A R Sahoo 
  
F Jiang 
  
C Bruneau 
  
G V M Sharma 
  
S Suresh 
  
M Achard 
  
Acetals from Primary Alcohols with the Use of Tridentate Proton Responsive PhosphinePyridonate Iridium Catalysts

The association of the new phosphinepyridonate ligands along with iridium metallic precursor resulted in the selective acetalization of various primary alcohols via a formal dehydrogenative coupling reaction.

Apart from being efficient protecting groups of carbonyl derivatives, [START_REF] Wuts | Protection for the Carbonyl Group, in Greene's Protective Groups in Organic Synthesis: Fifth Edition[END_REF] acetals have also found applications in industry as building block for the production of thermoplastics and specific polymers, [2] as flavouring and cosmetic agents, [3] or fuel additives to lower emission of particles and NOx while preventing alteration of the octane and cetane rates. [4] . Traditional preparation of acetals involve reaction of the corresponding carbonyl derivatives with alcohols or diols in the presence of acidic additives. [5] In situ generation of the carbonyl derivatives represents interesting alternative to such process. In this cascade transformation, the starting alcohol acts as a carbonyl source and as nucleophile with the generation of water as the only side product. Heterogeneous and homogeneous oxidative processes were reported for the production of acetals arising from short and long chain alcohols. [6][7][8][9][10][11] Recent heterogeneous photocatalytic dehydrogenative coupling of low boiling point primary alcohols enabled the preparation of the corresponding acetals. [12] Catalytic dehydrogenation has emerged as a promising alternative for the generation of carbonyl derivatives from alcohols. [13] Thanks to finely tuned or non-innocent/proton responsive ligands resulting in the formation of metal-ligand or more recently metal-metal cooperative complexes, recent studies allowed the development of efficient acceptorless homogeneous catalytic systems. [14] Depending on the nature of ligand, the presence of vacant sites on the metal, in the absence of any other reagent, catalytic dehydrogenation of primary alcohols can lead either to Guerbet type alcohol/ketone, ester or acetal. Pioneering report on dehydrogenative acetalization from primary alcohol was reported by Murahashi with the use of ruthenium or rhodium complexes yielding up to 20% of acetals. [15] A breakthrough came with the use of well-defined ruthenium complex featuring acridine pincer type ligands where the presence of proposed hemilabile ligands increased selectivity toward the acetal formation. [16] Among the catalytic systems used in hydrogen transfers, hydroxypyridine/pyridone containing complexes operating through proposed bifunctional pathways have found interesting applications. [17] Noteworthy that non chelating phophinepyridones have also found broad applications in self-assembling catalytic systems. [18] We recently reported the straightforward preparation of new five membered phosphinepyridone chelates and demonstrated the efficiency of such ligand in hydrogenation of unfunctionalized ketones. [19a] Based on our recent interest on hemiaminal formation, [19b] the peculiar behaviour of such ligand in the presence of the bulky pentamethylcyclopentadienyl ligand expressing an hemilabile character of the pyridone moiety attracted our attention. Herein we report on the first preparation of tridentate phosphinepyridones and their applications in iridium-catalyzed acetalisation from various primary alcohols through acceptorless dehydrogenative condensation. Starting from unprotected 6-methyl-2-pyridone L1-H by simple treatment with two equivalents of base to generate the nucleophilic dianion followed by reaction with dichlorophosphine, we were able to isolate the corresponding dialkyl-L2-H and trialkyl-phosphinepyridone L3-H after acidification in 74% and 65% yield, respectively (Scheme 1). With these ligands in hand (Scheme 1), we evaluated their influence in acceptorless dehydrogenation of benzyl alcohol 2a in the presence of iridium precursors (Table 1). The reaction of benzyl alcohol 2a in the presence of [Cp*IrCl 2 ] 2 as catalyst precursor led to the formation of the ether 3a and the aldehyde 4a in a 1:1 ratio with 51% conversion (entry 1). When [Ir(Cp*)(H 2 O) 3 ]SO 4 was used as metallic precursor, full conversion of 2a and selective formation of the ether 3a were observed (entry 6). To the best of our knowledge, selective formation of ether in the presence of a simple iridium metallic precursor has not been reported. [20] Even in a closed Schlenk system, addition of 6-methyl-2-pyridone L1-H confirmed the previous findings of Fujita and Yamaguchi with related ligands, which favored dehydrogenation and led to the major formation of benzaldehyde 4a along with the presence of almost equimolar amount of dibenzyl ether 3a (entry 2). [17a-c,21] Unprecedentedly, the use of our previously reported chelating phosphinepyridonate L4-H reversed the selectivity in favor of the acetal reaching 34% yield of 5a (entry 3). Further screening of the new ligands containing pyridonate moiety revealed a ]SO 4 affording up to 60% GC yield of 5a along with benzaldehyde (entry 5 and 7). Finally increasing the reaction temperature in the same range as previous reports gave almost exclusively the acetal 5a in 98% GC yield and 94% isolated yield (entries 8 and 9). [15,16a] The use of the more basic trialkylphosphine L3-H dramatically lowered the conversion (entry 4). In all the above experiments, in the absence of additives, the formations of benzyl benzoate or hemiacetal were only observed as traces. Having established our best reactions toward the selective formation of acetal 5a from benzyl alcohol, we next investigated the scope of the transformation with various alcohols (Scheme 2). These results show that the catalytic system is active in dehydrogenative acetalization of various benzylic alcohols irrespective of the substitution on the Scheme 2 Preparation of various acetals from aliphatic and benzylic alcohols aromatic moiety affording almost up to 80% conversion in most cases with isolated yields ranging from 58 to 94% for acetals 5ai. The modest to good isolated yields of acetals can be easily explained by their relative instability slow hydrolysis during purification by column chromatography. Selective formation of aliphatic acetals 5j-l was also observed from butanol, hexanol and octanol giving acetals in up to 95% conversion and 76% isolated yield. Noteworthy that a 130°C reaction temperature was sufficient to ensure the conversion of butanol. The case of bulky primary benzylic alcohol was also investigated (Scheme 3).

Although the reaction of 2-naphthylmethanol 2m under our optimized catalytic conditions did afford the expected acetal 5m, the side formation of unexpected naphthalene 6m and 2-methylnaphthalene 7m was also detected. This result may in part be explained by the occurrence of side decarbonylation and formal hydrogenolysis processes. [22][23][24] The competitive experiment between one equivalent of benzyl alcohol and one equivalent of 1,3-propanediol resulted in the formation of the expected cyclic acetal 5n in 35% conversion and 30% isolated yield indicating a deactivation of the catalytic system presumably due to the coordination and/or the decomposition of 1,3-propanediol (Scheme 4).

Scheme 3

The case of the bulky 2-naphthalenemethanol 2m : Observation of decarbonylated and deoxygenated side products Under these experimental conditions, secondary alcohols were selectively converted into the corresponding ketones (See supporting information). In order to get an idea of the exact nature of the active/resting species during the dehydrogenative acetalization, we investigated the fate of the ligand L2-H with [Cp*IrCl 2 ] 2 . Owing to its lower polarity, reaction of octanol 2l under typical catalytic reaction conditions resulted in 80% conversion of the starting primary alcohol to the corresponding acetal 5l along with the formation of a yellow/orange precipitate in the resulting mixture. 31 P and 1 H NMR analyses of this latter highlighted the formation of two complexes including one symmetrical species based on 1 H NMR integration with a 31 P signal located at 31.5 ppm and one unsymmetrical with a singlet at 13.2 ppm, respectively. [19a] Scheme 4 Initial attempt to access to cyclic acetal Next, in order to characterize the aforementioned species, the stoichiometric reaction of L1-H and [Cp*IrCl 2 ] 2 was carried out in methanol at room temperature and resulted in the formation of a yellow solution. [19a] Owing to the presence of the bulky Cp* ligand, NMR spectroscopic analysis revealed the presence of two species in dynamic equilibrium (Scheme 5). 31 P NMR analyses in CD 3 OD revealed the presence of two species located at 30.2 and 13.5 ppm, respectively, whereas the use of D 2 O demonstrated the complete conversion toward the species located at 30.2 ppm. Evaporation and addition of CD 3 OD restored the equilibrium. Monocationic complex Ir-1 was unambiguously identified by successful crystallization layering methanol and diethyl ether. NMR spectroscopy corroborates the formation of an unsymmetrical cationic iridium(III) complex Ir-1 bearing a pendant pyridone arm. The structural dicationic isomer Ir-1' was easily deduced from our previous results and by comparison with a previously reported iridium complex featuring a tridentate (k 3 , P,O,O') phosphinephenolate [19a, 25] and suggests that the symmetrical species complex Ir-2. With these complexes in hand, we next investigated their possible implication in the catalytic transformation. As expected deprotonated Ir-2 complex was However, at this stage of this research, considering the attractive but complex dynamic behaviour of phosphinepyridones, a metallo-organo-catalyzed transformation as well as the transient formation of bi-or poly-metallic species cannot totally be excluded. [18, 19a,26] 

Conclusions

In conclusion, we have reported the synthesis of two new tridentate proton responsive/hemilabile ligands allowing the development of a new catalytic system for the dehydrogenative acetalization of primary alcohols with the release of one molecule of hydrogen and water as the only side product of the reaction. Preparation of well-defined complexes from these ligands and applications to other hydrogen transfer processes is currently underway to gain a deeper understanding on their peculiar reactivities.
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Scheme 1

 1 Scheme 1 Preparation of the new tridentate L2-H and L3-H ligands. Previously reported ligands L1-H and L4-H used in this study.

corresponding to Ir- 1 '

 1 Scheme 5 Dynamic behaviour of the well-defined iridium complex Ir-1.

Fig. 1 X

 1 Fig. 1 X-ray structure of Ir-1. Selected bond lengths (Å) and angles (°), Ir1-Cl1 2.399(3); Ir1-P1 2.278(4); Ir1-N11 2.14(1); C12-O18 1.23(2); C24-O26 1.424(1); Cl1-Ir1-P1 91.4(1); Cl1-Ir1-N11 88.0(3); P1-Ir1-N11 79.6(3); N11-C12-O18 115(1); N25-C24-O26 119(1). CCDC 1453002 contains the supplementary crystallographic data for Ir-1

Table 1

 1 Acetalization versus Etherification from benzylacohol 2a Conversions and GC yields were determined by GC analysis with dodecane (30 µL) as internal standard and the number in parenthesis corresponds to the isolated yield after purification by column chromatography. c Reaction carried out with 0.5 mL of THF. d Reaction carried out with 0.5 mL THF at 170 °C for 24 hours.strong influence of the second pyridone moiety toward conversion and selectivity and the best result for acetalization has been obtained in the presence of L2-H and [Cp*IrCl 2 ] 2 or [Ir(Cp*)(H 2 O) 3

		a				
	entry	Cat.	Ligand	Conv	Ratio 3a/4a/5a	Yield of 5a b
	1	[Cp*IrCl 2 ] 2	-	51	49:50:1	0
	2	[Cp*IrCl 2 ] 2	L1-H	96	41:58:1	0
	3	[Cp*IrCl 2 ] 2	L4-H	45	2:27:71	34
	4	[Cp*IrCl 2 ] 2	L3-H	20	6:66:28	7
	5	[Cp*IrCl 2 ] 2	L2-H	65	0:17:83	60
	6	[Ir(Cp*)(H 2 O) 3 ]SO 4	-	100	84:7:5	4
	7	[Ir(Cp*)(H 2 O) 3 ]SO 4	L2-H	59	5:6:89	51
	8 c	[Cp*IrCl 2 ] 2	L2-H	95	6:7:87	85
	9 d	[Cp*IrCl 2 ] 2	L2-H	98	2:2:96	96(94)

a Experimental conditions: all reactions were performed under an inert atmosphere of argon and carried out with benzyl alcohol 1a (1.0 mmol), Ligand (1 mol%), metallic precursor (1 mol% with respect to the metal) in a closed Schlenk tube in THF (1 mL) at 150 °C for 24h.

b