
P Ligands
DOI: 10.1002/anie.201004041

Primary and Secondary Aminophosphines as Novel P-Stereogenic
Building Blocks for Ligand Synthesis**

Marc RevØs, Catalina Ferrer, Thierry León, Sean Doran, Pablo Etayo, Anton Vidal-Ferran,

Antoni Riera,* and Xavier Verdaguer*

Chiral phosphine ligands are central to asymmetric metal

catalysis.[1] The effect of the majority of these ligands arises

from the chirality of their backbones; however, P-stereogenic

(P*) ligands have garnered renewed interest.[2] After the

decisive work of Knowles and co-workers with PAMP and

DIPAMP ligands, several efficient syntheses of all-carbon P*

compounds have been reported.[3, 4] In contrast, P* com-

pounds that contain heteroatoms directly linked to the

phosphorus center are scarce, and have found little applica-

tion in catalysis. This class of substances includes secondary

phosphine oxides, which exist in equilibrium with their

trivalent phosphinite form.[5] P* aminophosphines, which are

the corresponding nitrogen analogues, are even more rare,[6]

as free primary aminophosphines tend to dimerize with the

evolution of ammonia.[7] However, Kolodiazhnyi et al. have

reported that borane aminophosphines of type I are stable

and that they can be obtained in diastereomerically pure form

using 2-phenylethylamine as a chiral amine (Scheme 1).[8]

Nonetheless, type I compounds do not have any reported

applications in asymmetric catalysis, nor has their hydro-

genolysis been described. We envisioned that reductive

cleavage of the arylethyl fragment should provide borane-

protected primary aminophosphines of type II, which would

be amenable to further transformations and become useful P*

building blocks in catalysis. Herein, we report the synthesis of

enantiopure P-chiral primary and secondary aminophos-

phines (II) and diphosphinoamines (III).

We began by investigating the hydrogenolysis of the

known compound 1a, which contains a tert-butyl-

(phenyl)phosphinamine moiety (Scheme 2), under various

reaction conditions; however, all initial attempts failed. We

were pleased to find that reaction of 1a with lithium in

ammonia afforded the desired cleavage of the benzylic

fragment. Although the phenyl group attached to phosphorus

underwent concomitant Birch-type reduction to form the

phosphinodiene 2 (Scheme 2), oxidation of 2 with KMnO4 on

alumina resulted in 3 ; to the best of our knowledge, this is the

first report of this compound.[9, 10] We were able to circumvent

the undesired Birch-type reduction by preparing the naphthyl

derivative 1b. Reductive cleavage of the naphthylethyl frag-

ment in 1b occurs before the undesired Birch reduction of the

phosphine phenyl group. This behavior, which may be

attributed to the difference between the reduction potentials

of the naphthalene and benzene rings,[11] enabled the efficient

syntheses of the primary and secondary aminophosphines 3

and 4, respectively, from 1b (Scheme 2). Notably, no isomer-

ization of the phosphorus center was detected under these

conditions. Thus, the use of diastereomerically pure 1a or 1b

Scheme 1. Strategy explored to synthesize P*-aminophosphine building

blocks.

Scheme 2. Synthesis of primary and secondary aminophosphines 3

and 4. Reagents and conditions: a) Li/NH3, tBuOH, ÿ78 8C, THF;

b) KMnO4, Al2O3, 0 8C, acetone; c) nBuLi, MeI, THF.
[*] M. RevØs, Dr. C. Ferrer, T. León, S. Doran, Prof. A. Riera,

Prof. X. Verdaguer

Unitat de Recerca en Síntesi Asim�trica (URSA)-PCB

Institute for Research in Biomedicine (IRB) Barcelona and

Departament de Química Orgànica, Universitat de Barcelona

c/Baldiri Reixac 10, 08028 Barcelona (Spain)

Fax: (+34)403-7095

E-mail: antoni.riera@irbbarcelona.org

xavier.verdaguer@irbbarcelona.org

Homepage: http://www.ursapcb.org

Dr. P. Etayo, Dr. A. Vidal-Ferran

Institute of Chemical Research of Catalonia (ICIQ)

Adva. dels Països Catalans 16, 43007 Tarragona (Spain)

Dr. A. Vidal-Ferran

Institució Catalana de Recerca i Estudis Avançants (ICREA)

Passeig Lluís Companys 23, 08018 Barcelona (Spain)

[**] We thank MICINN (CTQ2008-00763/BQU and CTQ2008-00950/

BQU), the Generalitat de Catalunya (2009SGR 00901), IRB

Barcelona, and Enantia for financial support. M.R. thanks the MEC

for a fellowship. T.L. thanks the Generalitat de Catalunya for a

Fellowship.

Supporting information for this article is available on the WWW

under http://dx.doi.org/10.1002/anie.201004041.

Communications

9452 � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2010, 49, 9452 –9455


