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In a continuation of the s y s t e m a t i c  study of contact  c o n f o r m e r s  (coexisting molecules  having 
dif ferent  s t ruc tu res ) ,  a compar i son  of the s t r u c t u r e s  of s y m m e t r i c a l l y  independent molecu les  
in the  c r y s t a l s  of 37 coordinat ion compounds have been compared .  Four teen  ca se s  of contact  con- 
f o r m e r s  have been detected and sys temat i zed .  The e a r l i e r  suggest ion that  contact  c o n f o r m e r s  
a r e  more  typ ica l  of c ry s t a l s  of coordinat ion compounds than of organic  c r y s t a l s  has  been con- 
fi rmed.  

In mos t  m o l e c u l a r  c r y s t a l  s t r uc tu r e s ,  al l  the chemica l ly  ident ical  molecules  (or po lya tomic  ions) a re  
re la ted  by s y m m e t r y  opera t ions ,  and t h e r e f o r e  have comple te ly  ident ical  s t r uc tu r e s .  At the s ame  t ime,  the re  
a lso  exis t  c ry s t a l s  in which molecules  of the s ame  kind occupy s e v e r a l  s y s t e m s  of equivalent  posi t ions .  The 
s y m m e t r i c a l l y  independent molecu les  a re  s i tuated in different  env i ronments  (that is in di f ferent  force  fields) 
and may have dif ferent  geome t r i e s .  Thus in c ry s t a l s  of this kind, the coexis tence in d i rec t  contact  of molecu les  
having di f ferent  s t r u c t u r e s  (conformers)  is poss ib le .  These  molecules  have been called contact c o n f o r m e r s  [1]. 

Contact  c o n f o r m e r s  in organic  m o l e c u l a r  c ry s t a l s  were  examined in detai l  in [2], where  the g e o m e t r i e s  
of the independent molecu les  were  compared  for  a l a rge  number  of s t r u c t u r e s ,  and the p r inc ipa l  types  of contact  
c o n f o r m e r s  c h a r a c t e r i s t i c  of c ry s t a l s  of organic  compounds were  dist inguished.  In [3], an analogous study of 
the c r y s t a l  s t r u c t u r e s  of coordinat ion compounds was begun. In the p re sen t  study, we have i nc rea sed  c o n s i d e r -  
ably (by a fac tor  of 3) the volume of data on the compar i son  of molecules  in c ry s t a l s  of coordinat ion compounds,  
and this has made it  poss ib le  to s y s t e m a t i z e  va r ious  manifes ta t ions  of contact  c o n f o r m e r s  in subs tances  of this 
c lass .  

F o r  a quanti tat ive c o m p a r i s o n  of the g e o m e t r i e s  of the independent molecules ,  we used the p rocedure  and 

p r o g r a m  descr ibed  in [4]. The in tegra l  c r i t e r ion  of s i m i l a r i t y  in molecules  was the quantity s = RJN) , 

where  N is the num ber  of a toms  in the molecule ,  and R i r e p r e s e n t s  the d is tances  between cor responding  a toms 
for  the c loses t  a r r a n g e m e n t  of the molecu les  (so-ca l led  deviat ions) .  The molecules  being compared  were  a s -  
sumed to be c o n f o r m e r s  when s > 0.2 ~.  F r o m  the magnitude of the deviat ions it  was poss ib le  to dis t inguish 
di f fer ing f r agmen t s  of the molecules ,  and to de te rmine  the type of con fo rmers*  by compar ing  the values  of the 
bond lengths and va lence  and twist ing angles  in the two independent molecules .  

We examined s t r u c t u r e s  of s y m m e t r i c a l l y  independent molecules  in the c r y s t a l  s t r u c t u r e s  of 37 coord ina-  
t ion compounds (12 of these  were  desc r ibed  in [3]). Most of the c ry s t a l s  examined a re  homomolecu la r .  In the 
case  of h e t e r o m o l e c u l a r  s t r u c t u r e s  we were  in t e res t ed  only in molecules  (or ions) containing a t r ans i t ion  meta l  
a tom.  The g e o m e t r i e s  of the molecules  as a whole (hydrogen a toms  were  not considered)  and the s epa ra t e  co-  
ordinat ion pol~chedra were  compared .  In nine s t r u c t u r e s ,  the independent molecules  were  found to be p rac t i ca l ly  
equal  ( s -  0.1A), in 14 they were  close (0.1< s -< 0.2 ~), and contact  c o n f o r m e r s  (s > 0.2 ~) were  detected in 14 
cases .  ~ This  r e su l t  conf i rms  the e a r l i e r  suggest ion [3] that  the coexis tence  of c o n f o r m e r s  is more  typ ica l  of 
crYstals  of coordinat ion compounds than of o rgan ic  c ry s t a l s  (~40 and ~20% re spec t ive ly  [1] of the number  of 
s t r u c t u r e s  with s y m m e t r i c a l l y  nonequivalent molecules) .  

~In some  cases ,  where  the molecules  being compared  a re  fa i r ly  large ,  they may a lso  be c o n f o r m e r s  for  s-< 
o.2 . 
tMolecules  having high in t r ins ic  s y m m e t r y  can be supe r imposed  in s e v e r a l  ways,  for  which the values  of the 
c r i t e r ion  s will  d i f fe r  sl ightly.  In these  cases  we took the min imum value of the c r i t e r ion  s. 

C h e m i s t r y  Depar tment ,  M. V. L o m o n o s o v  Moscow State Univers i ty .  T rans l a t ed  f r o m  Zhurnal  Strukturnoi  
Khimii,  Vol. 22, No. 5, pp. 89-93, Sep t ember -Oc tobe r ,  1981. Original  a r t i c le  submit ted  July  8, 1980. 

0022-4766/81/2205-0715507.50 �9 1982 Plenum Publishing Corpora t ion  715 



TABLE 1. Contact Conformers  in Crysta ls  of Coordination Com- 
pounds 
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Fig. 1. Conformations of the meta l -conta in-  
ing rings in [AgNsC17H27]+: a) f i v e - m e m -  
bered ringl b) s ix -membered  ring. 
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Fig. 2. Structure of the complex 
[(MeOOC) �9 HC = C(COOMe)] �9 

Pd (PEt3) 2 (C - CPh). 

Table 1 lists compounds in which contact  conformers  were detected and gives the values of the c r i t e r ion  
s and the maximum deviations (Rma x) for the molecules as a whole (compounds 5-8 and 11 were taken f rom 
[3]). 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 s t ruc tures  with nonrigid molecules,  contact conformers  were not detected. 

It can readi ly be seen that the manifestations of contact conformers  should be much more var ied in 
c rys ta ls  of coordination compounds than in organic crys ta ls .  Thus in contras t  to the approach used in [2], we 
distinguish not "types of contact conformers"  but "types of conformational  d i f ferences ."  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 s t ruc tu res  of specific substances.  We can explain 
the symbols used in Table 1. The le t ter  I1 denotes any differences in the coordination polyhedron (comparison 
of the polyhedra gives s > 0.1~).  The le t ter  M indicates differences in the conformation of metal-containing 
rings,  not affecting the coordination polyhedron, These differences are  descr ibed  in more  detail  in brackets .  
The le t ter  c with a numer ica l  subscr ipt  denotes a pa r t i cu la r  conformation of the metal -conta ining ring; dif-  
ferent  subscr ipts  correspond to different conformations,  and the subscr ip t  0 indicates that the r ing is planar.  
Fo r  example, the notation c 0 - c  i indicates that the metal-containing ring is p lanar  in one molecule, and not in 
the other. This case is encountered most  frequently. The symbol  6 - k  shows that the metal-containing rings 
in independent molecules have different ehirality.  

These two types of conformational  differences are  specific for  coordination compounds. Moreover,  it 
might be expected that molecules  of these compounds (in the i r  organic par ts)  should show the same types of 
differences as were found in organic  c rys ta l s .  In fact, two of these were detected: rotat ion about a single bond 
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and dis tor t ion of a va lence  angle (outside the coordinat ion polyhedron).* These  cor respond  to the symbols  q~ 
and 0 in Table 1. Rotations about single bonds are  s epa ra t ed  into s e v e r a l  types,  depending on which groups of 
a toms a re  rotated:  r denotes the ro ta t ion  of a t e rmina l  bond, q92 rota t ion of a phenyl  ring, and ~3 rota t ion of 
some other  po lya tomic  group. The numbers  in b racke t s  show the number  of t imes  a p a r t i c u l a r  f o r m  of ro ta t ion  
appears  in the s t ruc tu re  of the given compound (if the molecule  has c rys t a l log raph ic  s y m m e t r y ,  the number  of 
independent rota t ions  is noted). 

We can examine the types  of conformat ional  d i f fe rences  l is ted for  spec i f ic  examples .  In the s t ruc tu re  of 
the pa l lad ium complex 12, the independent  molecules  d i f fer  even within the coordinat ion polyhedron (for the 
compar i son  of the polyhedra,  s =0.14 &). The polyhedron in the molecule  A can be descr ibed  as a v e r y  ex ten-  
s ive ly  flat tened t e t r agona l  py ramid  with the Pd a tom at the apex, and that in the molecule  B can be desc r ibed  
as a t e t r ahedron  (also flattened) with the me ta l  a tom at the center .  

In the s i l ve r  complex 2, two of the five meta l -conta in ing  r ings have different  conformat ions  in independent 

molecules .  The f i v e - m e m b e r e d  ring /~g--N--C--C---~ is p l ana r  in molecule  B, andno t in  molecule  A. The 

s i x - m e m b e r e d  ring IAg--N.--C--C--C--N Ihas  two dif ferent  nonplanar  conformat ions .  The deviat ions of the C 
a toms in these  r ings  f r o m  the N - A g - N  planes a re  shown in Fig. 1. 

The independent molecules  of the pa l lad ium complex 13 d i f fe r  in the  rotat ions about single bonds and the 
magnitude of one valence  angle. F igure  2 gives the values  of the deviat ions for  the superpos i t ion  of the coo r -  
dination polyhedra;  they show that  d i f fe rences  appea r  only in the t r ie thylphosphine and phenylethynyl ligands. 
In fact, five of the six ethyl  groups a re  or iented in different  ways in the flldependent molecules ;  the d i f fe rences  
in the angles of rota t ion (A~) lie in the range f r o m  12 to 68 ~, The phenyl r ings a r e  a lso  rota ted in di f ferent  
ways (A~v =27~ In addition, the nonequivalent molecules  of the complex dif fer  in the value of the angle 
P d - C  ~-----C (178.2 and 171.2 ~ in molecules  A and B respec t ive ly) .  Genera l ly  speaking,  a d i f ference  of 7 ~ is not 
v e r y  large,  but it is e x t r e m e l y  signif icant  for  the angle at the t r ip le  bond C ~ C. In a study [17] of the s t r u c -  
ture  of the pa l lad ium complex 13, i t  was pointed out that  one of the t r ie thylphosphine ligands in molecule  B is 
rota ted through 120~ compared  with the posi t ion in molecule  A. Our ana lys i s  does not conf i rm this d e s c r i p -  
tion, however .  

In the molybdenum complex 3, the independent molecules  d i f fer  in the or ienta t ion of the CF 3 group. 
Somewhat unexpected fea tu res  a re  the apprec iab le  deviat ions (A 0 ) in the values  of the valence  angles of the 
type F - C - F  and C - C - F  (A0max =13.3~ and a lso  the di f ference of 0.12 ~ for  one of the in t e ra tomic  C - F  
dis tances .  A s i m i l a r  p ic ture  is observed  for  the i ron  complex 9. Four  of the five t -bu ty l  groups in the non- 
equivalent  molecules  a r e  rota ted in d i f ferent  ways.  Moreover ,  the d i f fe rences  in the va lence  angles H 3 C - C -  
CH 3 r eaches  12.4 ~ and the lengths of one of the t e r m i n a l  C - C  bonds d i f fer  by 0.14 ~. This  marked  deviat ion 
for  one of s e v e r a l  ident ical  bonds, and a lso  the s c a t t e r  in the valence  angles in the s y m m e t r i c  groups CF 3 and 
CMe3, apparent ly  indicate that  the x - r a y  s t ruc tu r a l  analys is  of these  compounds has  a low accuracy .  

To  supplement  Table  1, mention may be made of va r ious  spec i f ic  conformat ional  d i f fe rences  which appea r  
in individual compounds.  In the s i l ve r  complex 2, the C a tom of one of the two methyl  groups is posi t ioned in 
different  ways in the independeht m o l e c u l e s :  in molecule  B it l ies in the ave rage  plane of a pa r t  of the po ly-  
dentate ligand, and in molecule  A it is d isplaced f r o m  it by 0.33 ~.  The nonequivalent molecules  of the pa l -  
ladium complex 12 di f fer  in the conformat ion  of the b ipyr idyl  ligand: It is p l ana r  [n one molecule ,  but in the 
other  the s i x - m e m b e r e d  r ings a re  rota ted sl ightly re la t ive  to one another .  In the rhen ium complex 7, the P 
a toms of the t r iphenylphosphine ligands in some cases  a r e  d isplaced f r o m  the planes of the phenyl groups joined 
to them,  and in the two independent molecules  they deviate to di f ferent  extents  and f r o m  different  r ings.  

In conclusion it may  be noted that  in pape r s  devoted to the x - r a y  s t r u c t u r a l  study of c ry s t a l s  with s y m -  
me t r i ca l ly  nonequivalent molecules ,  the quest ion of the re la t ionship  between the g e o m e t r i e s  of the independent 
molecules  is dealt  with to di f ferent  extents .  In some studies  [8, 16, 18], cons iderable  at tention is paid to this 
question. In [6, 7, 13, 14], the s t r u c t u r e s  of the s y m m e t r i c a l l y  nonequivalent molecules  were  not compared ,  
and in [17] the compar i son  was inaccura te .  
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AN X - R A Y  S T R U C T U R A L  STUDY OF N O N V A L E N C E  

I N T E R A C T I O N S  AND C O O R D I N A T I O N  IN O R G A N O M E T A L L I C  

C O M P O U N D S .  

XX.* THE CRYSTAL STRUCTURE OF PHENYLMERCURY 
2- DIMETHYLAMINOTHIOPHE NOLATE 
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and  D. N. K r a v t s o v  

UDC 548.737 

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) ~. At the same time, for the observed conformation of the molecule, ttie Hg atomap- 
proaches the N atom of the dimethylamino-group to a distance of 2.657(6) ~, correspondingto 
a secondary bond. The nitrogen atom has apyramidal bond configuration, and its unshared 
electron pair is oriented towards the mercury atom. The presence of the secondary bond 
H g . . .  N does not lead to significant bending of the S - H g - N  unit (the angle at the Hg atom is 
178.0(2)"). 

I N T R O D U C T I O N  

The 19F NMR spectra of the PhHg-, Ph3Sn-, and Ph3Pb-derivatives of 2,6-dibromo-4-fluorothiophenol [2] 
and the 35C1 NQR spectra of the corresponding derivatives of 2,6-dichlorothiophenol [3] indicate the existence of 
intramolecular coordination interactions in the Phttg-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-, Ph2Sb-, 
Ph3Sn- , and Ph3Pb-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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