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Abstract: The effect of a series of monodentate phosphine ligands (P (L)) on the properties of the NiBr,-CuBr,-P(L)
for catalyzing acetylene carbonylation to acrylic acid (AA) was studied. The results show that the catalyst NiBr,-
CuBry-P (L) with tri -tert-butylphosphine (P (¢ -Bu);) as ligand has the best performance. After 60 min, 75.8 %
conversion of acetylene and 98.6% selectivity of acrylic acid are achieved at 200 °C under 8.0 MPa using P(-Bu); as
ligand, CH;SO;H as acid auxiliary with NiBr,of 0.001 mol, ny, e, pgpenson of 1:0.5:1.5:0.5 and 5 mL water.
Compared with NiBr,-CuBr,, the NiBr,-CuBr,-P(L)-CH;SO;H catalyst has higher selectivity and yield to acrylic acid,

thus solving the problem of low selectivity and carbon generation in reaction process with the traditional catalysts.
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Reaction mechanism of acetylene carbonylaiton to acrylic acid catalyzed by Ni[P(L);],X,

x1 H&FXI NiBr,-CuBr,-P(L) £ 77 1% B8 B9 5 1
Table 1 Effects of NiBr,-CuBr,-P(L) preparation method on catalytic properties

Selectivity of AA / % Yield of AA / %

Catalyst Conversion of acetylene / %
(1)NiBry-CuBr, 81.8
(2)NiBry-CuBr,-PPh; 68.2
(3)NiBry-CuBr,-PPh; 68.3
(4)(PPh),NiBr,-(PPh;),CuBr; 73.8

72.0 58.9
88.0 60.1
89.2 60.9
85.9 63.4

Reaction conditions: Viy=60 mL, Vy o=5 mL, m¢y =4 g, Po=5.5 MPa, P=8.0 MPa, T=200 °C, r=1 000 r-min™, 1=45 min

(1) nyp,, =1 mmol, n¢,5, =0.5 mmol

(2) nyip, =1 mmol, ng,p, =0.5 mol, npp, =1 mmol
(3) nnigr,=1 mmol, nc,p, =0.5 mol, npp, =1.5 mmol
)

4 ”wr’h;yzwnrzzl mmol, n’[PPIH)quillrz:O'S mmol

MR 1 AT RAE RN i P A £ e 6 0 1
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ARG N IR RV | N TR A IR H
60.1% ; TR Zh i £ (9 T A 40 A Ak 00 X5 2 B i 5 Ak
R E, AR RRE RN, IR MR R
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(S 1o 1), & 1 & LUE e EA A
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fift LA I 0 729% 42 = 31 85.9%~89.2% , #F A K I

BERE R A A I AR 0 75 5 ek R 1R
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WD B R R R R Tk A 7= b 2R R R
ﬁ%%ﬂﬁ%&$£l% FA T 32 458 0 TR M R o
P A v AR P A 1) DS i S A A R i | F
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M,
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2.2.1  BEFCARZEFIXT NiBry-CuBry-P(L) AL £ BE 1Y
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Table 2 Effect of P-ligands on NiBr,-CuBr,-P(L) catalytic properties

Catalyst Conversion of acetylene / % Selectivity of AA / % Yield of AA / %
NiBry-CuBr, 81.8 72.0 58.9
NiBr-CuBr-P(o-Toll); 734 732 53.7
NiBry-CuBry-P(t-Bu); 715 88.1 63.0
NiBry-CuBry-PCy; 65.8 94.8 62.4
NiBrr-CuBry-P(m-Toll); 62.2 822 51.2
NiBry-CuBry-PPh, 68.2 88.0 60.1
NiBrr-CuBry-P(p-Toll); 51.1 99.6 50.9
NiBrr-CuBry-PMe,Ph 498 40.0 19.9
NiBr,-CuBry-PEtPh, 416 85.2 354
NiBr-CuBry-P(OPh); 69.3 49.8 34.6
NiBrr-CuBry-P(OMe); 63.7 67.3 429

Reaction conditions: i, =1 mmol, N, =0.5 mmol, nj,=1 mmol, V=60 mL, Vi,0=5 mL, m¢ y =4 ¢, Peo=5.5 MPa, P=8.0 MPa, T=200 C,

r=1 000 rmin”, =45 min

&2 "JLLEH, 51&% NiBr,-CuBr, fi{L54H
Fb A oE JE Jile e 5 SRR A& JS |, K843 NiBry-CuBry-
P(L) P AR R X PR 0 T 1 2 2 i i o, AR I 2 i A
P(p-Toll); BCAAR IS , P34 R 19 2 45 M 42 5 2] 99.6% , Tl
A PCys . P(t-Bu)s PEtPh, J& i PR R ) 3% 514 43 501 Ry
94.8% .88.1% .85.2% , 4 Lt A A BC A4 B 9 NiBr,-
CuBr, AL 1 10 240 H 20 a5 (B A BEBC 1A f5
LRI AL I TR, Hert T P(-Bu), PCy B
I & B A AR B, 400 71.5% 65.8% ., HI
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W TR (R WSCRRARATG I A AT A 5 ) A48 1 500 0T TR A4 TR
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T PR 5 T A9 A 3 5 0 s 348 1) 4 443 M 35.49% |
50.9% .53.7% ., WE 1 i, 28 [ BH R K B
F JE B T BT I B4R AR R (] 1 i FE 6)
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A 2 7 T P ER | I A T A HE AR
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975 TR 1) 0 28 D e 348 5 0
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2 TN, T8 B T A 40k 5 IR s 4313 1 4 i) Ry
2 069.2 067 cm™, FH PPhy i e (A< B4 Ak 700 X5 2 B iy
AL = 68.2% , FH P(p-Toll), f8OC 4 B4 £k 51)
I H X PR TR 1) B v P AR R R 99.6% , WA 3
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Table 3 Tolman cone angle of ligands and IR frequency of NiL(CO);

Ligand Tolman cone angle 6 / (°) IR frequency of NiL(CO); / cm™
P(o-Toll); 194 2 067
P(t-Bu); 182 2 056
PCys 170 2 056
P(m-Toll)s 165 2 067
PPh; 145 2 069
P(p-Toll)s 145 2 067
PMe,Ph 122 2 065
PEtPh, 140 2 067
P(OPh), 128 2 085
P(OMe), 107 2 080
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Fig.2  Effect of PMe,Ph, P(p-Toll);, P(o-Toll);on NiBr,-

CuBr, catalytic properties
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Fig.3 Effect of P(p-Toll);, PPh;on NiBr,-CuBr, catalytic

properties
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K, P(t-Bu)s 5B ECALIE B8 B S 1k G 1y W s
TG IR ELAT 45 305 A HE A, 6T 7= ) TR 47 TR R 30
R PR | S & B B AL NI B2 (9 NiBr,-CuBry-
P(L)f# Ak 44 R v B AR R 1
2.2.2  P(t-Bu), X5 Ak 7 P BB 9 52
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WE 4 iR, AN Pe-Bu)s BF, P96 R 1 P8 10
72% BEH 1y (i, +1cn, ) V0 AR BE LE B 36 0, T4
W TR ) B AR DO IS I B 959% LA L | TE npyy M,
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Reaction conditions: nyy, =1 mmol, n¢,y, =0.5 mmol, Vuy=60 mL,

Vi,o=5 mL, m, =4 g Pe=5.5 MPa, P=8.0 MPa, T=200 C, r=

1 000 r-min™, t=60 min

P4 P(-Bu), FH X i A0 550 M 8 11 52 i
Fig.4 Effect of P(:-Bu); amount on catalytic properties
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2.3 E& B FI3E NiBr,-CuBr,-P(t-Bu), # 44 7 14 &8 B
A

2.3.1 CH,SO;H X} NiBr,-CuBr,-P(:-Bu) 1 1£ 51 14 B

M1 4 75 TR AR P foT T B DR 045 7 114 6
PRI, T 2B I 5 Ak A7 T B AT 100 BH Jol I 44 A3 )
T = TR 1 BE£EME  CH,SO,H Sl (i FH I | 2 4k
(14 5 1 23R 1 T TR A T 1) S PP AR AT, 2 T R B 51
X L ARG ) IR AT P-Bu)s 5
CH-SO;H [FEH# | NiBr,-CuBr,-P(t-Bu);-CH,SO;H 1
Tl 22 5% PR 0 R e R P M TR 3] 92.49% , TR IR A ML
RN 67.4 %, 5 NiBr,-CuBr, i b5 L | K i 12
BT DN Rk B AR B P (-Bu), S
CH,SO;H Xf I M R e B A0 B AR HEAE T, AR
NiBr,-CuBry-P(t-Bu);-CH,SO;H A £ 51 B £ Fe itz 1k %
HA 73 %, MR 0 Tl A 3R 0 5 %
NiBr,-CuBr,-P(t-Bu);-CH,SOH J& 58 5 i fi AL A &
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Table 4 Effect of acid promoters to the properties of NiBr,-CuBr,-P(¢-Bu),

Catalyst Conversion of Acetylene / % Selectivity of AA / % Yield of AA/ %
NiBr,-CuBr, 81.8 72.0 589
NiBry-CuBry-P(t-Bu)s 71.5 88.1 63.0
NiBr,-CuBr,-CH;SO0;H 85.7 60.2 51.5
NiBr,-CuBr,-P(t-Bu);-CH;S0;H 73.0 92.4 67.4

Reaction conditions: nyy, =1 mmol, n¢,y, =0.5 mmol, npp,, =1 mmol, ney 5o, =0.5 mol, Vuy=60 mL, Vy; =5 mL, m¢ ;=4 g, Py=5.5 MPa, P=

8.0 MPa, 7=200 C, r=1 000 r-min”, t=45 min

232 CH,SO:H * %t NiBr,-CuBr,-P(-Bu)-CH,SO;H
A9k BE A 52 iy

M S Al A& ) CH.SO,H R F2 &5 25k
M)Ak N R e M | #F CHLSO;H 5 NiBr, ¥ )5t
MY LA 0.5 B PR 0 R 3k 261 DU 55 35 98.5% , &
FR i Ak e g 5 3] 75.8% ; i CH,SO:H 5 NiBr,
Wy A it LGB R BEIN | 2 R AL 3G A B B i T
A5 TR 1 6 1 ) db B AR, X RO CHLSO.H &2 5N
I TR AR TR AR B B, AR T 0 R Y ik A Mk B
CH,SO5H & 34 i i 7 B A%
24 IEHEGHRKL
2.4.1 RALH H & X NiBry-CuBry-P(t-Bu)-CH;SO,H

AR BE 1) 52 1)

TRACH 5 X5 NiBr,-CuBry-P(t-Bu)s-CH,SO5H 1
AR R 52 1] 6 BT | AN NS AR B PR 94 T2 1)
TEFEE Ko & B 0 B A R BAK, 43 B 73.19% F
60.4% , NN /bt 1Ak Al 1Y Sk it v XoF 7R s R 1Y) 22
PE | HTAR Y TR B LA 0.5 B PR M TR 1 3k 25 1 e
ik 98.6% , LB AL R WAR F B 73.0%, AT &Y
TRALAR 25 2 i B3R G WAtk 4 @ B g, AN R T
IR TR 1 25 B, VR T 1) i Rk S T B 31 87.59% (1
R R IEALEFFAAE | 15 A AR T 1
Fehy 0.5, 1Al iy 542 7 4 £h Bk KRR A IC 5 1 A
RGP, g 6 s,
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é“' 160 & (7 AL %43 3R 73.1% 1 63.0% , [ETCAUR A i, 45t
ol I 5 T HCT A0 0 AT e X8 PR 149 6 I
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NcH3803H: PINiBry

Reaction conditions: nyy, =1 mmol, 7, =0.5 mmol, n gy, =1.5

mmol, V=60 mL, V' o =5 mL, my =4 g P=5.5 MPa, P=8.0

MPa, =200 °C, r=1 000 r-min™', =60 min

B S FJn s i e o Ak 350 1 B 1 5 i)
Fig.5 Effect of CH;SOs;H amount on NiBr,-CuBr,-
P(t-Bu);-CH;SOsH properties
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8.0MPa, 7=200 °C, r=1 000 r*min™", =55 min
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Fig.6  Effect of CuBr, amount on NiBr,-CuBr,-P(-Bu);-

CH,SO;H properties
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Table 6 Catalytic activity of copper salts, nickel salts and complexes of copper and nickel

Catalyst Conversion of Acetylene / %  Selectivity of AA / % Yield of AA / % Generation Carbon
NiBr, 73.1 60.4 442 No
CuBr, 90.3 19.0 172 Yes
NiBr,-CuBr, 81.8 72.0 58.9 Yes
(P(t-Bu)y):NiBr 63.0 76.3 48.0 No
(P(t-Bu)y).CuBr, 88.6 212 19.3 No
NiBrr-Cu(P(t-Bu)y),Br, 74.0 90.2 66.7 No

Reaction conditions: Viyy=60 mL, V=5 mL, m y =4 g, P=5.5 MPa, P=8.0 MPa, T=200 C, r=1 000 r-min”', t=45 min. Ny, =1 mmol, nc,p, =

0.5 mmol, 7, nin, =1 mmol, npepy ) s, =0.5 mmol
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Reaction conditions: 1, 1 cupr, Tpepa, Ten,so,n =1:0.5:1.5:0.5:0.5,

V=60 mL, Vyy o=5 mL, m, =4 g, Peo=5.5 MPa, P=8.0 MPa, T=

200 °C, r=1 000 r-min™', =60 min
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Fig.7 Effect of catalyst amount on the reaction
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Reaction conditions: nyy, =1 mmol, n,p, =0.5 mmol, npp, =1.5

mmol, ngy 5o, =0.5 mmol, V=60 mL, m¢y =4 g, Peo=5.5 MPa,
P=8.0 MPa, T=200 °C, r=1 000 r+min”, t=60 min
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Fig.8 Effect of water on the reaction
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Pe=5.5 MPa, T=200 °C, r=1 000 r-min™, t=60 min
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Fig.9 Effect of reaction time on the reaction
MPa B PR M T 11 36 B 1 38 B 5 Kl 98.5 %, &Mk
M5 AR = B 75.8%, Bl G SO s ) i 4k 2L
T, 20 B AR AT A S8 EL TR A TR ) 32 28 DU 22
JIREARE] 89.9 % , IR T &I 5 W 19 & A=
2.4.5 SR [A] A 52
2N B [B) 9 52 ma A 110 B s, RN AT 30
min [ 20 B () 2% 5 P RN I R 0 % AR R 0 0 R
63.9% 1 84.1% , e Ja (1) 2 17 Fsf [1) 5 381 PR 94 T 1140 A0
N 53.7% , W 2 A A ) LA A e AL T 1 B
& BT TN, 2Bt Ak 238 S TR I TR 1) e R
YA BT, 60 min B Y0 2 04 38 £ 3K B B R A
98.5% , LW e AL R 4R = 21 75.8% , SR B[] 1Y
YL | 2B e AR B INAS B I 1T 2 e B T 0

1% R 6 4 R SNy RGN, TR s T P s A8 ) o 1 1)
100 100
/\\

95 / e . 195
2 T —e
= g0 L. 490
g ®
= 854 J 185 <
A I i
S g0 {80
3 z
& 75 175 &
& 3
z 70 170 &
3

65 465

60 T T . : : . 60

20 40 60 80 100 120 140 160
t/ min

Reaction conditions: nyy, =1 mmol, n gy, =0.5 mmol, np,p, =1.5
mmol, 7¢y 50,4 =0.5 mmol, Vip=60 mL, V=5 mL, m¢y =4 g,
P:y=5.5 MPa, P=8.0 MPa, T=200 °C, r=1 000 r*min™'
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Fig.10  Effect of reaction time on the reaction



1608 M

e

EE 55 30 &

n2
¥

92% , A e Fe 43 52 W B 8] 28 60 min,
3 & g

S B A 1 45 NiBry-CuBro-P(L) A6 7 3510 X6 7 0
e PEtE R s, JF HLBCAAR F &t bR A A BT 2D Pe-
Bu); /& NiBr,-CuBr,-P (L) f# £ 7 7K 5 9 5 & 3 1Y i
A I A &R CHSO5H RE 2 15 NiBry-CuBry-P(L) X%
P R ISR NiBry-CuBry-P(t-Bu)-CH:SO5H i fk {4
F LA ARG (0 A8 A 35 P Rt TR M T 2 v ) e R
4 NiBr, HHE M 1 mmol , 7y, Myp,, Mpgpa, Memson =1°
0.5:1.5:0.5 , K HHE v, o =5 mL, 7E SV E 200 C
J£71 8.0 MPa. Bf[E] 60 min Bf, ZKEFEILFE K
75.8% 3 His TR 1) 35 5P 3K 2] 98.6% ; L N 3 F TG R
e , LTIy 104 A DR T A% 0 A 4K FR0 A7 A 1 T L, 2 2 b
AL T Y R 1 P R S AR G B AR R

SE WK .

[1] CUI Long(# J&), Yang Xian-Gui(# % 5%), ZHOU Xi(Jd &),
et al. Industrial Catalysis(T LAE4L), 2013,21(12):13-18

[2] ZHANG Xin-Min (3K #7 &), ZHOU Xi(J4 ). Chinese J.
Synthetic Chem.(%& &AL %), 2012,20(3):399-402

[3] TANG Cong-Ming (¥ B B), CAO Ping(# °F), ZENG Yi
(M%), et al. Petrochem. Technol.(% # 4t L), 2008,37(10):
1089-1094.

[4] Reppe W. US Patent, 2883418.1959-04-21

[5] Bhattacharyya S K, Sen A K. Ind. Eng. Chem. Proc. Des.
Dev., 1964,3(2):169-176

[6] Bhattacharyya S K, Sen A K. J. Appl. Chem., 1963,13:498-
505

[7] Robert L. Carlyle. US Patent, 2917538A.1959-12-15

[8] Lautenschlager H. US Patent, 2845451.1958-07-29

[9] Reppe W. US Patent, 2925436.1960-02-16

[TOJIANG Qi-Bai (¥ H A1), JI Yi-Fei(Z — &), SHEN Xu-Jie
(L BZR), et al. Chinese J. Inorg. Chem.(% #LAt 5 5 3R),
2013,29(5):910-914

[11]Schweckendek W. US Patent, 2738364.1956-04-13

[12]Reppe W. US Patent, 2809976.1957-08-15

[13]BAO Jin-Ting(fd 4 1), CHENG Mei-Ling(2 3% %), LIU Qi
(X 5), et al. Chinese J. Inorg. Chem.(% #LAt F F ),
2013,29(7):1504-1512

[14]Wittren R A. US Patent, 2808040.1957-10-01

[15]Proops W R. US Patent, 2967884.1961-01-10

[16]Tang Congming, Zeng yi, Cao ping, et al. Catal. Lett., 2009,
129:189-193

[17]Tang C M, Zeng Y, Yang X G, et al. J. Mol. Catal. A, 2009,
314(1):15-20

[18]Tang C M, Li X L, Wang G Y. Korean J. Chem. Eng., 2012,
29(12):1700-1707

[19]De Angelis F, Sgamellotti A, Re N. Organometallics, 2000,
19(20):4104-4116

[20]Yang X G, Zhang J Q, Liu Z T, et al. Appl. Catal. A, 1998,
173(1):11-17

[21]Drent E, Arnoldy P, Budzelaar P H M, et al. J. Organomet.
Chem., 1993,455(1/2):247-253

[22]PWNM van Leeuwen. Homogeneous Catalysis. Netherlands:
Kluwer Academic Publishers, 2004:13-19

[23]Koide Y, Bott S G, Barron A R, et al. Organometallics,
1996,15(9),2213-2226

[24]ZHAO Ji-Quan (& 4% 4). Homogeneous Complex Catalysis
(% 48 % & 1E 1L). Beijing: Chemical Industry Press, 2011:
15-22

[25)JIANG Qiong-Zhong (2 35 /8.), ZHANG Liang-Fu (5K K ),
WANG Shu-Mei (E# H), et al. Chinese J. Inorg. Chem.

(A Z F 3R, 1990,6(2):159-165

[26]LI Chen(Z¥), ZHOU Dan-Hong(JH F+£L), YAO Xiao-Quan
(k7N ) et al. Chinese J. Inorg. Chem. (% #AL 5 % 3R),
2001,17(4):507-512





