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Abstract The effects of different phosphorus-nitrogen compounds on the polymerization of 1,3-butadiene and
isoprene catalyzed by iron (III) acetylacetonate/aluminium alkyl [ Fe (acac) /AIR,] were investigated. The results
show that the use of isocyanoimino-triphenylphosphorane (IITP) as an electron donor can synthesize syndiotactic
1, 2-polybutadiene (PBd) and 3, 4-polyisoprene (PIp) with high activity in hexane, and the highest catalytic activity
achieve 1.52X10° gy, /mol,, and 1.47x10° g, /mol,.. The obtained polybutadiene displays a low melting point
(T,, 64.0—115 °C), and the molar fraction of 1, 2-unit can reach up to 80.2%. The molar fraction of 3,4-unit of
polyisoprene is between 48.8%—52.4%, and the temperature of glass transition (7,) is kept from —18.5 C to
—15.8 °C. The unimodal distribution high-temperature gel permeation chromatography (HTGPC) curve indicates

that the catalytic system has a single active center. Moreover, the quasi living polymerization characteristics of the

Wk H O : 2024-12-16. 2575 % H #1: 2025-03-18.

BRR A ok, 5, 14, 2002, FENFm R R R IFSY . E-mail: cyzhang@qust.edu.cn
LRI - S R R H (S 2022YFB3704700)5E 1) .

Supported by the National Key Research and Development Program of China(No.2022YFB3704700).

Chem. J. Chinese Universities, 2025, 46(5), 20240542

20240542(1/8)



. P4 s Kkhaus g

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?ﬂiﬁ:\,i

catalytic system are verified through kinetics and seeding polymerization experiments of isoprene.

Keywords Coordination polymerization; Conjugated diene; Fe-based catalyst; Electron donor
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Table 1 Effect of different donors on the butadiene catalyzed by Fe-based catalysts*

Run Donor Chemical structure of donor Yield(%) Tmh/ C /\’«,b( %)
1 Isocyanoimino triphenylphosphorane @—PZN —N"=C" 98.7 82.4 19.9
6} c-
2 Methyl isocyanoacetate )k/NJr% — — —
~o0
0] c-
3 Ethyl isocyanoacetate )J\/ N+% — — —_—
/\O
CH,
4 Tert-butyl isocyanide HsC N'=C" — — —
CH;
&N
5 Diethyl cyanomethylphosphonate ( ,CH, 14.1 127.2 34
/—O— —O0
0

a. Polymerization conditions : [BD]=1. 85 mol/L, [BD]/[Fe]=10000, [Donor]/[Fe]=2, [TIBA/[Fe]=25, at 50 °C for 2 h, in hexane;

b. data were determined by DSC; ¢. not determined.
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TR ERM (R 2% Runs 1~6). HZR 20 I, XFF Fe(acac) /IITP/AIRMEALIA R, Frd be 4Rk
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4 JE U N IR 2 A R TR, s R R AR SOk 23 14i3E , DIBAH /A B AL
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Table 2 Effects of AIR, and solvents on butadiene polymerization catalyzed by Fe-based catalysts®

Run Solvent Cocal. [Al]/[Fe] Yield(%) 107 *M'  PDI T9C  x (%) my (%) (%)
1 n-Hexane TEA 15 98.9 76.4 1.9 83.6 12.8 76.2 65.8
2 n-Hexane TEA 25 49.0 100.4 1.8 87.3 23.8 79.2 68.9
3 n-Hexane TIBA 15 95.9 103.0 2.0 80.3 11.3 71.3 67.5
4 n-Hexane TIBA 25 21.5 110.2 1.9 93.0 139 — 68.4
5 n-Hexane DIBAH 15 96.4 69.4 2.0 115.0 3.0 76.5 64.5
6 n-Hexane DIBAH 25 494 80.2 1.9 104.6 8.5 80.2 66.7
7 Cyclohexane TEA 15 95.9 72.5 1.9 70.9 6.2 71.0 —
8 Cyclohexane TEA 25 38.4 85.3 1.8 81.1 11.7 78.8 65.4
9 Dichloromethane TEA 15 — — — — — — —
10 Dichloromethane TEA 25 16.5 50.4 2.1 69.7 6.4 71.7 67.6
11 Toluene TEA 15 0.4 — — — — — —
12 Toluene TEA 25 93.3 83.3 1.9 64.0 2.5 722 61.7

13¢ n-Hexane TEA 15 93.8 — — 79.9 8.0 75.4 —
14/ n-Hexane TEA 15 52.3 — — 74.2 7.8 74.5 —
15¢ n-Hexane TEA 15 34.5 — — 73.6 7.6 74.2 63.7

a. Polymerization conditions : [BD]=1. 85 mol/L, [BD]/[Fe]=20000, [IITP]/[Fel=1.5, at 50 °C for 2 h; b. determined by HTGPC in

trichlorobenzene; c. determined by DSC; d. determined by NMR, rr: syndiotactic index; e. [BD]/[Fe]=30000; f [BD /[ Fe ] =35000;
g. [BD]/[Fe]=40000.
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Fig. 1 FTIR(A), 'H NMR(B) and “C NMR(C) spectra of polybutadiene(Table 2, Run 1)
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TR REEE R A Y, AR R TS A
RO EFA T T (13, 3620. 39) MPa, WiZLfh =% Fig. 2 Stress-strain curves of polybutadiene(a, Table 2,
(348+25)%. Run 1) and polyisoprene(b, Table 3, Run 1)
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Y TFZ LA TITP R 45 B FAR AL FITEMEAL T e AR T FE W E G, i — %8 T H
AL S I A RROR . g T BRI R TR R A BRI (% 3). #E[1P]/[Fe]=15000,
[AL]/[Fe =20 Y 450F T, {071 TIBA FI TEA N B AL, A0 IA ZR B0 AR = 36 P, RPAE R R A4 T
PERSR ) DIBAH N B 1L 7], R A PICRABEIL F] 96. 9%. 78RSV AMERE(EI3)H, 890 cm™
by 3, 4- BT A FREAE R O, 836 em ™ AbFFAEIE Y H LR BT R G W &5 A — % LY cis-1,4-F0C, T

Table 3 IP polymerization catalyzed by Fe-based catalysts*

Stress/MPa

(=R S - )

Run  Cocat. Solvent [IPJ/[Fe]  Yield(%) 10™M'  PDl  m,, (%) m , . (%) m . (%) T
1 TIBA Hexane 15000 97.7 91.3 1.9 51.2 3.2 45.6 -15.8
2 TEA Hexane 15000 97.8 65.0 2.0 51.1 2.6 46.3 -17.2
3 DIBAH Hexane 15000 96.9 64.5 2.0 48.8 5.0 46.2 -16.0
4 TIBA Hexane 10000 99.8 70.2 1.9 51.2 2.6 46.2 -173
5 TIBA Hexane 30000 72.0 1003 1.9 50.3 3.7 46.0 -16.3
6 TIBA Hexane 50000 42.0 102.7 1.9 50.8 3.9 45.3 -16.1
7 TIBA Cyclohexane 15000 97.5 81.4 2.1 50.6 3.8 45.6 -16.1
8 TIBA Toluene 15000 6.6 46.3 1.9 52.4 3.0 44.6 -16.5
9 TIBA  Dichloromethane 15000 22 23.1 1.8 50.7 33 46.0 -185

a. Polymerization conditions: [IP]=2.3 mol/L, [IITP]/[Fe]=3, [Al]/[Fe]=20, at 50 °C for 4 h; b. determined by HTGPC in trichloro-
benzene; c. determined by NMR; d. determined by DSC.

Chem. J. Chinese Universities, 2025, 46(5), 20240542 20240542(5/8)
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Fig.3 FTIR spectrum of polyisoprene(Table 3, Run 1)
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'"H NMR(A) and "C NMR(B) spectra of polyisoprene(Table 3, Run 1)
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Fig. 5 Plots of polyisoprene yield against Fig. 6 Plots of polyisoprene M and PDI against
polymerization time yield
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