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Abstract: Novel iminophosphine ligands ( P-N ligands) were synthesized and characterized by IR
and NMR('H, "C, " P). The effect of water content on Fhexene hydroformylation catalyzed by

PN ligandRh complexes was investigated, at the same time, the recycling of the catalysts based on

these iminophosphines was examined. The results revealed that the addition of certain amount

of water into l-hexene hydroformylation system, the catalytic activity and selectivity of P-N

ligand Rh complexes could be enhanced. After Fhexene hydroformylation, the catalyst was

extracted by organic acid into water and back extracted into fresh organic solvent by setting the pH

of the aqueous phase to the point at which the complex was no longer watersoluble to realize its

recycling.
Key words: iminophosphine ligand; Rhodium complexes; pH dependent phase separation;
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pH 1.3 mmol 1.9 mmol CsHo-NH:
- = 35 mL CH:Ck 2.0 mmol
, Na(AcO)sBH, s
Magnus " 5% NaHCOs
3 N3P, Na(AcO):BH 2
I- . 95% , 1
, N3P 55%
, FT-IR(KBr, em™'): W C—H) = 2922, 2850;
- \ Y Ph—H)= 3053; AN —H) = 3426
- I- "PNMR (CDCl;): - 15.8
, pH "H-NMR(CDCL): 0. 92( —CH3); 3. 19( —NH —);
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Fig.1 Schematic for synthesis of iminophosphine ligand

4.04( PhCH2N —); 7. 16~ 7.56( CsHs and CsHa)

"G-NMR ( CDCl3): 14.1 (—CHs); 51.8
(PhCH2N —); 127~ 136(CesHs and CsH4)

1.3. 2 2 (o( Ph2P) —CeHs —CH2NH —
CH(N(CH3)2)2)

1.3% 10" *mol 1. 9% 10"’ mol
CH(NCHs)2—NH: 35 mLL CH2Cl2
2.0x 10" ° mol Na( AcO)sBH,

, Na( AcO)sBH 5%
NaH CO3 , 2
) 95% 40%

FT-IR(KBr, em™'): V(C—H) = 2987, 2939,
2825; n( Ph—H)= 3057; W N —H)= 3405

'PNMR(CDCL): - 16.2

'"H-NMR (CDCl3): 3. 15( —CH (N (CH3)2)2);
2.92(HNC—); 4.58 PhCH:N); 4. 82( —CH(N(CH3)2)2);
7.16~ 7.56 (CsHs and Cs H4)

PC-NMR(CD(s): 18. 3( —CH3); 53.4( PhCH2N —);
101( —CH(N(CH3)2)2); 127~ 136(CsHs and CoH4)

1.3.3 t (RhCI CO) (1)2)
0.03 g (1. 14% 10" * mol) RhCls - nH20
6 mL ) CO
0.5 mL 2.28 x 10 * mol
1 .
2 h
60%

FT-IR(KBr, em '): M C—H) = 2924, 2852;
W Ph—H)= 3057; YN —H)= 3459; | CO) = 1971

'PNMR(CDCls): 14.4; Jer= 115 Hz

"H-NMR(CDCL): 0. 88( —CH3); 2.28( —NH —);
3.88( PhCH2N —); 7. 15~ 7.56(CsHs and CeHa)
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"GNMR ( CDCk ): 3.9 (—CHs); 51.8
(PhCH2N —); 8~ 138( CsHs and CsH4); 206( CO)
1.3.4 > (RhCI(CO)(2)2)

RhCI( CO) (1)2

RhCI(CO) (2)2, 50%

FT-IR(KBr, em™'): W C—H)= 2966, 2911;
W Ph—H) = 3060; V(N—H) = 3460; V(CO) =
1977, 2079

"P-NMR ( CDCl): 14.3, Jem =
16.1, Jern= 101 Hz

"H-NMR(CDCE): 1.58( —CH (N(CH3)2)2);
3.50(HNC—); 4.80(—CH ( N ( CH3)2)2);
3.75(PhCH2N); 7.10~ 7.46( CsHs and CsHa4)

“GNMR (CDCL): 18.3( —CHs); 60.2( PhCH2N —);
101( —CH (N ( CH3)2)2); 127~ 136( CeHs and
CoHa); 206( CO)
1.4

103 Hz;

60 mL , 373 K
p(CO/ H2)= 1.5 MPa V(CO)/V(H2)= 1 V(FHexene)=
2 mL  V(Toluene) = 5 mL. n(FHexene)/n(Rh) =

2500 s 1-
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Fig. 2 Schematic of iminophosphine rhodium complex

recycling in I hexane hydroformylation
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Fig.3 Effect of water content(w(H;O)) on 1-hexene
hydroformylation catalyzed by iminophosphine 1-rhodium 1 (W(H,0)) s +

n(L)/n(Rh)=3 (L—Ligand) ; n(1-Hexene) /n(Rh) =2500;
V(CO)/V(H;)=1; T=373 K; p(CO/Hz)=1.5 MPa;
V(1-Hexene) =2 mL; V(Toluene) =5 mlL; t=20 min
(1) TOF vs w(H;0); (2) s vs w(H:0)

w(H20) was the mass fraction of the solvent in reaction system.
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Fig. 4 Effect of water content(w(H,;0)) on 1-hexene
hydroformylation catalyzed by Ph; P-rhodium

Same reaction conditions as those in Fig. 3

(1) s vs w(H;0); (2) TOF vs w(H;0)

2.2
; (pH=1)

KOH (pH=11)
2 %

Table 1 Effect of water content(w(H,0)) on I hexene
hydrof ormylation catalyzed by iminophosphine
ligand 2 rhodium

w(H20)/ % x/ % TOF/h-! s
0 45.7 3434 1.6

10 43.1 3235 1.8

25 49.5 3712 1.8

40 49.2 3688 1.8

50 57.5 4318 1.8

65 62.2 4670 2.0

75 69.2 5191 2.9

90 79.3 5954 2.1

100 22.5 1687 1.8

Same reaction conditions as those in Fig. 3

T
Table 2 Recycling of iminophosphine ligand 2- rhodium
catalyst treated with diff erent acids in T hexene

hydrof ormyl ation
Acid x/ % s TOF/h-! STY/(mmol+h-1-g-1)
CF;COOH 62.6 1.4 783 7605
CH3;COOH  22.2 1.2 277 2692
CH3SO3H 28.5 1.4 356 3464
HCI 0 0 0 0
H,S04 0 0 0 0

Sam e reaction .conditions as those in Fig. 3
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