it 7 R

2010 Chinese Journal of Catalysis Vol. 31 No. 8

XE %S 0253-9837(2010)08-1044-05 DOI: 10.3724/SP.J.1088.2010.00456 3L 1044~1048

SEMEML 1,3-T Z M5 #8 BE 1L 5 AR 3- I B BR FR B

N 1 1,2 1 S 1 1
FHEF, ZANEFES K OHE, ANFH, £AEM
Y EE KL IE R BT, O A 116023
PRk R IR AR E ¥R, 17 k% 116600

FEE: LLL,3- 1 M CO MMy J5URE, HEAT FR TGS 1b SR A 1 3- 107 R F T A2 Alltam B 28 A 7 N kG S (0 T 21 et D I8 8
Pd 15 = Ui N- 2% PR 0 A SOBURS c A4 21 1 IR A0 Ak R 1 1,3- T B IR R R Ak S R, B LR A0 /2,6- (3,5~ FF kbt e 58 ) ik e
AL TR R I Hh 55 (9 (i AL 5 2, 72 150°C, p(CO) =6.0 MPa I AR Ak 45 11 N SR 6 h, 1,3- T I i 4K 26 4 78.8%, 3- 1147 2 P T ik
P 3k 92.29% (TON =226); 1fif £ FRAHL/2,2'- = (R FE B3 ) ZR Ik A 40 78 R (K0 00, e AR A6 R B 4 1R 1, 1,3- 1 0 5 fh ik
90.4%, 3- 1% B P I % 4% 7 05 91.6% (TON = 181). £ 200°C K KM R ER AL R W 4 R, 1,3- T M kA R RV, L% h
99% L I, "R 4- LR L -1-28 OB I R = T 96%.

EHEIE: 13- T M =8 N-ZRERECAA; RERAL; 3-DUAIR R, C M XUBENC 44

HESES: 0643 SCERFRIRAD: A

Palladium Catalyzed Carboxylation of 1,3-Butadiene to Methyl 3-Pentenoate
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Abstract: Palladium salts with N-heterocyclic ligand or biphosphine ligand were used as the catalysts for the carboxylation of 1,3-butadiene
with carbon monoxide in methanol to methyl 3-pentenoate, which is one of the key reactions in Altam process for production of
g-caprolactam. The combination of Pd(OAc), with 2,6-bis(3,5-dimethylpyrazol-1-yl)pyridine exhibited moderate catalytic activity under the
optimized conditions (150 °C, p(CO) = 6.0 MPa, 6 h), reaching 78.8% conversion of 1,3-butadiene and 92.2% selectivity for the target prod-
uct (TON = 226). Using Pd(OAc)./(oxydi-2,1-phenylene)bis(diphenylphosphine) as the catalyst remarkably increased the reaction efficiency,
achieving 90.4% conversion of 1,3-butadiene and 91.6% selectivity for the product (TON = 181). At temperature above 200 °C,
1,3-butadiene underwent dimerization to form 4-vinyl-1-cyclohexene in 96% yield.

Key words: 1,3-butadiene; palladium; N-heterocyclic ligand; carboxylation; methyl 3-pentenoate; e-caprolactam; biphosphine ligand
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Scheme 1.  Altam process for production of g-caprolactam.
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Table 1 The effects of temperature and CO pressure on the carboxy-
lation of 1,3-butadiene catalyzed by Pd/N-heterocyclic ligand

orc po(CO)/ th Conversion  Selectivity (%) TON
MPa (%) 3-MP  2-MP
130 6.0 6 30.6 89.1 4.0 176
140 6.0 6 49.0 89.4 8.0 282
150 6.0 6 54.4 88.6 8.3 313
150 4.0 6 27.9 89.7 9.0 160
150 5.0 6 47.8 92.6 34 275
150 7.0 6 54.5 84.4 8.1 313
150 6.0 5 47.1 90.5 8.4 271
150 6.0 7 59.2 84.3 8.5 340

Reaction conditions: Pd(OAc), 0.1 mmol, 2,6-bis(3,5-dimethyl-pyra-
zol-1-yl)pyridine 0.3 mmol, diphenylether 20 ml, 1,3-butadiene 57.5
mmol, CH;OH 86.3 mmol, n-nonane (internal standard) 0.099 g.
MP—methyl pentenoate.

2.1.2 EAFIREFEA/PA EE/R L HIS2 M

2 O HEAL TR BRI C A4 /Pd R R L X 1,3-7T
TURBRBEAL SN ) . R T L, 2 A A R
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I8 55 A DA RS2 PR 386 0, R A R B R T . R
0.010 mol/L I, 1,3- T I ¥ 1k K & 78.8%, 3-MP
EFEPEIL 92.2%. & W] LLFE H, YA Ak/Pd BER L R
6 (JUILh 1), 1,3- T IR AL BAIK. AIIE, N-2%
IECAARIPd 38 B EE /R LA 3.
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Table 2 The effects of catalyst concentration and ligand/Pd molar
ratios on the carboxylation of 1,3-butadiene

Catalyst Ligand/Pd  Conversion Selectivity (%)

. TON

(mol/L)  molar ratio (%) 3-MP  2-MP
0.001 3 13.1 93.7 4.3 377
0.005 3 54.4 88.6 8.3 313
0.010 3 78.8 92.2 5.7 226
0.005 1 40.1 98.1 0.2 230
0.005 6 53.4 90.2 5.8 307

Reaction conditions: Pd(OAc), 0.02-0.2 mmol, diphenylether 20 ml,
1,3-butadiene 57.5 mmol, CH;OH 86.3 mmol, n-nonane 0.099 g,
po(CO) = 6.0 MPa, 150 °C, 6 h. Ligand—N-heterocyclic ligand.
22 B22-T (ZHEERE) FBEMELTER
Zi BT, 5 N-ZR AT HLEC AR 1 Pd A AL 57 14
AR 2 AL TR RE, 1,3- 1 M e AL R A A
XAEE S H T BLN-ZS L S O BRI, H
A AR A, T 0, AR STk H T XUB IE A,
B 2,2'- = (Z ORI AL) k% (ODBphos), H itk &
I A, [N K 1,3-T 40 A1 Pd(OAC), HI 43 il 1
%2 240 mmol A1 0.5%, J v 45 51 T3 3.
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Table 3 The effects of temperature and CO pressure on the carboxy-
lation of 1,3-butadiene catalyzed by Pd/ODBphos ligand
po(CO)/ Selectivity (%)

Conversion

orrc th TON
MPa (%) 3-MP  2-MP
140 5.0 3 317 920 33 63
150 5.0 3 46.9 913 38 94
160 5.0 3 51.1 746 97 102
150 6.0 3 48.4 918 41 97
150 7.0 3 50.6 805 22 101
150 6.0 5 58.8 886 52 118
150 6.0 7 63.4 9.7 38 127
150 6.0 9 64.9 861 38 130

Reaction conditions: Pd(OAc), 1.2 mmol, ODBphos 2.4 mmol,
2,6-dimethylbenzoic acid 8.4 mmol, anisole 50 ml, 1,3-butadiene 240
mmol, CH;OH 360 mmol, n-nonane 0.590 g.
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Table 4 The effects of catalyst concentration and ODBphos/Pd molar
ratios on the carboxylation of 1,3-butadiene

Catalyst Ligand/Pd  Conversion  Selectivity (%) TON

(mol/L) molar ratio (%) 3-MP  2-MP
0.0025 2 41.0 91.3 4.4 787
0.005 2 63.4 90.7 3.8 609
0.010 2 72.2 915 4.2 346
0.024 1 63.2 922 39 126
0.024 2 63.4 909 38 127
0.024 4 65.0 911 3.3 130

Reaction conditions: Pd(OAc), 0.125-1.2 mmol, 2,6-dimethylbenzoic
acid 8.4 mmol, anisole 50 ml, 1,3-butadiene 240 mmol, CH;OH 360
mmol, n-nonane 0.590 g, po(CO) = 6.0 MPa, 150 °C, 7 h.
Ligand—ODBphos ligand.
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Table 5 The effects of acid additive and methanol amount on the
carboxylation of 1,3-butadiene

Acid/Pd MeOH/BDE Conversion Selectivity (%)

. . TON

molar ratio molar ratio (%) 3-MP  2-MP
a 4 15 65.8 91.1 5.6 132
b 4 15 89.2 90.8 4.2 178
b 7 15 88.7 90.5 3.3 177
b 4 11 90.4 91.6 4.3 181
b 4 1.9 91.3 88.0 4.1 183

Reaction conditions: Pd(OAc), 1.2 mmol, ODBphos 1.0 equiv, anisole
50 ml, CH;OH 360 mmol, n-nonane 0.590 g, po(CO) = 6.0 MPa, 150
°C, 7 h. BDE—1,3-butadiene; a—2,6-dimethylbenzoic acid; b—
p-methylbenzoic acid.
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