CONTACT CONFORMERS IN CRYSTALS
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E. E. Lavut, P, M. Zorkii, UDC 541.63
and N, Yu. Chernikova

In a continuation of the systematic study of contact conformers (coexisting molecules having
different structures), a comparison of the structures of symmetrically independent molecules
inthe crystals of 37 coordination compounds have been compared, Fourteen cases of contact con-
formers have been detected and systematized. The earlier suggestion that contact conformers
are more typical of crystals of coordination compounds than of organic crystals has been con-
firmed.

In most molecular crystal structures, all the chemically identical molecules (or polyatomic ions) are
related by symmetry operations, and therefore have completely identical structures, At the same time, there
also exist crystals in which molecules of the same kind occupy several systems of equivalent positions, The
symmetrically independent molecules are situated in different environments (that is in different force fields)
and may have different geometries, Thus in crystals of this kind, the coexistence in direct contact of molecules
having different structures (conformers) is possible, These molecules have been called contact conformers [1].

Contact conformers in organic molecular crystals were examined in detail in [2], where the geometries
of the independent molecules were compared for a large number of structures, and the principal types of contact
conformers characteristic of crystals of organic compounds were distinguished, In [3], an analogous study of
the crystal structures of coordination compounds was begun. In the present study, we have increased consider-
ably (by a factor of 3) the volume of data on the comparison of molecules in crystals of coordination compounds,
and this has made it possible to systematize various manifestations of contact conformers in substances of this
class,

For a quantitative comparison of the geometries of the independent molecules, we used the procedure and

/N
program described in [4]. The integral criterion of similarity in molecules was the quantity s — (2 R?/N)lm,
i=1
where N is the number of atoms in the molecule, and R; represents the distances between corresponding atoms
for the closest arrangement of the molecules (so-called deviations). The molecules being compared were as~
sumed to be conformers when s > 0.2 &, From the magnitude of the deviations it was possible to distinguish
differing fragments of the molecules, and to determine the type of conformers* by comparing the values of the
bond lengths and valence and twisting angles in the two independent molecules,

We examined structures of symmetrically independent molecules in the crystal structures of 37 coordina-
tion compounds (12 of these were described in {3]). Most of the erystals examined are homomolecular, In the
case of heteromolecular structures we were interested only in molecules (or ions) containing a transition metal
atom. The geometries of the molecules as a whole (hydrogen atoms were not considered) and the separate co-~
ordination polyhedra were compared. In nine structures, the independent molecules were found to be practically
equal (8= 0,1.{), in 14 they were close (0.1< s=0.2 2\), and contact conformers (s > 0.23) were detected in 14
cases.T This result confirms the earlier suggestion [3] that the coexistence of conformers is more typical of
crystals of coordination compounds than of organic crystals (~40 and ~20% respectively [1] of the number of
structures with symmetrically nonequivalent molecules),

*In Zome cases, where the molecules being compared are fairly large, they may also be conformers for s=
0.2 A,

TMolecules having high intrinsic symmetry can be superimposed in several ways, for which the values of the
criterion s will differ slightly, In these cases we took the minimum value of the criterion s.
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TABLE 1, Contact Conformers in Crystals of Coordination Com-

pounds
. . R .| Types of conforma-~ [Litera-
2 Compound s A ;\max tional differences ~ [Ure
kited
1 | (CuCHy,N0y), 0,21 | 0,77 | M{e;—ey) 5
2 | (AgN;Cy,H2,)ClO, 0,23 | 0,54 | IT, M{cy—cy; e5--cy) 6
| 1
3 | MoC(0)(CMe),C(CF5)0C(0)(CsH,) 0,28 | 0,78 | g4, 0 7
4 | TcCly(PMe,Ph), 0,32 | 0,63 | ¢, @s 8
5 | [Co(C4HigNs)o] [Co(CN)g)-2H:0 0,34 | 0,79 | M(6—4) 9
6 | [Co(CoHigNy) (CHNOg)JyI,-Hy0 0,35 | 0,82 | M(8—A; co—ep) 10
7 | [ReHz(NO) (PPhg)yl,-CeH, 0,36 | 0,73 | 9.(3) 1
8 | [Fe(CiH,) (CoHiN) I, (Z0Cl, ]- H,0 0,46 | 1,36 | @1, @ 12
9 | FFe(CNCMey) 0,51 | 1,33 | @a(4), 0 13
10 | CufS;CN(CHo))els 0,64 | 1,81 | Mleg—cy), 91, 922 14
11 | [Cu(CsH705%(C;HsN)g - Hy0 0,66 | 1,48 | M{co—ey), 1 15
12 | [Pd(C1oHsN3) (Cy7H1,0)]p-CeHe 0,83 | 1,58 | 11, 18
13 | [(MeOOCIHC==C(COOMe) JPd(PEts),x 0,88 | 2,85 | g:(3), ¢z, O 17
X (C=CPh)
14 | [(MeCsH,—N=CH) (MeC,H,)N |HgPh 1,02 | 1,92 | T1, M{gy—ey), 04(3) 18
a +0,66 b
i : +0,24
~0,33 _ ; ‘;—0,18
A 0,46 R
+0,06 +0,06 0
5 0 Q 61<R<O,2A o P
N N O 02<rR<03K : S
OAg oN ecC 8 ©~r>0s5k +C
Fig. 1. Conformations of_ the metal-contain- Fig, 2. Structure of the complex
ing rings in [AgN;Cy,Hy;] s a) five-mem- [(MeOOC) - HC =C(COOMe)] *
bered ring; b) six-membered ring. Pd(PEtg)y(C =CPh).

Table 1 lists compounds in which contact conformers were detected and gives the values of the criterion
s and the maximum deviations (Rpyay) for the molecules as a whole (compounds 5-8 and 11 were taken from
[37). The numbering of the substances in Table 1 is subsequently used to identify them. It should be noted
that all the observed cases of contact conformers correspond to nonrigid molecules. At the same time, in
seven structures with nonrigid molecules, contact conformers were not detected.

It can readily be seen that the manifestations of contact conformers should be much more varied in
crystals of coordination compounds than in organic crystals, Thus in contrast to the approach used in [2], we
distinguish not "types of contact conformers® but "types of conformational differences." The type of contact
conformer in the present work is regarded as a definite combination of conformational differences.

Table 1 shows the types of differences observed in the structures of specific substances. We can explain
the symbols used in Table 1. The letter I denotes any differences in the coordination polyhedron (comparison
of the polyhedra gives s > 0.1A). The letter M indicates differences in the conformation of metal-containing
rings, not affecting the coordination polyhedron. These differences are described in more detail in brackets.
The letter ¢ with 2 numerical subscript denotes a particular conformation of the metal-containing ring; dif-
ferent subscripts correspond to different conformations, and the subscript 0 indicates that the ring is planar.
For example, the notation c,—c; indicates that the metal-containing ring is planar in one molecule, and not in
the other. This case is encountered most frequently. The symbol 6—A shows that the metal-containing rings
in independent molecules have different chirality.

These two types of conformational differences are specific for coordination compounds, Moreover, it
might be expected that molecules of these compounds (in their organic parts) should show the same types of
differences as were found in organic crystals. In fact, two of these were detected: rotation about a single bond
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and distortion of a valence angle (outside the coordination polyhedron).* These correspond to the symbols ¢
and 6 in Table 1, Rotations about single bonds are separated into several types, depending on which groups of
atoms are rotated; ¢, denotes the rotation of a terminal bond, ¢, rotation of a phenyl ring, and @ rotation of
some other polyatomic group, The numbers in brackets show the number of times a particular form of rotation
appears in the structure of the given compound (if the molecule has crystallographic symmetry, the number of
independent rotations is noted).

We can examine the types of conformational differences listed for specific examples. In the structure of
the palladium complex 12, the independent molecules differ even within the coordination polyhedron (for the
comparison of the polyhedra, s=0.14 R). The polyhedron in the molecule A can be described as a very exten-
sively flattened tetragonal pyramid with the Pd atom at the apex, and that in the molecule B can be described
as a tetrahedron (also flattened) with the metal atom at the center,

In the silver complex 2, two of the five metal-containing rings have different conformations in independent

molecules. The five-memberad ring A‘g——N——C— C__l\’I is planar in molecule B, andnotin molecule A, The

six-membered ring IAg——N—C—C——C——«N "has two different nonplanar conformations. The deviations of the C
atoms in these rings from the N—Ag—N planes are shown in Fig, 1.

The independent molecules of the pailadium complex 13 differ inthe rotations about single bonds and the
magnitude of one valence angle. Figure 2 gives the values of the deviations for the superposition of the coor~
dination polyhedra; they show that differences appear only in the triethylphosphine and phenylethynyl ligands.
In fact, five of the six ethyl groups are oriented in different ways in the independent molecules; the differences
in the angles of rotation (A¢) lie in the range from 12 to 8%. The phenyl rings are also rotated in different
ways (Ap =27°). In addition, the nonequivalent molecules of the complex differ in the value of the angle
Pd=C=C (178.2 and 171.2° in molecules A and B respectively). Generally speaking, a difference of 7 is not
very large, but it is extremely significant for the angle at the triple bond C=C. In a study [17] of the struc-
ture of the palladium complex 13, it was pointed out that one of the triethylphosphine ligands in molecule B is
rotated through 120°C, compared with the position in molecule A, Our analysis does not confirm this descrip~
tion, however,

In the molybdenum complex 3, the independent molecules differ in the orientation of the CF, group.
Somewhat unexpected features are the appreciable deviations (A8) inthe values of the valence angles of the
type F~C~F and C—~C—F (A0max =13.3°), and also the difference of 0.12 & for one of the interatomic C~F
distances., A similar picture is observed for the iron complex 9, Four of the five t-butyl groups in the non-
equivalent molecules are rotated in different ways. Moreover, the differences in the valence angles HyC—~C~
CH; reaches 12.4°, and the lengths of one of the terminal C—C bonds differ by 0.14 A. This marked deviation
for one of several identical bonds, and also the scatter in the valence angles in the symmetric groups CF; and
CMe;, apparently indicate that the x-ray structural analysis of these compounds has a low accuracy,

To supplement Table 1, mention may be made of various specific conformational differences which appear
in individual compounds. In the silver complex 2, the C atom of one of the two methyl groups is positioned in
different ways in the independent molecules: in molecule B it lies in the average plane of a part of the poly-
dentate ligand, and in molecule A it is displaced from it by 0.33 A, The nonequivalent molecules of the pal-
ladium complex 12 differ in the conformation of the bipyridyl ligand: I is planar in one molecule, but in the
other the six~membered rings are rotated slightly relative to one another, Inthe rhenium complex 7, the P
atoms of the triphenylphosphine ligands in some cases are displaced from the planes of the phenyl groups joined
to them, and in the two independent molecules they deviate to different extents and from different rings,

In conclusion it may be noted that in papers devoted to the x~ray structural study of crystals with sym-
metrically nonequivalent molecules, the question of the relationship between the geometries of the independent
molecules is dealt with to different extents. In some studies [8, 16, 18], considerable attention is paid to this
question. In [6, 7, 13, 14], the structures of the symmetrically nonequivalent molecules were not compared,
and in [17] the comparison was inaccurate,
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AN X-RAY STRUCTURAL STUDY OF NONVALENCE
INTERACTIONS AND COORDINATION IN ORGANOMETALLIC
COMPOUNDS.

XX,* THE CRYSTAL STRUCTURE OF PHENYLMERCURY
2-DIMETHYLAMINOTHIOPHENOLATE

.. G, Kuz'mina, Yu. T. Struchkov, UDC 548,737
E. M. Rokhlina, A, S, Peregudov,
and D, N. Kravtsov

The structure of phenylmercury 2-dimethylaminothiophenolate has been determined by x-ray
diffraction (R=0.0277 from 3227 reflections). The mercury atom has the typical linear con-
figuration of the valence bonds, which have their usual lengths, Hg—C 2.076(6) and Hg—S
2.365(2) A. Atthe same time, for the observed conformation of the molecule, the Hg atomap-
proaches the N atom of the dimethylamino-group to a distance of 2.657(6) Zx, corresponding to
a secondary bond, The nitrogen atom hasapyramidal bond configuration, and its unshared
electron pair is oriented towards the mercury atom. The presence of the secondary bond
Hg...N does not lead to significant bending of the S—Hg—N unit (the angle at the Hg atom is
178.0(2)).

INTRODUCTION

The 1%F NMR spectra of the PhHg-, PhgSn-, and PhyPb-derivatives of 2,6-dibromo-4-fluorothiophenol [2]
and the 3C1 NQR spectra of the corresponding derivatives of 2,6-dichlorothiophenol [3] indicate the existence of
intramolecular coordination interactions in the PhHg-derivatives of o-halogeno-substituted thiophenols, both in
solution and in the crystal.

On the other hand, according to the results of a study of exchange equilibria involving the PhHg-, PhySb-,
PhsSn~, and PhgPb-derivatives of substituted thiophenols [4, 5], the five- and six-membered chelate rings in o-
substituted phenylmercury thiophenolates in all cases are more stable than the chelate rings in the other
organometallic derivatives of o-substituted thiophenols. At the same time, the study of organometallic deriva-
tives of o-substituted thiophenols by x-ray structural analysis has shown, in particular, that there is no intra-

* For Part XIX, see [1].
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