69/31) 70 - n.d. n.d. —(131)
14 2 0.1 0/1 20 2 0.43 645 41(69/31) 59 - 24.1 2.11 -47

a Reaction condition: [Sc], 20 umol; [Ph3C][B(CeFs)s], 20 umol; Toluene, 20 mL, 25 °C; Total pressure, 0.2 MPa. ?
Given in Kg of polymer per (mol Sc h) . ¢ Determined by 'H-NMR and 13C-NMR. ¢ Determined by GPC in THF. ¢
Determined by DSC. f Reference 1. ¢ Reference 2. " Not determined.
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Fig. S1 The Fineman-Ross plot for the copolymerization of ethylene with propylene catalyzed by the complex

1/[PhsC][B(CgFs)4l. (F = [E]/[P] in solution, f = [E]/[P] in copolymer)
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Fig. S2 The Fineman-Ross plot for the copolymerization of ethylene with propylene catalyzed by the complex

2/[Ph3C1[B(CgFs)al. (F = [E]/[P] in solution, f = [E]/[P] in copolymer)
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Fig. S3 The Fineman-Ross plot for the copolymerization of propylene with isoprene catalyzed by the complex

1/[Ph3C][B(CsFs)al. (F = [P1/[Ip] in solution, f = [P]/[Ip]in copolymer)
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Fig. S4 The Fineman-Ross plot for the copolymerization of propylene with isoprene catalyzed by the complex

1/[Ph3C][B(CsFs)al. (F = [P1/[Ip] in solution, f = [P]/[Ip]in copolymer)
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Fig. S5 The Fineman-Ross plot for the copolymerization of ethylene with isoprene catalyzed by the complex

2/[Ph3C1[B(CeFs)al. (F = [E]/[Ip] in solution, f = [E]/[Ip] in copolymer)
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Fig. S6 13C-NMR spectrum (100 MHz, CDCl;, 25 °C) of the polyisoprene prepared by the complex

2/[Ph3C][B(C6F5)4] (Table S1, Run 4).
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Fig. S7 13C-NMR spectrum (100 MHz, CDCls;, 25 °C) of the ethylene-isoprene copolymer prepared by the
complex 2 /[Ph;C][B(CsFs).] (Ip content = 41 mol%) (Table S1, Run 14).
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Fig. S8 DSC curve of the propylene-isoprene copolymer prepared by the complex 1/[PhsC][B(CeFs)a] (Ip content

=34 mol%) (Table S1, Run 5).
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Fig. S9 DSC curve of the propylene-isoprene copolymer prepared by the complex 2/[Ph3;C][B(CeFs)4] (Isoprene

content = 23 mol%) (Table S1, Run 6).
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Fig. S10 DSC curve of the ethylene-isoprene copolymer prepared by the complex 1/[PhsC][B(CsFs)a] (Ip content
=16 mol%) (Table S1, Run 11).

1.0

~

0.0

-57.05°C
-53.63°C()

-51.91°C

Heat Flow (W/g)

-0.54

-1.0

‘15 T T T
-100 -50 0 50 100 150

Exo Up Temperature (°C) Universal V4.7A TA Instruments

Fig. S11 DSC curve of the ethylene-isoprene copolymer prepared by the complex 1/[PhsC][B(CsFs)a] (Ip content
=26 mol%) (Table S1, Run 12).
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Fig. S12 DSC curve of the ethylene-isoprene copolymer prepared by the complex 2/[PhsC][B(CsFs)a] (Ip content
=30 mol%) (Table 1, Run 13).
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Fig. S13 DSC curve of the ethylene-isoprene copolymer prepared by the complex 2/[PhsC][B(CsFs).] (Ip content
=41 mol%) (Table S1, Run 14).
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Fig. S14 'H-NMR spectra (400 MHz, CDCl;, 25 °C) of the ethylene-propylene-isoprene terpolymer prepared by
the complex 1/[Ph3C][B(CsFs)4] (Table 1, Runs 1, 3 and 4).

Ip/E/P = 18/62/20

Ip/E/P = 10/64/26

i

Ip/E/P = 5/66/29

—_—

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
Chemcial shift(ppm)
Fig. S15 'H-NMR spectra (400 MHz, CDCl;, 25 °C) of the ethylene-propylene-isoprene terpolymer prepared by

the complex 1/[Ph3C][B(CsFs)4] (Table 1, Runs 7-9).
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Fig. S16 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph3C][B(C¢Fs)a]

(Ip content = 16 mol%, E content = 77 mol%) (Table 1, Run 2).
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Fig. S17 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph3C][B(C¢Fs)a]

(Ip content = 13 mol%, E content = 72 mol%) (Table 1, Run 3).
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Fig. $18 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph;C][B(CsFs)4]

(Ip content = 5 mol%, E content = 66 mol%) (Table 1, Run 7).
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Fig. S19 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph3C][B(C¢Fs)a]
(Ip content = 10 mol%, E content = 64 mol%) (Table 1, Run 8).
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Fig. 520 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph3C][B(C¢Fs)a]

(Ip content = 18 mol%, E content = 62 mol%) (Table 1, Run 9).
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Fig. S21 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph3C][B(C¢Fs)a]

(Ip content = 26 mol%, E content = 60 mol%) (Table 1, Run 10).
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Fig. S22 GPC curves of the ethylene-propylene-isoprene terpolymer prepared by the complex 1/[Ph3C][B(CeFs)a]
(Table 1, Runs 3, 4, 7 and 8).
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Fig. S23 'H-NMR spectra (400 MHz, CDCl;, 25 °C) of the ethylene-propylene-isoprene terpolymer prepared by
the complex 2/[Ph3C][B(CsFs)4] (Table 2, Runs 1-4).
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Fig. S24 'H-NMR spectra (400 MHz, CDCl;, 25 °C) of the ethylene-propylene-isoprene terpolymer prepared by

the complex 2/[Ph3C][B(CsFs)4] (Table 2, Runs 6-8).
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Fig. S25 13C-NMR spectrum (100 MHz, C,D,Cl,, 25 °C) of ethylene-ter-propylene-ter-isoprene terpolymers
prepared by the complex 2 /[Ph;C][B(CsFs).] (Ip content = 9 mol%, E content = 57 mol%) (Table 2, Run 6).
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Fig. $26  DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph;C][B(CsFs)4]

(Ip content = 5 mol%, E content = 75 mol%) (Table 2, Run 1).

]
O ) (°}
-54.07"Gg 92°c(1) 99.57°C
; 4.590/g
- 45,63°C A%
z 110.65°C
8 4
[T
5
I
21
_3 T T T T
2100 50 0 50 100 150
BoUp Temperature (°C) Universal V4.7A TA Instruments

Fig. S27 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph3C][B(C¢Fs)a]

(Ip content = 9 mol%, E content = 75 mol%) (Table 2, Run 2).
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Fig. 528 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph3C][B(CeFs)a]
(Ip content = 27 mol%, E content = 60 mol%) (Table 2, Run 3).

1
o -54.99°C
-52.71°C(l)
-48.73°C
Gy
=
8
[T
3
T
-2
-3 T T T T T T T T T T T T T T T T T T T T T T T T T T T
-100 -50 0 50 100 150 200 250
Exo Up Terrperature (°C) Universal V4.7A TA Instruments

Fig. 529 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph3C][B(C¢Fs)a]
(Ip content = 9 mol%, E content = 57 mol%) (Table 2, Run 6).
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Fig. S30 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph3C][B(C¢Fs)a]
(Ip content = 24 mol%, E content = 49 mol%) (Table 2, Run 7).
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Fig. S31 DSC curve of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph3C][B(C¢Fs)a]
(Ip content = 43 mol%, E content = 38 mol%) (Table 2, Run 8).
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Fig. 32 GPC curves of the ethylene-propylene-isoprene terpolymer prepared by the complex 2/[Ph;C][B(CFs)4]
(Table 2, Runs 6-8).
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Fig. S33 DSC curve of the epoxidized ethylene-propylene-isoprene terpolymer.
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Fig. S34 DSC curve of the hydroxylated-chlorinated ethylene-propylene-isoprene terpolymer.
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