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Table 1 Influence of different Pd catalyst concentration

Selectivity (% )

(Pd) Conversion

c

( VL) of 1-octene Nonanoic Other acids” Isomer* n/i

mmo

(%) acids® 1 2 3 4 5

1.0 75.3 75.3 2.1 3.1 6.5 8.7 4.3 3.71
1.5 79.9 76.0 2.2 3.3 6.2 8.2 4.1 3.72
2.0 90.3 72.6 2.4 3.5 7.2 9.6 4.7 3.39
2.5 89.2 75.6 2.5 3.8 6.0 8.1 4.0 3.19
3.0 92.7 77.8 2.3 3.5 5.5 7.3 3.6 3.02

Reaction conditions; ¢( TPPTS) = 50.6 mmol/L; ¢(p-TsOH) = 33.8 mmol/L; n(1-octene) = 8.93 mmol;
c¢(CTAB) =47.6 mmol/L; H,0 16 ml; 150 C; 4 MPa; 5.5 h; a. containing n-nonoic acid and iso-nonoic acid;
b. 1 was 2, 2-dimethylheptoic acid and 2 was 2-ethylheptoic acid; c. 2-methyl-2-heptene (3), 3-octene (4), and 2-octene (5)

were produced as by-products;d. molar ratio of n-nonoic acid to iso-nonoic acid
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Table 2 Effect of CTAB on hydrocarboxylation of 1-octene

Selectivity (% )

¢(CTAB) Conversion of T . u
(mmol/L) I-octene (%) Nonanoic Other acids Isomer n/i
acids” 1 2 3 4 5
0.0 30.4 61.0 3.9 5.8 9.8 13.0 6.5 1.97
47.6 90.3 72.6 2.4 3.5 7.2 9.5 4.8 3.39
79.4 90.8 76.8 2.4 3.6 5.7 7.6 3.9 3.96
95.3 92.5 79.5 1.6 2.5 5.5 7.3 3.6 4.17
111.2 93.5 81.9 1.8 2.6 4.6 6.1 3.0 4.09

Reaction conditions: ¢(Pd) =2.0 mmol/L; ¢( TPPTS) = 50.

6 mmol/L; ¢(p-TsOH) = 33.8 mmol/L;

n(l-octene) = 8.93 mmol; H,0 16 ml; 150 C; 4 MPa; 5.5 h

a, b, ¢, d. The same as Table 1.
B ilibE CTAB & (3 I, 5 % b et 38 i
. BRI B &3, 4 CTAB & #iat 79. 4
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L EE T A TR PEARAIR, I B2 2 52 e S g 3 P 1) 32 B
HR(WT32.2.6). KATEMRACR NV IREZ )G,
AN S PR CTAB SR @& e, 53

TARGFRCR.
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Table 3 Effect of p-TsOH on hydrocarboxylation of 1-octene
Conversion of Selectivity (%)
c(p-TsOH) ; , |
1-octene Nonanoic Other acids” Isomer n/i'
(mmol/L)
(%) acids” 1 2 3 4 5

0.00 13.0 42.9 1.9 2.9 17.4 23.2 11.7 2.83
17.0 35.6 74.3 1.3 2.0 7.5 10.0 4.9 3.32
33.8 90.8 76.8 2.4 3.6 5.7 7.7 3.8 3.96
67.6 88.2 80.4 3.0 4.4 4.1 5.4 2.7 3.28
101.4 91.9 78.8 2.8 4.3 4.7 6.3 3.1 3.54

Reaction conditions; ¢(Pd) =2.0 mmol/L; ¢(TPPTS) = 50.6 mmol/L; ¢(CTAB) = 79.4 mmol/L;
n(l-octene) = 8.93 mmol; H,0 16 ml; 150 C; 4 MPa; 5.5 h

a, b, ¢, d. the same as Table 1.

2.2.4 NI EIHEACERERGRC I R4 B T
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Table 4 Influence of reaction time on hydrocarboxylation of 1-octene

Conversion of

Selectivity (% )

Time
(h) 1-octene Nonanoic Other acids” Isomer® n/i'
(%) acids® 1 2 3 4 5

2.5 65.1 69.5 2.6 4.0 8.0 10.6 5.3 3.66
4.0 86.6 70.2 3.2 4.8 7.3 9.7 4.8 3.41
5.5 90.3 72.6 2.4 3.5 7.2 9.5 4.8 3.39
7.0 89.3 73.1 3.2 4.7 6.3 8.4 4.3 3.36
8.5 89.0 72.5 3.1 4.6 6.6 8.8 4.4 3.33

Reaction conditions; ¢(Pd) =2.0 mmol/L; ¢(TPPTS) = 50.6 mmol/L; ¢(CTAB) = 47.6 mmol/L;
¢(p-TsOH) = 33.8 mmol/L; n(1-octene) = 8.93 mmol; H,0 16 ml; 150 C ; 4 MPa

a, b, ¢, d. The same as Table 1.
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R FAG. BEIL, B 5.5 h V8 R Ib R b 1 AR
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TR R CO 23 7B i m, {745 CO 73
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PRI 1= 065 )R AR 3 R A FUR P B R PR AR T 5. 24
CO JEJ32 1 MPa Ll Je 2 MPa Ihf, BRI H: L3
e, (HAR TR PRI, ST h8 3 ~5
MPa i, A2 ERRVEFEIEA BTt i, BrLAX T g
PifAZR , EER CO K104 3 ~5 MPa.
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Table 5 Effect of CO pressure on hydrocarboxylation of 1-octene

Selectivity (% )

p(CO) Conversion of ] . . u
(MPa) I-octene (%) Nonanoic Other acids Isomer n/i
acids* 1 2 3 4 5
1 76.5 63.4 3.4 5.1 9.4 12.5 6.2 3.23
2 86.6 71.1 3.3 5.0 6.9 9.1 4.6 3.19
3 87.3 75.5 2.3 3.4 6.3 8.3 4.2 4.23
4 90.8 76.8 2.4 3.6 5.8 7.6 3.8 3.96
5 94.1 80.3 2.5 3.8 4.5 5.9 3.0 3.81

Reaction conditions: ¢(Pd) =2.0 mmol/L; ¢(TPPTS) = 50.6 mmol/L; ¢(CTAB) = 79.4 mmol/L;
¢(p-TsOH) = 33.8 mmol/L; n(1l-octene) = 8.93 mmol; H,0 16 ml; 150 C; 5.5 h

a, b, ¢, d. the same as Table 1.

xR 6 BEMEFFESKRENR MM

Table 6 Effect of temperature on the hydrocarboxylation of 1-octene

Selectivity (% )

Temperature Conversion of L . u
(C) I-octene (%) Nonanoic Other acids Isomer n/i
acids” 1 2 3 4 5

95 17.7 89.9 2.0 3.0 1.7 2.3 1.1 5.93

110 23.9 80.4 1.6 2.5 5.2 6.8 3.5 5.49

135 69.2 79.2 2.1 3.2 5.2 7.0 3.3 4.52

150 90.8 76.8 2.6 3.6 5.7 7.5 3.8 3.96

165 92.7 74.9 3.5 5.3 5.4 7.2 3.7 2.99

Reaction conditions; ¢(Pd) =2.0 mmol/L; ¢(TPPTS) = 50.6 mmol/L; ¢(CTAB) = 79.4 mmol/L;
¢(p-TsOH) = 33.8 mmol/L; n(1-octene) = 8.93 mmol; H,0 16 ml; 4 MPa; 5.5 h

a, b, ¢, d. The same as Table 1.
FEBIBE I, F3h, T B R I s S A 1l 4
n, SFECEERIESIERE. SRS T 150 C
I, AREETF i X R R AL R AN, TR
HAM TR R AFEE , PILRERE 150 C ol
ST A 8 18 e Bl

i 1CP AN A B . — IR o8 i, ik
A LA (20 mL 28R Z1R) A48 4 0. 28
mg/L(0.28 ppm) , ik BA 4 i 5 5 XoF S5 Bz A 2 52 i
AR T F X B E G A AR B 9 B i
DL, IR T sl AR, AL PR30 (1 3
UGS RErR, R A AR B A DR B AR B 1K K-, T
HAERG=YIRH n/i (HHLERGRE , HORISIE4 ot
FH HAESC R B kAR R B AR L e s . 5]
55 4 UKHEIRI , e A B 1 W, I HLAE SR

IR R UK AR AR AR B Sk 45, PT RS T
YR I JE A6 B A T K AR 4 fih s A, A
53 TPPTS FLARHE A AL OTPPTS Tk ik b4
W, =7 I T AEREF ¢ (TPPTS + OTPPTS ) /¢
(Pd) =25 W4T, c(TPPTS)/c(OTPPTS) 4351 Ky
3/1, 1/1, 1/3 LU JK5¢ 42/ OTPPTS B} iy )52 [ 45

MEER PRI LUE ), B OTPPTS (3, 1-¢4
AR B W /N, 2 5E 42t OTPPTS 1 4 FL i B,
RN FEA EANKRAE. iU TR A HE.
2.2.7 RMVHLERERE s DL ERHE R DUR B
W, RGN, R — AR E ) #R A
SO NS TR, AR SE AT AL N 25 AL,
9 e R IEAR R S B HLER 40 R . P AE CO 4R
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Table 7 The recyclability of the catalyst aqueous phase
Selectivity (% )
Conversion of ' ‘ ]
Recycles Nonanoic Other acids” Isomer* n/i'
1-octene (% )
acids” 1 2 3 4 5
1 90.8 76.8 2.4 3.6 5.8 7.6 3.8 3.96
2 90.8 73.8 2.6 3.9 6.6 8.7 4.4 3.92
3 84.2 75.5 2.1 3.2 6.4 8.5 4.3 4.05
4 60.5 83.9 3.5 5.3 2.5 3.2 1.6 3.12
1° 60.8 70.1 3.8 5.7 6.8 9.1 4.5 3.47
1' 40.9 68.3 2.2 3.2 8.8 11.7 5.8 3.01
1# 19.8 69.2 2.1 3.2 8.5 11.3 5.7 2.85
1" trace - - - - - - - - - - - - - -
Reaction conditions; ¢(Pd) =2.0 mmol/L; ¢( TPPTS + OTPPTS) = 50.6 mmol/L; ¢( CTAB) =79.4 mmol/L;
¢(p-TsOH) = 33.8 mmol/L; n(1l-octene) = 8.93 mmol; H,0 16 ml; 4 MPa; 5.5 h; 150 C.
a, b, ¢, d. The same as Table 1. e. TPPTS/OTPPTS( molar ratio) =3/1; f. TPPTS/OTPPTS( molar ratio) = 1/1;
g. TPPTS/OTPPTS( molar ratio) = 1/3; h. Only OTPPTS
T 5 F i, TPPTS Befyi, B IE MY A [ HPd  CH#d, Bij5 H,O XHE GO HET B, RI5T
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Scheme 3 The possible mechanism of hydrocarboxylation of olefins
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Hydrocarboxylation of 1-Octene in Water-Soluble Palladium
Phosphine Complexes Catalyst System

HE Zhen-hong ">, HOU Zhen-shan'"** | WANG Yong-lei" >, LIU Yuan-feng' >,
LIU Hong-lai"**, Wumanjiang « Eli'
(1. Key Laboratory of Applied Catalysis, Xinjiang Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Urumqi, Xinjiang 830011, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3. School of Chemistry and Molecular Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract; Hydrocarboxylation of 1-octene with carbon monoxide has been carried out using a catalytic aqueous
phase consisting of Pd(OAc), TPPTS[ P(C,H,-m-SO,Na), |, surfactant and acid. The organic products and the
catalyst aqueous phase could be easily separated by extraction. The effects of concentrations of palladium, CTAB
( cetyltrimethylammonium bromide ) , acid promoter, as well as the reaction temperature and the CO pressure on the
conversion of olefin were investigated. Under the conditions of H,0 16 mL, ¢(Pd) =2.0 mmol/L, ¢(TPPTS) /¢
(Pd(OAc), =25, ¢(p-TsOH) (p-toluenesulfonic acid) = 33.8 mmol/L, ¢(CTAB) = 79.4 mmol/L, reaction
time 5.5 h, CO pressure 4 MPa and reaction temperature 150 °C, the conversion of 1-octene reached 90.8% and
the selectivity towards nonanoic acid was found to be 76.8% and n/i (molar ratio) 3.96. The catalyst system was
reused 3 times without obvious loss of activity. >'P NMR was also used to investigate the active species arisen from
the coordination of Pd( OAc), with TPPTS under reaction conditions.

Key words: 1-octene; hydrocarboxylation; Pd-P complex; biphasic catalysis system; *' P NMR



