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Abstract: The octahedral geometry of pentavalent hexacoordinated phosphorus allows the formation of chi-
ral anions by complexation of the central phosphorus atom with three bidentate ligands. These simple-to-
make derivatives can be combined with chiral cations and often display efficient NMR chiral shift, resolving
and asymmetry-inducing properties. This paper is a short review of our research efforts directed towards the
development of chiral anion mediated asymmetric chemistry.
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1. Introduction applications, reactions or processes lead ative [5]. This Dy-symmetric anion2,
racemic molecular or supramolecular asknown as TRISPHAT, can be resolved by
Many chemical reactions and processes isemblies. To afford instead non-racemic association with a chiral ammonium cation
volve cationic reagents, intermediates @nantiopure products, and benefit fron6].
products. Cations are frequent intermedpossible new applications, an asymmetric Assuming that itD,-symmetry would
ates along reaction pathways that react witbn pairing of the cations with chiral anion-ot be adapted to all the possible asymmet-
nucleophiles to produce interesting fragic counterions can be considered — the arie applications, the synthesis Gf-sym-
ments and functional groups. Cations arens behaving as asymmetric auxiliaries. metric hexacoordinated phosphate anions
often Lewis acidic and numerous applica- Recently, the chemistry of borate [3was considered; our interest being motivat-
tions have been developed using thessd phosphate anions has been rejuvenatdiby the overall efficiency of such a sym-
reagents. Alarge range of important biologfor exactly this purpose. In this account, wenetry in asymmetric reactions or molecular
ical properties are mediated by ammoniuwill present our efforts to develop the synrecognition processes [7]. An efficient and
and imidazolium ions. Cations have also irthesis of novel chiral hexacoordinatedeneral one-pot process was developed for
teresting physical properties being, for inphosphate anions and detail some of thehie preparation of new classes of enantiop-

stance, among the first synthetic dyes to @symmetric applications. ureC,-symmetric anions — BINPHAJ[8],

developed [1]. Cations are also efficient HYPHAT [9], and TARPHAT [10] — con-

templates for the construction of complex taining BINOL, hydrobenzoin and tartrate

supramolecular arrays, such as the cat2-Novel Chiral Hexacoordinated ligands respectively; all these anions being

nanes, knots, helicates and rotaxanes [2] Phosphate Anions ... isolated as their dimethylammonium salts
Cations can be alsprostereogenicr in good yields and chemical purity.

chiral and many of the above-mentioned The octahedral geometry of pentavalent
hexacoordinated phosphorus allows the
formation of chiral anions A andA enan- 3. ... as NMR Chiral Shift Agents
tiomers — by complexation of the central
phosphorus atom with three identical As already mentioned, chiral cations are
bidentate ligands. Tris(benzenediolatohnvolved in many areas of chemistry and,
phosphate anioh (Fig. 1), of particular in- unfortunately, only few methods are avail-
terest for its easy preparation from catechable to determine with precision their opti-
PCl and an amine, is unfortunately configeal purity. In the last decades, NMR has
urationally labile in solution as an ammonievolved as one of the methods of choice
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Over the past few years we coul
demonstrate that TRISPHAZ and BIN-
PHAT 3 anions are efficient NMR chiral
shift agents. They form tightly associate

Ct

s

o cl 0
diastereomeric ion pairs with chiral cation 0 | -0 cl O, | — 0 0, |_ e
and the short-range interactions that occ @[ >F’< )i;[ /P\ /P\
lead to an efficient NMR enantiodifferenti- © | o c 0 I @ OO ° I 0
ation. Well-separated signals are usual °\© cl © c ° c
observed on the spectra of the diaster A-TRISPHAT ¢ o BINPHAT(AS) o
omeric salts. Cationic species as differe 1 2 ¢ 3 &

as diquats [13], quaternary ammoniur
[14], phosphonium [15] thiiranium ions _ , ,
[16], ruthenium tris(diimine) [6a,][17] and Fig. 1. Hexacoordinated phosphate anions: 1, 2 (TRISPHAT) and 3 (BINPHAT).
(n®-arene)manganese [18] complexes have

been analyzed with success (Fig. 2).

TRISPHAT anion2 seems to be particular-
ly efficient with cationic metallo-organic
and organometallic substrates. BINPHAT
has often-superior chiral shift propertie
than 2 when associated with organid
cations. Recently, several independent r
ports have confirmed the efficiency of thes
chiral shift agents [19].

Furthermore, in collaboration with the
group of Prof. Kiindig (Univ. of Geneva),
we were able to show that TRISPHAT ca
be used to determine the enantiomeric pu

ty of (n®-arene)chromium complexes. This =1
result broadens the field of application2of
to neutral species [20]. @ R2
4. ... as Resolving Agents SN N7 I
S, | | M(CO)g
) ) N € Z N .
We soon discovered that the lipophilic | M = Cr (0), Mn (+1)
ity of the TRISPHAT anion confers to its =

salts an affinity for organic solvents (OL) . . _ . . o
and, once dissolved, the ion pairs do ngtg. 2. Chiral cations analyzed for their enantiomeric purity with TRISPHAT or BINPHAT salts.
partition in aqueous layers (AL). We imme-

diately imagined that this uncommon prop-

erty could be used to develop a simple artdple helicate and afforded in separatediastereomeric ion pairs often possess
practical resolution procedure. phases theP or M enantiomers of the rather different retardation factors.

The resolution of racemic substrates bBFezLS]4+ helix [23]. For instance, ruthenium) tris(diimine)
preferential extraction of one enantiomer The lipophilicity of TRISPHAT anion complexes can be easily separated into di-
from water into immiscible organic sol-also modifies profoundly the chromatoastereomeric homochiralA{RuL;][A-2],
vents has been well studied [21]. The exgraphic properties of the cations associateohd heterochiral f-RuL;][A-2], salts by
traction and the resulting selectivity arisevith it and the resulting ion pairs are usuakolumn chromatography over silica gel
from the preferential binding in the organidy poorly retained on polar chromato{eluent CHCI,) [25]. The resolution can be
phase of one enantiomer of the substraggaphic phases [24]. Using enantiopuralso performed on preparative thin-layer
with a chiral lipophilic selector. Anio2 TRISPHAT anion, the chromatographicchromatographic plates. The protocol was
was thus considered for the asymmetric exesolution of chiral cations is feasible as theecently extended to monocationic cy-
traction in organic layers of chiral cations,
and coordination complexes in particular.

Rutheniumif) tris(diimine) derivatives
(A or A enantiomers, [Rug2+) were select-
ed for their ease of synthesis and high w

ter solubility as chloride salts [22]. The ex Rul,] H.G A R . v 1o 35-1)
traction experiments proceeded as plann mr-Eq’ sfirring i L o

(Fig. 3) and selectivity ratios as high as 35 -

were observed for the enantiomers of th [R ][ n-2] [A- RulslA-2] (dr up o d48:1)

CH,CL

cations in the OL and AL, demonstrating
without ambiguity the efficiency of the res-

olution procedure. An extension of this proFfig. 3. Stereoselective extraction of racemic [Ru(diimine),][Cl], complexes by ammonium
tocol was further developed for a diirof( TRISPHAT salts, e.g. [Bu;NH][A-2].
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clometallated ruthenium complexes [26}ion is to consider their asymmetric ion Iron(i) tris(diimine) complexes [31],
and to a configurationally stable monopairing with chiral counter-ions; intermole-dicobalt{) helicates [32], monomethine
nuclear ironf) complex (Fig. 4) [27]. cular — rather than intramolecular — didyes [8] and diquat cations [13] were stud-
astereoselective interactions then contrggd in conjunction with anion® and 3
the stereoselectivity (Pfeiffer effect) [29]. (Fig. 5). As desired, the NMR signals of the
5. ... as Asymmetry-Inducers The induction of optical activity by chi- chiral cations were split by the presence of
ral anions onto cationic racemic substrateéle anions and diastereomeric ratios as high
Chiral compounds are sometimes coriias been previously considered [3a][3049:1 were observed for some of the sub-
figurationally stable as solids and configunfortunately, in most of the previous exstrates (Fig. 6, d.r. 10:1).
rationally labile in solution. When optical-amples, the extent of the asymmetric induc- Recently, in collaboration with the
ly active samples of these derivatives amon was determined by chiroptical measgroup of Jean-Pierre Sauvage (University
solubilized, a racemization occurs due tarements that gave qualitative and ndtouis Pasteur, Strasbourg), the asymmetry-
the free interconversion of the enantiomerguantitative information. We thereforeinducing properties a2 were used to syn-
in solution. To obtain these compounds istudied the asymmetric ion pairing othesize a configurationally stable iroh(
one predominant configuration over time, aonfigurationally labile cations with complex4 (Fig. 4) as a single diastereomer
possible strategy is to add stereogenic el€RISPHAT and BINPHAT anions hoping[27].
ments to their backbone; intramolecular dithat selective chiral recognition and NMR
astereoselective interactions happen and fanantiodifferentiation processes would ocAcknowledgments
vor one of equilibrating diastereomers [28]cur concomitantly allowing a precise deter- | am much indebted to the enthusiastic ef-
If the chiral compounds are charged, an afination of the asymmetric induction. ~ forts of all the former and present members of
ternative strategy to control their configura- the group who have contributed to the success of

| [A-4][A-2],

g [A-8][A-2],

Fig. 4. lon pair chromatographic resolution of
configurationally stable iron(i) complex 4.

Fig. 5. Configurationally labile cations studied
in conjunction with anions 2 or 3.
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Fig. 6. Asymmetric induction by TRISPHAT 2
onto a dicobalt(l) triple stranded helicate.
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