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RIEEHEENAILE RN, 502 TIAL I kAl b, ML S B RERER. 8 ERARI . ik
Ah, RIS AL R IE AT Re AL AR LR PE R & 724 2-F H IR . B AR T R T R R G 1 T R A IR
FIig k| BARAwE e 66 EOK, (AR BB T =5z —. SR, 7ENMIE AL R, 240 KT R
LRI o PR I (A — 2R S B FORTF 0 JE AT 4 HE 5 R etk M 3, e R AGTRURP S, =200 AT b, e d
JEMEA LR B fEAh — 2R 45 =30 0%, A A DG E AR N I 555
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A Review on Catalyzed Dimerization of Acrylonitrile

Yu, Lei****  Wang, Jun®  Cao, Hongen*  Ding, Kehong®”  Xu, Qing**"*
(“ Jiangsu Key Laboratory of Environmental Material and Environmental Engineering, School of Chemistry and
Chemical Engineering, Yangzhou University, Yangzhou 225002)

(¢ College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou 325035)

(¢ Jiangsu Yangnong Chemical Engineering Co. Ltd., Yangzhou 225009)

Abstract Acrylonitrile (AN) is a cheap and accessible industrial material. Linear dimerization of acrylonitrile affords the
skeleton of adiponitrile, which leads to hexamethylene diamine through further hydrogenation. Hexamethylene diamine is an
important industrial intermediate with comprehensive applications and wide market requirement and is mainly applied in the
synthesis of nylon 66. Therefore, linear dimerization of acrylonitrile is a very important organic reaction. Compared with the
electrolytic process which has already been applied in industrial production, the catalyzed dimerization needs low energy con-
sumption and low equipment requirements. Besides, the catalyzed dimerization of acrylonitrile may also afford the branched
dimer 2-methyleneglutaronitrile, which is the important intermediate in the synthesis of bromothalonil. Although the market
requirement of bromothalonil is not as huge as nylon 66, it is also one of the important chemical industrial products. However,
currently, there was no systematic review on AN dimerization. Therefore, this review aims to reorganize and systematically
describe the advances of catalyzed dimerization of acrylonitrile for reference of the related technicians in China, including the
Ru-catalyzed dimerization, other metal-catalyzed dimerization and phosphorus-catalyzed dimerization.

Keywords acrylonitrile; dimerization; catalysis; adiponitrile; hexamethylene diamine; polymer; nylon 66; bromothalonil
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FURE BRI OR8] YRR M i
(R AL HLIAT T AR 24 R RV v 7 4. A
Uk, S REA REARNTT R — H AT LA B
MEEYE Y —. B, AW RnEE £, 15
ARG O iR CRVE. B, R S,
O R O S R AN, BTl B s IR, e
oA, HEn, 4ok28 0 A e mHcR i o
i, BUE I O s SR AR P O

i i (Acrylonitrile, 5 51E AN)ZREAN 2 15110 T
b JURE, I P I R SR E T AR R L) I
T H, IS T . %A s 2R R
BLo &, R raortke, Wik, 24 A i L —
A B O s T I A A % 2 (Scheme 1), i L
fifdk, nISEELNMEIE L B, NS A ke
JiEet, X7k H AT A, CSE TolkAk. ARif, %0y
RRERER, AR k. Bk, TR NG
WG E =R I7 1%, MU BRI AR X, F
BRI N ML, U4 BN AN 20 i
gl 70 EARDGRLIOK, —HZBH WL A ZEAINE
. oV G AL S N A Rk R . R DL R A
AR A, WL N A HLA S 296 bl &
TMPAE R AR I R R NS, A2
TR — R AL R A RIS 28 N, AT Ay
HRC R T — R EE R ISR BT
W42 A, — ek A bl R IR T Ak AR I
&, I REFRAL BN R (0 v] BE W & i 2. SRM, i
TR R EFIR R RS L, REPHE. TR
ZMEZRE, B4, WL TILHR R I T RSk 1) a4,
FASVEIRPE A A8 N o 2 D, ARk % v 0 I
AL IR RN — N RGBS S R, b4k iy
WA 5%,

AN CN

. DCB-1
linear

dimerization
- 00
2 ZCN NP N

DCB-2

NC/\/\/CN
ADN

H,
— % » HyN NPV Ual
cat. NH;

Scheme 1

1 STHECRAERR =R R A

£ (ruthenium, Ru)j&— P i g 22K (ORI 2 4 5t
SIEICR, MRS EP N, g N T Dk
R, R, S8, . AR, HKESTSEARLL, ETHI RS
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FAE (R P BRIk, ST AR5 oAt 5% 4 fH A 57
FHEE, A3 2 AL 3.

<300 2750

)]

o 250 2185

;}; fgg 154.0

ZS‘ 103.5
B 100

= 50 15.5 I_l
® 0 ] ‘
4 Pt Pd Ru Rh Ir

B2 20134 12 H 20 FIE PN S8 @M AT
Figure 2 Prices of expensive metals on Dec 20™, 2013 in China

TEN M AL SR R, BT HEAL IR SN ARE 15
%. F4E 1967 4F, Misono SN A IIAEE A, BE
WA, WS =K E ST SN, AT A Sk I
(PN)5 5K 1,4-Ji5%E-1-T ) (DCB-1) (Eq. 1).

RuCls - 3H,0

ZCN
alcohol, H,

~~cN t NCJw\/\/CN (1)
PN DCB-1

T O AZ SO IHLER, A ATIAF ST T KA EALES
SN IEAE CREEFIP RREL 150 °C TN, 453
BRI AR A, XWRY S AT AE T HGE A
I I — AR S O e 25 AR 25 v R A
DR o, fE ZE R R & R A ST R
e RGN, YT M 2, H)LFAE T NS 2
fik, £EEZ25H 100 C LA BRI RO NG, JCE
Mr 2% W% ) () 43 ¥ 38 4 (CH, = CHCN);-RuCl,, 414k
T 53 BRI 9 B SCHR[6]36 B 124 o i ok oA 945 I L )
PO FL 75 4 R T 4% 6 1T . A0 0 mT A A 0 I 17—
RN, AE150 °C, EAGHE T RN 1 h, I ]
RPN, 46%) . _fif(ADN, 4%) A K& 1,4 —JifHk-
1- T45(DCB-1, 50%) (Eq. 2). i =/K&FAET 5 M1
ELHEF 150 C R AR 5 — M &4, IRl fi
NI 1) =B . S A YIRS n#E] 100 C
RUBE TS N IS RN R TR A4, RN R A4 )R
5iG 3456 14580

AN;-RuCl; (0.01 g/mL in ethanol)

N A
7~ CN Hy, 2.02 MPa, 150 °C, 1 h CN -+
stainless steel autoclave 46%
PN
CN
NGNS 2)
4% 50%
cis:trans=1:1.3
ADN DCB-1

2 AR BT A0 W HE A A I (1 e — 2 LAy i
(SN 75 6 - NI E S 18 S s S B e 27 /2
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TEACET AL IR IS B SR T WF SRR, AE =K
BRAET AL R, 3.03 MPa &SR, 150 C RV
Rieft, RN 0.5 h, WIIEHALE TR 94%, 537 EA
51%F0 44%I0 =24 N TG 5 2R W, VE xS LE, Aiidr]
2R T e &) ALY E N AR, B
RhCl;+3H,0, MoCls, WClg, IrCl,, PACL, 2. 4R 1M, W57
GEREW], ARG RMAL T, (REM B S AL A
Jif, se W B . Bk g R, BT
TE PG 5 I N A A R AV E . A S5 SR
oh AT S AR ) 4 SnCl,+2H,0, LiCl, KCl,
LiBr, Nal, MEWE, RIFMERE SR odh e WV, 4R 171X 26 5%
IEA BT, RIS X e ) o ifi 14
DA .

b5, AATTEE— BT T 5T AWML NG 2R
J WL IR Ay TAE T, AT T — RIETREED
U1 RuCly(C,H5), Ru(acac);, RuClL(CO)y(py),, RuCl,-
(P(OPh)3)4, RuCly(PPh;s)s, RuCl,(PPh;),(an),, Ru(acac),-
(PPhs), MIMEALIG . WFFT4 R W] Ru(acac); HEALACR
ek, b, R AR TTIE 98.2% AR =)
WG =28 39.6%, 12t R =¥ (cis BL trans
DCB-1 PL K 2 Jif) S nl 1k 60.9%, M) TON 2
118,

JULPAE ] A], McClure 2P ST b & B0 T 47
AL TR IS 3R N, I — R A E PN LR 5T
SEUG, ABATTEE T % B RO AT e B HLEE (Scheme 2).
AR, AT 1 T AR O BT A AL
Y 2O RN AR — T RAGE, NI, BRAT
FEREME AR I N AT, ST 2 kT -G
W, AN — PG, nTAz R A 3. ik 3
ET-Bk o BEINELG IR, WIHE—D 45— 7 NI
N, WimAERR A 4. 30 p-E kR, Ik
FEE M P4 DCB-1 I 550 K Gs TE AL R 2. A
MEF L, 1% 5O 0 S A i AL R R 2. Tk
R 2 TR OB B SRR, X IE R % R N AE R
TVEIAT IR AR, SRR H R IR A 3,
AR (B, 3). IRk, %58 H AN T G A AT 2
BB~ E. 15 4£)5, Tsou 2@ L [ 47 ZJibrid
S, HEAT T VRN ONLEEE Y. IR gt R, MR
N AESTGR I R AT, P24 DCB-1 -5 155 FEAH AR 1
LS (CHD) [ B il ik 393%™, B4R, A Tid
HEAT T 8 Sy 24P o se g 1), J e s &85 A 15 1%
HUELE WA, 1998 4F, Fukuoka 25U} i% — iz Nik4T
TR A, AATRIL, ETCH RIS, £ K
W AT VEHEARTR, nT LS 3 P00 DA O G 11 ek — 2R e v
Z V) TON S Al $ s 21 2000 BL_E, 26PE 274
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T ATIR 42%, (HIGIE e, 3R 19%1E] )
A i A e,

L, Ru(CH,=CHCN)Cl,
(L =PhyP or CH,=CHCN)

1 H, RN
K RsN -HCI
NCCH=CHCH,CH,CN

L,Ru(CH,=CHCN)CIH
DCB-1

) CH,=CHCN

L,RuCI(CH,=CHCN)

NCCHCH,CH ,CH,CN
4 CH,=CHCN
3

L,RuCICH,CH,CN

CH,=CHCN
Scheme 2

L,RUCICH,CH,CN H,
———= L,RU(CH,=CHCN)CIH + CH;CH,CN (3)
CH, =CHCN 2 o

3

SR I A IR A e 2R N, TR
TG AR, I HAZ RN ] T e RE A A S
PR AN LA, 477 %A TON, {HAIAS 0] ik G b
SHRME ARG, MR T JSURRRI A 2, A LLS 21 T
WA= Bk, 2 a8, AT — B AR 2T Ao
PG R = A R AR AR 2R, 1997 4, Kashiwagi 2ty
T AN E R R &R, B RuCl(DMSO)Y/
CH;CH,COONa/DMSO/ 2 2 fi AL 7 & & . FI H X — fi
FMER, RN EFREASAE T, Bt A4
BRSSPI, RRHE s T sUR R 2. il 5 I N R
P, R AR R T TR AR R R A R R, AT AR R
DCB-1 It — 2 SC AR A %R Y FE AL A
Ji7~(Scheme 3): £7 AT SE I AN A G A 0mY) C—
H 8, e s, gk 5 ) C—Ru 8 —2H 5
— > FINKEIETEN, K Scheme 3 H 4 45 R 251
FA 6. fERBRIEMT, 6 W LLEARM, 4 %=
DCB-1 F14 J&@ Hh ) AR R 7. 7 308 35 348 50 B B 25 R 1 ]
FOFE AT, BT, AT DR T ORI R
SRIE S RN 2 AR R, WEFLER W, pK, 3.5~5.0 ZIf]
PSR 2 o R B AR 1T — SR A I 6 6 B iy
Y pK, Z MR RR. X—RIAA E#E— Dk
RN, TG M R, B T ER IR BE S,
MATTREAT T A SIS, RS T xR NAEA RIS T
Mgh R, R IREE S R, BRI T, RN
TON {Hif i nl R0 180017, 4Ry, HLARIME IS MR
BUBEHEAT AR A0 — 58 s N ml A 5 A 4 7 s R A £ 1
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RN R, JF LD AN T AR ZerE 2R
Vit FertE b ®] 85.8, SN MINIE NGB ARV, K
R T Z R NAE Tl AR 7= oh N i AT, %
IATRAF ARG — L2l . R T SR A R AN R 2 4b,
B A % RO A IR R TR, S
W2, BR TR BOUR. BOHEALTIRIR S R IR 2 Ah,
N T AR IR L5 AR BRI RS 1, BT AR IR £
LU XSS A N A LA RIBOR L, 7 Tl AR
PeHR T OB IR T, AN A e tfb A . i
I 2 ik o 3 BTG, B, 1R ERE IS 1
WFFE R B, AE AR DMSO 5 1E 4 Bh A (172

PRSI, A B R R FR R I, 4% B L pE k),
RCOOH.;>/////’ [Ru] _.\j\\\\
@ CcN

RCOORuH F\’lu

7 H 5
X
Y, o/
DCB-1 Ru AN
NC)\/\
6 CN

AN

RCOOH

Scheme 3

Zi LR, BLBrB, BTHEAL NI I St — 2R S 3
FATPI PR, — Pl 1 U HLEA T 12,
3Pl R R AR LR HEAT (U121 X Ry AR
FEAT WGk 1) e PR 1 AN REAE T A BN, R AN vl
B et ARG, et IR R, U
A REA R, EHETE R TR, RNEGTRE
S EREAT PR ), AR SR A R
DRI, T S ] R B R AR TR 2R, I T P 0 s 114
etk 3R, VIR AR R IR 3 SORINE A {8 7 96
Al PEERA, o2 FATTI BATEAESS 105 7).

2 HESREAHRER-RRRE

BORET 0t 4 JE 2 P RBAE R — B, (HILAN AR A8R
AR . W S T e S 4 A T A T R 1 I
N, S0 B AR AR TR AR, DU A S v, RSB
TR A= AT et s k. Dk, AMTAEA T
T HE B 48 A A TR 94 T SR 1 S I F %% 7.

FLZE 20 42 60 44X, Chiusoli /NHPHRIRE T — )
R 540 JOR ) ) ) S A A R B TR, R B PR I e
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REMWRIV(Eq. 4). AR 50 mmol ik 30 mmol 5%
feEl . 60 mmol A M (A % K I AR 7)) E 50 mL
DMF FFE{R(20 C)YRFE 20 h J5, 2K SN (KK T
HWAALE. WM T2 29 mmol L Ji§(ADN,
T 0.1%MAELME R - LI ). O
PR, AN R, AT T AR T A R
HRIEEAR. SR, &R NP4 KSR AR 7). (E3R
S5 AR AP 7 R OB 1 1 A R, I el AR A DA S B Tk
. AH, ZNATR AT AR AT A W R AR T K
BT SR AR, R i ) il e Ay S IR s PRI
(B A& ), A A Sk s A S Tk Ak g vl &g
XA ] e A BT R AT A A i 5 )

0,
2 Z>CN + Mn + CoCl, + 2H,0 %— NCT SN 4

ADN
95% (based on the
converted AN)

MnCl, + Co(OH), 4)

Ak, HARVEZOLHGE T, 8. 8. PSR
G JE A TS R 1 B AR 5 R A R Y
AN, SRR 4 JE AL R G 2R, JEANRR AR Bt
ORI, T B AEGEm) 2- 30 F R R I
(Eq. 5). BRI T kA ZERrAEwE R, 2-1F
FRRE G i o — M A e a4, e 5 i
%, T LU 24 VR 1 5 (Bromothalonil), —Fh) 1%, =34
REEMR W AI(Bq. 6). fEIX—#B4r WS, Watanabe
L Takeda® i T8 VEAN 0 T AR, 1741003k T — R 54
3R, FEEgh i —e . Hd, X T E kU, A
U Co(11) = Zn(IT)=>Fe(IT) > AL(TIT) > V(IIT) > Cd(I) >
Ti(IV); MAT-B &7, fEASCR AN E: 1>Br>CL
RN A TG BRI, T = SR R e AR, B
Jii, Nomura “5PVAIRE TEMEAL NI AELME R &
B 2-30 FE S IR G B RO AR, 12 N S N
A AR, IF BAE S )OS AT, AR R R
HAR, BTN TAEM LG, JF8A IS . Jf H,
ST AT AT T TSR, FAT TR SE 1% R Y 1 5
EAEA VIR T AR R, T SO o Frias I ) I i
RN — T 1HR).

2Z>CN — > NC CN

2-MGN
Mn = Cu, Ni, Co, Zn, Fe, Al, V, Cd, Ti

Br.
J\/\ +Br, — jQBr/\ (6)
NC CN NC CN

2-MGN

®)

Bromothalonil
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3 BELHRBRE_RRE

FEHEAL SN HR T R AL 1R AT LA RS N e —
26271 AL I S Y AN 4, P A A SR
BB, AT SEBNE F 1) 4 ik B SR TR A (1 25
FICATIE.  TRE G A5 T 45 i A 7)1 - 3 SRS S5 B 05 B A
UF. P, BEEAL A HLA B N K LR — E 5 &
AT, BN AL 2R ROV IX —3, FL7E 20
22 60~70 4EAR, McClure!™ 248 22358 T e A fi Ak, — 2%
(Eq. 7). %N FELE R (160~175 C) Fib4y, AR
BRI e ik F) 90%, {H 7 b i B R bt —
=) DCB-1 JT 7 LB, S iU H] 40%2Y,

solvent NG NC CN (7)
160 ~ 175 °C DCB-1 2-MGN

[P]1= PhsP or (p-CH3CgHy)sP DCB-1 +2-MGN yield up to 90%

solvent = Me;COH or Et;SiOH DCB-1 selectivity up to 40%

FE AR BT EAT (W 52 50 5 2 DL R AF R A O A4
0 N SRR 2224, % AL EEAS HE PR A% (Scheme
4): \, HTWAIR T, BEEAT — @ M,
A5 NI R AE I N, Al (a4 8. ik 8 1
[ A B T b —20 5 5 — oy F RIS I s, A= e ]
9.9 KA, Al ESH AR 10, 2k iR RV AE
FARZR M 2R A 2- N FR R I3 I T S A A 7 11
NSOV G SO (521 e 351 (T At /) Ll Bl N By
WML RN LM 5= DCB-1. %Y i ek, 46T
hEfA 8 HIEH T (Scheme 5). 7E U FRFIHIMEN T,
rhE A 8 T R AEEEER AR K 11 11 55— T N
IEcaT AR 12, I SR A R 13, 13 £ R R
N, A tE TR A DCB-1 1 SEBBAE A b 77 1 1
“E(Scheme 5). HI T bl Fpmh A o5, WA A0 o9 4 I — 2%
SN AT SRR . RIE, 20 D 90 4E4R, Jennings
INHP SIS R TF T — RAIHRAWIST. 5 McClure /]
AR, AT LA 5% F v 0 15 12 6 -5 30 1R s 1 14 £k
I, MIAELS & N iR A4 R HEAT, JFH = 2k
PE =0 L] il 4 2 90% LA . ik — R A 1EN
AR R S, AR AT H LA 518 (1) )5 5L
SRR TS BE AR L M AL IR G R 1k 2K (2) 5 60
8 TR B K U 9 IR 7 R AN 7 HE F - S A R B 1 v
TINF=2; (3) RN H LI ELATIE, 5 I DA 0 I 2 SR R
(4)JBf R A 370 A 22 0T 7K R 73 218 700 (A 9 I R 0 5 2 1A%
TR 2R W SR A D RUER, 2 DRI 2R 230 (5) 3 i
Nl AR T i R &, (I 60 CHEALTIA S
A5 (6) M IR 5l YO R TR P (1) e 8 0 S =
Ly et SR LA e LA, H 2 I R e S 4
ARG e P (7) M5 PR I . ) ) 7= 4 ik R P s

2 Z>CN
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SR TR R S N A JRE B, (R 2 2 B AR SR B
XSGR XA St D B B L IR
R PR T B IR LA,

+
R3H2P\/<:N

9
Scheme 4
roton
8 11
+ +
R3P. CN R3P-. cN
g/\ — —3 > DCB-1
CN CN
12 13
Scheme 5

BT, BATRBL, =3 CRERE T LU N I 2,
P P R M A AR R R A 2- 0 R
(Eq. 8)P2. L5 LA SCHR IR G AH EL 533, 32 )5 i 7 Ay
JE s AT I AT, N AR AN, A R AR,
I H R NI R, AR iEs TR BATE LW
W RN K E] S0 mL UG A, %7k AP A 2
TR AA 2-3F 6 I 4RI T s it 1 Bl ik

PCy; (0.5 mol% Jk/\
o 41
CN t-BuOH NC CN (8)
AN 60 °C, 15h, N, 2-MGN

Starting material concentration 5 mol-L*"  GC yield up to 90%
Reaction scale up to 50 mL AN Isolated yield up to 77%

4 HitERZE

P S S PEAEAL 2R C IRT AR 20 AL
60 FARTF Ut O NIERESL, H A 7 vk 257
N WA T < e A (R R BT AL S R AL T
W< AT HEAL I e 3R 303 D SR AL 5 PR AV HE A
PIRR. AR, IXLEETIE A IR R AL 8 5 UL R T
NP IR, AR B B IR, B AL AR,
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PR, EAARREZR AL RS, P KRR,
PRI, JF A8 — AR R R R AR PR s 2t —

HX
Z

ZISs

KA AR A

FATHALTF R T ALK LU

AR SR % 2- 3 T R NS 5 O, 1T ik
SR S AT, A S A Y AT

fe. B AT ERATTIEAE Jy i3t — 2P O I B ARCE iR R AT
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