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Abstract: Direct vicinal a,B-difunctionalization of tertiary cyclic amines is achieved in the presence of ruthenium or iridium transition metal
complexes featuring phosphine-sulfonate chelates. By varying the reaction conditions, a-alkylated lactams were obtained via a formal
dehydrogenative hydrolysis where one molecule of hydrogen is generated from water.

In regard to their wide applications in industry as monomers or as agrochemicals and pharmaceuticals, amines and amides constitute
valuable intermediates and the development of straightforward and environmentally benign approaches for the preparation of amines
and related alkaloids is highly desired and at the centre of active research activities.! Hydrogen autotransfers known as hydrogen
borrowing or hydrogen shuttling have found interesting applications in synthesis.[? Since the pioneering discoveries of Guerbet who
demonstrated that the treatment of alcohols with their corresponding alkoxide base led to the formation of the B-dimeric alcohols, the
use of homogeneous transition metal catalysts broadened the scope of applicability of this transformation.>4 These processes are not
limited to alcohols or carbonyl derivatives and similar methodology can be judiciously employed with alcohols and amines to perform
N-alkylation giving the corresponding amines.>>7 A short time after the pioneering results of Watanabe ! and Grigg °3 on N-alkylation
of amines with alcohols, the use of the well-defined ruthenium complex RuHz(PPhs), enabled the formation of pyrrolidine and piperidine
from aminoalcohols.5 These breakthroughs highlighted that hydrogen borrowing transformations match biological pathways and afford
excellent alternatives to traditional approaches involving the use of halogenated reagents or masked/protected carbonyl derivatives to
access similar compounds. Metallo-catalyzed hydrogen transfer processes can also involve iminium and enamine intermediates to
successfully perform deuterations and dealkylations of tertiary amines.®! Interestingly, during dealkylation of tertiary amines, Murahashi
demonstrated that the use of water and acid led to the corresponding secondary amine and aldehyde arising from a dehydrogenative
hydrolysis where water act as a formal oxidant.9 Several groups judiciously took advantage of these generated iminium/enamine
intermediates in the presence of homogeneous catalysts to perform a-functionalization of tertiary cyclic amines, a,B-deuteration of
amines'®, including some enantioselective approaches.*!! Well-defined ruthenium complexes enabled lactam formation from
secondary amines and water.[*213] However to the best of our knowledge, reports dealing on direct a,B-difunctionalization of saturated
tertiary cyclic amines via hydrogen transfers are so far unknown.l**l These transformations are very appealing and would well-
complement recent organic neutral redox transformations which require the presence of functional group on the starting molecule to
trigger such functionalization.*® In 2010, we demonstrated that transition metal complexes-catalyzed hydrogen transfers can be applied
in the preparation of various B-alkylated amines through the transient formation of enamine and a,B-unsaturated iminium
intermediates.*8! More recently we also showed that the generation of vinamidinium intermediates!*” arising from 1,3-propanediols and
amines led to various julolidines through electrocyclization/B-alkylation sequence.l8!

Here we disclose the application of our catalytic systems with the use of 2-hydroxybenzaldehyde derivatives and cyclic tertiary
amines to afford straightforward access to the corresponding functionalized cyclic hemiaminal ethers®® via vicinal a,B-
difunctionalization. The unprecedented formation of a-alkylated lactams from the starting tertiary cyclic amines is also successfully
achieved by a formal endo-cyclic dehydrogenative hydrolysis involving the iminium intermediates (Figure 1).
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Figure 1. Selective a,B-difunctionalizations.

We first started our investigations on the reaction of salicylaldehyde 1a to access to the corresponding cyclic hemiaminal ether
3aa. Due to its lower reactivity and higher stability toward dealkylation, N-phenylpiperidine 2a was initially
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Figure 2. Metal precursors and ligands used in this study.

evaluated (Figure 3). As we previously reported, arene ruthenium complexes embedded with phosphine-sulfonate and bearing chloride
sigma ligand [Ru(p-cymene)(DPPBS)CI]1*%d exhibited low activity during the B-alkylation of N-phenylpiperidine with aldehydes.*"]



Similar low reactivity was also observed with salicylaldehyde 1a and N-phenylpiperidine 2a. To our delight, the replacement of [Ru(p-
cymene)Cly], by [Ru(p-cymene)(OAc).]?*” along with DPPBSA (Figure 2) afforded
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Figure 3. a,B functionalization of N-phenyl piperidine 2a.

the expected cyclized hemiaminal ether 3aa and therefore this reaction was selected for further optimization (Figure 3). Analysis of the
reaction of N-phenylpiperidine 2a with salicylaldehyde 1a at 150 °C in the presence of [Ru(p-cymene)OAc;] along with DPPBSA
revealed the favored formation of the expected cyclized hemiaminal ether 3aa together with the B-alkylated lactam 4aa and the reduced
uncyclized B-alkylated amine 5aa arising from formal CB-alkylation.[*¢?! Owing to the presence of a rigid backbone on salicylaldehyde
la or to a concerted pathway, hemiaminal ether 3aa was exclusively obtained as a cis isomer. Concentrations above 0.4 M were found
to be crucial to observe complete conversion whereas the ratio of 3:4:5 was comparable at lower concentration. The use of an excess
of salicylaldehyde was beneficial to ensure selective cyclization and lower amount of aldehyde resulted in higher ratio of the reduced
product 5aa. Kinetic dependent distribution was also noticed and shorter reaction times favored the product 3aa arising from borrowing
process. Although a mixture 44:38:18 of 3aa:4aa:5aa was observed after 23 hours reaction time, these results clearly demonstrated
that the lactam 4aa and reduced compound 5aa arose from a catalyzed intermolecular hydrogen transfer process from 3aa and the
generated water. Following this optimization, the scope for the hemiaminal ethers 3 formation was next evaluated (Chart 1). Thus,
reactions of various 2-hydroxybenzaldehydes 1 with N-phenylpiperidine 2a resulted in the formation of hemiaminal ethers 3aa-ca in up
to 87% GC yield. Subsequent purification by column chromatography led to the isolation of 3aa, 3ba and 3ca in 62, 60 and 72% yields,
respectively. The use of the N-substituted piperidine 2b bearing the phenylethyl substituent required modification of the reaction
conditions involving the use of toluene as solvent with lower amount of 2-hydroxybenzaldehydes 1la-d (1.1 eq.) to ensure selective
hemiaminal formation Due to the vicinity of the chiral N-substituent, up to 65:35 diastereoisomeric ratio was obtained in these cases.
The results obtained in Chart 1 demonstrated that the difference of reactivity between 2a and 2b takes origin from the corresponding
stability/reactivity of the resulting hemiaminal ethers toward hydrolysis. %

After demonstrating that cyclizations were successful, we next investigated the possibility to selectively produce the corresponding
lactam products 4 and thus to prevent side reduction accounting on compounds 5. For this task, we first evaluated the reaction of N-
benzylpiperidine 2c with salicylaldehyde la to selectively form a-functionalized lactam 4ac using p-xylene as solvent (Scheme 1).
Keeping in mind the influence of acidic additives in the pioneering reported results on dehydrogenative hydrolysis or
dehydrogenation, 822
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Chart 1. Selective hemiaminal ether formation

we postulated that the formation of a-functionalized lactams would be enhanced by the addition of water or by an external acidic
additive.?13 As results, optimization of the reaction conditions led to the development of two catalytic systems to efficiently produce
lactam 4ac. Using [Ru(p-cymene)(OAc),]/DPPBSA catalytic system, addition of extra water in conditions i) had a positive effect toward
the formation of lactam 4ac but side dialkylations occurred. In contrast, the use of the well-defined iridium complex [Ir(Cp*)(DPPBS)CI]
along with camphor sulfonic acid was found to be suitable leading to the selective formation of lactam 4ac and only traces of side
dialkylated products were detected demonstrating that an excess of water was not required to ensure selective lactam formation.

With our best reaction conditions in hand, the access to various lactams 4 was next investigated (Chart 2). The reaction of various 2-
hydroxybenzaldehyde derivatives 1 under dehydrogenative process cleanly afforded lactams 4 in up to 92% GC yield. It is noteworthy
that in the case of 2b, the resulting lactam 4ab was obtained as two diastereoisomers in a 7:3 ratio and the major diastereoisomer was
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Scheme 1. Selective dehydrogenative hydrolysis of 3ac

32% vyield. Lactams arising from N-methylpiperidine 2e were also obtained and successful crystallization of 4ae confirmed the
structure.??l Rationalization of these results was next undertaken. First we postulated that reduced products 5 arose from the in-situ
side reduction of hemiaminal 4 with the metal hydride species. Thus we performed tandem cyclization/hydrogenolysis (Scheme 2).
Reaction of piperidine 2a with salicylaldehyde 1a in the presence of catalytic amount of [Ru(p-cymene)(OAc).]/DPPBSA resulted in the
formation of a mixture of 3aa/5aa in 82:6 ratio with complete conversion. Then, the mixture was subjected to hydrogen pressure leading
to the selective formation of B-alkylated amine 5aa, thus demonstrating that the catalytic system was able to reduce hemiaminal ether
in the presence of hydrogen source. On the basis of these results, formation of the hemiaminal ethers could arise from the sequential
B-alkylation of the generated cyclic enamine | with salicylaldehyde 1 to afford the a,B-unsaturated iminium intermediate Il (Figure 4).
Thus, the reduction of this latter by the generated metal hydride species gave the iminium intermediate 11l as zwitterionic and/or cationic
species. Under our reaction conditions, Il might readily undergo a syn addition due to the rigidity of the aryl backbone to afford 3
whereas side reduction of Ill in the presence of metal hydride species affords 5.
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Chart 2. Iridium-catalyzed a-functionalized lactam 4 formation.



Since no unsaturated a,B-unsaturated hemiaminal ethers were detected during these studies, the concerted cycloaddition of | and
salicylaldehyde is unlikely. Depending on the reaction conditions and the nature of the exocyclic N-substituent, protonation of the
hemiaminal ether 3 gives back iminium Il which in the presence of water affords the hemiaminal IV. All these
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Scheme 2. Tandem cyclization/hydrogenolysis.

transformations are assumed to be reversible but longer reaction time and acidic media favor dehydrogenation of 1V to produce
alkylated lactams 4 along with the liberation of one molecule of hydrogen. This last intermediate is in line with the postulated cyclic
hemiaminal key intermediate for the preparation of lactam from aminoalcohol or secondary amine.[213
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Figure 4. Rationalized mechanism

In conclusion we have demonstrated that hydrogen transfer catalysts can be judiciously employed to selectively afford not only
functionalized amines but functionalized hemiaminal ethers and lactams keeping intact the exocyclic N-moiety with generation of water
or hydrogen as the only side product. The formation of lactams arose from a formal dehydrogenative hydrolysis of the corresponding
hemiaminal ethers. Taken together, these results showed that hydrogen transfer processes enabling the generation of reactive
intermediates might open new inspirations for vicinal or attractive distal a,B-functionalization of amines via sequential or multicomponent
reactions.
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