TETRAHEDRON:
ASYMMETRY

Pergamon TetrahedronAsymmetryl0 (1999) 3267-3271

Synthesis and electrospray mass spectrometric studies on a chiral,
non-racemic, phosphoramide receptor molecule

Athene R. C. Smiti,Albert J. R. Heck, Jennifer A. Kenny},
J. Jantien Kettenes-van den Bo8&nd Martin Wills?*

aDepartment of Chemistry, University of Warwick, Coventry CV4 7AL, UK
bDepartment of Biomolecular Mass Spectrometry, Utrecht University, Sorbonnelaan 16, 3584 CA Utrecht, The Netherlands

Received 9 July 1999; accepted 17 August 1999

Abstract

The synthesis of a class of macrocyclic receptors containing a phosphoramide is described. The preliminary
evaluation of this new receptor for interactions with several homochiral amines using electrospray ionisation mass
spectrometry is also described. © 1999 Elsevier Science Ltd. All rights reserved.

The synthesis, and guest complexing properties, of a number of phosphorus-containing macrocycles
such asl-3 have been reported in the recent literatuiglacrocycles of this type, which contain a
phosphoramide group within a ring composed otherwise of ether linkages, may complex a charged guest
such as a Group 1 or 2 metal cation or a protonated primary amine in one of two modes. In the first
mode, the oxygen atom of the phosphoramide particigatesi)st in the second mode it does rfothe
energetic balance between each mode is low, hence there is potential for the use of these systems as

‘molecular switches'.
R,

o
1 R1
1 R=H, R'=Me, 2 R=Me, R'=Me, 3 R=H, R'=H
Having gained experience in the synthesis of phosphoramides and related systems in the course
of our programme of research into asymmetric ketone reduttiva, were attracted by the synthetic

potential of phosphorus-containing macrocycles. In addition to the complexing properties described
above, we wished to test the materials as catalysts for the asymmetric catalysis of the reduction of ketones

R
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Figure 1. NMe on P omitted for clarity

by borane. In particular we were intrigued by the potential of the heterocycles to act as ‘substrate-
selective’ catalysts. This could be achieved through an interaction of a co-ordinating group within the
substrate to a complexed cation, thus delivering the adjacent ketone to the reactive phosphoramide centre
(Fig. 1). Should this mechanism operate, then the rate of reduction of ketones bearing the nearby co-
ordinating group should be somewhat faster than the reduction of unfunctionalised ketones, which lack
such a directing group. In this paper we report the synthesis of macroci€deand the results of

our preliminary studies into their behaviour as asymmetric reduction catalysts and receptors for small
molecules.

Our synthetic route to the target molecules is shown in Scheme 1. In designing our approach we first
considered using the method employed by Dutasta et al., for the synthesis of closely related compounds.
This process involves the completion of the macrocyclisation through formation of the ‘NPN’ unit as the
final step. In our hands, however, the product of the ring-closure was consistently contaminated with
oligomeric side products. As a result of this we changed the order of bond formation. In the approach to
the non-chiral receptdr we first protected the alcohol group in 3-amino benzylalcahol give 5, which
was then converted to the phosphorus-bridged digriargood yield. Completion of the synthesis ®f
was achieved through deprotection @followed by reaction with diethyleneglycol ditosylate/sodium
hydride (9% over two steps). The yield of deproteddatias rather low, probably due to losses in workup
and purification of the insoluble diol. This situation was much improved thraughethylation of6
prior to desilylation, yielding7 in a 56% overall yield for two stegsCompletion of the synthesis df
was then achieved by heating overnight with diethyleneglycol ditosylate/sodium hydride.
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Scheme 1.

Before proceeding with the synthesis of a chiral, non-racemic phosphoramide macrocycle, the po-
tential use of these compounds as catalysts in reduction reactions was examined. The reduction of
acetophenone by borane represents a convenient prototype reaction for the assessment of new catalysts
and in our preliminary studiéshe use of 10 mol% of resulted in a small acceleration of some 2-3
fold over the background rateThis represents a lower rate increase than with certain phosphinamide
catalysts which may be the result of steric hindrance in the macrocycle.
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Having demonstrated a synthetic route to the macrocyclic structures we next prepar€gd- the
symmetric chiral, non-racemic variat Crucial to the success of this synthesis was the asymmetric
reduction of 3-aminoacetopheno@esing transfer hydrogenation with a rutheniumgiigfaminoindanol
procedure which we have reported previously (Schenfek&tone8 proved to be an excellent substrate,
furnishing the corresponding alcohélin 86% yield and 89% e.e., assigned &sonfiguration on
the basis of previous trends in this class of reducliohlcohol 9 was purified to >98% e.e. by

recrystallisation.
1 mol% wnQH
o} / H OH
H QNO)LMe NH, RN Ve
0.25 mol% [RuCly(p-cymene)], o i o
6 2.5 mol% KOH, i-PrOH solvent, 4 hrs 86% yield, 89% e.e.

room temperature S-9

Scheme 2.

Completion of the synthesis @ffollowed the route described fdr(Scheme 1) and worked in good
yield at each step except the final macrolactonisation, which was achieved in 35% vyield and is as yet
unoptimised. ThetH, 13C and 3P NMR spectra of $3-1 showed only one diastereoisomer of the
macrocycle to be present, which was in contrast to the mixture of three products formed from the same
set of transformations on racenficwhich was also prepared as a reference standard.

With 2 in hand we then wished to investigate its molecular recognition properties. In the first study
we examined the competitive reductions of a short series of ketones. The objective of this study was
to compare the extent to which the macrocycle was able to discriminate between substrates containing
proximal co-ordinating groups and those which did not (Scheme 3, Table 1). In each case a 1:1 mixture
of two ketones of equal chain length was employed in a competitive reaction with 1 equivalent of
borane—dimethylsulphide complex, 10 mol% macrocycle and 10 mol% lithium perchlorate. Substrate
mixtures containing no macrocycle or lithium perchlorate were also reduced under the same conditions in
order to provide a correction for the relative reactivity of each ketone. The results given in Table 1 reveal
that in the case ofk-methoxyacetophenone there was a change in the ratio of its reduction relative to
acetophenone compared to the unmodified reaction, which indicates that the macrocycle was in some way
influencing the reaction. The fact that the methoxy-substituted ketone is reduced to a lesser extent in the
presence of the macrocycle suggests that there is a binding event which may be protecting the ketone from
reduction, rather than activating it, as we had originally speculated. We are presently investigating this
effect. The relative reduction rates for the other two pairs of ketones were unchanged and no asymmetric
induction was observed in any of the products.

Ph Ph 1eq BH3SMe,, THF, r.t. Ph %h/’:’h
1:?’11/ ¥ Me"():‘)\rr 10 mol% 2/LiClO4 m MeO OH
Scheme 3.

We also took the opportunity to examine the binding of our novel heterocycles to chiral amines using
methods described previoudfyIn order to assess any enantioselectivity which might be achieved we
chose to use electrospray M3In a series of experiments we combined a quantit@ efith a known
excess of both benzylamine and one enantiomer of an enantiomerically pure amine (both guest amines
at an equimolar concentration). The mixtures were examined by electrospray mass spectrometry for
selective binding of the enantiomerically pure amine relative to benzylamine, which acted as a standard
for comparison. The ESI mass spectra showed strong ion signals of the host—guest complexes for all
amines studied. The binding properties of the h®stere evaluated with a range of amines: each



3270 A. R. C. Smith et al./ TetrahedroAsymmetry10 (1999) 3267-3271

Table 1
n Macrocycle 2/ combined yield  ratio reduction
LiClO4 added  alcohols/% products MeO:H
1 No 60 1.35
1 yes 47 0.97
2 no 58 0.54
2 yes 42 0.59
3 no 72 0.81
3 yes 54 0.81

enantiomer of the aminas-methylbenzylaminegis-amino indanol and all four isomers of ephedride.
These preliminary studies reveal that our novel heterocycle host in general binds strongly with the amines
examined. However, no chiral selectivity could be revealed from the ESI mass spectra for the whole range
of studied amines. The full results of these and other studies will be published in due course.
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relative abundances of the host and host—guest complexes were measured. Solutions were comprised of pre-equilibrium
concentrations of: host 20 mM, guest 40 mM, benzylamine 40 mM in acetonitrile or, if stated, in ammonium acetate buffer

(pH 5.05).

Amine
(R)-a-methylbenzylamine
(8)-a-methylbenzylamine
(IR, 2S) aminoindanol
(1S, 2R) aminoindanol
(IR, 2S) aminoindanol*
(1S, 2R) aminoindanol*
(+)-pseudoephedrine*
(-)-pseudoephedrine*
(+)-ephedrine*
(-)-ephedrine*

* in buffer solution, host/ammonium cation is 100% relative abundance

% host
68
88
42
40
86
85
89
54
95
95

% host-guest % host-benzylamine

100
100
23
45
12
12
9
54

89
59
100
100
24
25
34
98
12
20



