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Summary: A simple and efficient chiral anionic N-ligand: the
introduction of a Lewis basic nitrogen onto the TRISPHAT
skeleton allows the direct and efficient stereocontrol of tropos
chiral ligands bound to metal complexes or of stereogenic metal
centers (dr up to 96:4).

Recently, the chemistry of chiral hexacoordinated phosphate
anions has been revitalized, as anions such as tris(tetrachlo-
robenzenediolato)phosphate(V) (1; TRISPHAT,Λ or ∆ enan-
tiomer)1 have been shown to be valuable chiral NMR solvating,
resolving, and asymmetry-inducing reagents for chiral cationic
species.2 However, effective chiral recognition was essentially
achieved in solution only in associations with complementary
D3-symmetric metal complexes of the type [M(diimine)3]2+

(diastereomeric ratio (dr)> 90:10).3,4 Efficient stereocontrol
over the configuration of conformationally labile chiral ligands
bound to metal centers was also never described using chiral
anions as supramolecular chiral auxiliaries.5

We interpreted this lack of effective chiral recognition be-
tween1 and most cationic metallic complexes as the result of the
exclusive presence of ion pairs,6 the chiral anion being posi-
tioned at a distance too far from the metal center or its ligands to
interact efficiently.7 Any modification of the anion structure that
would ensure a tighter anion-cation association would then be
beneficial. As cationic metal complexes are usually Lewis acidic,
the introduction of a Lewis basic nitrogen atom on the skeleton

of the phosphate anion was deemed necessary. Lewis acid-
Lewis base interactions would essentially ensure the formation
of zwitterionic complexes and possibly induce stronger chiral
recognition and asymmetric induction processes. In this context,
we report herein the synthesis and resolution of the novel
nitrogen-containing hexacoordinated phosphate anion2, denoted
TRISPHAT-N, which can interact directly with metal centers
and allow the stereocontrol of molecular events that previous
non-coordinating chiral anions could not achieve.

To modify as little as possible the structural features of
TRISPHAT, only one of the three tetrachlorocatecholate ligands
was exchanged by a nitrogen-containing diol. 5-Chloropyridine-
2,3-diol (3) was selected for its commercial availability and
proven efficiency in metal binding events.4d,8 The derived
phosphate anion2, namely TRISPHAT-N, was prepared by
following reported guidelines.9 Anhydrous tetrachlorocatechol
and P(NMe2)3 were reacted in toluene at reflux. After concen-
tration in vacuo, successive additions in CH2Cl2 of o-chloranil
(3,4,5,6-tetrachloro-3,5-cyclohexadiene-1,2-dione),3, and then
[Bu3NH][Cl] yielded the desired tri-n-butylammonium salt of
racemic phosphate2 (Scheme 1). The analytically pure com-
pound [Bu3NH][rac-2] was obtained after chromatography (yield
79%, 22 g scale, four consecutive steps).

The resolution of the anion was achieved by the addition of
N-benzylcinchonidinium chloride salt ([4][Cl]; 1.0 equiv) to a
CHCl3 solution of [Bu3NH][ rac-2]. Selective precipitation of
the diastereomerically pure (-)-[4][∆-2] salt was afforded in
good yield (46%).10 The Λ enantiomer was isolated from the
mother liquor as (+)-[Bu4N][Λ-2] after ion exchange metathesis
with [Bu4N][Cl] and chromatography (SiO2, CH2Cl2). The non-
racemic anion2 displayed in our hands good chemical and con-
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figurational stability. No evidence of racemization could be found
during, for instance, the ion exchange metathesis of cation4
by Bu4N+. Monocrystals of the cinchonidinium derivative were
obtained, and the absolute∆ configuration was determined by
a crystal structure analysis.11 P-O bond lengths and O-P-O
bond angles are not so different from those measured for
TRISPHAT (1),12although one P-O bond linked to the oxypyrid-
onate unitsthe one that involves the oxygen closest to the
nitrogen atomsis much shorter (1.690 Å) than usual; the longest
bond (1.723 Å) is the other P-O bond linked to the heterocycle.

The ability of anion2 to form zwitterionic species and thus
behave as ligand and chiral auxiliary together was first assessed
in association experiments with Lewis acidic metal complexes
bearing the chiral conformationally labile (tropos) ligands5a
and5b (Figure 1),13 our purpose being the stereocontrol of the
absoluteP or M geometry of the ligands. Salts [Cu(5a)(CH3-
CN)2][PF6] and [CpRu(5b)(CH3CN)][PF6] were selected as
precedents and indicated clearly that the biaryldiimine ligands
5a and5b would adopt indeed atropoisomericP andM confor-
mations (Sa andRa, respectively) at the vicinity of metal ions.14,15

The complex [Cu(5a)(∆-2)] was prepared by ion exchange
metathesis of [Cu(5a)(CH3CN)2][PF6] and (-)-[4][∆-2] and
readily isolated by chromatography due to remarkable air and
moisture stability for a 16-electron species and noticeable

lipophilicity (SiO2, CH2Cl2, 72%).16,17 NMR spectroscopic
analysis (1H, 13C, and31P, CDCl3, 293 K) revealed two sets of
signals in a 66:34 ratio and a lack of coordinating CH3CN
ligand(s) upon ion exchange. These results indicated a coordina-
tion of the anion to the Cu center, resulting in two diastereomers,
[Cu(P-5a)(∆-2)] and [Cu(M-5a)(∆-2)],18 the exchange of anion
∆-2 within the complexes being furthermore slow on the NMR
time scale (as evidenced by31P NMR). The existence of a zwit-
terionic complex was furthermore confirmed by X-ray diffrac-
tion analysis of [Cu(5a)(∆-2)], which crystallized as a single
diastereomer in CH2Cl2/hexane; the biphenyldiimino ligand
adopts aP (Sa) configuration in the solid state (Figure 2).19

Assuming that the relative lack of stereocontrol (dr 66:34)
around the trigonal-planar Cu(I) atom was the result of overly
distant interactions of ligands∆-2 and diimine5a, care was
taken to study further systems based on more hindered pseudo-
tetrahedral metal centers that would position the stereogenic
elements closer together. For that purpose, the salt [CpRu(5b)-
(CH3CN)][PF6] was synthesized and treated with (-)-[4][∆-2]
and (+)-[Bu4N][Λ-2]. The resulting complexes [CpRu(5b)(∆-2)]
and [CpRu(5b)(Λ-2)] were isolated using the already described
chromatographic protocol (SiO2, CH2Cl2, Rf ) 0.82, 70-68%).16

Only one set of signals was observed in NMR spectroscopy
(1H, 13C, and 31P), irrespective of the solvent used for the
analyses (CD2Cl2, CDCl3, C6D6, toluene-d8).20 CD spectra
displayed intense Cotton effects in the visible MLCT region
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Scheme 1. Synthesis of Phosphate Anion 2 and Its
Resolution using theN-Benzylcinchonidinium Salt [4][Cl]

Figure 1. Ligands5 (tropos,represented withP (Sa) conformation),
6 (pyridine oxazoline), and7 (pyridine benzoimidazole).
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with perfect mirror image symmetry (CH2Cl2, 4 × 10-5 M,
∆ε397 +12 and-13 for [CpRu(5b)(∆-2)] and [CpRu(5b)(Λ-2)],
respectively), all data indicating the occurrence of a single
zwitterionic complex in solution.

Having established that anion2 can control effectively the
conformation oftropos ligands bound to a metal center, we
decided to study the possibility of controlling the configuration
of the metal center itself using, as models, CpRu complexes of
achiral ligands6 and 7 (Figures 1 and 3). These compounds
belong to the class of chiral organometallic half-sandwich
complexes made of unsymmetrical bidentate ligands and arene
metal fragments that have been strongly studied for their “chiral-
at-metal” properties.21 In the particular case of CpRu complexes
bearing diimino ligands, however, there is to our knowledge
only one report detailing the stereocontrol of the metal center
by an enantiopure pyridine imine ligand; a moderate level of
selectivity was achieved under kinetic control (dr 56:44).22,23

In view of this precedent, it was decided to study the
stereocontrol of this challenging class of (η5-C5H5)Ru moieties.

The compounds [CpRu(6)(∆-2)] and [CpRu(7)(∆-2)] were
prepared in a manner analogous to that for [CpRu(5b)(∆-2)].16

Slightly better yields were obtained for the formation of the
oxazoline over the benzoimidazole derivatives (70-71% vs 54-
60% from 6a,b and 7a,b, respectively).24 Significantly, both
1H and 13C NMR spectra revealed the complete displacement
of the acetonitrile ligands from the starting metal fragment. As
expected, an efficient enantiodifferentiation was achieved in the
presence of∆-2, as dual sets of signals were obtained in both
1H and31P NMR, the latter observation indicating slow exchange
kinetics of the chiral ions on the NMR time scale. Of all the
split signals, the higher frequency singlets of pyridine protons
H2 (Figures 1 and 3) were particularly easy to monitor and very
large differences in chemical shifts (∆δmaxup to 0.73 ppm) were
observed, allowing a ready determination of the asymmetry
induction by integration of the respective signals. Good to
excellent selectivity was achieved for the two classes of ligands
(dr from 80:20 to 96:04) using nonpolar solvent conditions
(toluene-d8 + 5% CD3NO2), the solvent having little influence
over the diastereoselectivity. The ratios remained overall the
same with the more polar CD2Cl2. These observations are
summarized in Table 1, along with some spectroscopic informa-
tion.

We have just described the synthesis and resolution of a novel
chiral hexacoordinated phosphate that behaves as an enantiopure
anionic N-ligand. This TRISPHAT-N anion, although binding
at a single point, acts as an effective chiral auxiliary able to
control with high selectivity the conformation oftroposligands
and the configuration of stereogenic metal ions. Further studies
are being performed to exploit the asymmetric potential of anion
2 and the interesting chromatographic, air, and moisture stability
that it confers to Lewis acidic metal complexes.
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Figure 2. tropos ligands: solution equilibrium among diastereo-
meric Cu(I) complexes and X-ray crystal structure of the zwitter-
ionic complex [Cu(P-5a)(∆-2)]. Ellipsoids are represented at the
50% probability level.

Figure 3. Chirality at metal: stereocontrol among (SRu)-[CpRu-
(6a)(∆-2)] and (RRu)-[CpRu(6a)(∆-2)]. The priority sequence of
the ligands isη5-C5H5 > 2 > “imine” > pyridine.

Table 1. Synthesis and Properties of [CpRu(ligand)(∆-2)]
Zwitterionic Complexes

ligand yield (%) dra drb ∆δmax
b (ppm)

6a 70 72:27 80:20 0.33
6b 71 89:11 91:09 0.73
7a 54 89:11 92:08 0.71
7b 60 95:05 96:04 0.70

a Conditions: 1H NMR, 500 MHz, CD2Cl2. b Conditions: 1H NMR, 500
MHz, toluene-d8 + 5% CD3NO2.
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