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In an investigation of exchange processes in organometallic (OM) derivatives of certain substituted 
phenols by the PMR method [I] it was shown that the OM groups are arrailged in the following series with 
respect to increasing ability for reactions of intermolecular exchange (IME) and for [ntramolecular coor- . 

dination: R3Sn < R3Pb < RHg, R = C6H 5. 

Such parallelism in the behavior of groups of the RnM type is apparently evidence of a significant 
role of their coordination capacity in the formation of cyclic transition states: 

M* R n 

R~$ SR1. 
" , ,  . �9 

M Rn 

In turn the coordinat ion ability of the RnM group is associa ted  with the presence ,  as well as with the 
geomet ry  of the vacant  orbi ta ls  of the metal atom, which is determined by its position in the periodic s y s -  
tem ~ 

We were interested in compar ing the behavior  of the OM groups studied with the armlogs, containing 
a toms of heavy transi t ion meta ls  f rom other  groups of the periodic system,  in par t icular ,  Sb(III) and 
Sb(V). 

In this work, for  a compar ison of the migrat ion ability of the diphenyl antimony group with other 
RnM groups,  we studied exchange react ions  of the meta l - -meta l  and meta l - -proton types in the interaction 
of diphenylantimony 2,6-dimethylthiophenolate with thiophenol (TP) or  its OM derivat ives in chlorobenzene 
(CB) 

CH3 CH~ 
\ \ 

R~ -~--% '-- XSAr -~ R~SbSAr q- X--S--k~ / 
/ / 
CH3 CH3 

X = HgR, SnR~, H; R ~ CsH5 

Here,  just as ea r l i e r  [1], we recorded  the t ime corresponding to 100% conversion of the initial r e -  
agents (Table 1). A compar ison of the data of Table 1 with the resu l t s  obtained in [1] permit ted  us to con-  
clude that the (C6Hs)2Sb group re sembles  the (C~H~)3Pb group in its ability for  IME in OM derivat ives  of TP,  
so that the se r i e s  can be supplemented: R3Sn < R3Pb ~. R2Sb < RHg, R = C~H 5. 

The g rea te r  migrat ion ability of the C6HsHg group in compar ison with the (C6Hs)aSn and (C6H[)3Pb 
group was explained by i t s  g r ea t e r  ability to fo rm cycl ic  assoc ia tes  [1], which finds analogy in the fact  
that the f i r s t  of the groups gives s t ronger  in t ramolecular  coordination bonds than the last  two [2]. 
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TABLE 1. Time Cor r e spond-  
ing to 10% Degree  of Conversion 
in React ion (I) 

Exchanging group 

X '  X '  

SbR2 SnR3 
SbR~ 
SbR2 HgR 

*In C6H~CI the concentration of each of 
the reagents is 0.1 M. 

45~13 min 
160• c 

<50 c 

The lower  migra t ion  abili ty of the (C~Hs)2Sb group in c o m p a r i -  
son with the C~H~Hg group, found in this work, is analogous to the 
fac t  that  in OM der iva t ives  of o - T P  the diphenyl ant imony group gives  
weaker  chelate r ings  than the pheny lmercu ry  group [3]. It  should be 
noted that  the drawing of such analogies between the ability of the 
OM group to f o r m  cyclic  a s s o c i a t e s  and in t r amolecu la r  coordinat ion 
and i ts  mobil i ty  in IME reac t ions  is poss ib le  only if weakly po la r ized  
m e t a l - h e t e r o a t o m  bonds, c lose in the i r  polar i ty ,  a re  compared  
(Hg--X, Pb- -X,  Sn--X, Sb(III)--X). If, however ,  a group whose bond 
to the he te roa tom is s t rongly po la r i zed  pa r t i c ipa t e s  in the exchange 
react ion,  then i ts  abili ty for  IME may  v a r y  g rea t ly  on account of an 
i nc rea se  in the e lec t rophi l ic i ty  of the anionic res idue  X and, c o r r e -  
spondingly, the nucleophil ici ty of the meta l  a tom.  In this case  de-  

v ia t ions  f r o m  d i rec t  co r r e l a t i on  between the abil i ty of the OM group fo r  in t r amoleeu la r  coordinat ion and 
the IME reac t ion  may  be observed .  An example  of a univalent  OM group, fo rming  a s t rongly po la r ized  
M--S bond, is the (C6Hs)4Sb group [4]. To de te rmine  its compara t ive  abil i ty for  IME, we studied severa l  
r eac t ions  of the M--M and M--H type in ch loroform:  

+ �9 +O-sx  
\CH3 \CH3 \CH3 \CHs 

X 1 :~ X~ = H, HgR, SnR3, Pbi%, SbRi; R = Cr 

In the PMR spec t rum of a mix tu re  of te t raphenylant imony 2-methyl thiophenolate  with 2-methyl thiophenol  
or  with pheny lm ercu ry  2-methyl thiophenolate ,  a n a r r o w  single signal of the o-CH 3 group is observed,  with 
a chemical  shift in te rmedia te  between the chemica l  shif ts  of the methyl  groups  of the cor responding  indi- 
vidual compounds (Table 2). Thus,  M--M and M--H exchange in these s y s t e m s  is rapid  in the t ime  sca le  
of PMR. At the same t ime,  in a mix tu re  of t e t raphenylan t imony 2-methyl thiophenolate  with t r iphenylt in  
2-methyl th iophenola te ,  as  well as  a mix tu re  of 2-methyl thiophenol  with pheno lmercu ry  2-methyl th iopheno-  
late,  the exchange is slow, and two n a r r o w  s ignals  f r o m  the individual compounds are  obse rved  in the 
spec t rum.  In the PMR s p e c t r u m  of a mix tu re  of te t raphenylant imony 2-methyl thiphenolate  with t r iphenyl -  
lead 2-methyl thophenola te  two s ignals  of the CH 3 groups  a re  also observed;  however ,  these s ignals  a r e  
apprec iab ly  broadened (A ul/2 of one of them is ~7 Hz). 

Compar ing  the l i f e t imes  of the exchanging pa r t i c l e s  obtained (see Table 2), we can conclude that the 
(C6Hs)4Sb group is mos t  labile  in reac t ions  of IME in OM der iva t ives  of TP,  of all  the univalent OM groups  
in the heavy nontrans i t ion  m e t a l s  studied thus far .  Thus,  with r e s p e c t  to re la t ive  migra t ion  ability, the 
RnM groups  in these  r eac t ions  in ch lo ro fo rm are  a r r anged  in the se r i es :  R3Sn < R3Pb < RHg < FqSb, 

R= C~H5. 

The results obtained show that in chloroform, just as in CB [I], the order of relative migration 
ability of the R3Sn, R3Pb, and RHg groups is the same. Moreover, it has been shown that this order is 
unchanged in the transition from 2-methylthiophenyl derivatives to 2,6-dimethylthiophenol derivatives [I]. 
Assuming an analogy for other OM groups as well, on the basis of the results of this work it can be assumed 

TABLE 2. Chemical  Shifts of the Pro tons  of the Meth-  
yl Groups  and Boundary L i fe t imes  of the Exchanging 
P a r t i c l e s  i r  a React ion of I n t e rmo lecu l a r  Exchange (2) 
(6, Hz, f r o m  TMS) 

Exchanging 
groups 

SbR4 + HgR 

HgR + H 

SbR4 + H 

SbR4 q- PbR3 

SbR~ q- SnR3 

[6CH3, in 
~mixture 

t30,8 

150,9 
140,0 
124,9 

t09,7 
t34,1 
t08,0 
t34,0 

6CH 3 of individual 
compounds 

t08,5 (SbR4) 
15t ,0 (HgR) 
i5i ,0 (HgR) 
i39,9 (H) 
i08,5 (SbR4) 
139,9 (H) 
i08,5 (SbR4) 
t36,2 (PbRs) 
t08,5 (SbSA) 
134,3 (SaRa) 

T, s e c  * 

<0,0t i  

>o,4i 

<0,0t5 

0,O53 

>0,i8 

* In chloroform, concentration of each of the reagents 0.1 M. 
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TABLE 3. Constants  of E x -  
change Equi l ibr ia  (3)* 

Substituent K 

Coil5 
4-(CHs)~NC61~ 
3-C1CeI-h 
2-FCsHa 
2-C1C6H4 
2-CHaOC~H4 
3, 5-C12C~H3 

4,4 
2,2 

i00 
t5,0 
23,0 
t,9 

>ioo 

*In chloroform, concentration of each 
reagent 0.1 M. 

TABLE 4. Calculated Constants  
of Exchange Equi l ibr ia  and P o l a r  
Constants  of Substi tuents in the 
Thlophenol Ring [5, 6] C6HsSSbR 4 
+ ArSSnR3~ C6HsSSnR 3 + ArSSbR 4 

Substituent 

C6H5 
2-CH3Cd~I~ 
4-N(CH3)~C~H4 
3-C1C~H~ 
3,5-ChC6H3 
2-ClC6H~ 
2-FC6H~ 
2-CHsOCsH4 

K 

1,00 
0,25 

2~ ,50 
>23 

5,20 
3,4 
0,40 

0,0 
--0,13 
--0,6 

0,37 
O, 74 
0,50 
0,29 

--0,37 

that  in r e l a t ive ly  iner t  solvents  of the type of ch lo ro fo rm and CB, the migra t ion  abil i ty of the univalent  OM 
groups  containing heavy m e t a l s  studied i n c r e a s e s  in the s e r i e s :  R3Sn < R3Pb = R2Sb < RHg < R4Sb; R = C6H5: 

To obtain quanti tat ive data on the compara t i ve  abil i ty of univalent organoant imony groups  of the type 
of (C6Hs)4Sb for  i n t r amolecu l a r  coordinat ion with an o-subst i tuent ,  we studied the exchange equi l ibr ia  of the 
M--M type in ch lo ro fo rm,  with the reac t ion  

~ / / - -SbbR,  +. ArSSnR3 ~- ~%--SSnB3 + ArSSbR4 (3) 
\ \ 

CH3 CH3 
R = C 6 H j  

as  an example .  The select ion of the (C6Hs)3Sn group as a p a r t n e r  is due to the fact  that  at X I = SbR 4 and 
X 2 = SnR3, the exchange reac t ion  (2) p r o v e s  to be slow in the t ime  scale  of PMR. 

Equi l ibr ium is es tab l i shed  immedia te ly  a f t e r  the ch lo ro fo rm solutions of the initial compounds are  
poured  together ,  and i ts  posi t ion does not depend on which of the two poss ib le  p a i r s  of r eagen t s  is the initial 
one. Jus t  as in our p rev ious  s tudies ,  an a t tempt  was made to evaluate the influence of va r ious  f ac to r s  on 
the posi t ion of equi l ibr ium of the r eac t ions  under  cons idera t ion  by an ana lys t s  of the equi l ibr ium cons tants  
(Table 3). 

In the in te rpre ta t ion  of the data obtained, inde te rminac ies  a rose ,  due in aIt probabi l i ty ,  to the e x i s -  
tence of a s t rongly  po la r ized  M--S bond in (C6HshSb de r iva t ives  of TP.  Thus,  the introduction of an e l e c -  
t ron  donor group N(CH3) 2 into the p-pos i t ion  of the TP r ing leads  to destabt l izat ion of t e t raphenylan t imony 
thiophenolate and, cor responding ly  to a shift of equi l ibr ium in the d i rec t ion of the fo rmat ion  of the o - m e t h -  
yl thiophenolate of te t raphenylant imony.  The r e p l a c e m e n t  of hydrogen in the thiophenyl r ing by e lec t ron  
donor subst i tuents  m-C1 and re,m-C12, on the con t ra ry ,  substant ia l ly  s tab i l izes  the cor responding  t e t r a -  
phenyl  ant imony der iva t ives .  

In con t ra s t  to the s ta t i s t ica l  na ture  of the analogous exchange equi l ibr ia  with the par t ic ipa t ion  of 
o ther  OM groups  [1], the equi l ibr ium (3) for  the reac t ion  of t e t raphenylan t imony o-methyl th iophenola te  
with t r iphenyl t in  thiophenolate is substant ia l ly  shifted in the direct ion of the fo rmat ion  of t r iphenylt in  o-  
methyl thiophenolate .  

Consider ing that the s t ronge r  e lec t ron  donor group p-N(CH3) 2 [5, 6] has l e s s  of an influence on the 
posi t ion of equi l ibr ium,  this c i r c u m s t a n c e  is evidence of the substant ia l ly  g r e a t e r  space  r e q u i r e m e n t s  of 
the subst i tuents  (C6Hs)4SbS in compar i son  with the (C6Hs)3SnS, C~H~HgS, {CGHs)3PbS, and (C6Hs)2SbS group 
in the case  when they en te r  into nonvalence in te rac t ions  with the o-CH 3 group. 

The obse rved  di f ference  in the space  r e q u i r e m e n t s  of the MO groups  in the s y s t e m s  studied is p r o b -  
ably due to the fac t  that  in the RnMS group [M = Hg, Sn, Pb,  Sb(III}], s t e r ic  h indrances  a r e  caused  chiefly 
by contact  between the meta l  a tom and the o-CH 3 group,  whereas  in the (C~Hs)~SbS group a significant  role  
is also played by nonvalence in te rac t ions  between the ' o -CH 3 and the equator ia l  phenyl subst i tuents  [7]. 
Thus,  in con t r a s t  to exchange reac t ions  of the M--M type, in de r iva t ives  of TP  in which other  OM groups  
pa r t i c ipa te ,  the  posit ion of equi l ibr ium for  r eac t ions  including the (CsH~)~Sb group depends on the po la r  
and s t e r i c  e f fec t s  of the subst i tuents .  
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To s impl i fy  the ana lys i s  of the r e su l t s  obtained, the equi l ibr ium constants  were calcula ted f r o m  the 
va lues  of the exper imenta l  equi l ib r ium constants  (see Table 3) for  s y s t e m s  not containing o-CH 3 groups  
(Table 4). As it fol lows f r o m  these  data, the introduction of e lec t ron  accep t e r  subs t i tuents  into the TP  
r ing leads  to s tabi l izat ion of subst i tuted te t raphenylan t imony thiophenolate; m o r e o v e r ,  wi th  increas ing  ac -  
cep te r  p r o p e r t i e s  of the substi tuent ,  the equi l ibr ium is shifted in the d i rec t ion of the fo rmat ion  of the c o r -  
responding ant imony compounds.  

On the ba s i s  of this ,  and a lso  on the ba s i s  of a compar i son  of the v a l u e s  of o cha rac t e r i z ing  the po la r  
e f fec ts  of subst i tuents  on the o- ,  m - ,  and p -pos i t ions  in subst i tuted phenols  [5, 6], we might expect  that  
the values  of the equi l ibr ium cons tants  for  r eac t ions  in which o-C1- and o - F - s u b s t i t u t e d  t r iphenylt in  th io-  
phenolates  pa r t i c ipa te  will be c lose  to two. However ,  the exper imen ta l  va lues  prove  to be substant ia l ly  
sma l l e r .  Consequently,  in th is  ca se  the e lec t ron  accep t e r  ef fec t  of the o -subs t i tuen t  is to a substantial  
degree  balanced by the opposi te ly  d i rec ted  net ef fec t  of the s t e r i e  h indrances  and coordinat ion interact ions;  
m o r e o v e r ,  it is imposs ib le  to isola te  and evaluate  the contr ibution of each of them. 

T h e r e f o r e ,  on the ba s i s  of the data obtained, we can only conclude that  in OM der iva t ives  of TP,  po-  
tential  f i v e - m e m b e r e d  chelate  r ings  with the par t ic ipa t ion  of the (C6Hs)3Sn groups  a re  evidently s t ronger  
than potential  chelate  r ings  with the par t ic ipa t ion  of the (C~Hs)4Sb group. 

E X P E R I M E N T A L  

The PMR s p e c t r a  were  taken on a P e r k i n  E l m e r  R-12 s p e c t r o m e t e r  (60 MHz) at 34 ~ The chemica l  
shif ts  were  m e a s u r e d  using the technique of the side band f r o m  TMS as  an internal  s tandard with an a c -  
cu racy  of ~0.3 Hz. The l i fe t ime ~'A of the exchang ingpa r t i c l e s  was calcula ted accord ing to  approx imate  fo r -  
mulas  [8]. 

The equi l ibr ium cons tants  K were  found by integrat ing the s ignals  of the o -methy l  groups  of one of 
the reac t ion  p roduc t s  and one Of the initial compounds,  a ccu racy  of de te rmina t ion  • The equi l ibr ium 
cons tan ts  ci ted in Table 4 were  obtained by calcula t ion f r o m  the expe r imen ta l  constant  on the bas i s  of s i m -  
ple calculat ions,  which showed that  in genera l ,  if the equi l ibr ium constants  K s and K 2 for  the reac t ions  

MA + M*B K~. M*'A + MB 
M ::]= M* 

Ks 
MC + M'B 7-.~ MB + M'G 

a re  known, then the equi l ibr ium constant  K 3 for  the reac t ion  
K, 

MA + M*G ~__M*A+ MC 

iS found f r o m  the re la t ionship  K 3 = K2/K 1. The synthes is  of subst i tuted t r iphenylt in  thiophenolates  will be 

desc r ibed  l a t e r .  

Diphenylant imony thiophenolates  were  produced by the action of diphenylantimony aceta te  on the so -  
dium sa l t  of the cor responding  thiophenols in abs.  alcohol.  Te t raphenylant imony thiophenolates  were  p r o -  
duced by the action of t e t raphenylan t imony methyla te  on the cor responding  thiophenol in benzene.  The 
mel t ing  points  and r e s u l t s  of ana lys i s  of the organoant imony compounds used  in this  work, as  well as  in- 
ves t iga ted  p rev ious ly  [3], a re  ci ted in Table  5. 3 ,5-Diehlorothiophenol  was produced f r o m  3 ,5-d ich loro-  
pheny lmagnes ium bromide  and sulfur  in abs.  e ther  (see Table 5). Below a re  ci ted typical  examples  of 
synthes is  of the compounds studied. 

Diphenylant imony m-Chloro th iophenola t  e. To a hot solution of 1.8 g (0.005 mole) diphenylantimony 
ace ta te  in 20 ml abs.  alcohol was added 0.83 g (0.005 mole) sodium m-chloro th iophenola te  in 20 ml  of the 
s a m e  solvent .  The reac t ion  mix tu re  was heated to boiling, the solvent r emoved  unde r  vacuum, the oily 
res idue  washed with water ,  d issolved in e ther ,  and the e ther  solution dr ied with Na2SO 4. After  r emova l  
of the e ther ,  the res idue  in the f o r m  of a yel low oil was f r eed  of impur i t i e s  by ch romatography  in a thick 
l aye r  of neut ra l  am m on i um  oxide (eluent pe t ro l eum ether) .  The light l e m o n - c o l o r e d  oil obtained (1.8 g, 
86%) c ry s t a l l i z ed  upon grinding, mp 42-43 ~ The remain ing  subst i tuted diphenylantimony thiophenolates 
were  produced analogously.  

Te t raphenylan t imony p-Dimethylaminothiophenola te .  A mix tu re  of 1.1 g (0.0025 mole) t e t raphenylan-  
t imony methyla te  and 0.38 g (0.0025 mole)  p-dtmethylaminothiophenol  in 25 ml abs.  benzene was boiled 
with a ref lux  condenser ,  equipped with a ca lc ium chloride tube, for  2 h. After  r emova l  of the solvent,  we 
obtained 0.9 g (60%) of a b r igh t -ye l low prec ip i t a te ,  which a f t e r  r ec rys t a i l i za t ion  f r o m  cyclohexane has  
bp 145-146 ~ The remain ing  subst i tuted te t raphenylant imonythiophenola tes  were produced analogously.  
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TABLE 5. Melting Points and Results of Analysis of Sub- 
stituted Diphenyl- and Tetraphenylantimonythiophenolates 

Compound mp, ~ 

(C~Hs)sSbSCsHa(CH3)2-2,6 

(C~Hs)sSbSC~HaOCH3-2 

(C6Hs)sSbSCsH4Br-2 

(CsI2h)~SbSC~HaF-2 

(CsHa)sSbSC6H4NO~-2 

(CeHs)sSbSC6H4C1-3 

(CsHs)sSbSCsH4CH3-2 

(CsHs)~SbSC6H4N (CH3)2-4 

(CeHs)sSbSCGHaCN-3,5 

(CeHs)aSbSCoHaCH3-2 

(CsHs)aShSCsHiOCHa-2 

(CtHs),SbSC,HaF-2 

(C~H~),SbSCsHaCh-3,5 

(C,Hs),SbSCsHsC1-3 

(C,H~)~SbSCsH~ N(CHa)~4 

88--89 

t03--t04 

Oil* 

50--51 

Oil? 

42--43 

Oil* 

80--82 

40--42 

t3i--t32 

t20--i23 

i46--t47 

i53--i55 

144--t46 

i45--t46 

Found/ca lcu lated, % 

c 

57,9t 
58,t4 
54,7i 
~4,97 
46,54 
45,59 
53,3___J9 
53,63 
50,47 
50,27 
5t,3i 
5i,52 
57,25 
57,i8 
56,35 
56,t0 
47,90 
47 :~i 
67,13 
57,29 
65,18 
65,40 
64,i7 
64,66 
58,96 
59,23 
62,78 
62,80 
66,02 
66,00 
5i ,34 

(C6H~)~SbSC6I~C1-2 39--4t 5t ,52 

*Rf in a mixture of petroleum ether + acetone (6:1) equal to 0.5. 
~The same, 0.2. 

I-I 

4,47 
4,64 
4,23 
4,t3 
3,37 
3,04 
3,27 
3,50 
3,56 
3,28 
3,i8 
3,36 
4.29 
4,29 
4,67 
4,7i 
2,84 
2,89 
4,85 
4,92 
5,0i 
4,78 
4,37 
4,33 
3,87 
3,81 
4,28 
4,22 
4,97 
5,i9 
3,42 
3,36 

3,5-Dichlorothiophenol.  To a solution of 3 ,5-dichlorophenylmagnesium bromide,  obtained f rom 
28.6 g (0.13 mole) 3 ,5-dichlorobromobenzene in 80 ml of abs. ether and3 .24g  (0.135 mole) Mg in 30 ml abs. 
ether,  a suspension of 4.16 g (0.13 mole) finely ground f lowers  of sulfur in 50 ml of the same solvent was 
cautiously added. In this case  a change of the color  of the react ion mass  f rom dark red to yel low-brown 
and a substantial evolution of heat were observed.  After boiling for  1.5 h, the react ion mixture was de- 
composed with cooling with highly dilute HCI, the organic layer  removed,  and the aqueous layer  extracted 
twice with benzene. The thiophenol obtained was extracted with a dilute solution of alkali, precipi ta ted with 
diluted HC1, reex t rac ted  with benzene, and dried with Na2SO 4. After removal  of the solvent, 6.7 g (32%) 
of 3,5-dichlorothiophenol was obtained, and after  sublimation it had mp 53-54 ~ Found: C 40.02; H 2.25%. 
Calculated: C40.22;  H 2,25%. 

C O N C L U S I O N S  

1. Exchange react ions  of diphenylantimony 2,6-dimethylthiophenolate with thiophenol and its (C~Hs)3Sn- 
and C6HsHg-derivatives in chlorobenzene and the exchange of tetraphenjrlantimony 2-methylthiophenolate 
with 2-methylthiophenol and its C6HsHg- , (CGH~)3Sn-, ~ and (C6Hs)3Pb-derivatives in ch loroform were studied. 

2. The migrat ion ability of organometal l ic  groups of the RnM type in derivat ives  of thiophenols in 
chlorobenzene and ch loroform inc reases  inthe se r i es :  (C6Hs)3Sn < (C~H~)3Pb ~ (C6H~)2Sb < C6HsHg < (C~H~)4Sb . 
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3. The position of the exchange equilibria of tetraphenylantimony 2-methylthiophenolate with sub- 
stituted tetraphenyltin thiophenolate depends greatly on the polar and steric effects of the substituents in 
the thiophenol ring. 

4. The (CaHs)4SbS group possesses greater space requirements than the (C6Hs)3SnS , C6HsHgS , 
(C~H~)3PbS, and (C6Hs)2SbS groups in uncoupled Interactions with the o-CH 3 group. 
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