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Figure 1 Diagram of the isomerization process
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Figure 2 Bidentate ligands synthesized by Dieter Vogt et al. ™
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Table 1 The influence of different ligands and preforming time on the catalytic performance

Ligand Preformation time (min) Conversion (%) Yield of 3PN (%) Selectivity for 3PN (%)

1 60 15 14 92

2 60 97 72 74

2 15 97 59 61

4 60 98 55 57

4 15 98 50 51

5 15 10 9 82

5 60 36 29 79

6 15 9 8 89

6 60 34 29 85
DBP-Xantphos 0 30. 6 9.9 32.5
POP-Xantphos 0 89 63.5 71.4
Xantphos 0 97.9 63.3 64.7

Xantphos 10 97.5 73.1 75
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Figure 4 Catalytic performance of four different phosphorus-containing ligands (Reprinted with permission from

Ref. [14]; Copyright 2007 American Chemical Society)
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Table 2 The catalytic effects of Triptyphos series representative ligands

Ni T t Conv. 2M3BN 3PN 3PN
Entry Ligand

(mol %) O (h) (%) (%) (%) (%)
1 11 0.20 120 1.5 96. 1 3.9 85. 6 8.2
2 11 0.20 100 1.5 96.7 3.3 93.5 1.5
3 11 0.20 80 1.5 79.2 20. 8 77.6 0.9
1 11 0.20 60 1.5 16.7 83. 4 14.9 0
5 11 0.10 120 1.5 96 4 89. 1 5.3
6 11 0.05 120 1.5 96 4 92. 6 2.2
7 11 0.026 120 1.5 95. 6 4.4 92 2.2
8 11 0.011 120 1.5 16. 5 53.5 15.5 0.4
9 11 0.011 120 3.0 82.3 17.7 80.7 1
10 11 0.011 120 20 96. 1 3.9 87.2 8
11 10 0.010 120 1.5 47.6 52.4 16.3 1.3
12 10 0.010 120 3.0 80 20 78.2 1.8
13 10 0.010 120 20 95. 6 4.4 87.3 8.3
14 13 0.20 100 1.5 72.1 28 69 0.9
15 12 0. 20 100 1.5 71.2 28.8 69. 1 0.4
16 14a 0.20 100 1.5 55. 6 44.4 52 1.3
17 14b 0.20 100 1.5 68 32 65.5 0.9
18 l4c 0.20 100 1.5 71.7 28.3 68.9 0.6
19 14d 0.20 100 1.5 17.4 82.3 15.6 0

[a]: trans-3-pentenenitrile; [b]: cis-3-pentenenitrile.
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Figure 6 Chelated bisphosphonate ligands synthesized by Peter Hofmann
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Figure 7 Ligands used in the experiment of Liu et al. ™"
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Figure 8 A series of diphosphine ligands synthesized by Liu et al. ™"
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Figure 9 Bis-diphosphinoferrocene ligand series
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Table 3 Effect of bis-diphosphinoferrocene ligands on catalytic activity

Entry Metal source Ligand t (h) Conversion (%) Yield of 3PN (%)  Other nitriles (%)
1 Ni(COD), 25 2.5 100 83 16
2 Ni(COD), 26 2.5 7 6 1
3 Ni(COD), 26 15 98 76 22
4 Ni(COD), 27 2.5 0 - -
5 Ni(COD), 27 120 39 8 31
6 Ni(COD), 28 2.5 0 — -
7 Ni(COD), 28 36 95 70 25

3 By B

SR AR R A 2 A 5 5 3T R VR b Bl R AR R . Mckinney 255 (i FH I B R 1R 4R A BC 4R A9 R B0
3N S W iR (B ZaCl,) w] DUnpe SR A s B B S AT . Tk B T W R e BC AR 4k 1 2M3BN
SR Akt 3 T R B B R AE S B AR (HR — 2R DL TR G W AR S AR AR R Y SE e B 5 SR L IR
T By R S b b REAR T AR AL R . B ANTE dppf/Ni AR A IE BT . iﬁbu ZnCl, 5% BEt, £ i} # FE %
2M3BN S H 4k KB 6 S . 78 Hofmann B S LS BB 50 (& 4) %% 100 °C F B 1.5 h, & 3

10. 14028/j. enki. 1003-3726. 2022. 12. 005



. 50 - A S R B 2022 4F 12 A

16 ZnCl, FAAE AR 7 B 28 B I B b Ni/L1L i 4L 19 2MB3BN 5 4k 3R 2 4b T B A% 19 /K SF L 4 - 78
102 AT . AHR L BPh, b B AT S5 1T o A0 5 M WA 3Z 5 i), v R 2 BPh, 828 ) 1 225K o i ol %
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Table 4 Effect of solvent and Lewis acid on catalytic activity

Entry Metal source Ligand Additive Solvent Conversion (%)
1 Ni(COD), 11 — toluene 95
2 Ni(COD), 11 0. 4% BPh, toluene 95
3 Ni(COD), 11 0. 4%7ZnCl, toluene 8
4 Ni(COD), 11 0.4%7ZnCl, 1,4-dioxane 4.3
5 Ni(COD), 12 — toluene 71.2
6 Ni(COD), 12 — 1,4-dioxane 96. 2
7 Ni(COD), 12 10%7Z-2M2BN 1,4-dioxane 40

Liu %5 0322 590 B0 vt % 46 5 307 R e 5 4 4k 52 17 o T A 0 1 AR AT T 4R 98 . 45 R W1, ZnCl, B 52
REAR T A AR L IR &2 . HJ2, ZnCl, MM A S TE L —Fh 3R % 82 € 1) Ni(a-J ) (CN-ZnCl,) H ]
1, SRR sh 1232 M 23. 7 keal/mol (T ZnCL)3E N3] 24. 0 keal/mol, 2 3 2 [,

Alberto %% 25 577 W Fft i 5y 307 R XoF S M A S 00 A R ) (36 5) 0 SE0 P RBE R A NS ¢ 4 U
Befk = B WIR =110+ 11 TUER N 100 °C, Y4 ZnCl, FEBIMEALRIET, 53 3 X L A]
DL X AL R R T P 2 B ma . (6B, an b r L 76 B DR 1 T e i RO 3 1 S R T i A AR
(tBuppf #1 dipD) . 7E 144 h A REE B 52 254k, dppl-N Z Se Ak % P A Fr 42 71, {3 3 37 /) E-2M2BN
SRR (3PN WRALA 9%) . 7RIS A, Ni-tBuppl/ZnCl, %% 3PN (3% £ 8 T Ni-dppf/ZnCl,
25081 tBuppf AT 345 70 %6 (% 3PN R, Wi AT dppf 3845 54 %019 3PN iR,

%5 ZnCl, 5 BEt, WL EENZIE
Table S The influence of ZnCl, and BEt; on catalytic activity

Conversion 7-2M2BN E-2M2BN 2PN 3PN 4PN
Entry Ligand Additive
(h) % content (%)  content (%)  content (%)  content (%) content (%)
1 25 ZnCl, 5 100 34 2 10 54 0
2 25 BEL, 15 0 — — - - —
3 25 BEt, 120 10 0 3 0 7 0
4 26 ZnCl, 15 8 2 2 1 3 0
5 26 ZnCl, 144 100 19 10 1 70 0
6 26 BEt, 15 26 3 1 0 22 0
7 26 BEt, 36 95 10 3 2 80 0
8 27 ZnCl, 15 18 8 11 0 0 0
9 27 ZnCl, 144 98 33 62 0 3 0
10 27 BEt, 15 15 8 5 0 2 0
11 27 BEt, 40 100 45 50 0 5 0
12 28 ZnCl, 15 100 25 66 0 9 0
13 28 BEt, 15 91 9 8 3 71 0
14 28 BEt, 20 97 16 7 2 72 0
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Research Progress of 2-Methyl-3-butenenitrile Isomerization Catalyst

XU Kai”, LI Zhen-hu, YANG Lu, PAN Rong., LI Chao, JU Yu-bo
(Research and Development Center of Carbon Based Synthetic Materials of Huayang Group ., Taiyuan 030027 ,China)

Abstract: Adiponitrile is an important basic organic chemical raw material. For a long time, the domestic adiponitrile
synthesis technology has been restricted by the technological monopoly of developed countries and almost completely relied
on imports, which greatly hindered the development of the domestic nylon 66 industry. The butadiene hydrocyanation
process is currently the most important adiponitrile production process in the world, and the isomerization reaction of 2-
methyl-3 butenenitrile directly affects the economics of the entire process. This review summarizes the research progress of
2-methyl-3butenenitrile isomerization ligands and catalysts, and introduces the catalytic mechanism, reaction technology
and the influence of Lewis acid. At the end of the article, the current problems of catalysts are explained, and possible
future research ideas and challenges are pointed out, hoping to provide ideas for the technical development of catalysts in the
domestic adiponitrile synthesis industry.

Key words: 2-Methyl-3-butenenitrile; Isomerization; Phosphorus ligand; Complex; Catalyst
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