a2 United States Patent

Christiansen et al.

US009409844B2

US 9,409,844 B2
*Aug. 9,2016

(10) Patent No.:
(45) Date of Patent:

(54) MIXTURE OF DIFFERENT ASYMMETRICAL
BISOPHOSPHITES AND USE THEREOF AS A
CATALYST MIXTURE IN
HYDROFORMYLATION

(71) Applicant: EVONIK DEGUSSA GMBH, Essen
(DE)

(72) Inventors: Andrea Christiansen, Rostock (DE);
Robert Franke, Marl (DE); Dirk
Fridag, Haltern am See (DE); Dieter
Hess, Marl (DE); Katrin Marie
Dyballa, Recklinghausen (DE); Bernd
Hannebauer, Muehlheim (DE)

(73) Assignee: Evonik Degussa GmbH, Essen (DE)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.
(21) Appl. No.: 14/434,827

(22) PCTFiled:  Sep.27,2013

(86) PCT No.: PCT/EP2013/070238
§371 (o)D),
(2) Date: Apr. 10, 2015

(87) PCT Pub. No.: WO2014/056737
PCT Pub. Date: Apr. 17, 2014

(65) Prior Publication Data
US 2015/0266008 A1 Sep. 24, 2015
(30) Foreign Application Priority Data
Oct. 12,2012 (DE) ... 102012 218 625
Oct. 12,2012 (DE) ... 102012 218 627
Oct. 12,2012 (DE) ... 102012 218 629
Oct. 12,2012 (DE) 102012 218 630
(51) Imt.ClL
CO7F 9/30 (2006.01)
CO7C 45/50 (2006.01)
B01J 31/18 (2006.01)
CO7F 9/6574 (2006.01)
B01J 31/02 (2006.01)
B01J 1924 (2006.01)
C07C 67/38 (2006.01)
CO7F 9/6571 (2006.01)
CO7F 15/00 (2006.01)
CO7F 9/6568 (2006.01)
(52) US.CL
CPC ..o C07C 45/505 (2013.01); B01J 19/24

(2013.01); B01J 31/0209 (2013.01); BO1J
31/0237 (2013.01); B01J 31/0271 (2013.01);

B01J 31/185 (2013.01); CO7C 45/50 (2013.01);
C07C 67/38 (2013.01);, CO7F 9/6571
(2013.01); CO7F 9/65746 (2013.01); CO7F
15/0073 (2013.01); BO1J 2219/24 (2013.01);
B01J 2231/321 (2013.01); BO1J 2531/822
(2013.01); CO7F 9/65683 (2013.01); CO7F
9/65685 (2013.01)
(58) Field of Classification Search

USPC ittt 568/12, 14

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,067,890 A 1/1978 Rutledge

4,668,651 A * 5/1987 BIllig ..cccceevorvvenennne. B01J 31/185
502/158

4,769,498 A 9/1988 Billig et al.

5,288,918 A 2/1994 Maher et al.

8,461,394 B2 6/2013 Lueken et al.

8,884,070 B2  11/2014 Franke et al.

2003/0195368 Al
2015/0018576 Al

10/2003 Rottger et al.
1/2015 Baumgarten et al.

FOREIGN PATENT DOCUMENTS

DE 2536 870 Al 3/1976

EP 1294731 Bl 2/2004

EP 2003 138 A1 12/2008

WO WO 2014/056733 Al 4/2014

WO WO 2014/056735 Al 4/2014

WO WO 2014/056736 Al 4/2014
OTHER PUBLICATIONS

U.S. Appl. No. 14/435,007, filed Apr. 10, 2015, Christiansen, et al.
U.S. Appl. No. 14/434,988, filed Apr. 10, 2015, Christiansen, et al.
U.S. Appl. No. 14/434,879, filed Apr. 10, 2015, Christiansen, et al.
U.S. Appl. No. 14/435,052, filed Apr. 10, 2015, Fridag, et al.

U.S. Appl. No. 08/461,394, filed Jun. 11, 2013, Lucken, et al.

U.S. Appl. No. 14/380,647, filed Aug. 22, 2014, Baumgarten, et al.
U.S. Appl. No. 08/884,070, filed Nov. 11, 2014, Franke, et al.
International Search Report issued Jan. 7, 2014 in PCT/EP2013/
070238.

Office Action issued May 31, 2013 in German Patent Application No.
102012 218 630.1.

Robert Franke, et al., “Applied Hydroformylation”, Chemical
Reviews, vol. 112, (2012), pp. 5675-5732.

* cited by examiner

Primary Examiner — Pancham Bakshi
(74) Attorney, Agent, or Firm — Oblon, McClelland, Maier
& Neustadt, L.L.P

(57) ABSTRACT

The invention relates to a mixture of unsymmetric bisphos-
phites, to a process for preparation thereof, to the reaction
thereof with metals to give mixtures comprising complexes of
the bisphosphites and the metal, and to the use thereof as a
catalytically active composition in hydroformylation reac-
tions, and also to the hydroformylation reaction itself.
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