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Enantiomeric enrichment of a nonracemic conglomerate of a chiral

oxo-rhenium(v) complex
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The enantiomer being in excess was readily recovered from a
nonracemic conglomerate of chiral cis-[ReOCl,{OCMe,CMe,O-
P(OCMe,CMe,0)}py] by means of a difference in solubility
between the enantiomer and the racemate; subsequently the solu-
bility diagram and the specific optical rotation [a]sgg = +1345
(£30 max. absolute error; ¢ = 0.05 g per 100 cm® in MeCN)
for the pure enantiomer of the absolute configuration C was also
determined.

Since Pasteur’s discovery of homochiral crystallization, much
research activity has been devoted to deracemization and pre-
paration of single-handed compounds.'™ Chiral molecules
crystallize to form crystalline racemate that can be a racemic
compound (true racemate), a racemic solid solution or a con-
glomerate (racemic mixture). While the first two racemate
forms usually require optically active auxiliary agents to sepa-
rate the enantiomers (with a number of exceptions®?), the third
one, conglomerate, can undergo spontaneous resolution dur-
ing the course of crystallization, without the aid of any diaster-
eomeric interaction. Perhaps the most spectacular example in
coordination chemistry is provided by Werner’s complex, cis-
[Co(en),(NO,),]Cl, separated with the aid of a chiral resolving
agent™® but proved by Bernal’ to crystallize as a conglomerate
with single crystals as large as 1.5 x 0.7 x 0.5 cm®. However, it
is known that only a limited number of conglomerates crystal-
lize in hemihedral forms pure and large enough to permit them
to be sorted by physical means. More recently, instances of
such spontaneous resolution by ‘triage’ have been reported
in connection with the preparation of chiral diphosphane
ligands® and the synthesis of octahedral metal complexes with
tripod Ng-type donor atom ligands.’

Several procedures have been developed to overcome the
practical difficulties in separating enantiomers. One frequently
used method implies preferential homochiral crystallization of
conglomerates from either solutions or melts due to ‘resolu-
tion by entrainment’.!° More recently, related spontancous
resolutions including Werner’s chiral Co(ii1) complexes have
been described by Kostyanovsky and his associates.!':!?
Further progress in deracemization has been made by impos-
ing far-from-equilibrium conditions on chiral systems,'*™'
which occur for instance in stirred crystallization.'® Under
such conditions, due to asymmetric transformations (both of
the first and of the second kind) during the course of crystal-
lization (e.g., secondary nucleation, racemization, formation
of agglomerates), chirally autocatalytic preparations have been
afforded with a fairly high enantioselectivity. Perhaps the most
representative examples include recrystallization of NaClO5'’
and 1,1’-binaphthyl'®!® but also the synthesis of cis-[CoBr(N-
H3)(en),]Br».*° In all these systems the compounds crystallize
as conglomerates.
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In our studies concerning optical activation in the synthesis
of chiral c¢is-[ReOCl,{OCMe,CMe,OP(OCMe,CMe,0)}py]
(1)*' (Scheme 1) we were faced with the question of evaluation
the enantiomeric excess (ee). Here we report on a simple
method for enantiomer separation from a nonracemic con-
glomerate of the title rhenium complex 1, based on Werner’s
primary observation® of a large difference in solubility between
the enantiomorph complexes and racemates, without the
necessity of crystallization. This permitted us to determine
the solubility diagram and ultimately the stereochemistry of 1.

Two enantiomerically impure polycrystalline samples a and
b of the rhenium compound 1 (obtained from a chirally auto-
catalytic synthesis®!), discerned in the CD spectra shown in
Fig. 1, were tested for complete enantiomeric separation. A
visible variance in the Ae absorption at 535 and 310 nm,
observed for the two congeners, indicates a disparate distribu-
tion of enantiomers in these samples.

Fig. 2 shows the optical activity changes as a result of the
number of successive extractions of these two samples with a
small amount of acetonitrile (MeCN). The rotation angle
and related optical yield of both the saturated solution of the
extract (I) and the solid residue sample (s) were examined.
Quite a few of the early samples of the extract solutions exhibit
an optical rotation close to zero, characteristic for the race-
mate. Disparate contents of enantiomers in samples a and b
imply a different number of extractions, which ultimately yield
the abundant pure enantiomers, either dextrotatory (+)sgg Or
levorotatory (—)sgo, as solid residues (s for both a and b sam-
ples, Fig. 2). Solubility data compiled in this way enabled us to
construct the solubility diagram, which is presented in Fig. 3.

The shape of the solubility diagram, as well as the single
eutectic point E found, confirm that polycrystalline 1 exists
as a conglomerate. Indeed, the solubility of the racemate
(0.105 g per 100 cm?) is almost twice that of the pure enantio-
mer (0.0531 g per 100 cm®) in acetonitrile at room temperature

trans - ReOCI,(OEt)py,

+

HP(OCMe,CMe,0),
-EtOH
-Py
Me 0
Me 0
" ’ \PC'\||
e o7 R|e Cl
Me 0] oy
Me
Me pme Me
Scheme 1

New J. Chem., 2003, 27, 1687-1689 1687

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2003


http://dx.doi.org/10.1039/B308170B

Downloaded on 01 November 2010
Published on 30 October 2003 on http://pubs.rsc.org | doi:10.1039/B308170B

=

300 400 500 600 700 800
Al nm

Fig. 1 CD spectra for acetonitrile solutions of nonracemic solid
samples of cis-[ReOCl,{OCMe,CMe,OP(OCMe,CMe,0)}py] used
for enantiomeric separation with an excess of (a) dextrorotatory
(+)s80 (Aeszs 3.13, Aez9 —7.47) and (b) levorotatory (—)sgo (Aésas
—1.12, Agzy 2.67) enantiomers (see Fig. 2).

(20°C), which is consistent with the so-called ‘double
solubility rule of Meyerhoffer’.'”

When the recovered sample of the pure dextrorotatory
(+)sg0 enantiomer was crystallized from acetonitrile, it gave
monocrystals (space group P2,2,2;, No. 19). X-Ray analysis
of the single crystal, by means of the similarity of the Flack
parameters, confirmed the absolute configuration C; this
stereochemistry of the rhenium compound is identical with
that already reported.?' Actually, it also made it possible to
assign the specific optical rotation [o]sg9 = +1345 (£30 max.
absolute error; ¢ = 0.05 g per 100 cm’, MeCN, 20°C) to the
pure enantiomer with the absolute configuration C.

In summary, this enantiomeric enrichment method is based
on the considerable difference in solubility between enantio-
morphs and racemates established for conglomerates some
time ago>®'® but not appreciated so far. Obviously, only the
enantiomer that is in excess can be recovered from a nonrace-
mic mixture if subsequent asymmetric transformations are not
available. Therefore, this method is rather rarely presented in
the literature®” and, to the best of our knowledge, has not been
used for the resolution of inorganic compounds. Nevertheless,
this simple and rapid separation procedure might be sensible
and beneficial in some cases. In the case of optical activation
reactions, it enables ready identification of situations where
the reaction product is a conglomerate. It also makes it possi-
ble to prepare seeds for preferential crystallization. It may also
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Fig. 2 Enantiomeric separation of nonracemic solid samples (0.15 g)
of cis-[ReOCl,{OCMe,CMe,OP(OCMe,CMe,0)}py] with (part a)
dextrorotatory (+)sg9 (56.1% ee) and (part b) levorotatory (—)sso
(20.5% ee) enantiomeric excess. Specific optical rotation osgg and ee
values vs. number of consecutive extractions with 5 cm?® portions of
MeCN were determined for the extract liquor (curves 1) and occasion-
ally for residues of the solid sample (curves s). The pure dextrorotatory
and levorotatory enantiomers were recovered in yields of 0.069 g (46%)
and 0.018 g (11.9%), respectively.
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Fig. 3 Solubility diagram for cis-[ReOCl,{OCMe,CMe,OP(OC-
Me,CMe,0)}py] in acetonitrile at 20°C.

be helpful in the resolution of conglomerates that reveal race-
mic crystal twinning or epitaxial growth. Crystallization of the
recovered pure enantiomer, in contrast to the racemic mixture
or a partially enriched sample, may also facilitate the determi-
nation of the absolute configuration and stereochemistry for
the particular enantiomer by means of X-ray analysis and
schiroptical methods.

Experimental

A centrifuge tube (10 cm®) equipped with a small Teflon® stir-
bar was charged with a finely ground polycrystalline sample of
the title compound 1 (0.15 g) and acetonitrile (5 cm?). The mix-
ture was stirred at room temperature for 15 min, then centri-
fuged (6000 rpm) to separate the liquor. The liquor and
occasionally solid residues dissolved in MeCN were examined
by means of UV spectra and a calibration curve to determine
the optical rotation, osgg, and the concentration of the rhe-
nium complex. The evaluation of ee was based on the specific
optical rotation value [a]sgo = 1345 (¢ = 0.05 g per 100 cm?,
MeCN) of the pure enantiomer.
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