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Abstract

Conformers of cis[MX4(AB)2], trans[MX4(AB)2], cis[MX4(ABC)s], and trans[MX4(ABC),]
complexes have been enumerated on the basis ofutatigmal group theory, where M, X, AB, and
ABC are the central metal ion, the monoatomic Igyahe diatomic ligand possessing donor atom A,
and the bent triatomic ligand possessing donor @pnaspectively. For theis-[MX 4(AB)2] complex,
five bisected diastereomers have been found@s 2Cs, 2 C:. Based on the five diastereomers of the
cis-MX4(AB), core unit, 36 diastereomers have been found BcithMX 4(ABC),] complex, which
are assigned to three-point groupsC£ 3 Cs, 27 C1. On the other hand, for thieans-[MX 4(AB)2]
complex, three bisected diastereomers have beerdfas 1Cax, 1 Cy, 1 C,. Based on the three
diastereomers of theans-MX4(AB). core unit, 14 diastereomers have been found fertréms-
[MX 4(ABC)2] complex, which are assigned to six-point group§zn, 1 Cx, 5C,, 1Cs, 1 Cj, 5Cu.
Enumeration results are expected to be usefulrifocmational analysis of related metal complexes.

1 Introduction

Conformational analysis is one of the reliable methods in predidiructures of flexible
molecules, and enumeration of the conformers is important asghetéip of conformational
analysis. For metal complexes, enumeration is not so easy becathselafge number of

conformers caused by the branches at the central metal, but onmentbemers of typical
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structures are enumerated, the relating complexes have the sameragimmresults. The
conformers of octahedral metal complexes have been enumemateskveral types of
complexes, including [M(AB], [M(ABC)e], [MX(AB) s]|, [MX(ABC) s], cigtrans-[MX 2(AB)4],
cigtrans-[MX 2(ABC)4], fac/mer-[MX3(AB)s], and fac/mer-[MX3(ABC)s] [1-7], by the
computational group theory (CGT) method [8], where M, X, AB, and ABGhareentral metal,
the monoatomic ligand, the diatomic ligand possessing donor atom A, and thaatemic
ligand possessing donor atom A, respectively. Conformational anafysishown to be useful
[1,2,9,10] not only for predicting the stable structures but also fopiatieng physicochemical
properties €.9. phase-transition behavior), using the result of the enumeration.

In this study, in order to extend the target molecules ircdnéormational analysis,
enumeration was conducted for octahedral complesiegMX 4(AB)2], trans-[MX 4(AB)2],
cis[MX4(ABC)z], andtrans-[MX 4(ABC)2] (Figure 1), possessing two AB or ABC ligands.
This study will be the last one of this enumeration series, bectgs [MXs(AB)] and
[MX 5(ABC)] complexes are too simple to be discussed.ciieomplexes possess ceniriet
MX A2 unit, belonging to th€v point group, while thé&rans-complexes possess centrains-
MX4A2 unit, belonging to thBan point group. The enumeration results are expected to be useful
for conformational analysis for related octahedral complexes.

a b
cis-[MX,(AB),] cis-[MX,(ABC),]

C d
Q T~t’
trans-[MX,(AB),]  trans-[MX,(ABC),]

Figure 1. Structures of octahedral metal complexa@s{MX 4(AB)] (a), cis-[MX 4(ABC),] (b), trans-
[MX 4(AB)] (c), andtrans-[MX 4(ABC)_] (d)
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2 Methods

Conformers were obtained based on the computational group theory (CGT) method [7], which
was performed using GAP program [11] on Intel Core i5-2450 (2.50GHz)wtem{hree-
dimensional models were drawn by Winmostar software [12], and the gainps were
ascertained by the software. In enumeration, four bisecting orientatierc®nsidered for the
rotation around the M-A bond, and three orientations are considert fimtation around the

A-B bond (Figure 2a). To describe the structure, we use the followingiamofa-7]. For
example, the structure shown in Figure 2b is described as g[ly[+ 1, [-1.[-1. [- 1. [-x-

y ]1]. In this notation, the orientations of the AB ligands are desdras [y +z ], [-x -V ],

etc., and the X ligands are described as [ - ], in the order afithbering system [ x, y, z, -X, -

a §§3bz

Yy, -z ]

Ao 3 (1
=
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Figure 2. Typical orientations considered in enumerationg@) an example of a conformer with a
numbering system (b)

3 Results and discussion

3.1 Enumeration for cis- and trans-[MX4(AB),] complexes

The enumeration was conducted for thee andtrans-[MX 4(AB)z2] complexes, excluding the

unfavorable structures possessing B atoms in a close distancestThing diastereomers are
summarized in Table 1 with their point groups and are depicted ineF&gThe obtained five

diastereomers, L2-C1 — L2-C5, are categorized in three-point gro2gs2a$ Cs, 2 C1. Here,
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“L2" means the complex possesses two flexible ligand-arms. Sin€ tedCi point groups

are chiral among the three-point groups, each diastereomer beldogiitber theCz or C1

point group has an enantiomer. Therefore, the total number of conformars {£2-C1, L2-

Cl', L2-C2, L2-C2', L2-C3, L2-C4, L2-C4’, L2-C5, and L2-C5’, where the symbol”*

represents the mirror image). Except for @epoint group, each of the appeared point group

belongs to a subgroup of k&, point group, to which theis-MX4A2 coordination geometry

belongs.

Table 1. Bisecting diastereomers forces-[MX 4(AB)2] complex

No

Example

Point Group

L2-C1
L2-C2
L2-C3
L2-C4

L2-C5

(ly+zL[-L0-1[-1[-1[-x-y]]
(ly+zL[-LIx=y}[-1[-1[-1]

(ly+z][-L[-L0-)[=x+z][-]]
(ly+z] [-L[=-x+yL[-L[-1[-]]
(ly+z}L[-L[=-x=yL[-L[-L[-1]

C
C2
Cs
C1

C1

L2-C3

Figure 3. Structures of diastereomers L2-C1 — L2-C5
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The enumeration for thieans-[MX 4(AB)2] complex was conducted in the same way, and
the resulting diastereomers are summarized in Table 2 with theirgpoings and are depicted
in Figure 4. The obtained three diastereomers, L2-T1 — L2-T3, agooat in three-point
groups as Lo, 1 Ca, 1 C2. Among them, the&S; point group is chiral, and the diastereomer
belonging to th&2 point group has an enantiomer. Total number of the conformers is four (L2-
T1, L2-T2, L2-T3, and L2-T3’, where the symbol “’” represents theaniimage). Each of
the appeared point group belongs to a subgroup dbih@oint group, to which th&ans

MX4A2 coordination geometry belongs.

Table 2. Bisecting diastereomers fotrans-[MX 4(AB)2] complex

No Example Point Group
L2-11 [[y+z]L[-L[-][-y-z][-1[-]] Can
L2-12 [[y+z][-L[-1[y+z][-][-]] Cav
L2-13 [[y+z][-1[-][-y+z][-][-]] Cz

L2-T3 Y

Figure 4. Structures of diastereomers L2-T1 — L2-T3
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3.2 Enumeration for cis[MX4(ABC)2] complex

Conformers otis-[MX 4(ABC)z] complex were considered using the enumeration resailt-of
[MX 4(AB)z] complex. Based on thes-MX4(AB)z unit, each ligand, AB, was extended from
atom B to atom C to consider the conformersis{MX 4(ABC)z] complex. For the extension
of C, three directions were considered whose dihedral angles MCAwWRre 180° (anti
conformer), 300° (gauche conformer), and 60° (gauche conformer) (Figure 2a%. fhioisght
to be sufficient for the purpose of conformational analysis. Thdltires diastereomers are
summarized in Table 3. The total number of diastereomers be&@naxluding 6Cz, 3 Cs,
27C: diastereomers, as listed in Table 4. Sinc&trendCi point groups are chiral, the number
of conformers becomes 69 in total, including@z2 3 Cs, 54 C1 conformers. Except for thé:
point group, all the point groups belong to the subgroups atdhpoint group, to which the

cis-MX4A2 unit belongs.

Table 3. Bisecting diastereomers afs-[MX 4(ABC)2], derived fromcis-MX4(AB)2 core unit

Total number
of

Pointgrour of cis-

No MX 4(AB). core Total number

of conformers

Point groups otis-
[MX 4(ABC);] diastereomer

unit diastereome
L2-C1 C2 3C, 3C 6 12
L2-C2 Cz 3C,3C 6 12
L2-C3 Cs 3C;,3Ca 6 9
L2-C4 Ci1 9Cu1 9 18
L2-CE Ci 9Cs1 9 18
Total 36 69

Table 4. Bisecting conformers afis-[MX 4(ABC)3]

Total number of Total number of

No Point group diastereome conformer
1 C2 6 12
2 Cs 3 3
3 Ci 27 54

Total 36 69
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3.3 Enumeration for trans-[M X4(ABC)2] complex

Conformers otrans-[MX 4(ABC)z] complex were considered using the enumeration result of
trans-[MX 4(AB)z] complex, and the resulting diastereomers are summarized ia Jabhe
total number of diastereomers becomes 14, includit@nl1 Ca, 5C2, 1 Cs, 1 Ci, 5C1
diastereomers, as listed in Table 6. SinceXth@ndCi point groups are chiral, the total number
of conformers becomes 24, includin@, 1 Ca, 10C2, 1Cs, 1 Ci, 10C1 conformers. Except
for the C1 point group, all the point groups belong to the subgroups dd4hpoint group, to

which thetrans-MX4A:2 unit belongs.

Table 5. Bisecting diastereomers tins-[MX 4(ABC)2], derived fromtrans-MX 4(AB)> core unit

Total number
of

Pointgrour. of

No trans-MX 4(AB)2 Total number

of conformers

Point groups ofrans-
[MX 4(ABC)] diastereomer

core uni diastereome
L2-T1 Czn 1Cah, 1C, 1C, 1C 4 6
L2-T2 Cov 1Co, 1C2, 1G5, 1Ca 4 6
L2-T3 C2 3C,3C 6 12

Total 14 24

Table 6. Bisecting conformers dfans-[MX 4(ABC)2]
Total number of Total number of

No Point group

diastereome conformer.
1 Con 1 1
2 Cov 1 1
3 C2 5 1C
4 Cs 1 1
5 GCi 1 1
6 Ci 5 1C
Total 14 24

As summarized in Tables 1-6, possible diastereomers areemtach forcig/trans-
[MX 4(AB)2] and cis/trans-[MX 4(ABC)z] complexes. This kind of enumeration results were
recently found to be useful not only for predicting the structimgsalso for understanding the
phase-transition behavior of metal complexes [10]. The enumerasigltsria this study is also

expected to be useful in the future.
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4 Concluding remarks

In this study, conformers of octahedmb/trans-[MX 4(AB)z] and cis/trans-[MX 4(ABC)2]
complexes were enumerated on the basis of computational group theortheFcs

[MX 4(AB)z] complex, five bisecting diastereomers have been foundCaslZs, 2 Ci. For the
cis[MX4(ABC)z] complex, 36 bisecting diastereomers have been foundCas3Cs, 27 Cu.

For thetrans-[MX 4(AB)2] complex, three bisecting diastereomers have been foun@asil

Cav, 1 C2. For thetrans-[MX 4(AB)2] complex, 14 bisecting diastereomers have been found as
1 Can, 1Cay, 5C2, 1Cs, 1 Ci, 5Cu. The results were summarized in tables, which are useful in

conformational analysis of the related metal complexes.
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