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t9F NMR studies of the comparative eleetronegativity of the Ph3E groups 
(E = C, Si, Ge, Sn, or Pb) in Ph3E derivatives of 
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Compounds (4-FC6H4)3SnSEPh 3 (E = C, Si, Ge, Sn, or Pb) were synthesized or 
generated in solution. The data on the comparative electronegativity of the Ph3E groups were 
obtained from the results of 19F NMR spectroscopy. It was established that, except for E = 
C, the electronegativity changes in parallel with the absolute electronegativity of the central 
atom. Possible reasons for the deviation observed are discussed. 
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Recent!y, considerable attention has been given to 
the problems of electronegat ivi ty. l -3 New atomic elec- 
tronegativity scales have been suggested, 4-6 and quan- 
tum-chemical  calculations of  group electronegativities 
have been carried out for a number of the simplest 
organic and organometall ic groups containing Group II 
and [[I elements. 7,8 By contrast, the data on group 
electronegativities of  organometall ic  groups containing 
transition metal atoms and heavy main-group metal 
atoms are rather scarce, 9,10 apparently, because calcula- 
tions of systems containing d orbitals present difficulties, 
and it is necessary, to take into account relativistic 
effects.6,11 

At the same time, the data on the comparative group 
electronegativity of organometall ic  groups will allow one 
to compare qualitatively the calculated and experimen- 
tal data and to find out whether calculated electronega- 
tivities of  metal atoms can predict the comparative 
group electronegativities of  isostructural organometallic 
groups. These data are necessary for interpretation of  
the reactivities of  meta l - -e lement  ~ bonds in organome- 
tallic compounds and predict ion of the effect of  the 
group electronegativities of  organometallic groups on 
the position of  ~-metal lot ropic  equilibria. 12 Finally, it 
was found recently that the use of  the principle of  hard 
and soft acids and bases requires taking into account the 
group electronegativities of  the corresponding groups. 13,14 
This gave rise to the question of  whether the compara-  
tive group electronegativities of  organometallic groups 
remain invariant as one passes from bonds with hard 
ligands to bonds with soft ligands. 

According to Pauling, 15 atomic electronegativity is 
the ability of an atom in a molecule to withdraw elec- 

trons. An analogous determinat ion should be also true 
for group electronegativities of organic or organometat-  
lic groups. Therefore, the following model systems are 
promising in studies of  comparative group electronega- 
tivities of organometall ic groups. 

LnMXM'L m (X = CH2, O, S), 

In these systems, the LnM and LmM* organometall ic 
groups compete with each other for the electron density 
distribution in the triad system NLXM* according to 
their  ability to withdraw the electron density. 19F N M R  
spectroscopy in combinat ion with the use of  an indicator 
organometal l ic  group containing the 4-f luorophenyl  
ligand is most convenient for studying the character  of  
the electron density distribution among the competing 
groups. This approach is based on results obtained previ- 
ously. 16,17 According to these results, the fluorine chemi- 
cal shift in the 4-FC6H4QX systems is a good indicator  
of  the change in the electron density on the fragment Q. 
For  example, it was found that the fluorine chemical  
shifts of  the 4 -FCrH 4 group make it possible to estimate 
the change in the charge on the aromatic carbon atom 
bonded to this group lg and reflect changes in the group 
electronegativities of  the Ar3Si and Ar3Sn groups in the 
compounds Ar3SiCrH~F-4 and Ar3SnC6H4F-4. I~ 

Recently,19 the systems (4-FC6H4)3SnOMPh 3 (M = 
Si, Ge,  Sn, or Pb) were studied by 19F N M R  spectros- 
copy, and it was established that the group electronega- 
tivities of  the Ph3M groups decreased monotonical ly in 
the series Ph3Si > Ph3Ge > Ph3Sn > Ph3Pb. It was of  
interest to find out whether this order is retained when 
the Ph3M groups form bonds with the S atom. In this 
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connection, in this work we studied the comparative 
group electronegativity of  the Ph3E groups in derivatives 
of  tris(4-fl uorophenyl)stannanethiol:  

(4-FCeH4)3SnSEPh 3 

l a - - e  

E = C ( l a ) ,  Si ( l b ) ,  Ge ( l c ) ,  Sn ( l d ) ,  or Pb ( l e )  

Compounds l a - - e  were synthesized by the reaction 
of (4-FCrH4)3SnOH (2) with Ph3CSH (3a), Ph3SiSH 
(3b), and Ph3GeSH (3e) according to the following 
scheme: 

2 + 3a - -e  ~ l a - - c  + H20, 

Because of  the  fact that  unsymmetrical  systems 
Ph3SnSPbPh 3 are readily symmetrized upon storage in 
the crystalline state and in solution, 20 we generated 
compounds l d - - e  in solution by the exchange reactions: 

(4-FC6H4)3SnSSn(CsH4F-4)3 ~- PhaSnSSnPh 3 q 
4 5a 

2 (4-FC6H4)3SnSSnPh 3 
l d  

4 + Ph3PbSPbPh 3 ~ 2 (4-FC6H4)3SnSPbPh 3 
5b l e  

It was established that,  as in the case of the corre- 
sponding oxygen analogs, 19 the above-mentioned ex- 
change reactions are slow within the tgF N M R  time 
scale but proceed rather rapidly within the preparative 
time scale. For  example,  the 19F N M R  spectrum of  the 
reaction mixture of  4 with 5a or 5b has two signals. One 
of  them belongs to initial compound 4, and the second 
signal belongs to the product  of the exchange reaction 
(to ld  or le ,  respectively). The equilibrium was estab- 
lished in few hours. In the case of Ph3GeSGePh 3 (5e), 
the corresponding exchange reaction did not occur even 
after heating in benzene at 65 ~ for 3.5 h. 

The t9F N M R  spectra of  solutions of  l a - - e  and of 
solutions of  the corresponding mixtures in the case of 
compounds l d - - e  were recorded. The fluorine chemical 
shifts were measured relative to PhF  (external standard). 
Benzene, in which the initial compounds are rather 
readily soluble and which cannot cause polarization 
of the M - - S  bonds,  was used as the solvent. The 
data on the fluorine chemical  shifts (FCS) for the 
compounds  u n d e r  s tudy and a number  of  o ther  
der ivat ives  o f  t r i s ( 4 - f l u o r o p h e n y l ) t i n ,  namely ,  4, 
(4-FCsH4)3SnSn(CrH4F-4)  3 (6), (4-FCrHa)3SnC1 (7a), 
(4-FCrH4)3SnBr (To), and (4-FCrH4)3SnI (7e), are given 
in Table 1. A minus sign corresponds to a down_field 
shift of the signal relative to PhF and a decrease in the 
shielding. 

The data in Table 1 demonstrate that in going from 
compound 6, which has a nonpolafized Sn- -Sn  bond, to 
compounds 7 a - - e  with Sn~---X ~- bonds, which are 
polarized according to the values of  the absolute elec- 

Table I. Fluorine chemical shifts for solutions 
in benzene 

Compound FCS, 5 

(4- FCrH4)3SnSn(C6H4F-4) 3 (6) -2.45 
(4-FCrH4)3SnCI (7a) -4.41 
(4-FCsH4)3SnBr (7b) -4.27 
(4-FCrHg)3Snl (7c) -3.94 
(4-FC6Ha)3SnSSn(CrH4F-4) 3 (4) -3.26 
(4-FCrH4)3SnSCPh 3 (la) -2.63 
(4-FCrH4)3SnSSiPh 3 (lb) -2.74 
(4-FCrHa)aSnSGePh 3 (le) --2.60 
(4-FC6H4)3SnSSnPh 3 (Id) -2.55 
(4-FCrH4)3SnSPbPh 3 (le) --2.13 

tronegativities 5 (eV) of  tin and halogen atoms (Sn, 4.30; 
CI, 8.30; Br, 7.59; and I, 6.76), the  tgF signal shifts 
downfield, which is indicative o f  a decrease in the 
shielding of the fluorine atom. The  degree of  shielding 
decreases as the electronegativity (~0 of  the halogen 
atom increases according to the fol lowing equation: 

FCS = -0.31Z - 1.88, r = 0.983, s = 0.06. 

Therefore, the fluorine chemical  shifts in compounds 
(4-FCrH4)3SnX adequately r e fec t  the  comparat ive etec- 
tronegativity of the fragment X. The  shielding of  the 
fluorine atom also decreases in going from compound 6 
to compound 4, which is a consequence  o f  polarization 
of the Sn--S  (Sn~'--S ~-) bond according to the absolute 
electronegativities s of  tin and sulfur (4.30 and 6.22 eV, 
respectively). 

The results obtained suggest tha t  correlations be- 
tween the fluorine chemical shifts in compounds  l a - - e  
and the group electronegativities o f  the Ph3ES and Ph3E 
groups can occur. As can be seen from Table 1, the 
shielding of  fluorine in compounds  l a - - e  decreases in 
the order Pb > Sn > Ge > C > Si, which is indicative 
of a decrease in the group electronegativi t ies of  the PhnE 
groups in the seriesSi > C > Ge > Sn > Pb. T h e d a t a  
on the comparative group electronegativi ty of  the Ph3Sn 
and Ph3Pb groups bonded to a S a tom agree with the 
results of  studies of exchange equi l ibr ia  involving the 
corresponding derivatives of  4 - f luo ro th iopheno l  and 
4-nitrothiophenol.Zl 

Thus, the equil ibr ium of  t h e  reac t ion  between 
Ph3PbSCrH4F-4 and Ph3SnSCrH4NO2-4 is shifted to 
Ph3PbSCsH4NO2-4, which is a derivat ive of  a stronger 
SH-acid.  According to the theoret ica l  analysis carried 
out previously, lz this fact indicates that  the polarity of  
the Pb--S bond is higher than that  of  the  Sn--S  bond. 

The values of  the electronegativit ies of  the central 
atoms decrease in the series C > Pb > Ge  > Sn > Si 
(2.55, 2.33, 2.01, 1.96, and 1.90, respectivelyZZ). The 
absolute electronegativities 5 are (eV) 6.27, 4.77, 4.60, 
4.30, and 3.90 for C, Si, Ge, Sn, and Pb, respectively, 
and they decrease in the order C > Si > Ge > Sn > Pb. 
The values of the spectral electronegativi t ies  of the 
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above -men t ioned  e lements  are 2.544, 1.916, 1.994, and 
1.824 for C, Si, Ge ,  and Sn, respectively, 6 and they  
decrease in the order  C > Ge  > Si > Sn. 

Analysis o f  the results obta ined based on the above-  
m e n t i o n e d  data on the electronegat ivi t ies  of  the central 
a toms demons t ra ted  that ,  except  for the PhsC group, a 
n u m b e r  o f  the changes in the  group electronegativit ies 
of  the PhsE groups show the best correlat ion with the 
scale o f  the absolute  electronegat ivi t ies  o f  the corre-  
sponding e lements .  It should be noted that for com-  
pounds l b - - e ,  as in the case of  the oxygen analogs 
(4 -FCrH~)sSnOEPh3 ,  t9 a corre la t ion between the fluo- 
rine chemica l  shifts and the  absolute electronegativit ies 
o f  the central  a toms of  the Ph3E group was established: 

FCS = -0.66X + 0.40, r = 0.961, s = 0.09. 

Therefore ,  for four  e lements ,  the dependence  o f  the 
group electronegat ivi t ies  of  the Ph3E groups on the 
absolute e lectronegat ivi t ies  o f  the central atoms remains 
unchanged  when the e l emen t  bonded  to the Ph3E group 
is replaced.  Hence ,  a l though it is still an open quest ion 
whether  it is possible to es t imate  group electronegativi-  
ties o f  isostructural  groups o f  a molecu le  based on the 
data on the absolute e lectronegat ivi t ies  of  the central  
a toms,  23 for four  e lements  this parameter  rather ad- 
equate ly  reflects the change in the group electronega-  
tivities o f  the Ph3E groups as a funct ion of  the nature  of  
the central  a tom. 

This dependence  is not  true for the Ph~C group, 
which may  be caused by two factors. First,  when passing 
from Ph3C to Ph3Si , an addi t ional  transfer of  the e lec-  
t ron density from the  S a tom to the E atom can occur  
due to interact ions  be tween  the unoccupied  3d orbitals 
o f  the Si a tom and the 3p orbitals o f  the S atom, which 
contains  lone e lec t ron pairs. Second,  direct interact ion 
o f  the x -e l ec t ron  systems o f  the aromat ic  rings o f  the 
(4-FC6H~)3Sn and Ph3C groups can occur.  Thus, analy- 
sis of  the S tewar t - -Br ieg leb  structural  models  d e m o n -  
strated that the dis tance between the planes o f  the 
a romat ic  rings o f  the (4 -FCrH4)3Sn  and PhsC groups 
sharply decreases in going from lb  to la .  As a result,  a 
direct interact ion be tween  the n-e lec t ron  systems and 
partial transfer o f  e lec t ron  densi ty  to the ant ibonding 
orbitals o f  the 4- f luorophenyl  ligand become  possible. 
This causes an increase in the shielding of  f luorine and 
an apparent  decrease in the  group electronegat ivi ty  
o f  the Ph3C group. This  quest ion can be sett led by 
studying derivatives o f  4 - f luoro th iopheno l  o f  the type 
Ph~ESCrH4F-4  (E = C,  Si, Ge ,  Sn, or  Pb) (8a - - e )  
because analysis of  the mo lecu l a r  models  demonst ra te  
that  there are no contacts  be tween  the rr-electron sys- 
tems of  the  phenyl  and 4- f luoro th iophenoxide  ligands. 
In addition, it was found recent ly l~ that the f luorine 
chemica l  shifts in the c o m p o u n d s  Ar3SnSC6H4F-4 cor-  
relate with the group electronegat ivi t ies  of  the Ar3Sn 
groups. Studies o f  these c o m p o u n d s  are in progress. 

Experimental  

The 19F NMR spectra were recorded on a Braker WP-200 
SY spectrometer; the operating frequency was 188.31 MHz tbr 
tgF (25 ~ 0.1 mol L - l ,  a solution in benzene). Resonance 
conditions were stabilized relative to external D20. The fluo- 
rine chemical shifts were measured by the substitution method 
relative to external fluorobenzene in the solvent and at a 
concentration identical to those used for the compound stud- 
ied. The error in determination of  fluorine chemical shifts was 
no more than 0.01 ppm. The data on the fluorine chemical 
shifts for compound 6 were taken from Ref. 24. 

Compounds 2, 3a--e. 5e, and 7a were prepared according 
to published procedures, zs-30 

Synthes/s of I, l,l-triphenyi-3,3,3-tris(4-11uorophenyl)earba- 
stannathiane (la).  A solution of  2 (0.62 g, 1.5 retool) in ben- 
zene (15 mL) was added to a solution of 3a (0.41 g, 1.5 mmol) 
in benzene (10 mL). The reaction mixture was stirred at 40-- 
50 ~ for 40 rain. The solvent was evaporated on a rotary 
evaporator. The oil that formed was crystallized by treatment 
with a small amount of MeOH. The compound was cecry~al- 
lized from hexane with the addition of several drops of benzene. 
A colorless crystalline compound was obtained (yield was 0.6 g). 

Synthesis of 1,1, l-triphenyl-3,3,3-tris(4-tluorophenyt)sila- 
stamaathiaae (lb).  A solution of  2 (0_56 g, 1.33 mmol) in 
benzene (10 mL) was added to a solution of 3b (0.39 g, 
1.33 retool) in benzene (10 mL). The reaction mixture was 
stirred at 40--50 ~ for 30 rain. The solvent was evaporated 
on a rotary, evaporator. The viscous product was triturated with 
pentane, and crystals formed. Recrystallization from hexane 
gave a colorless crystalline compound (yield was 0.67 g). 

Synthesis of l.l,l-trilahenyl-3,3,3-ttis(4-fluorophenyl)ger- 
mastannatkiane ( le) .  A solution of 2 (1.5 g, 3.56 mmot) in 
benzene (20 mL) was added to a solution of 3e (1.2 g, 
3.56 retool) in benzene (15 mL). The reaction mixture was 
stirred at 50--60 ~ for 30 rain. The solvent was removed on a 
rotary evaporator. The oil that formed was triturated with 
pentane, and crystals formed. Recrystallization from hexane 
gave a colorless crystalline compound (yield was 1.58 g). 

Synthesis of l,l,l,3,3,3-hexakis(4-fluorophenyl)distaana- 
thiane (4). A flow of H2S was passed through a solution of  7a 
(2 g, 4.55 retool) in benzene (50 mL) containing Et3N 
(1.1 mL, 7.9 retool) for 1.5 h. Then the reaction mixture was 
kept at 20 ~ for 30 rain. The white precipitate that formed 
was fdtered off and washed with benzene. The organic layer 
was washed with water and dried over Na2SO 4. The solvent 
was evaporated on a rotary evaporator. Crystallization of the 
residue from hexane gave colorless needle-like crystals (yield 
was 1.65 g). 

Synthesis of 1,1,1,3,3,3-hexaphenyldistannathiane (5a). The 
compound was synthesized according to the procedure de- 
scribed above using Ph3SnCI (2 g, 5.2 retool). RecrystalLiza- 
tion from hexane gave colorless crystals; yield 1.43 g 
(75%), m.p. 144--145 ~ (of. Ref. 31: m.p. 141--143 ~ 

Synthesis of l,l,l,3,3,3-hexaphenyldiplumbathiane (Sb). A 
flow of H2S was passed through a solution of PhsPbC1 (2 g, 
4.3 retool) in T H F  (30 mL) containing Et3N (i.1 rnL, 
7.9 retool) for 0.5 h. The white precipitate that formed was 
filtered off. The soNent was evaporated on a rotor evaporator. 
The residue was twice recrystallized from li~ht petroleum, and 
pale-pink crystals were obtained; yield 1.3 g (67,%), m.p. 137-- 
139 ~ (of. Ref. 31: m.p. 139--140 ~ 

Synthesis of tris(4-fluoropheayt)tin bromide (7b). 48,% 
hydrobromic acid (0.5 mL) was added dropwise with stirring 
to a suspension of 2 (0.5 g, 1.2 rnmol) in ether (50 mL). The 
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Table 2. Characteristics of  compounds la--e ,  4, and "/b,c 

Corn- Yield M.p. Found (%) 
pound (%) /~ Calculated 

C H S iF] Sn 

Molecular 
formula 

la 59 125--127 65,55 
65.41 

lb 72 113 62.25 
62.18 

lc 60 112--113 58.34 
58.43 

4 86 t38--140 5L50 
51.47 

711 64 109 44.77 
44.68 

7c 60 105 41.66, 
40.72 

4,97 4.69 17.60 C37H27F3SSn 
4.01 4.72 17.47 

3 9.7 4.50 17.45 036H27FsSSiSn 
4.04 4.60 17.07 

3,70 4:j~3 15.90 Cz6H27F3GeSSn 
3.68 4.33 16.01 

3.[1 3.76 27 ,6 .5  C36H24FrSSu 2 
2.88 3.81 28.26 

2-8~ [11.511 -- CtsH12F3BrSn 
2.50 [lh78] 

2,12 [10.83] --  CIsH12F3ISn 
2.28 [10.741 

reaction mixture was stirred lbr 15 rain. The ethereal solution 
was washed with distilled water three times and dried with 
MgSO 4. The solvent was removed on a rotary evaporator. The 
residue was twice recrystaltized, and colorless crystals were 
obtained (yield was 0.37 g). 

Synthesis of tris(4-fluorophenyl)tin iodide (7e). 57% 
hydroiodic acid (0.5 mL), which has been freshly distilled over 
red phosphorus, was added dropwise with stirring to a suspen- 
sion of  2 (0.5 g, 1.2 retool) in ether under an atmosphere of 
a~on.  The reaction mixture was stirred for 15 re.in. The 
ethereal solution was washed with an aqueous solution of 
Na2S203 and with distilled water and dried over MgSO 4. Ether 
was removed on a rotary evaporator. Recrystallization of the 
residue from hexane gave colorless crystals (yield was 0.38 g). 

The yields and melting points of the resulting compounds 
and the data of elemental analysis are given in Table 2. 

This  work was f inancially suppor ted  by the  Russian 
F o u n d a t i o n  for  Basic  R e s e a r c h  ( P r o j e c t  No .  
93-03-05528).  
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