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Nickel(0)-Catalyzed Equilibrium Reaction of 3-Pentenenitrile
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Abstract The equilibrium reaction of 3-pentenenitrile was carried out in the system containing Ni(0), P-ligand and anhydrous
ZnCl,. The equilibrium state of 3-pentenenitrile was affected by factors such as reaction temperatures and different ligands,
which were investigated. The FTIR-ATR was used to monitor the reaction process of 3-pentenenitrile turning into
2-methylglutaronitrile and adiponitrile in absence of HCN and the possible reaction mechanism was proposed.

Keywords zero-valent nickel; 3-pentenenitrile; 2-methylglutaronitrile; adiponitrile; reaction equilibrium
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Table 1 Effect of various temperatures on the title reaction

Entry Temperature/ BN/ ) MGN/i AND/i
T (mmol*L™") (mmol°L™") (mmoleL™")
1 80 0.3871 1523 19.69
2 110 1.818 193.6 41.92
3 125 4.640 234.5 61.51
4 140 9.985 346.4 103.9

“ 5 mL of 3PN, 0.20 g of NiCl,, 0.20 g of ZnCl,, 0.10 g of Zn power,
Ni/PPh;3/ZnCl, molarratio 1 © 5 . 1,4 h.

2.2 E{RrYEZN

AN R} ECAAAEAE 23 TR BELA e A RS, 26 2 B T
ANFIFCAANS 3PN P4l s B s, R 2w LA HH, Aid
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JF 2 e (hn P—Ni—P B )20, B T 47 BEL A AN ] 5
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F2 AFECAI N
Table 2 Effect of different ligands on the title reaction

Entry Ligand Ni/PPh; (molar ratio) ~ BN/(mmol*L™")  MGN/(mmoleL ') ADN/(mmoleL ")
1 DPPB 1:25 1.465 294.1 98.70
2 DPPE 1:25 0.2956 3.551 1.048
3 PPh, 1:5 1.818 193.6 41.92
4 P(OC¢Hs); 1:5 0 3.279 0.5321
5 P(OCH,), 1:5 0 0.8101 0.0480

“5 mL of 3PN, 0.20 g of NiCly, 0.20 g of ZnCl,, 0.10 g of Zn power, 110 C, 4 h.

628 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2012, 32, 627 ~631



Chinese Journal of Organic Chemistry

2.3 EMESEIKILAS I

R 3 gyt TNV WG AR ) T R B S
EI’JEND T E OB S WA O, 4 BEIL S 18 ¥
G5K, SN NI T R 2 — AN IR A e RN
fFZLL::., PRI Ly A A1l S . A B AL e
BRI SRS SRR, R 3 ATRUE i, BT
AT EGEEM 1 2 3 42463 1 ¢ 5 11, BN, MGN Al
ADN A5 J SRR R BE AT BT agn . mT g st A2 Bl A4
AR EEE N, e T E R G, T
SECT =M R R . R G I — e e
BRI, <l (R R A W) S Bt v, vl e S R 24
BNCAL e ) bk BB KR, P LAGRSEHE e A4 iy = A
PR AT T S .
3 AFEBEEC A EL RS2 ¢
Table 3 Effect of Ni/PPh; molar ratio on the title reaction

. BN/ MGN/ ADN/

Entry Ni/PPhs (mmol*L™") (mmoleL™") (mmolL ")
1 1:5 1.818 193.6 41.92
2 1:4 1.738 145.9 34.07
3 1:3 1.567 111.1 22.56

“5 mL of 3PN, 0.20 g of NiCl,, 0.20 g of ZnCl,, 0.10 g of Zn power, 4 h.
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Figure 1 FTIR-ATR monitored variation of 3PN in the Ni(0) catalytic system
(a) Variation of 2248 and 2230 cm ' absorption spectra in the process of reaction; (b) 2248 and 2230 cm ' absorption spectra at different time
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Figure S6 Mass spectrum of ADN (retention time in 6.69 min) is compared with standard mass spectrum map
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Figure S7 Mass spectrum of 3-butenyl-diphenylphosphine (retention time in 12.59 min) is compared with standard mass spectrum map
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