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Patent Claims 

1. 	Composition, comprising: 

a) an inert, porous support material; 

b) an ionic liquid, 

5 	c) a metal, selected from group 9 of the periodic table of the eleme 	s, 

d) a phosphorus-containing organic ligand, and 

e) at least one organic amine. 

2. Composition according to Claim 1, characterized in tha 	e inert, porous support 

10 	material is selected from the group comprising alum',  ium oxide, silicon dioxide, 

titanium dioxide, zirconium dioxide, silicon carbidr, carbon and mixtures of these 

components. 

3. Composition according to Claim 2, char. terized in that the inert, porous support 

15 	material has the following parameter 

a) BET surface area from 50 to 8 	m2/g 

b) pore volume from 0.1 to 2.0 	Ilg and 

c) mean pore diameter fro 	2 - 80 nm. 

20 	4. 	Composition accordinirs to Claims 1 - 3, characterized in that from the inert, porous 

support material w' Kthe use of an additional binder, selected from the group 

comprising: 

a) alumina, 

b) ceram 	clays, and 

25 	c) 	colloids 

shaoed bodies of different three-dimensional form selected from the group 

mprising: 

i) spherical, /
4 

ii) cylindrical, 

0 	iii) ellipsoidal, and 
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iv) polylobular bodies 

are formed in a size range from 1 - 10 mm. 

5. 	Composition according to Claims 1 - 4, characterized in that as the for c liquid 

5 compounds are used wherein the anion is selected from the group 	omprising: 

tetrafluoroborate ([13F4I), hexafluorophosphate ([PF8]y), dicyan., 	ide ([N(CN)2].), 

bis(trifluoromethylsulphonyl)imide ([NTf2].), tricyanomethide 	CN)31-), 

tetracyanoborate ([B(CN)4]-), halide (Cl,. Br-, F., r), hexaf 	oroantimonate ([SbF6fl, 

hexafluoroarsenate ({AsF8]"), sulphate ([SO4]2-), tosyla 	([C7H7S03]1, triflate 

10 ([CF3S03].), nonaflate ([C4F9S03f), tris-(pentafluoro thyl) trifluorophosphate 

([PF3(C2F5)3].), thiocyanate ([SCI\1].), carbonate ( 	03121, [R"-000]., [R'-S03}., 

[R?04R"].  or [(R'-S02)21q with R' and R" h- 	ame or different, and each is a 

linear or branched aliphatic or alicyclic re 'title containing 1 to 12 carbon atoms or a 

C5-C18  substituted aryl, C5-C18  substitu 	• aryl-C1-C6  alkyl or C1-C8  alkyl-05-C18  

15 substituted aryl residue, which can b 	substituted with halogen atoms; 

wherein the cation is selected fro 	the group comprising: 

quaternary ammonium cations 0 the general formula [NR1R2R3R4]+; 

phosphonium cations of the seneral formula [PR1R2R3R4]}; and 

imidazolium cations of th 	general formula 

20 , 

R4  

1----\ 
N N 

R3  

R2  

h- ein the imidazole nucleus can be substituted with at least one group R, which 

t -: 	lected from C1-C6 alkyl, C1-C6 alkoxy, C1-C6 substituted aminoalkyl, C5-C12 

substituted aryl or C5-C12 substituted aryl-C1-C6 alkyl groups; 

25 pyridinium cations of the general formula 



—WO-20-12/041-848 
	

PCT-1EP20111066-7-60 

- 55 - 

R2  

—7---\ 
( +1—R1  

, 

wherein the pyridine nucleus can be substituted with at least one gr•up R, which is 

selected from C1-C6 alkyl, C1-C6 alkoxy, C1-C6 substituted am , °alkyl, C5-C12 

substituted aryl or C5-C12 substituted aryl-C1-C6 alkyl group-, 

5 	pyrazolium cations of the general formula 

R1  
I 

eN 

iN 
 

wherein the pyrazoie nucleus can be sub 	uted with at least one group R, which is 

selected from C1-C6 alkyl, 01-06 alko 	, C1-C6 substituted aminoalkyl, C5-C12 

substituted aryl or C5-C12 substitut; • aryl-C1-C6 alkyl groups; and 

10 	triazolium cations of the general f,  rmula 

I 
N 

R2/3  
N 

r 
N 

wherein the triazole 	ucleus can be substituted with at least one group R, which is 

selected from C 	6 alkyl, C1-C6 alkoxy, C1-C6 substituted aminoalkyl, C5-C12 

substituted a , or 05-012 substituted aryl-C1-06 alkyl groups, 

and the res 4ues R1, R2, R3  independently of one another are selected from the 

15 	group co,  sisting of; 

hydro t en; 

lin-Jr or branched, saturated or unsaturated, aliphatic or alicyclic alkyl groups with 1 

• 20 carbon atoms; 

heteroaryl-, heteroaryl-C1-C6 alkyl groups with 3 to 8 carbon atoms in the 

20 	heteroaryl residue and at least one hetero atom selected from N, 0 and S, which 
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be substituted with at least one group selected from C1-C6 alkyl groups ,,nd or 

halogen atoms; and 

aryl and aryl-C1-C6 alkyl groups with 5 to 12 carbon atoms in the aryl residue, 

which can optionally be substituted with at least one C1-C6 alkyl g . p and/or a 

5 halogen atom. 

6. Composition according to Claims 1- 5, characterized in that 	e ionic liquid is 

selected from the group comprising : 

10 

a) 1-ethyl-3-methylimidazolium bis(trifluoromethylsu 	onyl)imide, 

b) 1-butyl-3-methylimidazolium hexafiuorophosph te, and 

c) 1-butyl-3-methylimidazolium tetrafluorobor 	. 

7. Composition according to Claims 1 - 6, ci 	racterized in that the metal is rhodium. 

15 8. Composition according to Claims 1, '", characterized in that the phosphorus- 

containing organic ligand contai 	at least one covalent bond, which is selected from 

the group consisting of: 

a) phosphorus-oxygen; a 

b) phosphorus-nitroge . 

20 

9. Composition according to Claim 8, characterized in that the phosphorus-containing 

organic ligane 	selected from the group comprising: 

a) 	[6,6'4(3 	'-di-tert-butyl-5,5'-dimethoxy-[1,11-biphenyl]-2,2'- 

diyi)bis Qxy))bis(dibenzo[dif][1,3,2idioxaphosphepine)] according to formula VII 
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Mei) 	 OMe 

I/ ilk 

tBu 

\ 

tBu

o
0
-P/0 p 

ho 

11111 	VII 

b) [2,2'4(3,3'-di-tert-butyl-5,5'-dimethoxy-[1,1'-biph 	ny1]-2,2'-diy1)bis(oxy))bis(4,4,5,5- 

tetrapheny1-1,3,2-dioxaphospholane)] accordin• o formula VIII, and 

0 	0 

0 401  
7 

Ilib  0----pF0 	0 p 0 

0 0 	
I 

410 	

I 

ar  i 0 

v--4 II 	VII, *II 
c) Tris-(2,4-di-tert-b 

tBu 

(phenyl) phosphite according to formula IX 

tBu 

0 
P'4  

tBu 	 1 
tBu  

Ea tBu 	IX 
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10. Composition according to Claims 1 - 9, characterized in that the organic amine i 

selected from the group comprising: 

a) at least one amine according to formula X 

Rc 	Rd 

Rb N
I 

Re 

Ra H Rf X 

5 wherein Ra, Rb, Rc, Rd, Re and Rf are the same or different h il ocarbon residues, 

which can also be bound to one another, and 

b) a tertiary amine, selected from the group of the aliph- lc, aromatic, cycloaliphatic 

and heteroaromatic amines, or combinations thereof. 

10 11. Composition according to Claim 10, characterize d in that the organic amine contains 

at least one compound with a 2,2,6,6-tetramg 	ylpiperidine unit according to formula 

Xl: 

R 

r'.  

N 
I 
H XI 

where R represents - 	organic residue, H, a hydroxyl group or a halogen. 

15 

12. Composition ac +rding to Claim 11, characterized in that the organic amine contains 

at least one o. the compounds according to the formulae Xla to Xlh: 

8 

HN 

20 Xla 
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: 7 -2 1 

N 

H
I 

Xlb 

with n = 1 to 20 

-"•.„,"'..,,,,.."--N., 

N N 
I 	 I 
H H

/
/
/ 

Xtc 

H.N-.--...---"-N-H 0 	„,0 
"•-•<" ii"—'" '''''' 

FIN,K,  0 	0 

Xi Xie 

with n = 1 to 12 

- 	. 
_n 

HN 

Xlf 

10 	 with n .= 1 to 17 



2.0 

We-20+21041-84 	  

H25C12 

 

)
0
,. 

 

0 	R 

—11N.. 7 
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• 

T-i 

that contains a further 

NH 

10 - 12, char 

XI 	to 

XIlb 

.,, 

Xlg Xlg 

cterized in 

XlIj: 

1 
H 	Xlh 

with R = C6 to C20 alkyl 

13.Composition according to Claims 

organic amine according to the formulae 

NMe2NMe2  

IS XIla 

OH 	 OH 

N 	 N 
1 	 1 
CH3 	Xlic 	OMe 	xild 

4,N
0 

I 	Ile 

XIlf 
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NMe2 

/\ 
I 

N 	XIIg 

b—N N 	xilh 

H 

0  N  

N 	Xlii 

.,(
N— 

Xiij 

14. Multiphase reaction mixture, containing: 

10 

a) an olefin-containing hydrocarbon mix 	e, 

b) a gas mixture comprising carbon 	•noxide and hydrogen and 

c) aldehydes, 

characterized by a composition .ccording to one of the previous claims as the 

catalytically active compositlo . 

1 5. Process for the hydrofoP 	ylation of olefin-containing hydrocarbon mixtures to / 

i 

 

aldehydes, with add' on of a composition according to the previous claims as the 

15 catalytically activ 	composition, wherein: 

20 

a) the water cr, t nt of the olefin-containing hydrocarbon mixtures is adjusted to 

most 20 ppr , 

b) the c. tent of multiply unsaturated compounds in the olefin-containing 

hydrocarbon mixture is adjusted to at most 3000 ppm, 

c) ::. molar ratio of organic amines according to Claims 10-13 to phosphorus-

ontaining organic ligands according to Claims 8 - 9 of at least 4:1 is set, 

d) a molar ratio of phosphorus-containing organic ligands according to Claims 8 

at 

- 9 
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to rhodium of at least 10:1 is set. 

16. Process for the hydroformylation of olefin-containing hydrocarbon mixy/ 

according to Claim 15, characterized in that the reaction mixture is p- iodically 

5 subjected to a stripping gas treatment for removal of the aldehyde 

17. Process according to Claims 15-16, characterized in that thz s ripping gas is 

selected from the group comprising; 

a) mixtures of carbon monoxide and hydrogen; 

10 b) mixtures of C2-C6 alkanes; 

c) mixtures of C2-C6 alkanes and C2-C6 alke 	• ; and 

d) inert gases. 

18. Process according to Claims 15-17, oh.,racterized in that after conclusion of the 

15 reaction a part of the gaseous react .in mixture is fed back into the reaction zone 

again. 

19. Process according to C a.  r s 15-18, characterized in that the olefin-containing 

hydrocarbon mixture is :elected from the group comprising: 

20 a) ethylene, 

b) propylene, 

c) C4 olefins . 	d multiply unsaturated compounds, and 

d) C5 olefin ' and multiply unsaturated compounds. 

• 
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Patent Claims 

1. 	Composition, comprising: 

a) an inert, porous support material; 

b) an ionic liquid selected from the group consisting of: 

b1) 1-ethyl-3-methylimidazolium bis(trifluoromethylsulphonyl)imide, 

b2) 1-butyl-3-methylimidazolium hexafluorophosphate, and 

b3) 1-butyl-3-methylimidazolium tetrafluoroborate, 

c) a metal, selected from group 9 of the periodic table of the elements, 

d) a phosphorus-containing organic ligand selected from the group consisting of: 

dl) 	[6,6'4(3,3'-di-tert-buty1-5,5'-dimethoxy-[1,11-biphenyl]-2,2'- 

diy1)bis(oxy))bis(dibenzo[d,f][1,3,2]dioxaphosphepine)] according to formula VII 

Me0 	 OMe 

411 111 

	

tBu 	0 	0 	tBu 
/ \ 

/ 

0 	
i-0 40 o P  

0 

0 	410 	VII; 

d2) 	[2,2'4(3,3'-di-tert-buty1-5,5'-dimethoxy41 ,1 v-bipheny1]-2,2'- 

diy1)bis(oxy))bis(4,4,5,5-tetraphenyl-1 ,3,2-dioxaphospholane)] according to 

formula VIII 

o 

®® 

	

40  o 	0, 	110 
----P 	p-O 

• o1 	
O 

Ark. 

lite 	• 111, 	VIII; and 

d3) 	Tris-(2,4-di-tert-butylphenyl) phosphite according to formula IX 
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tBu 

tBu 	
41 

. 0,p(0 t
Bu 

tBu 
0 

tBu 	IX; and 

e) at least one organic amine with a 2,2,6,6-tetramethylpiperidine unit. 

2. Composition according to Claim 1, characterized in that the inert, porous support 

material is selected from the group comprising aluminium oxide, silicon dioxide, 

titanium dioxide, zirconium dioxide, silicon carbide, carbon and mixtures of these 

components. 

3. Composition according to Claim 2, characterized in that the inert, porous support 

material has the following parameters: 

a) BET surface area from 50 to 800 m2/g 

b) pore volume from 0.1 to 2.0 ml/g and 

c) mean pore diameter from 2 - 80 nm. 

4. Composition according to Claims 1 - 3, characterized in that from the inert, 

porous support material with the use of an additional binder, selected from the 

group comprising: 

a) alumina, 

b) ceramic clays, and 

c) colloids 

shaped bodies of different three-dimensional form selected from the group 

comprising: 

i) spherical, 

ii) cylindrical, 

iii) ellipsoidal, and 

iv) polylobular bodies 

are formed in a size range from 1 - 10 mm. 
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5. 	Composition according to Claims 1 - 4, characterized in that the metal is rhodium. 

6. 	Composition according to Claims 1 - 5, characterized in that the organic amine is 

selected from the group comprising: 

a) at least one amine according to formula X 

Rc 	Rd 

Rb N Re 
I 

Ra H 	Rf 	x  

wherein Ra, Rb, Rc, Rd, Re and Rf are the same or different hydrocarbon 

residues, which can also be bound to one another, and 

b) a tertiary amine, selected from the group of the aliphatic, aromatic, 

cycloaliphatic and heteroaromatic amines, or combinations thereof. 

7. Composition according to Claim 6, characterized in that the organic amine 

contains at least one compound according to formula XI: 

R 

>N< 
I 
H XI 

where R represents an organic residue, H, a hydroxyl group or a halogen. 

8. 	Composition according to Claim 7, characterized in that the organic amine 

contains at least one of the compounds according to the formulae Xla to Xlh: 

y0 
HN 0 0 e  NH 

Xla 



- 56 - 

:7 -2 1 

N 
I 

H 

n 	XI b 

with n = 1 to 20 

0 0 

H .--- N  

N N
I 

H H 	 XIc 

H 

Y 
-N N -H  H 

0 	 0 
n 

HN 0 	0 /` y '\ 
H 

XId 	 XIe 

with n = 1 to 12 

_ 
e 

_n 

HN 

XIf 

with n = 1 to 17 

0 
H25C12 

\----- 
NH 

c 

N 

O vi,-. 
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0 

0) R 

---I'lr\ 
H 	Xlh 

with R = C6 to C20 alkyl 

9. 	Composition according to Claims 6 - 8, characterized in that the composition 

contains a further organic amine according to the formulae Xlla to XIlj: 

NMe2NMe2  

SS )(Ha 

XIlb 

OH 	OH 

N 	/'y 
CH3 	xlic 	OMe 	XIld 

N
)--0 

I 	XIle 

-.Ni- 
	

XlIf 

NMe2 

I 	, 

	

t\r 	XIIg 

b—N N 	XIIh 

H 
lei  NI

/ 
 

N 	)(Hi 
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N- 

Xiij 

10. Multiphase reaction mixture, containing: 

a) an olefin-containing hydrocarbon mixture, 

b) a gas mixture comprising carbon monoxide and hydrogen and 

c) aldehydes, 

characterized by a composition according to one of the previous claims as the 

catalytically active composition. 

11. Process for the hydroformylation of olefin-containing hydrocarbon mixtures to 

aldehydes, with addition of a composition according to the previous claims as the 

catalytically active composition, wherein: 

a) the water content of the olefin-containing hydrocarbon mixtures is adjusted to 

at most 20 ppm, 

b) the content of multiply unsaturated compounds in the olefin-containing 

hydrocarbon mixture is adjusted to at most 3000 ppm, 

c) a molar ratio of organic amines according to Claims 6-9 to phosphorus-

containing organic ligands according to Claim 1 of at least 4:1 is set, 

d) a molar ratio of phosphorus-containing organic ligands according to Claim 1 to 

rhodium of at least 10:1 is set. 

12.  Process for the hydroformylation of olefin-containing hydrocarbon mixtures 

according to Claim 11, characterized in that the reaction mixture is periodically 

subjected to a stripping gas treatment for removal of the aldehyde. 

13.  Process according to Claims 11-12, characterized in that the stripping gas is 

selected from the group comprising: 

a) mixtures of carbon monoxide and hydrogen; 

b) mixtures of C2-C6 alkanes; 

c) mixtures of C2-C6 alkanes and C2-C6 alkenes; and 

d) inert gases. 
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14.  Process according to Claims 11-13, characterized in that after conclusion of the 

reaction a part of the 

again. 

gaseous reaction mixture is fed back into the reaction zone 

15.  Process according to Claims 11-14, characterized in that the olefin-containing 

hydrocarbon mixture is selected from the group comprising: 

a) ethylene, 

b) propylene, 

c) C4 olefins and multiply unsaturated compounds, and 

d) C5 olefins and multiply unsaturated compounds. 


