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Ligands based on phosphonite phosphites

The present invention relates to ligands based on phosphonite phosphites, and the use thereof

in hydroformylation.

WO 2008/071508 A1 describes a process for hydroformylation using bisphosphite ligands.

Inter alia, the use of the ligand (D-1) is described.

(D-1)
The technical problem addressed by the present invention is that of providing novel
compounds which deliver increased yield in the hydroformylation of olefins compared to the

compounds known from the prior art.

This problem is solved by a compound according to Claim 1.
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Compound of formula (I):

O 4
O @)
Rg ® i
R’ RO
wherein

R', R?, R3, R?% R°® R® R’, R® are each independently selected from: -H, -(C4-C12)-alkyl, -O-(C1-
C12)-alkyl.

(1)

The expressions -(C1-C+2)-alkyl and -O-(C+-C+2)-alkyl encompass straight-chain and branched
alkyl groups having 1 to 12 carbon atoms. These are preferably -(C+-Cg)-alkyl groups or -O-
(C4-Cs)-alkyl groups, particularly preferably -(C1-C4)-alkyl groups or -O-(C+-C4)-alkyl groups.
In one embodiment, R® and R® are -(C4-C12)-alkyl.

In one embodiment, R® and R® are -*"Bu.

In one embodiment, R®, R” are selected from: -(C1-C+2)-alkyl, -O-(C+-C+2)-alkyl.

In one embodiment, R® and R” are -OCHj5 or -*"Bu.

In one embodiment, R', R?, R3, R* are selected from -H, -(C4-C12)-alkyl.

In one embodiment, R, R?, R3, R* are -H or -*"Bu.



In one embodiment, the compound has one of the structures (1) to (3):

In addition to the compound per se, a process in which the compound is used is also claimed.

Process comprising the process steps of:

5
a)
10 b)
c)
d)
15

initially charging an ethylenically unsaturated compound;

adding a compound as described above

and a substance comprising Rh;

feeding in H2 and CO,

heating the reaction mixture from a) to c), with conversion of the ethylenically
unsaturated compound to an aldehyde.

In this process, process steps a), b) and c) can be effected in any desired sequence. Typically,

however, CO is added after the co-reactants have been initially charged in steps a) and b). In
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addition, CO can also be fed in in two or more steps, in such a way that, for example, a portion

of the CO is first fed in, then the mixture is heated, and then a further portion of CO is fed in.

The ethylenically unsaturated compounds used as reactant in the process according to the
invention contain one or more carbon-carbon double bonds. These compounds are also
referred to hereinafter as olefins for simplification. The double bonds may be terminal or

internal.

In one variant of the process, the ethylenically unsaturated compound does not comprise any

further functional groups apart from carbon-carbon double bonds.

In one variant of the process, the ethylenically unsaturated compound is selected from: ethene,
propene, 1-butene, cis- and/or trans-2-butene, isobutene, 1,3-butadiene, 1-pentene, cis-
and/or trans-2-pentene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, hexene,

tetramethylethylene, heptene, 1-octene, 2-octene, di-n-butene, or mixtures thereof.

In one variant of the process, the substance comprising Rh is selected from: Rh(acac)(CO)a,
[(acac)Rh(COD)] (Umicore, acac = acetylacetonate anion; COD = 1,5-cyclooctadiene),
Rh4CO12.

In one variant of the process, CO is fed in in process step c) at a pressure in the range from 1
to 6 MPa (10 to 60 bar).

In one variant of the process, the reaction mixture is heated in process step d) to a temperature
in the range from 80°C to 160°C.

The invention shall be elucidated in more detail hereinbelow with reference to working

examples.
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Svynthesis of 6-((3,3'-di-tert-butyl-2'-((4,6-di-tert-butylbenzo[d][1,3,2]dioxaphosphol-2-yl)oxy)-
5,5'-dimethoxy-[1,1'-biphenyl]-2-yl)oxy)-6H-dibenzo[c,e][1,2]oxaphosphinine (1)

2
O
/ P\O
R /
O O
(g |
OCH; OCH,

To a mixture of 2'-((6H-dibenzo[c,e][1,2]loxaphosphinin-6-yl)oxy)-3,3'-di-tert-butyl-5,5'-
dimethoxy-[1,1'-biphenyl]-2-ol (1.000 g; 1.7965 mmol) and triethylamine (0.5 ml) in 16 ml of
THF, this mixture having been cooled to 0°C, is added dropwise a solution of 4,6-di-tert-butyl-
2-chlorobenzo[d][1,3,2]dioxaphosphole (0.5151 g; 1.7965 mmol) in 5 ml of THF. The mixture
is stirred overnight at room temperature and filtered, and the filtrate is concentrated to dryness
under reduced pressure. The solid obtained is dried at 50°C/0.1 mbar for 2 h and then
dissolved in 16 ml of hot acetonitrile. The solid formed after cooling is filtered off, washed with
a little cold acetonitrile and dried at 50°C/0.1 mbar for 4 h. Yield: 0.807 g (1.098 mmol, 61%).

Elemental analysis (calc. for C4sHs607P2> = 806.911 g/mol): C = 71.56 (71.45); H = 6.96 (6.99);
P =7.44 (7.68).

ESI-TOF HRMS: m/z = 807.3586; [M*+H], calc. m/z = 807.35799.

3P NMR (CD2Cl): 6 125.4 (d, Jep = 62 Hz); 126.9 (d, Jee = 33 Hz); 127.6 (d, Jer = 51 Hz);
129.2 (d, Jrp = 96 Hz); 130.4 (d, Jre = 51 Hz); 133.2 (d, Jrp = 62 Hz); 134.2 (d, Jrr = 96 Hz);
135.0 (d, Jrp = 33 Hz) ppm.

"H NMR (CD:Cl.): 4 1.09; 1.15; 1.17; 1.29; 1.30; 1.31; 1.32; 1.34; 1.35; 1.36; 1.36; 1.37; 1.38;
1.38; 1.39; 1.39; 1.40; 1.41; 1.43; 1.44; 1.47; 1.49; 1.52; 1.58; 3.38; 3.53; 3.62; 3.68; 3.81;
3.83; 3.95; 3.96 ppm.
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Svynthesis of 6-((3,3'-di-tert-butyl-2'-((5-(tert-butyl)benzo[d][1,3,2]dioxaphosphol-2-y)oxy)-5,5'-
dimethoxy-[1,1'-biphenyl]-2-yoxy)-6H-dibenzo[c,e][1,2]oxaphosphinine (2)

OCH;  OCHj

To a mixture of 2'-((6H-dibenzo[c,e][1,2]loxaphosphinin-6-yl)oxy)-3,3'-di-tert-butyl-5,5'-
dimethoxy-[1,1'-biphenyl]-2-ol (.5 g; 0.8982 mmol) and triethylamine (0.25 ml) in 8 ml of THF
is added dropwise at 0°C a solution of 5-(tert-butyl)-2-chlorobenzo[d][1,3,2]dioxaphosphole
(0.2071 g; 0.8982 mmol) in 3 ml of THF. The mixture is stirred overnight at room temperature
and filtered, and the filtrate is concentrated to dryness under reduced pressure. The solid
obtained is dried at 50°C/0.1 mbar for 2 h and then dissolved in 6.3 ml of hot acetonitrile. The
solid formed after storage in a freezer is filtered off, washed with a little cold acetonitrile and
dried at 50°C/0.1 mbar for 4 h. Yield: 0.168 g (0.274 mmol, 30%).

Elemental analysis (calc. for C44H4sO7P2 = 750.8042 g/mol): C =70.37 (70.39); H = 6.26 (6.44);
P =8.12 (8.25).

ESI-TOF HRMS: m/z = 773.2778; [M*+Na], calc. m/z = 773.27733.

3P NMR (CD2Cl,): 6 126.2 (d, Jep = 49 Hz); 126.6 (d, Jep = 43 Hz); 128.3 (d, Jer = 86 Hz);
128.4 (d, Jrp = 79 Hz); 134.2 (d, Jre = 79 Hz); 134.7 (d, Jrr = 86 HZz); 136.0 (d, Jrr = 49 Hz);
136.3 (d, Jrp = 43 Hz) ppm.

"H NMR (CD:Cl,): 6 1.13; 1.13; 1.26; 1.27; 1.31; 1.33; 1.36; 1.36; 1.37; 1.38; 1.49; 1.51 ppm.
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Svynthesis  of  6-((3,3',5,5'-tetra-tert-butyl-2'-((5-(tert-butyl)benzo[d][1,3,2]dioxaphosphol-2-
yoxy)-[1,1'-biphenyl]-2-yl)oxy)-6H-dibenzo[c,e][1,2]oxaphosphinine (3)

3

To a mixture of 2'-((6H-dibenzo[c,e][1,2]oxaphosphinin-6-yl)oxy)-3,3',5,5'-tetra-tert-butyl-[1,1'-
biphenyl]-2-ol (0.761 g; 1.250 mmol) and pyridine (0.15 ml) in 10 ml of THF is added dropwise
at 0°C a solution of 5-(tert-butyl)-2-chlorobenzo[d][1,3,2]dioxaphosphole (0.2883 g;
1.250 mmol) in 2 ml of THF. The mixture is stirred overnight at room temperature and filtered,
and the filtrate is concentrated to dryness under reduced pressure. The solid obtained is dried
at 50°C/0.1 mbar for 2 h and then stirred with 8 ml of heptane. The remaining solid is filtered
off, washed with a little cold heptane and dried at 50°C/0.1 mbar for 4 h. Yield: 0.720 g
(1.125 mmol, 90%).

Elemental analysis (calc. for CsoHeoOsP2 = 802.967 g/mol): C = 74.90 (74.79); H = 7.55 (7.53);
P =7.65(7.72).

ESI-TOF HRMS: m/z = 803.4004; [M*+H], calc. m/z = 803.39945.

3P NMR (CD2Cl,): 4 125.8 (d, Jep = 29 Hz); 126.1 (d, Jee = 20 Hz); 126.2 (d, Jer = 28 Hz);
126.4 (d, Jrp = 20 Hz); 132.9 (d, Jrr = 29 Hz); 133.4 (d, Jrr = 28 Hz); 136.8 (d, Jrr = 20 Hz);
137.1 (d, Jrp = 20 HZ) ppm.

Catalysis experiments

The hydroformylation was conducted in a 200 ml autoclave from Premex Reactor AG, Lengau,
Switzerland, equipped with pressure-retaining valve, gas flowmeter, sparging stirrer and
pressure pipette. To minimize the influence of moisture and oxygen, the toluene used as

solvent was purified in a Pure Solv. MD-7 System and stored under argon. The olefin cis/trans-
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2-pentene used as substrate (Aldrich) was heated at reflux over sodium and distilled under
argon. Toluene solutions of the catalyst precursor and of the ligand were mixed in the autoclave
under an argon atmosphere. [(acac)Rh(COD)] (Umicore, acac = acetylacetonate anion; COD
= 1,5-cyclooctadiene) was used as catalyst precursor. The autoclave was heated with stirring
(1500 rpm) at 12 bar for a final pressure of 20 bar. After reaching the reaction temperature, the
olefin was injected into the autoclave by way of a positive pressure established in the pressure
pipette. The reaction was conducted at a constant pressure (closed-loop pressure controller
from Bronkhorst, the Netherlands) over 4 h. At the end of the reaction time, the autoclave was
cooled to room temperature, depressurized while stirring and purged with argon. 1 ml of each
reaction mixture was removed immediately after the stirrer had been switched off, diluted with
10 ml of pentane and analysed by gas chromatography: HP 5890 Series Il plus, PONA, 50 m

x0.2mmx 0.5 um.

The reaction was conducted using compounds (1) to (3) according to the invention and using

the comparative ligand (D-1).

OO (D-1)

Reaction conditions:
Olefin: 2-pentene, solvent: toluene, proportion by mass of rhodium: 100 ppm, p: 20 bar, T:
120°C, t: 4 h, Rh:ligand ratio = 1:2.



The results are compiled in the following table:

Ligand Yield of
aldehyde [%]

1* 94
2 98
3* 99
D-1 14

* compound according to the invention

As the experimental results show, the problem is solved by the compounds according to the
invention.



10

15

20

10

Claims

1. Compound of formula (I):

R’ R?

R3

@)
\

O 4
O @)
Rg ® i
R’ RO
wherein

R', R?, R3, R?% R°® R® R’, R® are each independently selected from: -H, -(C4-C12)-alkyl, -O-(C1-
C12)-alkyl.

(1)

2. Compound according to Claim 1,
wherein R® and R® are -(C4-C12)-alkyl.

3. Compound according to either of Claims 1 and 2,

wherein R% and R® are -*"Bu.

4. Compound according to any of Claims 1 to 3,
wherein R®, R’ are selected from: -(C4-C1z)-alkyl, -O-(C4-C+2)-alkyl.

5. Compound according to any of Claims 1 to 4,

wherein R® and R7 are -OCH3 or -"Bu.

6. Compound according to any of Claims 1 to 5,
wherein R', R?, R®, R* are selected from -H, -(C4-C12)-alkyl.
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7. Compound according to any of Claims 1 to 6,

wherein R', R?, R3, R* are -H or -*"Bu.

5 8. Compound according to any of Claims 1 to 7,

wherein the compound has one of the structures (1) to (3):

OCH;z  OCHj

10 9. Process comprising the process steps of:

a)
b)

c)
15 d)

initially charging an ethylenically unsaturated compound;

adding a compound according to any of Claims 1 to 8

and a substance comprising Rh;

feeding in H2 and CO,

heating the reaction mixture from a) to c), with conversion of the olefin to an
aldehyde.
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10. Process according to Claim 9,

wherein the ethylenically unsaturated compound in process step a) is selected from: ethene,
propene, 1-butene, cis- and/or trans-2-butene, isobutene, 1,3-butadiene, 1-pentene, cis-
and/or trans-2-pentene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, hexene,

tetramethylethylene, heptene, 1-octene, 2-octene, di-n-butene, or mixtures thereof.

11. Process according to either of Claims 9 and 10,
wherein the substance comprising Rh is selected from: Rh(acac)(CO), [(acac)Rh(COD)]

(Umicore, acac = acetylacetonate anion; COD = 1,5-cyclooctadiene), Rh4CO1>.

12. Process according to any of Claims 9 to 11,
wherein CO is fed in in process step c) at a pressure in the range from 1 to 6 MPa (10 to

60 bar).

13. Process according to any of Claims 9 to 12,
wherein the reaction mixture is heated in process step d) to a temperature in the range from
80°C to 160°C.



