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FifA& & Bisphosphite 1: 6,6'-[ (3,3’-Di-tert-butyl-5,
5'-dimethoxy-1, 1'-biphenyl-2, 2’-diyl ) bis (oxy ) ] bis
(dibenzo[ d, f][1,3,2 ] dioxaphosphepin ) 11 Bisphos-
phite 2 : 6,6'-(3,3",5,5 -tetra-tert-butylbiphenyl-2 ,
2'-diyl ) bis(oxy) didibenzo[ d, f][1,3,2 ] dioxaphos-

Bisphosphite 1

phepine , $3CHkJT 5> 4%, g5HatnlEl 1 TR, #%
REILPRIE ("H NMR, *'P NMR, “C NMR) 7£ Bruker
AVANCE - 400 % 4% i 2L 4R {X F 5, '"H NMR
5YC NMR L\ TMS Jy 4%, *'P NMR LI 2 by
5.

Bisphosphite 2

& 1 Bisphosphite 1 F1 Bisphosphite 2 [ 454 =;
Fig. 1 The structure of Bisphosphite 1 and Bisphosphite 2

Bisphosphite 1; *'P NMR(CDCI,, 162 MHz) ; §
145.8; '"H NMR ( CDCl,, 400 MHz): & 1.32 (s,
18H), 3.82(s, 6H), 6.74 ~7.30(m, 20H); “C
NMR ( CDCL,, 100 MHz):. §28. 52 (6C), 33. 59
(2C), 53.88(2C), 113.17(2C), 113.58(2C),
120.40(2C), 121.24(2C), 122.93(2C), 123.07
(2C), 126.85(2C), 126.97(2C), 127.55(2C),
127.71(2C), 129.32(2C), 129.52(2C), 130.00
(2C), 141.44(2C), 142.33(2C), 147.26(2C),
147.85(2C), 152.80(2C).

Bisphosphite 2; *'P NMR(CDCI,, 162 MHz) : §
145.1; 'H NMR ( CDCl,, 400 MHz): 81. 37 (s,
36H), 6.69 ~7.57(m, 20H); “C NMR (CDCI,,
100 MHz) ; §30.53(6C), 31.55(6C), 34.57(2C),
35.49(2C), 122.36 (2C), 123.41(2C), 124.70
(2C), 124.74(2C), 124.88(2C), 128.39(2C),
128.69(2C), 129.26(2C), 129.50(2C), 129. 68
(2C), 130.87(2C), 131.23(2C), 131.29(2C),
140.49(2C), 145.14(2C), 148.01(2C), 148.95
(2C), 149.86(2C).
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Table 1 The results of diphosphite modified rhodium catalyzed hydroformylation of butenes

Ligands butenes Aldehyde yield/% * TOF/(h™") nti
Bisphosphite 1 1-butene” 64. 4 1370.5 22.9
Bisphosphite 1 Z-2-butene 58.7 1153.6 21.8
Bisphosphite 1 E-2-butene 62.7 1232.3 21.8
Bisphosphite 2 E-2-butene 69.3 1325.9 13.9

Reaction conditions: solvent toluene, [ Rh]=1.9 mmol/L, [I/Rh] =4 : 1, Ligands = 7.6 mmol/L, P,,=P,,=1.0 MPa,
[S/C]=2000, 110 C. a. reaction after 1 h; b. [S/C]=2 130.
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Table 2 The results of diphosphine modified rhodium catalyzed hydroformylation of butenes

Butenes

Ligands Aldehyde yield /% * TOF/(h™) nii
DPPE 1-butene 63.5 1247.1 1.1
DPPP 1-butene 78.0 1532.9 1.1
DPPB 1-butene 97.3 1912.7 2.8
DPPB E-2-butene 2.4 47.2 1.3
BISBI 1-butene 22.4 419.3 19.8
BISBI E-2-butene 4.1 80.6 6.9

Reaction conditions; solvent toluene, [ Rh] =1.9mmol/L, [/Rh]=4:1, P,,=P.,,=1.0 MPa, [S/C]=2 000, 110 C.

a. Reaction after 1 h.
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Table 3 The results of mixed ligands modified rhodium catalyzed hydroformylation of butenes

Ligand A Ligand B Butenes Aldehyde yield /% * TOF/(h™") nti
TPP Bisphosphite 1 1-butene 43.6 856.3 38.3
DPPE Bisphosphite 1 1-butene 18.7 366.9 75.7
DPPP Bisphosphite 1 1-butene 56.8 1115.4 50.2
DPPB Bisphosphite 1 1-butene 51.8 1018.1 82.2
DPPB Bisphosphite 2 1-butene 58.3 1122.4 50.7
DPPB Bisphosphite 1 E-2-butene 3.9 76.7 7.4
BISBI Bisphosphite 1 1-butene 64.8 1272.7 22.3
DPPB" Bisphosphite 1 E-2-butene 33.5 657.9 24.4

Reaction conditions; solvent toluene, [ Rh] =1.9 mmol/L, [ Ligand A/Ligand B/Rh]=4: 4 :

1, P, =P, =1.0 MPa,

[S/C]=2000, 110 °C. a. reaction after I h; b. [ Bisphosphite I/DPPB/Rh] = 4:0.5 : 1.

BISBI & Bisphosphite 1 {EGECIASN, HABIR 5 FCiA
X 1T 9 2 H IR A B0 7 W I 1) ok PP 2 AN [R) A
FERIHRTE, JUHZ DPPB 5 Bisphosphite 1 iR &AL
FRXE P IE SR LU (B R 22. 9 42w %) 82.2, Bl
S TR e, BRIV TOF i 1L Rh/
Bisphosphite 1 {014 ZRBEA T R, (HIE PRI L £E1E
Yt T Bisphosphite 1 5 5 JBk Bic f& TPP Y 1R 5.
DPPE 5 Bisphosphite 1 {54 FCiA LA KRR R A4 5
TPYIRIE SR LG, Rk 22.9 fEE E) 75. 7,
{H 2 B4R . DPPP 5 Bisphosphite 1 184X}
FCEE P AR BCLF , 7 W A 1E S Al LIk 3 50. 2.
24 DPPB 5 Bisphosphite 2 JE& I, K TG HEDL T
DPPB & Bisphosphite 1 {45, TMH: 52 B A B PEIEAR
F DPPB 5 Bisphosphite 1 JE{. DPPB X Bisphos-
phite 1 BLIARAEIL R 2- TR pOIA R IR, 24 DP-
PB. Bisphosphite 1 5460 /RIL 4 = 4 : 1 B, 2
LIS PEFI I PEPEARAG, HEE /KRN 0.5 2 4 ¢ 1
if, X 2-T 4 i TOF {E3K %) 658 b, IES L
24.4.

% T HE DPPB 5 Bisphosphite 1 184 FL ik 5
BT Y T4, FEULUIRRS 1- T H R B AL
R MRS TTAEHLEN, Vi T AR 9. (e S
Hi#S I DPPB | Bisphosphite 1, Z Bt BIFRIEEE , BE
K2 020 1, AR R WP, 8 CO - H,
1:1EAR, Pip=P=1.0 MPa, i 1 h. %
RLHET T P NMR 4347, LI 2, WA HI7E5145. 9

ppm H} U Bisphosphite 1 5 8B f5 H BB
s, 43548177, 4 (dd, 'J,, = 246Hz, 2J,, = 147
Hz), §180.2(dd, 'J,,=249Hz, *J,, = 173 Hz), Tfi
§-16.8 ppm I DPPB {1 — i 54L& )5 H Bl —
ANBiES24.7(ddd, Ty = 139Hz, *J,, =147, ], =
173 Hz) , DPPB 1) 55 #b— i i BLAES-15. 7 (s). M
June F0 Jop 249380405 0T LUK % , Bisphosphite 1 fit %
AP 5L, DPPB —4 P 580G, HIE L
WGP, Bk DPPB ) — 8% 5 HCAA Bisphos-
phite 1 (4~ 2 18] 5 B A7 FE A BLAE FI? T = 147,
*Jpp= 173 Hz. JLAME S H NMR $i 451 5 58 A1 %
i H, §-10.95(dd, 'J,,=8Hz, *J,,= 20 Hz), i
LIAME RIS S] v(CO) 2 072(w), 2 032(vs),
1946 (m) . 3B LI AZREANLLINHT, HER A ECAAR Bi-
sphosphite 1 I DPPB, 7£ CO IS MAF TS5 2
RPN AR LA E D IE &4 A, BT 3 AN KA FH
BRSBTS, AW R, ART 1-T
I T8 LA =)

H1 T DPPB 15 Bisphosphite 1 jE & FC /A fifL 14
F 1-T 9 & Ak SO A 28R e i, e ¢ DP-
PB &5 Bisphosphite 1 {8 & N iR A B4 ZEAT i —
R
2.4 DPPB 5 Bisphosphite 1 {&{fi 1-T & B 4&

e - THRE P WAL s NAR R Ao T 34k &
e B4 8 £k 750 4 AR 0 45 4% vk . DPPB.JC {4 Ik B
Bisphosphite I Fit f& ¥ & , % i1 — 43 K 7 19 il 5
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Fig.2 *'P NMR spectra of reaction mixtures after mixed ligands coordinating with rhodium

Rh (acac) (CO),
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o
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Fig. 3 Mixed ligands coordinate with rhodium to form proposed complex A

BRI m=3 BNl Lo(3Y) BUERZR R AR b5 ARSI a3k 4 Fn.

B, ARSLHEAT3 PR E A CHEEUE . B Jy DPPB W W IE T 2000, LRa A R, il AL
BCiAH S | C Jy Bisphosphite 1 BCAWEE, AE BN FIEICECTT N EEHE N 1.4 mmol/L, DPPB ¥ |
R EAEM, e | SIE = A WARER 2 Bisphosphite 1 ¥EHL D 7. 6 mmol/L, U™ 4y 1E 57
. FEHEEEMPCE, TOF EARIESMLL 3 A48 MLLik$] 76.3, TOF {Hik 1 821 h™'.
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Table 4 The results of orthogonal test
Nutmbers A B C Blank Aldehyde TOF .
/(mmol - L") /(mmol - L") /(mmol - L") yield*/ % /(h™)
1 1.4 3.8 3.8 44.4 1746. 1 54.7
2 1.4 7.6 7.6 46.3 1821.0 76.3
3 1.4 11.4 15.2 31.2 1225.4 75.6
4 1.9 3.8 7.6 44.8 1320.3 73.0
5 1.9 7.6 15.2 33.4 984.6 78.8
6 1.9 11.4 3.8 45.0 1326.5 63.5
7 2.4 3.8 15.2 29.4 692.6 78.6
8 2.4 7.6 3.8 43.4 1021.8 89.2
9 2.4 11.4 7.6 43.7 1029.2 69. 4

Reaction conditions:

A =the concentration of rthodium, B=the concentration of bisphosphite 1, C=the concentration of DPPB |
Py

=P,,=1.0 MPa, [S/C]=2000, 110 C. a. after reaction for 40 min.

R

A8 RSV 94 P T T A5 RSB TS AR 2 331 5 456 1) il
L, BEATIR A ECARY O RIS, WEIEE R R I
TR B Bisphosphite 1 50Uk & DPPB [ &
BB ) S AL - T4 0 ot AL ™ W I S
F4) BE A 26 1 W] (0 T X B IR 5 Bisphosphite 1
sOUURERE (& DPPB U T g s P64, JLIE Al L
VERRPEANE PE W T DL BE BRI Bisphosphite 1 Al
BERCIA TPP RS IR R, N T IS Bt i
fft T — TR BA TR AR R

Bigt: AR A P NMR I B,
A T XA S T AR 935 B
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Study on Hydroformylation of Butene with Diphosphite and
Diphosphine Mixed-Ligands Modified Catalysts

LIAO Ben-ren, FAN Man-man, GONG Lei, JIE Yuan-ping, LAI Chun-bo”
( Technology Research Institute of Shanghai Huayi Group, Shanghai 200241, China)

Abstract: The reaction activity and selectivity for hydroformylation of butene was investigated by using the diphos-
phite ligand such as bisphosphite 1 bisphosphite 2 and diphosphine ligands such as DPPE, DPPP | DPPB | BIS-
BI. In addition, diphosphite and diphosphine ligands were mixed and the n-aldehyde/iso-aldehyde ration was im-
proved by bisphosphite 1 and DPPB mixed ligands modified rhodium catalyzed hydroformylation of 1-butene. The
mixed ligands coordinate with rhodium to form proposed key complex by *'P NMR method. The optimum catalyst
composition such as rhodium concentration, bisphosphite 1 concentration and DPPB concentration was screened by
using the orthogonal lexperimental design. The n-aldehyde/iso-aldehyde ration for 1-butene hydroformylation was
increased to 76.3 and the average TOF was 1 821 h™' in the optimum catalyst composition.
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