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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 

L. G. K u z ' m i n a ,  Yu. T. S t r u c h k o v ,  
E. M. R o k h l i n a ,  A. S. P e r e g u d o v ,  
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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T A B L E  1. Coord ina t ion  of the A toms  (x 104, o r  x l 0  s fo r  the Hg 
atom) and the P a r a m e t e r s  Bii of  the A n i s o t r o p i c  T e m p e r a t u r e  F a c -  

t o r  T = exp[-1/4 (Blla* 2h2 +B2;b* 2k2 +. . .  +2B23b* c* kl)]  

Atom x y z Jo. B,. th, B~, 

Hg 
S 
N 
aft) 
c(2) 
c(3) 
c(4) 
c(5) 
c(6) 
c(7) 
c(8) 
C(l') 
C(2') 
c(3') 
c(4') 
c(5') 
c(6') 

2227(3) 
977(2) 

3706(8) 
3123(9) 
4268(9) 
5891(t0) 
6453(10) 
5362(t0) 
3708(t0) 
4458(t0) 
3995(tl) 

--5t9(9) 
-1155(9) 
-1628(9) 
--145t(9) 
--856(t0) 
--356(10) 

855t(2) 1 
t5t0(2)1 
776(5)1 

2035(6) 1 
1660(6) 1 
22t8(7) 
3091 (8) 
3399(7) 
2893(6) 
842(8) 

--384(7) 
3t3(6) 

-8oJ (6) 
-1t73(6', 
--436(7: 

682(7: 
1063(61 

775(2) 
-t36(1) 
t478(4) 
197(4) 
949(4) 
1i72(5) 
658(6) 

-t01(6' 
-332(5' 
24i6(5: 
tt34(5 
232t (4 
2397(4 
3t75(5 
388t (4) 
381o(4) 
3039 (4) 

,56(1) 
;,03(7) 
~,o(3) 
,7(3) 
.,6(3) 
L,6(3) 
[,4(3) 
~,3(3) 
2,4(3) 
2,2(3) 
3,o(4) 
t,5(3) 
2,0(3) 
13(3) 
1,7(3) 
2,3(3) 
2,4(3) 

/ J ~ 2  B s s  

[,43(l)1: ,15(t) 
L,58(7) q90(6) 
1,7(2) ,5(2) 
[,2(2) ,3(2) 
1,7(3) ,7(3) 
3,1(4) ).,4(3) 
2,8(4) 1,7(4) 
2,1(3) },4(4) 
t,4(3) 1,8(3) 
3,8(4) 1,3(3) 
t,5(3) 3,0(4) 
t,4(3) 1,0(2) 
t,4(3) 1,4(2) 
t,5(3) 1,8(3) 
[2,2(3) t,5(3) 
12,2(3) 1,3(2) 
11,8(3) 1,2(2) 

-0,13(1) ),54(t: 
-0,60(6) 3,37(5] 

0,5(2) 3,7(2) 
0,1(2) 3,9(2) 
0,3(2) 1,0(2) 
0,5(3) 0,5(3) 

--0,5(3) 0,7(3) 
--0,1(3) 1,6(3) 

0,1(2) 1,1(3) 
0,7(3) 0,1(3) 1 
0,8(3) t,0(3) 
0,0(2) 0,6(2)' 
0,0(2) 0,6(2) 

--0,t(2) 0,6(2) 
--0,1(2) 10,8(2) 
--0,4(3) 0,7(2) 
--0,9(2) 0,4(2) 

0,17(1) 
0,06(5) 
0,5(2) 

--0,2(2) 
-o,t(2) 

0,3(3) 
0,3(3) 
0,5(3) 
0,2(2) 
0,7(3) 
o,4(3) 
0,3(2) 
0,1(2) 
0,5(2) 
0,3..,2) 

--0,2(2) 
0,0(2) 

T A B L E  2. Coord ina t e s  of the Hydrogen  Atoms  
(x 10 ~) 

Atom 

ti(3) 
1I(4) 
H(5) 
II(6) 
I:(17) 
1t(27) 
U(37) 
H(i8) 

677 
77t 
579 
285 
376 
437 
569 
233 

z 

199 t77 
352 81 
406 --53 
318 --93 
t2 268 

166 267 
63 25~ 

--42 6~ 

Atom x 

ti(28) 
H(38) 
I[(2') 
H(3') 
H(4') 
tt(5') 
H(6') 

325 
506 

--t35 
--219 
--t83 
--82 
t79 

-79 
--59 
-t40 
-205 
--73 

t27 
t93 

t37 
1tl 
t84 
323 
449 
435 
30t 

T A B L E  3. Va lence  Angles  % deg 

Angle o~ Angle (o Angle 

SHgC(I') 
HgSC(t ) 
HgC(V)C(2') 
HgC(t')C(6') 
SC(t)C(2) 
sc(l)c(6) 
NC(2)C(I) 
NC(2)C(3) 

t78,0(2) 
t02,6(2) 
t20,6(5) 
t20,6(5) 
124,2(5) 
1t6,8(5) 
1t9,5(6) i 
t22,4(6) 

C(2)NC(7) 
C(2)NC(8) 
C(7)NC(8) 
C(t)C(2)C(3) 
C(2)C(3)C(4) 
C(3)C(4)C(5) 
C(4)C(5)C(6) 
C(5)C(6)C(1) 

tt5,7(6) 
1t0,6(6) 
110,6(6) 
tlS,0(6) 
t22,8(7) 
tt8,4(8) 
120,7(8) 
I20,9(7) 

c(6)c(t)c(2) 
c(t'!c(2')c(3') 
C(2')C(3')C(4') 
c(3')c(4')c(5') 
c(4')c(5')c(6') 
c(5')c(6')c(t') 
C(6')C(1')C(2') 

119,0(6) 
t20,6(6) 
t20,5(7) 
1t9,6(7) 
120,6(7) 
t20,0(6) 
118,7(6) 

m o l e c u l a r  coord ina t ion  in the c r y s t a l s  of the Ph3Sn-der iva t ive  of 2 , 6 - d i b r o m o - 4 - f l u o r o t h i o p h e n o l  [6] and t r i -  
p h e n y l - l e a d  o - b r o m o t h i o p h e n o l a t e  [7]. It was t h e r e f o r e  of  i n t e r e s t  to  s tudy  the poss ib le  ex i s t ence  of  che la te  
r ings  in the c r y s t a l s  of  the P h H g - d e r i v a t i v e s  of  o - subs t i t u t ed  th iophenols .  On c rys t a l l i z a t i on ,  p h e n y l m e r c u r y  
2 -d ime thy l amino th iophe no l a t e  g ives  w e l l - f o r m e d s i n g l e  c r y s t a l s ,  and th is  made  it pos s ib l e  to  use it  a s  a mode l  
compound for  the so lu t ion  of this  p r o b l e m  by a n x - r a y  s t r u c t u r a l  s tudy.  

E X P E R I M E  N T A  L 
�9 �9 . P 

P r e p a r a t i o n  o f P h e n y l m e r e u r y 2 - D i m e t h y t a n } l n o t h i o p h e n o l ~ e  (I). 0.51 g (0.0035 mole)  of  2 - m e t h y l a m i n o -  
th iophenol  [9] was  added to  a hot  so lu t ion  of  1.03 g (0.0035 mole)  of  p h e n y l m e r c u r y  hydroxide  [8] in 50 ml  of  
e thanol .  The r e a c t i o n  mix tu re  was  cooled,  and the r e s u l t i n g  p r ec ip i t a t e  was  f i l t e red  off and r e c r y s t a l l i z e d  f r o m  
alcohol .  This  gave 1.2 g (80~) of  c o l o r l e s s  c r y s t a l s  o f  compound I w i t h m p  93-95 ~ Found:  C 39.00, H 3.65, 
Hg 46.147~ ca lcu la ted  f o r  C4H15HgNS: C 39.07, H 3.49, Hg 46.770. 
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H(~ I) 

- -  "--~ " " - ' r  ~H(4)  
Fig. 1. Structure  of the molecule of pheny lmercury  2-d imethylamino-  

phenolate. 

The c rys ta l s  of CI~HIsHgNS are  monoclinic;  at - 1 2 0  ~ a=7.749(2),  b=11.504(3), c=15.697(3)~,  fi = 
100.34(2) ~ V=1376.3(8) ~3, dcalc=2.07 g / c m  3, Z =4, space group P21/c , #(MoK~)=112.0 cm "1. 

The unit cell  p a r a m e t e r s  and the intensi t ies  of 3282 ref lect ions  with I > 2 ~ were  measured  on a "Syntex 
P21" automatic  fou r - c i r c l e  d i f f r ac tomete r  ( recording a t -120~C,  XMoK~, graphite monochromator ,  0/20 scan-  
ning, 0 < 20--% 60~ The absorpt ion for the actual fo rm of the c rys t a l  was taken into account by the published 
method [10]. 

The s t ruc ture  was de termined  by the heavy-a tom method and refined by the method of least  squares  in 
the fu l l -mat r ix  anisotropic  approximation.  The hydrogen atoms of the methyl groups were  located in a dif-  
fe rence  synthesis ;  the posit ions of the hydrogen atoms of the benzene rings were calculated geometr ica l ly .  The 
final ref inement  was ca r r i ed  out in the fu l l -mat r ix  anisotropic  approximation for  fixed values of the posit ional  
and t empera tu re  (Bis o =3.5 ~2) p a r a m e t e r s  of the hydrogen atoms f rom 3227 ref lect ions with F > 5~. The final 
R- fac to r  is 0.0277 (RG=0.0368). The coordinates  of the atoms other  than hydrogen, and the i r  anisotropic  t em-  
pe ra tu re  p a r a m e t e r s  Bij , are  given in Table 1, and the coordinates  of the hydrogen atoms are  given in Table 2. 

R E S U L T S  A N D  D I S C U S S I O N  

The s t ruc tu re  of the molecule and the bond lengths are  shown in Fig. 1, and the valence angles are  given 
in Table 3. 

As in the grea t  major i ty  of o rganomereu ry  compounds, the m e rcu ry  atom has the typical  l inear  valence 
bond configuration. The length of the bond Hg-C(1)  with the phenyl ring, 2.076(6) ~, agrees  with the analogous 
values  in o ther  o rganomercu ry  compounds [11]. The length of the bond H g - S  with the thiophenoI residue,  
2.365(2) ~, is close to that found in pheny lmercury  2,6-dimethylthiophenolate (2.33(1) &) [12], in 1 -methy l -4 -  
t h iou rac i ly l -p -mercu robenzo ic  acid (2.342(3) ~) [13], and in benzyl ( t r iphenylmethyl th io)mercury  (2.363 ~,) [14]. 
The S-C(1)  distance,  1.758(7) ~, has the usual  value for  the length of S -C(Ph)  bonds. 

.The plane of the fragment  HgSC(1) (Table 4) forms an angle of 24.6 ~ with the plane of the benzene ring 
C ( 1 ) . . .  C(6), and the f ragment  PhHg is d i rec ted  towards the d imethylamino-group of the thiophenol ring as a 
resu l t  of rotat ion about the S -C(1 )  bond. The mercu ry  a tom is brought c l o se r  to the ni trogen atom, to a d i s -  
tance of 2.657(6) ~, which is ~ 0.4-0.5 ~ sho r t e r  than the sum of the van der  Waals radii  of the atoms of m e r -  
cury (1.5-1.6 ~) [12, 15, 16] and nitrogen (1.55 ~) [17], and cor responds  to a secondary  coordinate bond. The 
nitrogen atom has a pyramida l  bond configuration (the sum of the valence angles is 336.9~ and its unshared 
e lec t ron  pa i r  is oriented towards the mercu ry  atom: The angles Hg . . .  N-C(2) ,  H g . . .  N-C(7) ,  and H g . . .  N-C(8)  
a re  106.2, 112.3, and 100.5 ~ respec t ive ly .  

The bonds between the ni trogen atom and the substi tuents are  not equivalent: the lengths of two of them, 
N-C(7)  and N-C(8) ,  equal to 1.485(9) and 1.47(1) ~, have the usual values for  N - C ( s p  3) bonds, whereas  the 
third bond, N-C(2) ,  is much shor te r ,  1.429(9) ~. At the same t ime,  this last  bond is st i l l  s h o r t e r  than the 
N(1)-C(2) bond (1.452 ~) and longer than the N(4)-C(3) bond (1.387 ~) in the molecule of benzo[b][1,4]diazabi- 
cyelo[3,2,1]octane (]I) [18]: 

H 
I 

6 

1 

721 



As a resul t  of the rigid geomet ry  of this t r i cyc l i c  molecule,  the unshared e lec t ron  pa i r  of the N(1) a tom is 
oriented approximately  para l le l  to the plane of the benzene ring and is completely removed f rom conjugation 
with it. The N(1)-C(2) bond is the re fo re  a npure" N - C ( s p  2) bond, whereas  the N(4)-C(3) bond, on the contrary,  
is a typical  "anil ine" C - N  bond with its typical  increased  multiplicity. In molecule II the sum of the valence 
angles at the N(1) atom is 319 ~ and that at the N(4) atom is 346 ~, that is the sum of the valence angles at the 
N atom (336.9 ~ found in the s t ruc ture  of compound I studied in the presen t  work is also in termediate  between 
these limiting values.  Thus in compound I, in spite of the par t ic ipat ion of the unshared e lec t ron  pa i r  of the 
nitrogen atom in the secondary  bond H g . . .  N, some conjugation between it and the benzene ring C(1 ) . . .  C(3) is 
p r e se rved  (the angle between the plane C(1 ) . . .  C(6) and the normal  to the plane C(2)C(7)C(8) is 58~ 

The secondary  bond H g . . .  N closes a f ive -membered  chelate metal-containing ring, in which the nitrogen 
atom is not positioned completely symmet r i ca l ly  re la t ive to the t r iad S - H g - C ( 1 ) :  The angles N . . .  H g - S  and 
N . . .  Hg-C(1)  are  76.3(1) and 105.5(2) ~ The sum of these angles (181.8 ~) d i f fers  li t t le f rom 180 ~ that is the 
coordination H g . . .  N does not lead to a significant dec rease  in the angle between the covalent bonds of the Hg 
atom situated opposite the N atom. 

In the crysta l ,  the molecules are  joined to fo rm cen t ro symmet r i c  d imers  by a pa i r  of in t e rmolecu la r  
secondary  interact ions  H g . . .  S' and S . . .  Hg' at a distance of 3.224(2) ~,  comparable  with that found in the c r y s -  
tals of pheny lmercury  2,6-dimethylthiophenolate,  3.18 i [12], and slightly sm a l l e r  than the sum of the van de r  
Waals radii  (3.35-3.45A) of these atoms [15-17]. The angles S ' . . . H g - S ,  S ' . . . H g - C ( I ' ) ,  a n d S ' . . . H g . . . N  
are  88.44(5), 94.9(2), and 104.6(1) ~ respect ively .  Thus with allowance for  all the secondary  interact ions ,  the 
me rcu r y  atom in the c rys ta l  of compound I has a coordination polyhedron of the "swing n type. 

The sca t t e r  in the bond lengths in the benzene rings of the molecule is 1.38(1)-1.42(1) ~. The benzene 
rings are  planar  to within 0.01-0.02 ~, and the neares t  atoms of the substi tuents are  only slightly displaced 
f rom these planes (see Table 4). All this indicates that the presen t  x - r a y  s t ruc tu ra l  study has a high accuracy.  

Thus the resu l t s  obtained show that in the crys ta ls  of PhHg-der ivat ives  of o-subst i tuted thiophenols, the 
closure of chelate rings as a resu l t  of secondary  bonds is possible.  In the case of the compound studied, the 
format ion of in t e rmolecu la r  coordinate bonds H g . . .  S does not prevent  in t ramolecu la r  coordination interact ion 
H g . . .  N. In this respect ,  the compound studied is s imi l a r  to pheny lmercury  2-ch loro-4-bromophenola te  [19], 
and differs  f rom the PhHg-der ivat ives  of 2-halogeno-subst i tuted benzenesulfonalides [20, 21], in which the 
in t e rmolecu la r  coordination interact ions  H g . . .  O prevent  the format ion of f ive -membered  chelate rings in the 
crystal ,  although data on exchange equil ibr ia  [22] indicate that these rings are formed in solution. 

Available published data show that in the c rys ta l s  of all  o rganomercury  compounds with m e r c u r y -  
he te roa tom (X) bonds which have been studied, in te rmolecu la r  coordination H g . . .  X takes place. In this con- 
nection, it may be assumed that in the general  case,  the probabil i ty of the existence of in t ramolecu la r  secon-  
darybonds ,  and, inpa r t i eu la r ,  chelate rings in the c rys ta l s  of o rganomercury  der ivat ives  of substituted HN-, 
HO-, and HS-acids will be determined by the relat ive s t rength of the potential ly possible in t ramolecu la r  and 
in t e rmolecu la r  coordination interact ions.  
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S T R U C T U R E  OF O R G A N O P H O S P H O R U S  C O M P O U N D S .  

X-IX.* AN X-RAY STRUCTURAL AND SPECTRAL STUDY 

OF o-DIMETHYLPHOSPHORYLBENZOIC ACID 

M. Yu. A n t i p i n ,  Yu.  T .  S t r u c h k o v ,  
E.  I. M a t r o s o v ,  N. A. B o n d a r e n k o ,  
E. N. T s v e t k o v ,  and  M. I. K a b a c h n i k  

UDC 548.737 

An x - r ay  s t ructural  study of o-Me2P(O)C~H4COOH has been carr ied out Miffractometer, XMo, 
recording a t -120~ 1351 reflections, full-matrix anisotropic-isotropic (H atoms) refinement, 
R =0.0318). In the crystal,  the molecules are joined in infinite chains along the.b axis by H- 
bonds O - H . . .  O (O. . .  O 2.572 ~, O - H  0.87 ~, H . . .  O 1.70 ~, angle OHO 175~ involvingthe 
O atoms of the phosphoryl group (P=O 1.498 ~) and the OH group (C-OH 1.313 ~). The bond 
lengths are P-C(Me)  and P-C(Ph)  1.785 and 1.883 ~, C(Ph)-COOH 1.494 ~; the key atoms P 
and C of the o-substituents are displaced from the average plane of the ring by 0.027 and 
0.117 ~ respectively; the carboxyl group forms an angle of 14.6 ~ with this plane. In the infra-  
red spectra, the intermolecular  H-bond is revealed by a three-component band (2.800, 2500, 
and 1900 cm-1), typical of H-bonds of the type C(O)OH... O = P ,  and also by a low-frequency 
displacement of the band due to the vibration of the phosphoryl group/x vpO=50 cm-l. 

The ability of compounds containing phosphoryl groups to form H-bonds of different strength with proton 
donors is well known [2]. If the molecule of the phosphoryl compound i tself  contains active (acidic) H atoms 
capable of forming H-bonds, the formation of intramolecular  H-bonds with the closure of rings of different 
sizes is possible in a number of cases in these compounds. As shown for the case of w-diphenylphosphoryl 
substituted aliphatic alcohols, in dilute solutions in CC14, an equilibrium is established between molecules with 
an intramolecular  H-bond P = O . . .  H - O  and molecules with a free OH group, the proportion of the latter in- 
creasing with increase in the length of the polymethylene chain [3]. It has also been established [3] that in 
solutions, the strength of the intramolecular  H-bond (AH) increases with increase in the number of units in the 
ring which it forms in the order  5 <6 <7~8. At the same time, the crystals of a - ,  fl-, and 7-hydroxyphos- 
phoryl compounds and their derivatives generally contain intermolecular  H-bonds, with the formation of H- 
bonded centrosymmetr ic  dimers [4-6] or  infinite H-bonded chains [3, 7]. 

In this connection, it was of interest  to study the influence of the rigidity of the fragment connecting the 
phosphoryl and hydroxyl groups of the molecule on the nature of the H-bonds. For  this purpose we carr ied out 
an x - r a y  s tructural  and spectral  study of o-dimethylphosphorylbenzoic acid (I), whose molecular geometry al- 
lows the formation of an intramolecular  H-bond with the closure of a seven-membered ring. 

E X P E  RIME NTA L 

Since compound I was studied ino rde r  to establish the nature of the H-bonds in the crystal, the experi-  
ment was ca r r i ed  out at a temperature  of-120~C to permit  more reliable location of the H atoms. The 

* For  Part  XVIII, see [1]. 
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