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Abstract: Crystallographically well-documented examples of
“Racemic Mimic” pairs remain scarce. We describe two new
species belonging to this rare class of pseudo-symmetric crys-
tals, which we term “Racemic Mimics.” The Mn(III) and Co(III)
compounds – azido-methanol-((R,R)-N,N′-bis(salicylidene)-1,2-
diaminocyclohexane)manganese(III) and (1-cyanoethyl)-pyri-
dine-bis(dimethylglyoximato)cobalt(III) – have been studied in
two distinct crystalline forms: (1) a centrosymmetric form
[P21/n, Z ′ = 1.0] and (2) a Sohncke form [P21, Z ′ = 2.0]. In each
case, the structures are related by their nearly identical cell
constants, with the latter form exhibiting a doubled Z ′ due to
the loss of the n-glide plane. Our findings expand the scope of
racemicmimicrybeyondpreviously recognizedpurely organic
systems, demonstrating that this phenomenon is more wide-
spread than previously appreciated. Additionally, we highlight
the overlooked chirality of the tri-bonded oxygen in theMn(III)
compound, a feature typically disregarded in the Cambridge
Structural Database. This work adds another chapter to the
intriguing study of racemic mimicry in crystallography.

Keywords: Racemic Mimic crystals; Mn(III) and Co(III)
complexes; solvent dependence of crystallization modes;
Schiff base derivatives of Mn(III); dimethyl-glyoximato
Co(III) complexes

1 Introduction

In this study, we deal with the behavior of a pair of metal
compounds of Mn(III) and Co(III) which illustrate the fact
that Racemic Mimic compounds exist in a compositionally
broad range of molecules – not limited by such common
classifications as “amino acids”, “organometallics”, etc. The
Mn(III) and Co(III) examples described here are:
(a) Mn: Azido-methanol-((R,R)-N,N′-bis(salicylidene)-1,2-

diaminocyclohexane)manganese(III), crystallizing as a
racemate (AXUZAV) (I),1 and in a Sohncke space group
(GISXAK and GISXAK01) (II).2a,b

(b) Co: (1-Cyanoethyl)-pyridine-bis(dimethylglyoximato)
cobalt(III) crystallizing as a racemate (BAGMUR10) (III)
and in a Sohncke space group (BAGMOL10) (IV), both
appearing in.3a In a follow-up study, the H atoms
bonded to the chiral C atoms (stereogenic center) of the
1-cyanoethyl groups in two cobalt complexes, [(R)-1-
cyanoethyl] bis(dimethylglyoximato) (pyridine)cobal-
t(III) were replaced with deuterium atoms and neutron
diffraction was used (RALBUB).3a

2 Part (a) – the manganese pair

Recently, we4 published a study of the structure of the Grubbs
Catalyst-(1-(2,6-diethylphenyl)-3,5,5-trimethyl-3-phenyl-pyrro-
lidin-2-ylidene)-({5-nitro-2-[(propan-2-yl)oxy]phenyl}methyl-
idene)-dichlorido-ruthenium(II) that constitutes Part I of our
ongoing studies on the structural characteristics of com-
pounds belonging in the class of “Racemic Mimics”. That
publication gives a thorough recount of the history of the
discovery, crystallization label assignment and structural
knowledge available on the subject until the end of 2024. For
the interested reader, we recommend a careful examination
of that source.Herein,wediscuss theproperties ofMn(III) and
Co(III) specimens that also belong in that class.

The structure of molecule (I) is depicted in Scheme 1 and
Figure 1 using the coordinates of the species present in the
asymmetric unit of the racemic form, labeled in the CCDC5 as
AXUZAV (I).1 Hereafter overlay figures and data were
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obtained with MERCURY6 and final text figures with
DIAMOND.7

3 The question of chirality centers
present in molecules of interest

Before we discuss chirality details for the current cases, we
must clarify the issue of the chirality atO3 (see Figure 1)which
is not dealt with properly in the CCDC5 because of ignoring the
stereogenic contribution of non-bonded pairs in tri-bonded
oxygen, as in the current case (n.b. the chirality of stereogenic,
asymmetric, tri-bonded N and S, and others, are also ignored;
but, the CCDC have indicated they are in the process of doing
so). The identification of chiral oxygen atoms in metal com-
plexes, involving a lone pair of electrons on oxygen, has been
discussed previously by Bernal et al.8 in the case of Hexol
Cluster Cations [Tris(cis-tetraaminedihydroxo)Co]+6. They
identify “six OH oxygens (that) are chiral centers once the
presence of the unused non-bonding pair is identified.”

More recently, Alkorta et al.,9 have discussed how the
Cahn–Ingold–Prelog (CIP) rules can be extended to supra-
molecular structures involving lone pairs of electrons.

In the case of the Mn(III) compound, AXUZAV (I), dis-
cussed in this work, it is important to note that the atoms
around O3 (namely H24, and the methyl group C21), are not
flexible in the crystalline state. Their orientation is fixed due
to the hydrogen bond between H24 at (x, y, z) and N5 of the
neighbouring molecule at (x − 1, y, z). This is shown in
Figure 2(a). The atom, O3, is tetrahedral and its non-bonded
pair points up and to the left (in the direction of the adjacent
H atom). The chirality ranking sequence is: Mn>C21>H>non-
bonded Pair; thus, O3 is (R) in Figure 2(b). For amore detailed
illustration, depicting the racemic pair of molecules, see
Figure 2(b), next.

Scheme 1: Structural diagram of azido-methanol-((R,R)-N,N′-
bis(salicylidene)-1,2-diaminocyclohexane)manganese(III) (I) with * indicating
the chiral centers.

Figure 1: A labeled view of the molecule as it appears in the racemic
version (I). Atoms C8, C13 and O3 are chiral centers. For more details, see
Figure 2.

Figure 2: Molecules of AXUZAV (I) (a) the intermolecular hydrogen bond
between H24 and N5 fixes the orientation of the lone pair of electrons on
O3. (b) C8 and C13 are the chiral atoms of a racemic pair of (I). In the left
image, the non-bonded pair points into the plane of the paper; thus, it is S.
The one on the right points out of the paper; thus, it is R.
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If necessary, experimental techniques such as solid-
state circular dichroism (such as described by Jain et al.10)
could be used in future work to study the chirality of crys-
talline the Mn(III) compound.

Note the inversion center between images of the
racemic pair in (I), made obvious by the atomic labels. As a
result, the chirality sequence (C8, C13, O3) for the left image is
SSS while that at right is RRR. These results are to be
compared with those for the two independent moieties
present in the asymmetric unit of GISXAK (II), dealt with
below.

The crystallization characteristics of the cells in (I) and
(II) are typical of those belonging in the RacemicMimic class,
for which the packing is nearly identical; in fact, sometimes
remarkably so, as is obvious by examining the pair of mol-
ecules present in (II), depicted in Figure 3.

Labels clearly identify the chiral oxygens, the chiral
carbons resulting from solution and refinement of the spe-
cific crystal (II) selected by Bhargavi et al.2 Some useful de-
tails of the pair are summarized in Table 1.

As is evident from the numerical information above, the
fundamental constants of specimens (I) and (II) are
remarkably close. Given that degree of resemblance in nu-
merical constants, how close are the stereochemical features
of the molecules present in the GISXAK (II) pair? Figure 4
answers that question.

4 Part (b) – the cobalt pair

A structural diagram for (1-cyanoethyl)-pyridine-bis(dime-
thylglyoximato)cobalt(III) is given in Scheme 2 and the

crystallographic details for BAGMOL10, RALBUB and BAG-
MUR10 are given in Table 2.

A representation of the molecules in this example ap-
pears next, Figure 5, where the asymmetric unit of the
racemic BAGMUR10 is shown.

One of the two molecules in the asymmetric unit of
BAGMOL10 is depicted in Figure 6, next.

A useful comparison of how closely the Co1–Co2 mole-
cules resemble each other stereochemically is shown in
Figure 7 where molecule 2 was superimposed on molecule 1.

The fact that the planar [Co(dimethylglyoxime)] frag-
ment superimposes almost exactly is no surprise since such
fragments are extremely rigid; what is remarkable is the

Figure 3: The two crystallographically independent molecules in the
Sohncke version (II). The intersection of the green dotted lines is the
pseudo-inversion center, located in this case at an arbitrary point, since in
P1 the origin is completely arbitrary and must be set.

Table : The unit cell information for the structures GISXAK (II) and
AXUZAV (I) discussed in this paper. The Flack parameter was obtained
from the deposited data.

REFCODE GISXAKa (II) GISXAKb (II) AXUZAV (I)
Formula CHMnNO CHMnNO CHMnNO

Crystal system Triclinic Triclinic Triclinic
Space group P P P
a/Å .() .() .()
b/Å .() .() .()
c/Å .() .() .()
α/° .() .() .()
β/° .() .() .()
γ/° .() .() .()
Volume/Å .() ,.() .()
Z   

Z ′   

Flack parameter .() .() –

T/K   

Density . . .
Crystal color Brown Brown Dark brown

Figure 4: The overlay of molecule 2 on molecule 1 in the enantiomorphic
version (II), using only the routine Flexible in MERCURY.6 Note the
difference in chirality of oxygens O3 and O6 is evident here (H24 points
into and H48 out of the paper) while C8 and C30 are closely overlaid.
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degree to which the axial ligands overlap because they are
connected to the Co atom by single bonds; specially, since in
solution those fragments must be freely rotating and as

they crystallize, packing forces can readily move them
around.

In generating Figure 7, the output of MERCURY in which
the two images were overlayed “as is” was selected; there-
fore, it is obvious that (a) the chiral center(s) on both mole-
cules are the same (b) torsional adjustments were not
needed to obtain the recorded fit, which is notable given the
size and bonding of the constituent fragments.

Finally, we come to the question of the packing of the
molecules in the unit cell, which is depicted in Figure 8.

As is evident from the intersection of the green dotted
lines, located at the center of mass of the fragment displayed
(0.2500, 0.5006, 0.5000), there is a pseudo-inversion center

Scheme 2: Structural diagram of (1-cyanoethyl)-pyridine-bis(dimethyl-
glyoximato)cobalt(III) with * indicating the chiral center.

Table : The unit cell information for the structures BAGMOL and
RALBUB and BAGMUR discussed in this paper.

REFCODE BAGMOLa [III] RALBUBb [III] BAGMURa [IV]
Formula CHCoNO CHDCoNO CHCoNO

Crystal system Monoclinic Monoclinic Monoclinic
Space group P P P/n
a/Å .() .() .()
b/Å .() .() .()
c/Å .() .() .()
β/° .() .() .()
Volume/Å .() .() .()
Z   

Z′   

Flack parameter Not reported −.() –

T/K   

Density . . .
Color Red Red Orange

Figure 5: Molecular structure of the enantiomorphic version (IV), C14 is R
as evident from the ranking Co>C15>C16. Exactly where the hydrogens
between O1–O4 and O2–O3 belong is speculative, to say the least; they
are depicted where reported.

Figure 6: Molecular structure of one molecule of (III). Using the same
ranking system as above, C14 is S. Obviously, the one belonging to Co2 is
also S as demanded by the two components of the Sohncke member of a
Racemic Mimic.

Figure 7: An overlay of the two independent molecules in the
asymmetric unit of the enantiomorphic structure, (III). The agreement is
remarkable given that the crystals contain two independent molecules in
the asymmetric unit, which are quite flexible.
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separating the Co1 and Co2 molecules, a feature that is
characteristic of Racemic Mimics.

5 Conclusions

(1) Our results demonstrate that the nature of themolecules
crystallizing as Racemic Mimics is quite extensive and
not limited to purely organic moieties, as may have
appeared by the earliest examples in which the phe-
nomenon was observed (see ref. 4).

(2) Importantly, and unexpectedly, the recognition and la-
beling of chiral centers of three-fold asymmetrically
bonded atoms bearing a non-bonded pair (e.g., N, O, S,
etc.) was, heretofore, ignored in the CCDC.5 They are
aware of that omission and plan to remedy it.
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