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Abstract: A novel enantioselective synthesis of $-amino alcohols and 1,2-diamines is reported

which incorporates the first description of the asymmetric hydrogenation of dehydro-8-amino alcohols
and dehydro-a-amino aldoximes. © 1999 Elsevier Science Ltd. All rights reserved.

Chiral B-amino alcohols and 1,2-diamines are important components of myriad biologically active
compounds and also have been applied extensively as chiral auxiliaries and ligands for asymmetric catalysis.
Consequently, development of efficient asymmetric syntheses of these classes of chiral compounds is of
great interest.

B-Amino alcohols generally are accessed by reduction of the corresponding a-amino esters typically
using LiAIH,' or NaBH,,? or related reactions involving the reduction of a-amino acids.> These approaches
are limited by the availability of the precursor a-amino acid. Moreover, product yields are often limited due
to problematic isolation procedures. The preparation of chiral 1,2-diamines generally is restricted to
classical resolution of a racemic mixture of the amine, which entails all the limitations of such processes:
identification of resolving agents; availability of each enantiomer of resolving agent; 50% maximum yield of
desired enantiomer, etc.?

The broad scope of the DuPHOS and BPE ligand systems for asymmetric catalytic transformations has
been amply demonstrated.’ For example, recently we have shown the use of cationic DuPHOS-Rh and BPE-
Rh catalysts for the asymmetric synthesis of amino acid,® amine,” and succinate® derivatives. Herein, we
describe application of these catalyst systems to the direct synthesis of B-amino alcohols through efficient
asymmetric hydrogenation of prochiral dehydro-B-amino alcohol derivatives 3 and 4. Furthermore, the
dehydro-B-amino alcohols 3 are readily transformed into dehydro-a-amino aldoximes 8 which, following
asymmetric hydrogenation and oxime reduction, afford selectively protected chiral 1,2-diamines 10 with
high enantiomeric excesses. An alternative approach to B-amino alcohol derivatives, via asymmetric
hydrogenation using DuPHOS-Rh and related catalyst systems recently has been reported.’

The requisite dehydro-B-amino alcohols 3 were obtained by LiAlH4 reduction of dehydro-a-amino
esters,'o which were prepared using the Horner-Emmons method of Schmidt ez al A Initially, the procedure
was examined with N-Boc and N-acetyl dehydro-o-amino esters. However, in the case of N-acetyl protected
substrates, there was a propensity for reduction of the N-protecting group and so efforts were concentrated on
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the N-Boc derivatives. The N-Boc protected enamides 2 proved highly amenable to the reduction procedure
and the corresponding alcohols 3 were obtained in good yield after either chromatography and/or

crystallisation (75 — 85%). In all cases the spectroscopic data for the products 2 and 3 were consistent with

them being single geometric isomers (Scheme 1).'%!!
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Scheme 1. Synthesis of dehydro-B-amino alcohols 3.

Dehydro-B-amino alcohols 3 thus obtained were subjected to asymmetric hydrogenation using cationic
Et-DuPHOS-Rh'? complexes. A range of PB-amino alcohols 5 was produced using this method and the
results are depicted in Scheme 2. Substrates 3, containing various R-substituents, were examined and the
selectivities achieved using the Et-DuPHOS-Rh catalyst generally were excellent. However, certain
heterocyclic substrates 3 were reduced with anomalously low selectivities. It was postulated that for these
substrates there might be competitive coordination of the free OH to the metal centre of the catalyst, thus
reducing enantioselectivity. In order to mitigate any such interaction, the free OH of these substrates 3 was
acetylated to provide substrates 4. Subsequent hydrogenation of dehydro-B-amino acetates 4 proceeded with
excellent enantioselectivities, to give the products 6 (Table in Scheme 2). It was determined that the (S,S)-
Et-DuPHOS-Rh catalyst provided B-amino alcohols with (S)-absolute configuration.'" These reactions
proceeded smoothly to completion over 12 h using S/C ratios of 1000.

R/\I/\OR- 0.1 mol% (S,S)-Et-DuPHOS-Rh R/\‘/\OR'
THF or MeOH, 30 psi H;, 12 h

NHBoc NHBoc
J;R'=H S5R'=sH
4;R'=Ac 6;R'=Ac
R Methyl Phenyl Cyclohexyl  2-MeO- Benzyl 2-Naphthyl  2-Furanyl = 2-Thienyl
Phenyl
3, %ee 95 93 96 93 >99 87 21 28
4,%ee - - - - - 98 98 96

Scheme 2. Asymmetric hydrogenation of substrates 3 and 4.

We next examined the use of the dehydro-B-amino alcohols 3 for the preparation of enantiomerically
enriched 1,2-diamines 10. A synthetic sequence was devised to avoid extensive chemical manipulation of

molecules bearing a sensitive stereogenic centre. To achieve this, the achiral dehydro-B-amino alcohols 3,
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were subjected directly to Dess-Martin oxidation to form the dehydro-a-amino aldehydes 7 in good yield
(>70%, following chromatographic purification). These aldehydes 7 were then reacted with hydroxylamine
hydrochloride/pyridine to afford the corresponding oximes 8, also in good yield (>85%)."* Spectroscopic

data indicated products 8 were formed as mixtures of oxime geometric isomers (Scheme 3).
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Scheme 3. Synthesis of dehydro-a-amino aldoximes 8.

Dehydro-a-amino aldoximes 8 were examined as substrates for asymmetric hydrogenation, ultimately
to afford chiral 1,2-diamines. Preliminary studies of the asymmetric hydrogenation of the substrates 8
showed that the cationic DuPHOS-Rh catalyst systems were again extremely efficient for the required
asymmetric hydrogenation and provided the enantiomerically-enriched oxime products 9. These reactions
also proceeded smoothly to completion over 12 h again using S/C ratio of 1000."® The homogeneous
asymmetric catalysts displayed high chemoselectivity in the hydrogenation and in no case was reduction of
the oxime unit observed. The oximes 9 were, however, readily reduced with hydrogen and Pd/C to afford
the interesting 1,2-diamines 10, which are selectively protected at the secondary amine centre (Scheme 4). In
order to effectively assess enantioselectivity in the asymmetric hydrogenation step, the products 9 were
reduced with hydrogen and Pd/C in the presence of (Boc),O to afford 1,2-di-N-Boc-1,2-diamines, which
were readily analysed using standard chiral GC or chiral HPLC methods.'®

H H
R \ NOoH 0.1 mol% DuPHOS-Rh R NOH Pd/C R NH,
NHBoc THF or MeOH, 30 psi H, NHBoc MeOH, 80 psi H, NHBoc
8 9 10
R Methyl Phenyl Cyclohexyl 2-MeO-Phenyl Benzyl 2-Naphthyl

Me-DuPHOS-Rh

% ee 93 96 98 91 97 90
Et-DuPHOS-Rh

% ee 94 90 99 88 98 81

Scheme 4. Asymmetric hydrogenation of dehydro-a-amino aldoximes 8.

Initially, Et-DuPHOS-Rh was examined and although it provided excellent selectivity with several of
the substrates, others were reduced with somewhat lower enantioselectivity (e.g. 8, R = 2-naphthyl: 81% ee).
This prompted further screening with the Me-DuPHOS-Rh'? catalyst system, which for specific substrates,

was found to furnish superior enantioselectivity (Scheme 4). Here the advantages of the modular design of
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the DuPHOS ligand system is clearly demonstrated, as it allows ‘tailoring’ of the catalyst to each substrate
individually, and in each case the products 10 could be obtained with >90% ee.!” Overall, this synthetic
route provides access to enantiomerically enriched 1,2-diamines without proceeding through ca-amino
aldehydes, which are known to be configurationally unstable.'®

In summary, we have described the development of concise methods to prepare valuable
enantiomerically-enriched B-amino alcohols and selectively protected chiral 1,2-diamines. The approach
encompasses a common intermediate (3) that is readily obtained with a variety of substituents. In each case,
the synthesis involves the efficient and highly stereoselective DuPHOS-Rh-catalysed asymmetric
hydrogenation of appropriate prochiral precursors. The ready availability of a variety of substituted
DuPHOS ligands should facilitate employment of this method for the synthesis of useful single enantiomer

intermediates such as 5, 9 and 10.
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