Gold-catalyzed aerobic cleavage of methyl 9,10-dihydroxystearate
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Introduction

Azelaic acid (nonanedioic acid, AA) and its derivatives are used in a broad range of industrial applications such as polymers and synthetic fibres, lubricants, plasticisers or pharmaceuticals The manufacture of AA is made from oleic acid (OA) via ozonolysis [
]. However, due to safety risks alternative syntheses are highly demanded. 9,10-Dihydroxystearic acid (DSA), obtained by the oxidation of OA, was cleaved under aerobic conditions using cobalt catalysts, also in combination with polyoxometallates or N-hydroxyphthalimide [
,
,
]. In this study, a new gold-catalyzed aerobic cleavage of methyl 9,10-dihydroxystearate (MDS) or DSA without any additional co-oxidant is described.
Experimental

In typical screening experiments, 1 mmol substrate, 0.5 mol% catalyst, 2-20 mmol NaOH and 20 ml H2O were placed in a 100 ml Parr autoclave. Then the autoclave was pressurized with 5 bar O2 and stirred at 80°C for 260-540 min. Additionally, experiments under optimized conditions were carried out under normal pressure in a 500 ml Buechi glass reactor equipped with double jacket heater, stirrer, oxygen inlet dipping into the liquid, pH-electrode and base (KOH) inlet for keeping a constant pH. The conversion and yield of products were controlled by GC-MS. 
Results

Monomethyl azelate 3 (MMA) and pelargonic acid 2 (PA) were the main products in the Au-catalyzed oxidation of MDS 1 with O2 (Table 1). Observed side products were octanoic acid and octanedioic acid as products of chain-degrading further oxidation. Gold nanoparticles supported by different metal oxides were used as catalysts (Table 1, entries 2-6), Highest yields in cleavage products were obtained with Au/Al2O3, therefore it was used for further optimizations. Obviously, the pH value of the reaction solution has a main influence on catalytic activity. Even if the actual pH value could not be detected in the autoclaves under reaction conditions, different molar amounts of NaOH were added to generate a basic environment. The highest yield of 2 and 3 were observed at a molar ratio of 1:NaOH=1:10 (entry 11). Currently, experiments are performed in a glass reactor under constant pH values
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Fig. 1. Cleavage of methyl 9,10-dihydroxystearate 
	entry
	1 [mmol]
	catalyst
	Au loading [w%]
	nAu [mmol]
	nNaOH

[mmo]
	t 
[min]
	X (1)

[mol%]
	Y (2)

[mol%]
	Y (3)

[mol%]

	1
	2
	blank
	-
	0.004
	4
	540
	
	
	

	2
	2
	Au/CeO2
	0.36
	0.004
	4
	540
	
	6
	

	3
	2
	Au/Al2O3
	0.64
	0.004
	4
	540
	
	37
	

	4
	2
	Au/MgO
	0.18
	0.004
	4
	540
	
	16
	

	5
	2
	Au/ZrO2
	0.29
	0.004
	4
	540
	
	20
	

	6
	2
	Au/Fe2O3
	1.06
	0.004
	4
	540
	
	28
	

	7
	1
	Au/Al2O3
	0.64
	0.002
	0
	260
	
	0
	

	8
	1
	Au/Al2O3
	0.64
	0.002
	2
	260
	
	14
	

	9
	1
	Au/Al2O3
	0.64
	0.002
	6
	260
	
	34
	

	10
	1
	Au/Al2O3
	0.64
	0.002
	8
	260
	
	38
	

	11
	1
	Au/Al2O3
	0.64
	0.002
	10
	260
	
	47
	

	12
	1
	Au/Al2O3
	0.64
	0.002
	20
	260
	
	22
	


Reaction conditions: 20 ml H2O, 80 °C, 5 bar O2 
Table 1. Accomplished catalytic runs 
Further investigations in order to improve the yield of MMA and to include DSA, 9,10,12-trihydroxy stearic acid and 13,14-dihydroxybehenic acid derivatives are in progress.
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