
(I) 

R1  

• R2  

P 
R3 

\
R4  

1 

Pd-catalyzed decomposition of formic acid 

The invention relates to a process for Pd-catalyzed decomposition of formic acid (HCOOH). 

5 Formic acid is used in chemical reactions as an acid or solvent for example but may also be 

generated as a byproduct of a reaction. On account of its corrosive or strong-smelling properties, 

it may be desirable to remove the formic acid. 

The present invention has for its object to provide a process in which formic acid is efficiently 

10 	decomposed with the aid of a catalyzed process. 

The object is achieved by a process according to Claim 1. 

Process comprising the process steps of: 

15 	a) presence of formic acid; 

b) addition of a compound comprising Pd, wherein the Pd is capable of forming a complex; 

c) addition of a compound of general formula (I): 

20 	wherein R1, R2, R3, R4  are each independently selected from: -H, 	 -0-(C1-C12)-alkyl, 

-(C4-C14)-aryl, -O-(C4-C14)-aryl, cycloalkyl, -(C1-C12)-heteroalkyl, -0-(C1-C12)-heteroalkyl, -(C3-

C14)-heteroaryl, -O-(C3-C14)-heteroaryl, -COO-alkyl, -COO-aryl, -C-0-alkyl, -C-0-aryl, NH2, 

halogen and the residues are also capable of forming a larger condensed ring; 

wherein the recited alkyl groups, aryl groups, cycloalkyl, heteroalkyl groups, heteroaryl groups 

25 	may be substituted as follows: 

-(C1-C12)-alkyl, -O-(C1-C12)-alkyl, halogen; 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl; 

d) addition of Me0H; 

e) heating of the reaction mixture to decompose the formic acid. 
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In one variant of the process, the compound in process step b) is selected from: 

Pd(acac)2, PdC12, Pd(dba)3*CH3CI (dba = dibenzylideneacetone), Pd(OAc)2, Pd(TFA)2, 

Pd(CH3CN)C12. 

In one variant of the process, the compound in process step b) is Pd(OAc)2. 

In one variant of the process, the process comprises the additional process step f): 

f) addition of an acid. 

In one variant of the process, the acid in process step f) is selected from: H2SO4, CH3SO3H, 

CF3SO3H, PTSA. 

In one variant of the process, the acid in process step f) is PTSA. 

15 

In one variant of the process, R1, R2, R3, R4  are each independently selected from: -(C1-C12)-alkyl, 

-0-(C1-C12)-alkyl, -(C4-C14)-aryl, -O-(C4-C14)-aryl, cycloalkyl, -(C1-C12)-heteroalkyl, -O-(C1-C12)-

heteroalkyl, -(C3-C14)-heteroaryl, -O-(C3-C14)-heteroaryl, -COO-alkyl, -COO-aryl, -C-0-alkyl, -C-

0-aryl, NH2, halogen and the residues are also capable of forming a larger condensed ring; 

20 wherein the recited alkyl groups, aryl groups, cycloalkyl, heteroalkyl groups, heteroaryl groups 

may be substituted as follows: 

-(C1-C12)-alkyl, -0-(C1-C12)-alkyl, halogen; 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl. 

25 	In one variant of the process, R1, R2, R3, R4  are each independently selected from: -(C1-C12)-alkyl, 

-(C4-C14)-aryl, cycloalkyl, -(C1-C12)-heteroalkyl, -(C3-C14)-heteroaryl, halogen and the residues are 

also capable of forming a larger condensed ring; 

wherein the recited alkyl groups, aryl groups, cycloalkyl, heteroalkyl groups, heteroaryl groups 

may be substituted as follows: 

30 	-(C1-C12)-alkyl, -0-(C1-C12)-alkyl, halogen; 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl. 

5 

10 
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In one variant of the process, R1, R2, R3, R4  are each independently selected from: -(C1-C12)-alkyl, 

cycloalkyl, -(C3-C14)-heteroaryl and the residues are also capable of forming a larger condensed 

ring; 

wherein the recited alkyl groups, cycloalkyl, heteroaryl groups may be substituted as follows: 

	

5 	-(C1-C12)-alkyl, -O-(C1-C12)-alkyl, halogen, 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl. 

In one variant of the process, R1, R4  are each independently selected from: -(C1-C12)-alkyl, 

cycloalkyl and the residues are also capable of forming a larger condensed ring; 

	

10 	wherein the recited alkyl groups, cycloalkyl may be substituted as follows: 

-(C1-C12)-alkyl, -0-(C1-C12)-alkyl, halogen. 

In one variant of the process, R2, R3  each independently represent -(C3-C14)-heteroaryl, 

wherein the recited heteroaryl groups may be substituted as follows: 

	

15 	-(C.1-C,2)-alkyl, -0-(C1-C12)-alkyl, halogen. 

In one variant of the process, the compound of general formula (I) is selected from the 

structures (1) to (3): 

20 

(1) 

(2) 



(3). 
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5 	In one variant of the process, the compound of general formula (I) has the structure (2): 

P i  N 

(2). 

In one variant of the process, the compound of general formula (I) has the structure (3): 

10 (3). 

The invention is elucidated in detail hereinafter by working examples. 

Investigation of Pd-catalyzed decomposition of formic acid  

15 

HCOOH r COPd(OAc)2/UPTSA(0.05/0.2/1 mol°/0) 	
+ H2  + 

„sr., 
2 

 

Me0H, 100°C, 18h 
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Under an argon atmosphere [Pd(OAc)2] (4.48 mg, 0.02 mmol, 0.05 mol%), Ligand L (0.08 mmol, 

0.2 mol%), PTSA-I-120 (76 mg, 0.4 mmol, 1.0 mol%) were introduced into an autoclave. (Addition 

of individual constituents was eschewed in individual experiments as per following table.) 

Subsequently, Me0H (6.5 ml) and HCOOH (40 mmol, 1.50 ml) were injected with a syringe. The 

5 	autoclave was then purged three times with nitrogen (5 bar). The reaction mixture was heated to 

100°C and held at this temperature for 18 h. After this time, the autoclave was cooled to room 

temperature. 

Pressure was measured by electronic autoclave pressure recording sensors. 

The selectivity of CO, H2 and CO2  was determined by gas GC analysis. 

10 

The results are summarized in the following table: 

Table: 

Pd L PTSA Total pressure (bar) CO 
(bar, %) 

H2 
(bar, %) 

CO2 
(bar, %) 

0.3 0.009, 3 0.147, 49 0.144, 48 

+ - - 0.4 0.020, 5 0.192, 48 0.188, 47 

+ 0.2 0.020, 10 0.092, 46 0.088, 44 

L4 0.5 0.055, 11 0.28, 56 0.165, 33 

+ + 0.2 0.012, 6 0.126, 63 0.062, 31 

+ L4 - 2.2 1.474, 67 0.396, 18 0.330, 15 

+ L4 + 5.5 4.840, 88 0.385, 7 0.275, 5 

+ L3 + 2.2 1.914, 87 0.176, 8 0.110, 5 

+ L5 + 6.0 5.04, 84 0.54, 9 0.42, 7 

L3 - 0.8 0.24, 30 0.32, 40 0.24, 30 

15 	+: added 

-: not added 

As is shown by the experiments described above, the object is achieved by a process according 

to the invention. 

20 
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Patent claims 

1. Process comprising the process steps of: 

a) providing a reaction mixture comprising formic acid; 

5 

	

	b) adding a compound comprising Pd, wherein the Pd is capable of forming a complex; 

c) adding a compound of general formula (I): 

wherein R1, R2, R3, R4  are each independently selected from: -H, -(C1-C12)-alkyl, -0-(C1-C12)-alkyl, 

10 	-(C4-C14)-aryl, -O-(C4-C14)-aryl, cycloalkyl, -(C1-C12)-heteroalkyl, -O-(C1-C12)-heteroalkyl, -(C3-

C14)-heteroaryl, -O-(C3-C14)-heteroaryl, -COO-alkyl, -COO-aryl, -C-0-alkyl, -C-0-aryl, NH2, 

halogen and the residues are also capable of forming a larger condensed ring; 

wherein the recited alkyl groups, aryl groups, cycloalkyl, heteroalkyl groups, heteroaryl groups 

may be substituted as follows: 

15 	-(C1-C12)-alkyl, -O-(C1-C12)-alkyl, halogen; 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl; 

d) adding Me0H; 

e) heating of the reaction mixture to decompose the formic acid. 

20 2. Process according to Claim 1, 

wherein the compound in process step b) is selected from: 

Pd(acac)2, PdC12, Pd(dba)3*CH3CI (dba = dibenzylideneacetone), Pd(OAc)2, Pd(TFA)2, 

Pd(CH3CN)C12. 

25 	3. Process according to either of Claims 1 and 2, 

wherein the compound in process step b) is Pd(OAc)2. 

4. Process according to any of Claims 1 to 3, 

wherein the process comprises additional process step f): 

30 
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f) adding an acid. 

5. Process according to Claim 4, 

wherein the acid in process step f) is selected from: H2SO4, CH3SO3H, CF3SO3H, PTSA. 

5 

6. Process according to either of Claims 4 and 5, 

wherein the acid in process step f) is PTSA. 

7. Process according to any of Claims 1 to 6, 

10 wherein R1, R2, R3, R4  are each independently selected from: -(C,-C12)-alkyl, -0-(C,-C12)-alkyl, -

(C4-C,4)-aryl, -0-(C4-C14)-aryl, cycloalkyl, -(C,-C12)-heteroalkyl, -0-(C1-C12)-heteroalkyl, -(C3-C14)-

heteroaryl, -0-(C3-C14)-heteroaryl, -COO-alkyl, -000-aryl, -C-0-alkyl, -C-0-aryl, NH2, halogen 

and the residues are also capable of forming a larger condensed ring; 

wherein the recited alkyl groups, aryl groups, cycloalkyl, heteroalkyl groups, heteroaryl groups 

15 	may be substituted as follows: 

-(C,-C12)-alkyl, -0-(Ci-C12)-alkyl, halogen; 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl. 

8. Process according to any of Claims 1 to 7, 

20 wherein R1, R2, R3, R4  are each independently selected from: -(C,-C12)-alkyl, -(C4-C14)-aryl, 

cycloalkyl, -(C1-C12)-heteroalkyl, -(C3-C14)-heteroaryl, halogen and the residues are also capable 

of forming a larger condensed ring; 

wherein the recited alkyl groups, aryl groups, cycloalkyl, heteroalkyl groups, heteroaryl groups 

may be substituted as follows: 

25 	-(C,-C12)-alkyl, -0-(C1-C12)-alkyl, halogen; 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl. 

9. Process according to any of Claims 1 to 8, 

wherein R1, R2, R3, R4  are each independently selected from: -(C1-C12)-alkyl, cycloalkyl, -(C3-C,4)- 

30 	heteroaryl and the residues are also capable of forming a larger condensed ring; 

wherein the recited alkyl groups, cycloalkyl, heteroaryl groups may be substituted as follows: 

-(C1-C12)-alkyl, -0-(C1-C12)-alkyl, halogen, 

and at least one of the radicals R1, R2, R3, R4  does not represent phenyl. 

35 
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10. Process according to any of Claims 1 to 9, 

wherein R1, R4  are each independently selected from: -(C1-C12)-alkyl, cycloalkyl and the residues 

are also capable of forming a larger condensed ring; 

wherein the recited alkyl groups, cycloalkyl may be substituted as follows: 

	

5 	-(C1-C12)-alkyl, -0-(C1-C12)-alkyl, halogen. 

11. Process according to any of Claims 1 to 10, 

wherein R2, R3  each independently represent -(C3-C14)-heteroaryl, 

wherein the recited heteroaryl groups may be substituted as follows: 

	

10 	-(C1-C12)-alkyl, -O-(C1-C12)-alkyl, halogen. 

12. Process according to any of Claims 1 to 11, 

wherein the compound of general formula (I) is selected from the structures (1) to (3): 

15 

(2). 

(3). 

20 	13. Process according to any of Claims 1 to 12, 

wherein the compound of general formula (I) has the structure (2): 



(2). 

14. Process according to any of Claims 1 to 12, 

wherein the compound of general formula (I) has the structure (3): 

(3). 

5 


