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SUMMARY

Matrix representations are given for six-coordinate structures (product
matrices P) and for their intramolecular isomerization reactions via trigonal or
rhombic twists (reaction matrices R). Matrix transformations are also described,
which allow to deduce from the general case the subset of rearrangements generated
by various constraints. Several examples are depicted and are compared with previous
descriptions.

INTRODUCTION

Besides topological?-? and non-topological® representations of intramolecular
isomerizations via pseudo-rotations of trigonal-bipyramidal structures, matrix
representations have also been described®.

Topological® and non-topological® descriptions may be given for the analogous
rearrangements via trigonal or rhombic twists of octahedral complexes. It seemed
interesting to see whether the matrix representation used to represent the processes
in five-coordinate species could be extended to the present problem.

RESULTS

Matrix representation of octahedral structures

A set of three matrices (1 P, 2P and 3P) is needed to represent the 30 octahedral
isomers (a to q and a to q) of a six-coordinate complex 123,456*. This difference
between six- and five-coordinate complexes arises from the fact that, in every octa-
hedral structure, three couples of ligands are in trans position, when only two sub-
stituents are trans with respect to each other (AA) in trigonal-bipyramidal molecules.

These three matrices thus relate, as in the case of five-coordinate complexes?,
the relative trans position of the ligands with the name (symbol) of the different
isomers.

* For Part XVI see ref. 1.
** Titulaires d’'une bourse de specialisation de 'R S.IA.
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If one applies the numbering* which has been defined in ref. 6 and if one uses
letters instead of digits to describe the different isomers, which avoids the confusion
between ligands and isomers>, one gets

123456 123456 123456
1{0ilmagq Okhgjd Ofgbnc1
21i0dcqa "kOghel f0jnbm
31 1d0aen} _,;p. | heOkfil_,, tejOambl _;p
4 imcq0dj ghkOif bnalle
5{aqcdog jefiok nbmlIOh
6 |qanjgo] | d1ifko| lcmbehO]

Matrix transformations '

The matrices 1P, 2P and 3P used simultaneously define all the structures
which have two ligands k and 1 in trans position (1py, 1P, 2Pxis 2P, 3Pk and 3py,
Py being always the optical antipode of py).

Let us define a matrix C(kl, t)** which is a p by p zero matrix where ¢, and ¢;,
have been replaced by 1 (ref. 1); the operation

E(kl, ) x Px C(KL, 1) = P(k], fp**

changes each of the original P matrices into the particular ones P(kl, ¢) which describe
the case where ligands k and 1 are in trans position

When Kl is a chelating ligand?, k and 1 cannot be trans with respect to one
another and one finds '

P(kl, )= P—P(k}, 1)

These matrix transformations have to be performed with each of the three
matrices 1P, 2P and 3P to get all the excluded isomers.

The changes which occur when two ligands k and 1 are identical are no more
caused by structures which are impossible to form, but by isomers which become
identical to one another. The restrictions may be seen on the matrix obtained from P
by setting k=1: the three six by six matrices P may then be reduced to three five by
five ones P(k=1). py,=py, and pu=p, (if x¥#k, 1) and p,,=p,, express the identity
of isomers. This may aiso be represented by a matrix transformation!

Clk=1)x Px Ck=1l)= P(k=1)

where C(k =1) is a rectangular matrix constructed from a (p—1) by (p— 1) unit matrix
by inserting between lines (1—1) and 1, a row which is identical to line ktt.

* For the numbering convention and symbolism see ref. 6; a=123,456; b=123,645; ¢=123,564; d=
125,463 ;6=126,435;1=136,425; g =125,643:h=126,534;i=135,426;j = 124,653 ; k = 135,624;1 = 125,436
m==125,346; n=123,654 and gq=123,465.

** The C matrices describe the reduction or original matrices under the influence of constraints; the type
of constraint is represented in parentheses.

% (k1) is the transposed of C(k},t); in this particular case, C(kl, £} = C(k, ).

' The case of complexes with two or three bidentate ligands will be examined elsewhere®.

't Some of the restrictions (x=y) are obtained in duplicate,
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Matrix representations of intramolecular rearrangements via trigonal or rhombic twists
of octahedral structures

" The intramolecular isomerization reactions of M., described in refs. 4 and 5,
may be represented by a square 30 by 30 symmetrical rearrangement matrix R, whose
coefficients r,, are equal to 1 if isomer y may be converted into isomer z by one tri-
gonal or rhombic twist, and 0 otherwise

Gt

abcdefghijklmng abcdefghijklimng

011111111000000 000000000000000 |
101000000111000 000101010000000
110000000000000 0060010101111000
100010000000110 010001010010000
100100000010000 001000101000110
100000100000001 010100010001010
100001000001010 001010001000001
100000001000000 |=A; 010101C00100101 |=B
100000010100101 001010100000000
010000001000000 001000010011101
010010000000110 001100000101000
010000100000001 001001000110010
000100001010000 00001001010001 1
000100100010001 000011000001100
| 000001001001010 | 000000110100100

LB g= RS TR SO0 O8N
QB g=F=ETRSe o0 o

Matrix transformations

It is also possible to transform the r by r matrix R representing the possible
isomerization reactions of 123,456, into other smaller matrices which are valid for
simpler structures.

The comparison of matrices P valid for a given system with matrices P valid
for the general case MLy, gives immediately the structures which are excluded and
those which have become identical to other ones.

If structure p,, is excluded, one may describe a matrix transformation which
changes R into R(p,=0), as for the five-coordinate complexes®. A rectangular
transformation matrix C(py,=0) has to be used, which can be constructed from a
(r—1) by (r—1) unit matrix by inserting a row of zero’s between line (p,,— 1) and line
Pu- One has

C(Pkl=0) X Rx C(py=0) = R(p,;=0)

If two structures m and n become equivalent, one has, as in the case of trigonal-
bipyramidal structures!:

C(m=n)x Rx C(m=n)= R(m=n)
where C(m=n) is a rectangular matrix constructed from a (r—1) by (r—1) unit
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matrix by inserting between lines (n—1) and n, a row which is identical to line m
{vide supra).

With the aid of these matrices 1P, 2P, 3P, C(kl,t), C(u=w) and C(z=0), one
can easily deduce the subset of isomerizations generated by various constraints which
forbid the existence of certain isomers or which render two isomers of the general
case identical to one another. Several examples will now be examined and compared
with topological representations which have already been described before.

Example 1:123,455. The general matrix 1 P may be transformed into 1 P(5=6)
according to

Tt 2 3

100000 10000] 1 o i
01000 2 i 0 d

010000 00100 0

001000 |xIPx =3. {1 d o
00010

600100 00001 4 |m < q

000011 =
(0000 1_} 5=6 a+q a+g c+

4 5=6
— n
m a-+q
c q+a
q c+n
0 d+3
n d+j g+g

The same may_be done for 2P and 3P. One gets finally a=q, a=q, b-m,
.b=m, c=n, c=n, d=j, d=j, e=l, e=I, f=i, f—1,g g h=h, k=k.
It is now possible to determine R (5=6) =R(123,455), using the suitable trans-
formation matrix defined from P(5=6). The matrix C(a=q,2=q,b=m,b=m,c=n,
c=n,d=j,d=j,e=le=], f=i, =1, g=g, h=h, k=k) may thus bewritten

- ORI |ITIPIR MR ™o A0 TR

abcdefghijklmngabcdefghijklmng

1000050600000001000000000000000
010000000000000000000000000100
001000000000010000000000000000
000100000000000000000000100000
000010000001000000000000000000
000001001000000000000000000000
000000100000000000000100000000
000000010000000000000010000000
000000000010000000000000010000
000000000000000100000000000001

000000000000000001000000000010
000000000100000000100000000000
000000000000000000010000001000

00000000000000000000100100000q

_ |a=q,b=m,c=n,d
=C |3-q.b=m,o=5,d

®

- J. Organomeral. Chem., 18 (1969) 1-6

l

i

o]
|
| mn
b
= om
ng‘lml



ORGANOMETALLIC COMPOUNDS. XVII 5

abcdefghkabcdef

011112110000000
101010011000201
110100101000021
101010011020001
110100101002001
200000110011110
101011000101011
110101000110101 }|=R(123455)=CxRxC
011110000011110
000000110011112
000201011101010
000021101110100
020001011101010
002001101110100
011110110200000

=0 GICIR]IR e ™ 0o A0 g p

.

This representation is analogqus to the topological description which has
already been given for the same system?, the non-zero elements being the turning-
points (or transition states} to go from one isomer to another.

The 123,455 system may analogously be simplified further on?® for instance by
setting 4=3; one gets

abc fgkbc
01122011
10311110
13011101
21102011
21120011
01100011
11011103
1 10111130]
which is the topological g]atrix of a somewhat modified seven-dimensional tetra-
hedron’: five edges are missing (r,, =r,. = res=rn =ru =0 instead of 1), three edges
are twofold degenerate (raf=r,,g=rfg=2 instead of 1), two edges are threcfold de-

generate {(rso=rsz=3 instead of 1). One gets thus a matrix representation which is
similar to the topological description given before®.

= R(123,355)

OlGI® e ™6 o n

Exqmple 2:123,.355. The introduction of a chemical bond between ligands 3
and 3 for instance reduces the number of isomers, which can be seen on the three

J. Organometal. Chem., 18 (1969) 1-6



6 M. GIELEN, G. MAYENCE, J. TOPART

matrices P. One gets a=k=0. If one wants to obtain from R(123,355), the matrix .
R(IZZI;::’:SS) describing this chelate case, one has

[000000|  Pefebc
01000000] 100000 b{031110
00100000 010000| cl301101
00010000] o 13555, 001000 ] 11110211
00001000 000100| g{112011
00000010 000000| b|101103
| 00000001 000010| c|011130 ]

1000001 |

R(123'_,.‘;,55) also remembers the topological matrix of a five-dimensional
tetrahedron : two edges are missing (b#¢ and c#b), two edges are threefold dege-
nerate (r, and r;;), one is twofold degenerate (r,). One gets thus a description which
is, once more, analogous to the topological representation given before®.
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