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Abstract

Edge-oriented conformers of [M(ABC)6] complex have been enumeratétedrasis of
computational group theory, where M is the central metal, and ABi@ibent triatomic
ligand, bound to M through A. Based on the 38 edge-oriented diastereomers of the
M(AB)6 core unit, 22835 edge-oriented diastereomers have been fouhe {M(ABC)6]
complex, which are assigned to seven point groups, 3 D3, 6 S6, 27 C3, 132 C2, Es, 43
and 22621 C1.

1 Introduction

Enumeration of the conformers of transition metal complexemismportant issue in
conformational analysis, because an increase in the coordination muabges a
significant increase of the number of conformers. The conformersnobctahedral
[M(AB) 6] complex molecule (Figure 1a) have been enumerated [1,2] by the coimpaitat
group theory (CGT) method [3], where M is the central metal ofrtbkecule, and AB is

the diatomic ligand including the donor atom, A. The conformers westecitegorized in
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two typical orientations of the AB ligand, the eeijeection orientation and the
bisecting-direction orientation (Figure 2). For thdge orientation, 38 diastereomers were
found, being classified into the following pointogps: 1D3, 2 Cs, 2S5, 4 C2, 1 Ci, 1 Cs,
and 27Ca. For the bisecting orientation, 16 diastereomezsewiound and classified into 1
Dsd, 1 D3, 1S5, 1 Can, 5C2, 1Cs, and 6Ci. This enumeration was found to be useful in the
conformational analysis for a nickel(ll) complexNi(nmf)e]>* (hexakisN-methyl

formamidexO)nickel(ll) dication), to predict the conformatiama crystal [2].
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[M(AB)¢] [M(ABC)¢]

Figure 1. Structures of octahedral metal complexes, [M@B) and [M(ABC}] (b)

Figure 2. Edge directions (a) and bisecting directions (bjrf an apex of an octahedron
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In the case of the extended [M(AB33omplex (Figure 1b), the diastereomers have
been successfully enumerated only for the bisecting-oriented complexhgre ABC is a
bent triatomic ligand possessing a donor atom, A. The enumerated 7173 evafomne
classified into 1Dad, 4 D3, 4 Ss, 5 Can, 7 Cs, 182Cz, 15Cs, 23Ci, and 6932Z:. The result
was really useful not only in predicting the crystal structure ntd&so](BPhu)2 [5], but
also in considering the molecular motion in crystals and the phaséitramgehavior of
[Co(dmso}](BPhs)2 [6], where dmso represents dimethylsulfoxide. This success was of
course because the compounds had the bisecting-oriented octahedral structure.

On the contrary, however, the enumeration for the edge-orientédB{D)s]
complex (Figure 1b) has not been done, because it is more complida¢eetfofe, in this
study, enumeration of the conformers was conducted for edge-orientedB@YA
complex. The obtained result is expected to be useful in conformadioalyskis of related

metal complexes, including [Ni(dms$(BPhs)2 [7].

2 Methods

Conformers were obtained based on the computational group theory (C@&BDdn{&],
which was performed using GAP program [8] on Intel Core i7-3770 (3.40Gd#aputer.
Three-dimensional models were drawn by Winmostar softwareaf@],the point groups

were ascertained by the software.

3 Resultsand discussion

Conformers of edge-oriented [M(AB) complex were considered based on the
previously enumerated conformers of edge-oriented [M{AB)mplex [1,2]. Thirty-eight
edge-oriented diastereomers (meridional diastereomers) of [M(A8mplex are listed in

Table 1. In this table, for example, a conformer shown in Figure 3ided as [ [y], [-z],
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[-¥1, [z], [-X], [X] ] in the order of the numbering system [ x, y, %, -y, -z ]. In this study,
based on the edge-oriented M(AR)nit, each ligand, AB, was extended from atom B to
atom C to consider the conformers of edge-oriented [M(ABCdmplex. For the
extension of C, three directions were considered whose dihedral AhgleB-C were

180° (anti conformer), 300° (gauche conformer), and 60° (gauche conformer).sThis i

generally sufficient for the purpose of conformational analysis.

Figure 3. Numbering system (a) and an example of a confothjer

Table 1. Edge-oriented conformers of [M(A8)[1]

No Example Point Group
Al [V -2 [-y)s (2] [0 [XT ] D3
A2 [y [2] [-X] Y] (2] [-XT] Cs
A3 [V [-X], [-X], [2], [-2], [v]] Cs
A4 [IyL 2 [K], [y [2) [ ] S
A5 [y [z, X [-y) (2], [-X] ] S
A6 [V [-X], [X], [-2], [-x], [X]] Cz
A7 [ [zl Yl (2], [0 [ ] C2
A8 [yl [-x1. [-y]. [-y]. [z, [¥1] C
A9 [V [2] [-y) [-2), [-x], [X] ] C
A10 [yl [-x], [X], [-y], [X], [-x]] G
A1l [I] [-X1, YD [-20 [, D] C

Al12  [Iy], [-X], [-x], [-2], [, [ ] G
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A13  [D] [-x] ), 2], (2], YD) G
A4 [IY] [ [ By 2 [ G
A5 [Iy] [-x] V), YD 2] VD G
A6 [Iy] [-X], [-x], [yl [X], [-X] ] Cs
AL7T [IY) X [y (2], [, [y G
A18 [Iy], [-2], [-x] [-Y] 2] [ ] G
A9 [Y], [-2) [y) [ 2] [ ] G
A20 [Iy], [-2], IyD, [y, [2), [+ G
A2l [Iy), (2], [-x], [y 20, [ G
A22 [yl [-X], [X], 2], [-x], Y1 G
A23  [Iy] [-x], [yl [2), [ [X G
A24  [Iy], [-x], ), 2], [, [XD G
A25 [yl [2], [-x], [-2], [2], [-V] ] G
A26  [[y], [-2], [-X ), (X, [ ] G
A7 [Iy], [-2], ), 2], [, [XD G
A28 [Iy], [-x], [-y] [yl 2 [ ] G
A29  [y], [-2) [y) [2), [+, [ ] G
A30  [Iy], [-x], IvD, [y, [-2), [+ ] G
A3L [Iy] [-x], X1, [y, [-2), [+X] ] G
A32  [Iy], [-x], [-x], [-2], [2], [-]] G
A33 [y, [-x], Iy] [y), 2], [-X] ] G
A34  [Iy] [-2], ), [yl [X], [+X] ] G
A35  [Iy], [-x], [X], [-y], [2], [-X] ] G
A36 [ y], [-X], [y ), (X, [ ] G
A37 L), [-2], [-x], [yl [X, [y G
A38 [yl [2], [-X], [-¥], [X], [-Y]] G

The resulting conformers are summarized in Tables 2, 3,JarfebSexample, from
conformer Al of the M(AB unit (D3 point group), 138 diastereomers of [M(ABT)
complex have been derived as listed in Table 2. The 138 diastereamsist of 3Ds, 3
Cs, 24C>, and 108C: structures. Since all of these diastereomers are chieahumber of
corresponding conformers is 276. Although the 276 conformers have differenitisgs,
their M(AB)s core units have the same structures, belonging tb4dlp®int group. Among
the Al related 276 diastereomers, for example, the structurestdrdamers Al-1, A1-2,

and Al1-3 are shown in Figure 4. The numbering is shown in Table S1, and gébe thr
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diastereomers are belonging to the point group. In Al-1, all the dihedral M-A-B-C

angles are 180In Al1-2 and A1-3, all of the dihedral angles aré &@d 300, respectively.

180>
a b C 300°

Figure 4. Diastereomers Al-1 (a), Al1-2 (b), and A1-3 (c)

In the same way, the rest of the conformers of the [M(AB&mplex have been
considered based on the M(ABjore units from A2 to A38, and the point groups of the
obtained diastereomers are also included in Table 2. In total, 45618rroend,
corresponding 22835 diastereomers, have been found as the edge-oriented comformer
[M(ABC)e] complex. In Table 3, the diastereomers and conformers are egooatd
based on the resulting seven-point grolis,Ss, Cs, Cz, Cs, Ci, andC1. Except for theC:
symmetry, all of the edge-oriented diastereomers of [M(AB&} tabled in Table S1 in

supporting information.

Table 2. Conformers of edge-oriented [M(AB& erived from M(AB} core unit

Total numbe!

N Point group of  Point groups of [M(ABCy] of Total numbel
0 M(AB)e core unit diastereomer diastereome of conformers

Al D3 3 D3, 3C3 24C2, 108Ca 13¢ 276

A2 Cs 9Cs, 240C1 24¢ 49¢

A3 Cs 9Cs, 240C1 24¢ 49¢

A4 S 3%, 3C5,8Ci, 116Cy 13C 24¢

A5 S 35,3C3,8Ci, 116C1 13C 24¢
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A6 C 27C2,351C1 37¢ 75€
A7 C2 27C2,351C1 37¢ 75€
A8 C 27C2,351C1 37¢ 75€
A9 C2 27C2,351C1 37¢ 75€
A10 Ci 27Ci, 351Cs 37¢ 72¢
All C1 729C1 72¢ 145¢
Al12 Ci 729C1 72€ 145¢
Al13 C1 729C1 72¢ 145¢
Al4 Ci 729C1 72€ 145¢
A15 C1 729Cy 72¢ 145¢
Al6 Cs 3GCs, 363Ct 36€ 72¢
Al7 C1 729C1 72¢ 145¢
A18 Ci 729C1 72€ 145¢
A19 C1 729C1 729 145¢
A20 Ci 729C1 72€ 145¢
A21 C1 729C1 72¢ 145¢
A22 Ci 729C1 72€ 145¢
A23 C1 729C1 72¢ 145¢
A24 Ci 729C1 72€ 145¢
A25 C1 729C1 72¢ 145¢
A26 Ci 729C1 72€ 145¢
A27 C1 729C1 72¢ 145¢
A28 Ci 729C1 72€ 145¢
A29 C1 729C1 72¢ 145¢
A30 Ci 729C1 72€ 145¢
A3l C1 729C1 72¢ 145¢
A32 Ci 729C1 72€ 145¢
A33 Ci 729C1 72¢ 145¢
A34 Ci 729C1 72€ 145¢
A35 C1 729C1 72¢ 145¢
A36 Ci 729C1 72€ 145¢
A37 C1 729C1 72¢ 145¢
A38 Cu 729C 72€ 145¢
Total  2283% 45618

Table 3. Conformers of edge-oriented [M(AB)

No Pointgrour of Total number of Total number of
[M(ABC)e¢] conforme  diastereome conformer

1 D3 3 6

2 S 6 6

3 Cs 27 54

4 C2 13z 264

5 Cs 3 3

6 Ci 43 43

7 Ci 22621 4524

Total 2283t 45618

In the crystal of the nickel(ll) complex, [Ni(dmslBPhu)2, two crystallographically
distinguished [Ni(dmse)?* cations were included [7], and one had the bisecting-oriented

octahedral structure and the other had the edge-oriented struéiguee (5a). From the
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result of enumeration in this study, the edge-oriented structussignad to diastereomer
A4-3 (S point group) in Table S1, where M-A-B-C corresponds to Ni-O-Siyp [one

pair).

Figure 5. Edge-oriented [Ni(dmsglf* cation (a) and diastereomer A4-3 (b)

4 Concluding remarks

In this study, edge-oriented conformers of octahedral [M(ABCdmplex have been
enumerated on the basis of computational group theory. Based on the 38 edtgztori
diastereomers of the M(AB)core unit, 22835 diastereomers, corresponding 45618
conformers, have been found for the [M(ABJQomplex, considering the anti and gauche
conformations. The obtained diastereomers are assigned to seven pags, D3, 6 S,

27 Cs, 132Cz, 3Cs, 43Ci, and 22621C:1. The results are summarized in tables, which is

useful in conformational analysis of the related octahedral complexes.
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Supporting information

Table S1. Diasterepmers except f@: (the structures of the cenrtal M(ABYnits are shown in
their abbreviation forms; the numbers 0, 1, and2espond to the dihedral angles of
M-A-B-C 180°, 300°, and 60°, respectively)

No. Diastereomer Point group
-Al

Al-1 | y|-z|-y| z|-x| x|:[ 0, 0, 0, 0, 0, 0] Ds
Al-2 | yI-z|-y] z|-x] x|:[ 2, 2, 2, 2,2, 2] D3
Al-3 |yl-z|-yl z|-x] x|:[ 1, 1, 1,1,1,1] Ds
Al-4 | yI-z|-y] z]-x| x|:[ 2, 2, 0, 0, 0, 2] Cs
Al-5 | yl-z|-y| z|-x| x|:[ 1, 1,0, 0,0, 1] Cs
Al-6 | ylI-z|-yl z|-x] x|:[ 2,2, 1,1, 1, 2] Cs
Al-7 | yl-z|-y| z|-x| x|:[ 1, 2, 1,0,2,0] C
Al-8 | yI-z]-y] z]-x| x|:[ 0, 2,0, 0, 2,0] C
Al1-9 | yl-z|-y| z|-x| x|:[ 2, 2, 2,0,2,0] C
A1-10 | y|-z|-y| z|-x| x|:[ 0, 2,2,0,1, 1] Cy
Al-11 | yl-z|-y| z|]-x| x|:[ 0, 2, 2,0, 2,2] Cz
Al1-12 | y|-z|-y| z|-x| x|:[ 0, 2, 2,0,0,0] Cy
Al1-13 | y|-z|-y| z]-x| x|:[ 1,0, 1,0,1,1] Cz
Al-14 | vI-z]-y| z]-x| x|:[ 1, 0, 1, 0,0, 0] C
Al-15 | yl-z|-y| z]-x| x|:[ 2, 0, 1,0,2,1] Cz
Al-16 | y|-z|-y| z|-x| x|:[ 0, 0, 1, 0,0, 1] Cy
Al-17 | yl-z|-yl z]-x| x|:[ 1, 1, 1,0,1,0] C
Al1-18 | y|-z|-y| z|-x| x|:[ 0, 1,1,0,1, 1] Cy
Al1-19 | yl-z|-y| z]-x| x|:[ 0, 1, 1,0,2,2] Cz
A1-20 | y|-z|-y| z|-x| x|:[ 0, 1, 1,0,0,0] Cy
Al-21 | y|-z|-y| z|]-x| x|:[ 0, 0, 0, 0, 2,2] Cz
Al1-22 | yl-z|-yl z|-x| x|:[ 1, 0, 2,0, 1, 2] Cy
A1-23 | yl-z|-y| z|-x| x|:[ 2, 0, 2,0, 2,2] Cz
Al-24 | vI-z|-yl z|-x| x|:[ 2, 1, 2,0, 1,0] C
Al1-25 | yl-z|-yl z|-x| x|:[ 1, 2, 1,2,1,1] Cz
Al-26 | yl-zl-yl z|-x| x|:[ 1, 2, 1, 2,2, 2] Cy
Al1-27 | yl-z|-yl z|-x| x|:[ 2, 2, 1, 2,2,1] C
Al1-28 | yl-z|-yl z|-x| x|:[ 1, 2,2, 2,1, 2] Cy
Al1-29 | yl-z|]-yl z|-x| x|:[ 1,2, 1,1,2,1] Cz
A1-30 | yl-z|-yl z|-x| x|:[ 1, 2,2,1,1,1] Cz
-A2

A2-1 |yl z|-x| y| z|-x|:[ 2, 0,0, 0, 2, 2] Cs
A2-2 |yl z|-x| y| z|-x|:[ 0, 2,2,2,0,0] Cs
A2-3 |yl z|-x| y| z|-x|:[ 0, 0,0, 0,0, 0] Cs
A2-4 |yl z|-x| y| z|-x|:[0,1,1,1,0,0] Cs
A2-5 |yl z|-x| y| z|-x|:[ 1, 0,0,0, 1, 1] Cs
A2-6 |yl z|-x|yl z|-x|:[ 1, 2,2,2,1, 1] Cs
A2-7 |yl z|-x|yl z|-x|:[1,1,2,1,1,1] Cs
A2-8 |yl z|-x| yl z|-x|:[ 2, 2,2, 2,2, 2] Cs
A2-9 |yl z|-x|yl z|-x|:[ 2,1, 1,1, 2, 2] Cs
-A3

A3-1 | yI-x|-x]-z]-z| y|:[ 1,0, 1,0,1,0] Cs
A3-2 | yI-x|-x]-z]-z| y|:[ 0, 2, 0, 2, 0, 2] Cs
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A3-3 | y|-x|-x]-z]-z| y|:[ 0, 0, 0, 0,0, 0] Cs
A3-4 | yI-x|-x|-z|-z| y|:[ 0, 1,0, 1,0, 1] Cs
A3-5 | yI-x|-x]-z]-z| y|:[ 2, 0, 2,0, 2,0] Cs
A3-6 | yI-x|-x|-z|-z| y|:[ 1, 2,1, 2,1, 2] Cs
A3-7 | yI-x|-x]-z]-z| y|:[ 2, 2, 2, 2, 2, 2] Cs
A3-8 | yI-X|-X|-z|-z| y|:[ 1, 1,1,1,1,1] Cs
A3-9 | yI-x|-x]-z]-z| y|:[ 2, 1, 2,1,2,1] Cs
-Ad

A4-1 | vl z| x]-y|-z|-x]:[ 0, 0,0, 0,0, 0] S
A4-2 |yl z| x|-yl-z|-x|:[ 1, 1, 1, 2,2, 2] S
A4-3 1yl z| X|-yl-z|-x|:[ 2, 2, 2,1, 1, 1] S
Ad-4 |yl z| x|-yl-z|-x):[ 1, 1,1,0,0,0] Cs
A4-5 1yl z| X]-y|-z|-x]:[ 2, 2,2, 0,0,0] Cs
A4-6 |yl z| X-yl-z|-x):[ 1, 1, 1,1,1,1] Cs
A4-7 | vl z| x|]-y|]-z|-x|:[ 0, 1, 2,0, 2, 1] Ci
A4-8 | y| z| x|-y|-z|]-x|:[ O, 1, 1, 0, 2, 2] Ci
A4-9 | vl z| x|]-y|]-z]-x|:[ 0, 1, 0,0, 2,0] Ci
A4-10 |yl z| x|-y|]-z|]-x|:[ 0, 2, 2,0,1,1] Ci
A4-11 | vl z| x|]-y|]-z]-x|:[ 0, 2,1, 0,1, 2] Ci
A4-12 | v| z| x|-y|]-z|]-x|:[ 0, 2,0,0,1,0] Ci
A4-13 |yl z| x|]-y|-z|-x[:[ 2, 1,2, 1,2, 1] Ci
A4-14 |yl z| x|-y|-z|-x|:[ 2, 1, 1, 1, 2, 2] Ci
-A5

A5-1 | y|-z| x|yl z|-x|:[ 0, 0, 0, 0,0, 0] S
A5-2 | yl-z| x|-yl z|-x|:[ 1, 2, 2,2,1,1] S
A5-3 |yl-z| x|-yl z|-x|:[ 2, 1, 1, 1, 2, 2] S
A5-4 | yl-z| x|-yl z|-x|:[ 2, 0, 0, 0, 2, 2] Cs
A5-5 | vl-z| x|-yl z|-x|:[ 0, 2, 2,2,0,0] Cs
A5-6 |yl-z| x|-yl z|-x):[ 1, 1, 1,1,1,1] Cs
A5-7 | y|-z| x|-y| z|-x|:[ 1, 0, 2,2,0,1] Ci
A5-8 | y|-z| x|-y| z|-x|:[ 2, 0, 2, 1,0, 1] Ci
A5-9 | y|-z| x|-y| z|-x|:[ 0, 0, 2,0, 0, 1] Ci
A5-10 | y|-z| x|]-y| z|-x]:[ 0, 1, 2,0,2,1] Ci
A5-11 | y|-z| x|-y| z|-x|:[ 0, 1, 1,0, 2, 2] Ci
A5-12 | v|-z| x|-y| z|-x]:[ 0, 1, 0,0,2,0] Ci
A5-13 | yl-z| x|yl z|-x|:[ 2, 2,2, 1,1,1] Ci
A5-14 | yl-z| x|-y| z|-x|:[ 2, 1, 2, 1,2, 1] Ci
-A6

A6-1 | yI-X| x|]-z]-x| x|:[ 1, 0, 2,1, 2,0] C
A6-2 | yI-x| x|]-z|]-x| x|:[ 2, 2, 0, 2,0, 2] C
A6-3 | yI-x|] x|]-z]-x| x|:[ 0, 0, 2, 0, 2,0] C
A6-4 | y|-x| x|]-z|-x| x|:[ 0, 2, 0, 0, 0, 2] C
A6-5 | yI-X| x|]-z]-x| x|:[ 2, 0, 2, 2, 2,0] C
A6-6 | yI-x| x|]-z|]-x| x|:[ 1, 2, 0,1, 0, 2] C
A6-7 | yI-X] x|]-z]-x| x]:[ 2, 0, 0, 2,0, 0] C
A6-8 | y|-x| x|]-z|]-x| x|:[ 1, 0, 0,1,0,0] C
A6-9 | yI-X| x|]-z]-x| x|:[ 2, 1, 0, 2,0, 1] C
A6-10 | y|-x| x|]-z|]-x| x|:[ 1,0, 1,1,1,0] C
A6-11 | yI-x| x|-z]-x| x|:[ 0, 0, 0, 0,0, 0] C
A6-12 | y|-x| x|-z|-x| x|:[ 0, 1, 0,0, 0, 1] C
A6-13 | yI-X] x|-z]-x| x]:[ 0, 0, 1,0, 1, 0] C
A6-14 | y|-x| x|]-z|]-x| x|:[ 1, 1,0, 1,0, 1] C
A6-15 | yI-X| x|-z]-x| x|:[ 2,0, 1,2,1,0] C
A6-16 | y|-x| x|]-z|-x| x|:[ 0, 2, 1, 0,1, 2] C
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A6-17 | y|-x| x|]-z|-x| x|:[ 0, 1, 1,0, 1, 1] C
A6-18 | y|-x| x|-z|-x| x|:[ 0, 2, 2,0, 2, 2] C
A6-19 | y|-x| x|]-z|-x| x|:[ 0, 1, 2,0, 2,1] C
A6-20 | yI-x| x|-z|]-x| x|:[ 2, 2, 1, 2,1, 2] C
A6-21 | yI-x| x|]-z|-x| x|:[ 1, 1, 2,1,2,1] C
A6-22 | yI-x| x|]-z]-x| x|:[ 1,2, 1,1,1, 2] C
A6-23 | yI-X| x|]-z|-x| x|:[ 2, 1, 2, 2,2,1] C
A6-24 | yI-x| x|-z|-x| x|]:[ 2,1, 1,2,1,1] C
A6-25 | yI-x] x|]-z|-x| x|:[ 1, 2, 2,1, 2, 2] C
A6-26 | y|-x| x|-z|-x| x|:[ 2, 2, 2, 2,2, 2] C
A6-27 | yI-X| x|]-z|]-x| x|:[ 1, 1, 1,1,1,1] C
-A7

A7-1 | vlI-z| yl z]-x|-x]:[ 0, 1, 1,1,0,1] C
A7-2 | yl-z| y| z|-x|-x|:[ 0, 0, 1, 0,0, 1] C
A7-3 | vlI-z| yl z|-x|-x]:[ 2, 1,0, 1, 2,0] C
A7-4 |yl-z| y| z|-x|-x|:[ 2, 2, 0, 2,2, 0] C
A7-5 | vI-z| vl z|-x|-x]:[ 2, 0,0, 0, 2,0] C
A7-6 | yl-z| y| z|-x|-x|:[ 0, 2, 1, 2,0, 1] C
A7-7 | yl-z| yl z-x|]-x]:[ 1,1, 0,1, 1,0] C
A7-8 |yl-zl yl z-x|-x|:[ 1, 2,0, 2,1, 0] C
A7-9 | vlI-z| vl z]-x|-x]:[ 1, 0, 0,0, 1,0] C
A7-10 | y|-z| y| z|-x|-x|:[ 0, 1,0,1,0,0] C
A7-11 | vlI-z| yl z]-x|-x]:[ 1, 0, 2,0, 1, 2] C
A7-12 | yl-z| yl z|-x|-x|:[ 2, 0, 2, 0, 2, 2] C
A7-13 | vI-z] vl z]-x|-x]:[ 0, 0, 2,0, 0, 2] C
A7-14 | yl-z| y| z|-x|-x|:[ 0, 1, 2,1, 0, 2] C
A7-15 | vI-z] vl z]-x|-x|:[ 0, 2,0, 2,0, 0] C
A7-16 | y|-z| y| z|-x|-x|:[ 0, 0, 0, 0,0, 0] C
A7-17 | vlI-z| yl z]-x|]-x]:[ 1,0, 1,0, 1, 1] C
A7-18 | yl-z| y| z|-x|-x|:[ 2, 0, 1,0, 2, 1] C
A7-19 | vI-z| vl z]-x|-x|:[ 0, 2, 2, 2,0, 2] C
A7-20 |yl-zl yl zI-x|-x|:[ 2, 1, 1,1,2,1] C
A7-21 1 yl-z| vl z|-x|-x|:[ 2, 2, 1, 2,2,1] C
AT7-22 |yl-zl yl zI-x|-x|:[ 1, 2, 2, 2,1, 2] C
A7-23 1 ylI-z| vl z|-x|-X|:[ 2, 2, 2, 2, 2, 2] C
A7-24 |yl-zl yl zI-x|-x|:[ 1, 2, 1,2,1,1] C
A7-25 |vl-z| yl z|-x|-x|:[ 1,1, 1,1, 1, 1] C
A7-26 |yl y] z|-x|-x|:[ 2, 1, 2,1, 2,2] Cz
A7-27 |yl-z| vl z|-x|-x|:[ 1, 1, 2,1, 1, 2] C
-A8

A8-1 | yI-x-yl-yl-z| yI:{1,1,1,0,1,0] C
A8-2 | yI-x|-yl-yl-z| yI:[ 0, 2, 0, 2,2, 2] C
A8-3 | yI-x|-yl-yl-z| y|:{1,0,1,0,0,0] C
A8-4 | yI-x|-yl-yl-z| y|:[ 0, 0, 0, 2,0, 2] C
A8-5 | yI-x-yl-yl-z| yI:1,2,1,0,2,0] C
A8-6 | yI-x|-yl-yl-z| y|:[ 0, 1, 0, 2,1, 2] C
AB-7 | yI-x|-yl-yl-z| yI:[ 0, 2,0,0,2,0] C
A8-8 | yI-x|-yl-yl-z| y|:[ 0, 2,0,1,2,1] C
A8-9 | yI-xI-yl-yl-z| yI:{0,1,0,0,1,0] Cz
A8-10 1 yI-xI-yl-yl-zl yli[ 2, 1,2,0,1,0] C
A8-11 | yI-x|-y|-y|-z| y|:[ 0, 0,0, 0,0, 0] C
A8-12 | yI-x|-yl-yl-z| y]:[ 0, 0,0, 1,0, 1] C
A8-13 | yI-x|-y|-yl-z| y|:{ 2, 0,2,0,0,0] C
A8-14 | yI-x|-yl-yl-z| yI:[ 0, 1,0,1,1,1] C
A8-15 | yI-x|-yl-yl-z| yl:[ 2, 2,2,0,2,0] C



A8-16 | yI-x|-yl-yl-zl yli[ 2,0, 2, 2,0, 2] C
A8-17 | yI-x|-yl-y|-z| y|:[ 2,0, 2,1,0,1] Cz
A8-18 | yI-x|-yl-yl-z| yI:[ 1,0, 1, 2,0, 2] Co
A8-19 | yI-x|-y|-y|-z| y|:[1,0,1,1,0,1] C2
A8-20 | yI-x-yl-yl-zl yli[ 1,1, 1,2, 1, 2] Co
A8-21 | yI-x|-yl-yl-zl yli[ 1, 2, 1, 2,2, 2] C
A8-22 | yI-xI-yl-yl-zl vl 2, 2, 2, 2, 2, 2] C
A8-23 | yI-x|-yl-yl-zl yl:i[1,1,1,1,1,1] C
A8-24 | yI-xl-yl-yl-zl yli[ 2,1, 2,2, 1, 2] C
A8-25 | yI-x|-yl-yl-zl yl:i[1,2,1,1,2,1] C
A8-26 | yI-XI-yl-yl-zl yli[ 2, 2,2, 1,2, 1] Co
A8-27 | yI-x|-yl-yl-z| y|:[2,1,2,1,1,1] Cz
-A9

A9-1 |yl z|-y|-z|]-x| x|:[ 0, 2, 2, 2,0, 2] Cz
A9-2 | vl z|]-y|-z|-x| x|:[ 0, 0, 2,0, 0, 2] C
A9-3 |yl z|-yl-z|-x| x|:[ 2, 1, 0,1, 2,0] C
A9-4 |yl z|]-y|]-z|]-x| x|:[ 2, 2,0, 2,2,0] C
A9-5 |yl z|-y|-z|]-x| x|:[ 2, 0,0, 0,2,0] Cz
A9-6 |yl z|-y|-z|-x| x|:[ 0, 1, 2,1, 0, 2] Cy
A9-7 |yl z|-y|-z|]-x| x|:[ 2, 0, 1,0, 2,1] Cz
A9-8 |yl z|-y|-z|-x| x|:[ 1,0, 1,0,1, 1] C
A9-9 | vl z|-y|-z|-x| x):[ 0, 0, 1, 0,0, 1] C
A9-10 |yl z|-yl-z|-x| x|:[ 0, 2,0,2,0,0] Cy
A9-11 |yl z-y|-z|]-x| x|:[ 1, 1,0, 1,1,0] Cz
A9-12 1yl z|-yl-z|-x| x|:[ 1, 2,0,2,1,0] Cy
A9-13 |yl z|-y|-z|]-x| x|:[ 1,0, 0,0,1,0] Cz
A9-14 |yl z|-yl-z|-x| x|:[ 0, 2, 1,2,0,1] C
A9-15 | y| z]-y|]-z|]-x| x|:[ 0, 0, 0,0, 0,0] Cz
A9-16 |yl z|-yl-z|-x| x|:[ 0, 1,0,1,0,0] C
A9-17 |yl z|-y|-z|]-x| x|:[ 2, 0, 2,0, 2,2] Cz
A9-18 |yl z|-yl-z|]-x| x|:[ 1, 0, 2,0, 1, 2] Cy
A9-19 |yl z|-y|-z|]-x| x|:[0, 1, 1,1,0,1] Cz
A9-20 |yl z|-yl-z|-x| x|:[ 2, 1, 1,1,2,1] Cy
A9-21 |yl zl-y|-z]-x| x|:[ 1, 1, 1,1,1,1] Cz
A9-22 1yl z|-yl-z|-x| x|:[ 2, 2, 2, 2,2, 2] Cy
A9-23 1yl z-y|-z|-x| x|:[2, 1, 2,1, 2,2] Cz
A9-24 |yl z|-yl-z|-x| x|:[ 1, 1, 2,1,1, 2] Cy
A9-25 |yl z-y|-z|-x| x|:[ 1, 2,2, 2,1, 2] Cz
A9-26 1yl z|-yl-z|-x| x|:[ 2, 2,1, 2,2,1] Cy
A9-27 |yl zl-y|-z|-x| x|:[ 1,2, 1,2,1,1] Cz
-Al10

A10-1 | yI-x| x|-y| x|-x|:[ 2, 1,0, 1,2,0] Ci
Al10-2 | y|-x| x|]-y| x|-x]:[ 1, 1, 0,2,2,0] Ci
A10-3 | y|-x| x|-y| x|-x|:[ 0, 1, 0,0, 2,0] Ci
Al0-4 | y|-x| x|]-y| x|-x]:[ 2, 0,1, 1,0, 2] Ci
A10-5 | yI-x| x|-y| x|-x|:[ 1, 0, 1, 2,0, 2] Ci
Al10-6 | y|-x| x|]-y| x|]-x]:[ 0, 0, 1, 0,0, 2] Ci
A10-7 | yI-x| x|-y| x|-x|:[ 1, 2,0,2,1,0] Ci
Al10-8 | y|-x| x|]-y| x|-x]:[ 2, 2,0,1,1,0] Ci
A10-9 | y|-x| x|-y| x|-x|:[ 0, 2,0,0,1,0] Ci
Al10-10 | y|-x| x|-y| x|-x|:[ 1, 0, 2, 2,0,1] Ci
A10-11 | yI-x| x|]-yl x|-x|:[ 2, 0, 2,1,0,1] Ci
Al0-12 | y|-x| x|-y| x|-x|:[ 0, 0, 2,0,0,1] Ci
A10-13 | yI-x| x|-yl X|-x|:[ 1, 0,0, 2,0,0] Ci
Al0-14 | y|-x| x|-y| x|-x|:[ 2, 0,0, 1,0,0] Ci



-104-

A10-15 | yI-x] x|-y| x|-x|:[ 0, 0, 0,0,0,0] Ci
Al10-16 | y|-x| x|-y| x|-x|:[ 0, 1, 2,0,2,1] Ci
Al10-17 | yI-x| x|]-yl x|-x|:[ 0, 2, 2,0,1,1] Ci
Al10-18 | y|-x| x|-y| x|-x|:[ 0, 1, 1, 0,2, 2] Ci
A10-19 | yI-x| x|]-yl x|-x|:[ 0, 2,1, 0,1, 2] Ci
A10-20 | yl-x| x|-yl x|-x|:[2, 1, 1,1, 2,2] Ci
Al0-21 | yl-x| x|-yl x|-x|:[ 1, 1, 1, 2,2, 2] Ci
Al10-22 | yI-x| x|-yl x|-x|:[ 1, 2, 2,2,1,1] Ci
A10-23 | yI-x| x|]-yl x|-x|:[ 2, 2,2,1,1,1] Ci
Al0-24 | yI-x| x|-yl x|-x|:[ 1, 1, 2, 2,2,1] Ci
A10-25 | yI-x| x|-yl x|-x|:[ 2, 1, 2,1,2,1] Ci
Al10-26 | yI-x| x|-yl x|-x|:[ 1, 2, 1, 2,1, 2] Ci
Al10-27 | yl-x| x|-yl x|-x|:[2, 2, 1, 1,1, 2] Ci
-A16

Al6-1 | y|-x|-x]-y| x|-x|:[ 0, 0, 1, 0, O, 2] Cs
Al16-2 | yI-x|-x|-y| x|-x]:[ 0, 0, 2, 0,0, 1] Cs
Al16-3 | y|-x|-x]-y| x|-x|:[ 0, 0, 0, 0, 0, 0] Cs




