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Efficient Enantioselective Extraction of
Tris(diimine)ruthenium() Complexes by
Chiral, Lipophilic TRISPHAT Anions**
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Chiral tris(diimine)ruthenium(i) complexes have been

extensively studied because of their photochemical, photo-
physical, and biological properties.! The complexes are
commonly synthesized in racemic form and obtained enan-
tiopure by resolution procedures that separate the 4 and A
enantiomers. Traditionally, resolution of the chiral cationic
complexes is realized by the formation of diastereomeric ion
pairs with anionic chiral-resolving agents. Selective crystal-
lization or ion-pair chromatography®®l may then result in the
separation of the diastereomeric salts. We now report a novel
enantioselective method of resolution based on the asym-
metric extraction of racemic, water-soluble [Ru(diimine);]Cl,
complexes with lipophilic, tris-
ol % ol (tetrachlorobenzenediolato)phos-
phate(v) (TRISPHAT) salts.
o] Oj@CI Phase separation allows the iso-
Ou,,, | -0 lation of the A4 and /1 enantiomers
T\ of the ruthenium complexes with
selectivity ratios up to 49:1.
j@: The resolution of racemic sub-
TR'SPHAT strates by preferential extraction
of one enantiomer from water
into immiscible organic solvents
has been well studied.” The extraction and the subsequent
selectivity arise from the preferential binding in the organic
phase of one enantiomer of the substrate to a chiral lipophilic
selector. The racemic substrates are traditionally ammonium
salts or zwitterionic amino acids.’) Crown ethers with chiral
elements in or around the backbone are usually used to ensure
the asymmetric discrimination. Selectivity ratios as high as
99:1 have been obtained.® Recent studies have described the
use of novel selectors, such as, lanthanide tris(S-diketonates)
and polymeric columnar aggregates of deoxyguanosine.[) Of
most relevance to our current work is the observation by
Lindoy, Everett, and co-workers that chiral Co™ amine
complexes can be extracted from aqueous layers into CHCl;
using Lasalocid A as the chiral host with a diastereomeric
ratio (d.r.) of up to 2.6:1.7
We recently reported the synthesis and resolution of
TRISPHAT anion 1®! which has D; symmetry. This anion is
an efficient NMR chiral shift reagent and a chiral inducer onto
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iron(tn) tris(diimine) complexes.l®! The A enantiomer of 1 is
isolated as the tri(n-butyl)ammonium (2) salt ([2][4-1]) and is
soluble in pure CHCI;. The 4 enantiomer of 1 is prepared as
the cinchonidinium (3) salt ([3][4-1]) and is soluble in more
polar solvent mixtures (>7.5% DMSO in CHCl;). More
importantly, we observed that the lipophilic® TRISPHAT
anion confers an affinity for organic solvents on these salts
and, once dissolved, [2][~1-1] and [3][4-1] do not partition in
aqueous layers. We thus considered using the anions 1 as
chiral selectors in asymmetric extraction procedures of chiral
cations.

We selected the complexes [Ru(4,4-Me,bpy);]** (4) and
[Ru(4,7-Me,phen);]** (5) (4,4'-Me,bpy = 4,4'-dimethylbipyri-
dine; 4,7-Me,phen =4,7-dimethylphenanthroline) as chiral
substrates because of their solubility in water as dichloride
salts. The racemic salts [4][PF], and [5][PF], were prepared

S Me—l2+ Me—I 2t

I\ I\
N 3 N =
Ru Ru
NI N
|
=
Me ] 3 /Me?,
4 5

in a single step from [Ru(dmso),]Cl, and three equivalents of
the respective ligand.'”! The solubilization of [4][PF4], and
[5][PF;], in water in the presence of Dowex 1X8 afforded the
dichloride salts [4]Cl, and [5]ClL,, respectively, in quantitative
yield. The simple and efficient extraction of the cations 4 and
5 by the TRISPHAT anion 1 was then demonstrated.
Solutions of the salts [2][4-1] in CHCI; or [3][4-1] in 7.5-
10% DMSO/CHCIl; were prepared (107w, 1 equiv) and
added to the orange solutions of racemic [4]Cl, or [5]Cl, in
water (1equiv). Upon vigorous stirring of the biphasic
mixtures, a partial transfer of color from the aqueous to the
organic layer occurred.'!l Several experiments demonstrated
that stirring for 10 min is sufficient to complete the extraction.

The organic and aqueous phases were separated, concen-
trated in vacuo and the resulting orange solid residues
analyzed by 'H NMR spectroscopy. The residue from the
aqueous layer contained the chloride complexes that had not
been extracted and the cations 2 or 3 that had been trans-
ferred from the organic layer during the extraction; no trace
of 1 (*P NMR) was observed in the aqueous layer. The
residue from the organic layer contained the extracted
ruthenium complexes 4 and 5 with two equivalents of the
counterion 1 ([4][1], or [5][1],). In the experiments performed
with the salt [2][/1-1], we often observed traces of the cation 2
(0-15%) in the organic layer. Cation 2 is associated with a
chloride anion and could be removed by washing the organic
layer several times with water.

The selectivity of the extraction was readily determined by
"H NMR spectroscopy. In the organic phases, the enantiopure
anions /-1 or 4-1, associated with the cations 4 or 5, behave as
efficient NMR chiral shift reagents.[ With cation 4, two sets
of signals are observed, which correspond to the 4 and A
enantiomers (Figure 1); the d.r. of >8.7:1 was measured by
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Figure 1. Extraction of [rac-4]Cl, with [2][4-1]. 'H NMR spectra (6 =
8.45-6.6; [D]DMSO/CDCI; (20/80)) of a) rac-4-Cl,, b) the organic layer
(d.r.=8.7:1), and c) the aqueous layer +2.7 equiv of [2][4-1] (e.r.=8.4:1).
Signals a—c and d-f correspond to the hydrogens H(3), H(5), and H(6) in
[A-4][A-1], and [4-4][1-1],, respectively.

integration of the respective signals (Table 1, entries 1 and 2).
When the cation § was used we could detect the signals of a
single diastercomer by 'H NMR spectroscopy. This result
indicates that the diastereoselectivity of the extraction of 5 is
excellent (d.r. >49:1). In both examples with the cations 4 and
5 the diastereoselectivity is largely independent of the source
of the TRISPHAT anion.

Table 1. Results of the asymmetric extraction of complexes [4]Cl, or [5]Cl,
by [2][4-1] or [3][4-1].

Entry Cation S0t EYP[%] OLCH dr,Y ALCe er,,"
1lel 4 A 48 A 87:1 4 8.4:1
2 4 A 46 A 123:1 A -
3lel 5 A 45 A >49:1 4 35:1
4] 5 A 48 A 49:1 A -

[a] S is the configuration of the anion 1 in the chiral selector used. [b] EY is
the extraction yield. [c] OLC is the configuration of the most abundant
enantiomer of the cation in the organic layer. [d] d.r.,,, the diastereomeric
ratio. [e] ALC is the configuration of the most abundant enantiomer of the
cation in the aqueous layer. [f] e.r.,, the enantiomeric ratio. [g] Organic
layer: CHCl;. [h] Organic layer: 7.5% DMSO in CHCl;. [i] Organic layer:
10% DMSO in CHCl;.

The absolute configurations of the complexes 4 or §
extracted in the organic layers—/1 and 4 for the experiments
with [2][4-1] and [3][4-1], respectively— were assigned by
circular dichroism (CD) in 1% DMSO in CH,Cl,.F 1
Homochiral diastereomers ([A7][A~], and [4*][47],) are thus
preferentially extracted.'3 The CD spectra of the salts [4]Cl,
and [5]Cl, which remained in the aqueous layer after the
extraction and phase separation showed, as expected, oppo-
site Cotton effects.

In the extraction experiments performed with the salt
[2][4-1], we also determined the enantiomeric purity of the
complexes [4]Cl, and [5]Cl,, that remained in the aqueous
layer after the phase separation (Table 1).5% 4] Enantiomeric
ratios of 8.4:1 and 35:1 were measured for complexes [4]Cl,
(Figure 1) and [5]Cl,, respectively. The diastereomeric and
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enantiomeric ratios—in the organic layer and aqueous layer—
are thus quasi identical. This is an important feature of this
extraction procedure. In many examples of asymmetric
extraction, an excess of the racemic substrate (5- to 35-fold)
is used in the presence of the chiral selector. The enantiomeric
purity of the substrate that remains in the aqueous layer is
then low, even if the diastereoselectivity of the extraction is
very high.

Experimental Section

Full details of the experimental and extraction procedures can be found in
the Supporting Information.

In a flask (25 mL) equipped with a magnetic stirrer, a solution of either
[4]CL, or [5]Cl, (10 umol) in water (10 mL) was added to a solution of
[nBu;NH][A-1] (10 pmol) in CHCl; (10 mL) or [cinchonidinium][4-1]
(10 pmol) in 75-10% DMSO in CHCL."! After 10 min of vigorous
stirring the reaction mixture was left to stand for 5 min. The two phases
were separated and the organic layer was washed with water. The organic
phase was dried (Na,SO,), filtered, and concentrated in vacuo to afford an
orange solid. The diastereomeric purity of this extracted adduct was
measured directly by 'H NMR analysis. The aqueous layer was concen-
trated in vacuo and dried at 50°C for 12 h to afford an orange solid. In the
experiments performed with [nBu;NH][/1-1], the enantiomeric purity of
the complexes [4]Cl, and [5]Cl, that remained in the aqueous phases was
determined by 'H NMR analysis after the addition of 2-3 equiv of the
NMR chiral shift reagent [nBu;NH][A-1].
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The heavy element homologues of dinitrogen are only
stable at high temperature in the gas phasel'! In the
condensed phase such compounds can be stabilized by
coordination to organometallic building blocks.> 3! For the
element dimers As,, Sb,, and Bi, the coordination of the
diatomic molecules to three side-on-bound 16-valence-elec-
tron complex fragments has proven to be particularly
appropriate as a method for stabilizing such units.’! In the

[*] Prof. Dr. G. Huttner, Dipl.-Chem. P. Rutsch
Anorganisch-chemisches Institut der Universitdt Heidelberg
Im Neuenheimer Feld 270, 69120 Heidelberg (Germany)
Fax: (+49) 6221-545-707
E-mail: g.huttner@indi.aci.uni-heidelberg.de
[**] This work was supported by the Fonds der Chemischen Industrie and
by the Deutsche Forschungsgemeinschaft (SFB 247).

Angew. Chem. Int. Ed. 2000, 39, No. 20

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

cartwheel-shaped compounds [{W(CO)s};X,] (X = As, Sb, Bi
(2)) the distances between the main group elements X are
only slightly longer than in the free particles X, (cf. d(Bi—Bi)
2.66 A in Biy, " and 2.82 A in [{W(CO)s};Bi,]*"). The three
W(CO); building blocks, which symmetrically surround the
X, unit in the axis of the molecule, can therefore be
considered as an organometallic matrix, within which these
units are trapped.

As an isoelectronic analogue of Bi, it should also be
possible to stabilize Pb,?~ in this way.! All attempts, however,
to construct this fragment, which is also isoelectronic to C,2-,
and to integrate it in a stabilizing matrix have thus far been
unsuccessful. We report here on 1, which was synthesized
from [K,W,(CO),o] and Pb(NOj3), and was obtained as the
tetraphenylphosphonium salt in the form of black, metallic
shiny crystals. [ (Ph,P)*],-1 dissolves in THF to give an intense
violet solution, the IR and *C NMR spectrum of this solution
confirm the presence of two types of W(CO)s units in 1. Thus,
the known compound [{W(CO);};Bi,] (2) was prepared for
comparison.d

W(CO)s 0
Pb Bi
(CO)sW~—_ (CO)SW~_
— = W(CO) — > W(CO)
(CO)W="" wb ° (CO)W =" ﬂ!i ®
1 2

Compound 2 displays, as expected for a complex with three
equivalent W(CO)s units, the spectroscopic signature of
equivalent, coordinatively bound W(CO)s; groups with a
sharp band at 2054 cm~! and a broad, intense absorption at
1963 cm~!. The vy band pattern in 1 is considerably more
complex and its overall appearance and, in particular, the two
shortwave bands at 2057 and 2034 cm~! which display a ratio
of intensities of 1:3, indicates that two different sets of
W(CO); groups are present in 1. The anionic character of 1 is
evident in a shift of the center of the ¥, bands from 1980 cm™!
in the neutral compound 2 to 1928 cm~! in 1. The *C NMR
spectrum of 1 shows an intense signal at 6 =202.9 that has
both 27Pb and "W satellites (3/p,c = 34, V=124 Hz). This
signal is assigned to the equatorial carbonyl groups. The signal
for the axial carbonyl groups of the side-on-coordinated
W(CO)s units (3Jp,c=26 Hz) appears at 6=206.5. The
weaker signal of the axial carbonyl group of the terminal
W(CO)s unit occurs at 0 =208.4 (2Jpyc =20, YVyc=126 Hz).
The ratio of intensities and the positions of the signals support
the given assigments. The fundamental similarity betweeen
the bonding in 1 and 2 mirrors itself in the UV/Vis spectra.
The longwave absorption of 2 (570 nm, ¢ =11700M cm™)
corresponds to an absorption of 1 at 583 nm (e=
4500Mm~'ecm™!); the prominent absorptions at shorter wave-
lengths (428 nm (¢=12200M"'cm™') in 2; 415nm (e=
6600M~'cm™") in 1) as well as the shoulders (340 nm (¢=
13000m~'em™!) in 2; 320 nm (¢=21000M~'cm™') in 1) also
correspond. These bands lie in a region, which is characteristic
for Bi, or the isoelectronic PbTe in the gas phase.l!l The
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