New approaches to the synthesis of aminoalkyl-o-carboranes

1. Lewis acid-catalyzed amination of alcohols 5 

Application to o-carboranylmethyl alcohols

X

One simple and practical access to benzylic amines is the direct amination of the corresponding alcohols (easily available compounds) catalyzed by Lewis acids. In this way, it is avoided the necessary previous transformation of the hydroxyl function into a good leaving group that could then be displaced by an amine.

The reaction of diphenylmethanol with non-coordinating amines gives the desired amine products 1, but also the undesirable symmetrical ether 2, due to competition of the alcohol as a nucleophile (Scheme 1).
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The proportions of the resulting compounds depend on the nature of both the Lewis acid and the amine derivatives. Although nitroaniline gives similar yields of the amination products with Au(III), Fe(III) and BF 3 as catalysts (Table 1), for other amines, NaAuCl 4 seems to be the best catalyst in terms of reaction selectivity.

Table 1 Scheme 2

The reaction also gives good results replacing one or two phenyl groups in diphenylmethanol by thiophene units (Scheme 2), by substituting the phenyl group with electron donating (-OMe) or mild electron withdrawing functions (-CF 3 ). Monobenzylic substrates also react under the same reaction conditions to give the amination product in good yields.

Table 2
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In order to apply our strategy to o-carborane substituted benzylic alcohols, we have synthesized several new alcohols, following a previously described procedure (Scheme 3). 6
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High yields of benzylic alcohols are obtained by the reaction of ocarboranyl lithium with (hetero)aromatic aldehydes, either with π-donor or π-acceptor properties (Table 2).

Unfortunately, the reaction of these alcohols with nitroaniline in the presence of Lewis acid catalysts (Fe(III) or BF 3 ) does not lead to the amination product. In all cases, no reaction was observed at room temperature or refluxing conditions (Scheme 4).

The electron-withdrawing effect of the carborane seems to be strong enough to prevent the reaction, which is assumed to proceed through an S N 1-type mechanism, by destabilizing the benzylic cation intermediate. Since the direct (catalyzed) amination of these alcohols did not work, we have changed our focus to conventional amination routes. For this, it is necessary to convert the hydroxyl group into a good leaving group such as tosylate in order to obtain the desired amines (Scheme 5).

Although the formation of the tosylate is observed (δ = 5.75 ppm in RMN 1 H for the benzylic hydrogen instead of 5.10 ppm for the alcohol with R 1 = Me and R 2 = Ph), the reaction proceeds very slowly converting only 20 % of the alcohol into the tosylate after 18 hours at reflux. Improvements of this strategy are in progress. 
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Aminoalkyl-o-carboranes have attracted interest due to their potential use in boron neutron capture therapy (BNCT)1 and as ligands for transition metal catalysts.2 The synthesis of aminoalkyl-o-carboranes is commonly carried out by the addition of terminal alkynes to activated boranes B 10 H 12 L 2 . 3 However this methodology often gives low yields. Other approaches include the reaction of lithio-o-carborane with preformed amines.4 It is therefore of interest to investigate new synthetic routes that produce aminoalkyl-o-carboranes in good yields and from other functional groups that allow the preparation of a variety of amines. In this sense, we have recently reported a synthesis of amines by Lewis acid-catalyzed direct amination of benzylic alcohols.5 Thus, we are now interested in utilizing this organic synthetic procedure to introduce the o-carborane fragments, as part of several projects directed towards the preparation of new metal complexes and their application in catalysis and materials science.

We thank CICYT (Project MAT2006-05339), Generalitat de Catalunya (2005/SGR/00709), Spanish Government (RyC to J.G.P.), MENRT-France (grant to V.T.), CNRS and Université de Versailles-Saint Quentin en Yvelines for financial support.