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197 NMR studies of the comparative electronegativity of the Ph;E groups
(E = C, Si, Ge, Sn, or Pb) in Ph;E derivatives of
tris(4-fluoropheny!)stannanethiol
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Compounds (4-FC¢H4);SnSEPhy (E = C, Si, Ge, Sn, or Pb) were synthesized or
generated in solution. The data on the comparative electronegativity of the Ph;E groups were
obtained from the results of {%F NMR spectroscopy. It was established that, except for E =
C, the clectronegativity changes in parallel with the absolute electronegativity of the central
atom. Possible reasons for the deviation observed are discussed.
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Recently, considerable attention has been given to
the problems of electronegativity.1—3 New atomic elec-
tronegativity scales have been suggested,*—$ and quan-
tum-chemical calculations of group electronegativities
have been carried out for a number of the simplest
organic and organometallic groups containing Group II
and I elements.”® By contrast, the data on group
electronegativities of organometallic groups containing
transition metal atoms and heavy main-group metal
atoms are rather scarce,?19 apparently, because calcula-
tions of systems containing d orbitals present difficulties,
and it is necessary to take into account relativistic
effects.5:11

At the same time, the data on the comparative group
electronegativity of organometallic 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 metal—e¢lement o bonds in organome-
tallic compounds and prediction of the effect of the
group electronegativities of organometallic groups on
the position of o-metallotropic equilibria.!? Finally, it
was found recently that the use of the principle of hard
and soft acids and bases requires taking into account the
eroup 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,!5 atomic electronegativity is
the ability of an atom in a molecule to withdraw elec-

trons. An analogous determination should be also true
for group electronegativities of organic or organometal-
lic groups. Therefore, the following model systems are
promising in studies of comparative group electronega-
tivities of organometallic groups.

L,MXM L, (X = CH,, O, S},

In these systems, the L,M and L,M?* organometallic
groups compete with each other for the electron density
distribution in the triad system MXM?* according to
their ability to withdraw the electron density. IF NMR
spectroscopy in combination with the use of an indicator
organometallic group containing the 4-fluorophenyl
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-FC¢H,QX 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-FC4¢H, group make it possible to estimate
the change in the charge on the aromatic carbon atom
bonded to this group!® and reflect changes in the group
electronegativities of the Ar;Si and Ar;Sn groups in the
compounds Ar;SiC¢HyF-4 and Ar;SnCgHF-4.1¢
Recently,!? the systems (4-FCgH,);SnOMPh; (M =
Si, Ge, Sn, or Pb) were studied by 1F NMR spectros-
copy, and it was established that the group electronega-
tivities of the Ph;M groups decreased monotonically in
the series Ph3Si > Ph3Ge > Ph;Sn > Ph;Pb. 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 Ph;E groups in derivatives
of tris(4-fluorophenyl)stannanethiol:

(4-FCgH 4)oSNSEPh,
1a—e

E = C (1a), Si (1b), Ge (1¢), Sn (1d), or Pb (1e)

Compounds 1a—c were synthesized by the reaction
of (3-FC4H,);SnOH (2) with Ph,CSH (3a), Ph,SiSH
(3b), and Ph;GeSH (3c¢) according to the following
scheme:

2 +3a—¢ —» la-c + H,0.
Because of the fact that unsymmetrical systems
Ph;SnSPbPh; are readily symmetrized upon storage in

the crystalline state and in solution,?® we generated
compounds ld—e in solution by the exchange reactions:

(4-FCgH,);SnSSN(CgH,F-4), + Ph,SnSSnPh, ===

4 Sa
== 2 (4-FCH,),SnSSnPh,
id '
4 + Ph,PbSPbPh, Z=== 2 (4-FCH,),SnSPbPh,
5h 1e

It was established that, as in the case of the corre-
sponding oxygen analogs,!? the above-mentioned ex-
change reactions are slow within the 'F NMR time
scale but proceed rather rapidly within the preparative
time scale. For example, the YF NMR spectrum of the
reaction mixture of 4 with 5a or Sb has two signals. One
of them belongs to initial compound 4, and the second
signal belongs to the product of the exchange reaction
{to 1d or le, respectively). The equilibrium was estab-
lished in few hours. In the case of Ph;GeSGePh; (5¢),
the corresponding exchange reaction did not occur even
after heating in benzene at 63 °C for 3.5 h.

The '9F NMR spectra of solutions of la—¢ and of
solutions of the corresponding mixtures in the case of
compounds ld—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 under study and a number of other
derivatives of tris(4-fluorophenyl)tin, namely, 4,
(4-FCcH,)3SnSn(CgHyF-4)4 (6), (4-FC¢H,);SnCl (Ta),
(4-FCsHy)3SnBr (7b), and (4-FCgH4);Snl (7¢), are given
in Table 1. A minus sign corresponds to a downfield
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 nonpolarized Sn—Sn bond, to
compounds 7a—e with Sn#—X?%" bonds, which are
polarized according to the values of the absolute elec-

Table 1. Fluorine chemical shifts for solutions

in benzene

Compound FCS, &
(4-FC6H4)3SHSH(C6H4F-4)3 (6) —~2.45
(4-FCgHy)3SnCl (Ta) —4.41
(4-FCgH4)3SnBr (Th) ~4.27
(4-FCgHy)1Snl (7¢) —3.94
(4-FCgH4);SnSSn(CeH4F-4); (4) —-3.26
(4-FC4H,4);SnSCPh; (1a) -2.63
(4-FCgHy)3SnSSiPh; (1b) —2.74
(4—FC6H4)3SHSGCPI’13 (IC) —2.60
(4-FC¢H4)3SnSSnPh; (1d) =255
(4-FC4Hy)sSnSPbPhy (1e) —2.13

tronegativities® (¢V) of tin and halogen atoms (S, 4.30;
Cl, 8.30; Br, 7.59; and I, 6.76), the !9F signal shifts
downfield, which is indicative of a decrease in the
shielding of the fluorine atom. The degree of shielding
decreases as the electronegativity (y) of the halogen
atom increases according to the following equation:

FCS = —0.31y — 1.88, r = 0.983, 5 = 0.06.

Therefore, the fluorine chemical shifts in compounds
(4-FCgH4);SnX adequately reflect the comparative elec-
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 of polarization
of the Sn—S (Sn¥—S%7) bond according to the absolute
electronegativitiesS of tin and sulfur (4.30 and 6.22 eV,
respectively).

The results obtained suggest that correlations be-
tween the fluorine chemical shifts in compounds 1a—e
and the group electronegativities of the Ph;ES and Ph;E
groups can occur. As can be seen from Table 1, the
shielding of fluorine in compounds la—e decreases in
the order Pb > Sn > Ge > C > Si, which is indicative
of a decrease in the group electronegativities of the Ph,E
groups in the series Si > C > Ge > Sn > Pb. The data
on the comparative group electronegativity of the Ph;Sn
and Ph;Pb groups bonded to a S atom agree with the
results of studies of exchange equilibria involving the
corresponding derivatives of 4-fluorothiophenol and
4-nitrothiophenol.2!

Thus, the equilibrium of the reaction between
Ph;PbSC¢H F-4 and Ph;SnSC H4NO,-4 is shifted to
Ph;PbSC(H NO,-4, which is a derivative of a stronger
SH-acid. According to the theoretical analysis carried
out previously,!? this fact indicates that the polarity of
the Pb—-S bond is higher than that of the Sn—S bond.

The values of the electronegativities of the central
atoms decrease in the series C > Pb > Ge > Sn > Si
(2.55, 2.33, 2.01, 1.96, and 1.90, respectively??). The
absolute ¢lectronegativities® 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 electronegativities of the
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above-mentioned elements are 2.544, 1.916, 1.994, and
1.824 for C, Si, Ge, and Sn, respectively,® and they
decrease in the order C > Ge > Si > Sn.

Analysis of the results obtained based on the above-
mentioned data on the electronegativities of the central
atoms demonstrated that., except for the Ph;C group, a
number of the changes in the group electronegativities
of the Ph;E groups show the best correlation with the
scale of the absolute electronegativities of the corre-
sponding elements. It should be noted that for com-
pounds lb—e, as in the case of the oxygen analogs
(4-FC¢H,);SnOEPh,1? a correlation between the fluo-
rine chemical shifts and the absolute electronegativities
of the central atoms of the Ph;E group was established:

FCS = —0.66y + 0.0, r = 0.961, s = 0.09.

Therefore, for four elements, the dependence of the
group electronegativities of the Ph;E groups on the
absolute electronegativities of the central atoms remains
unchanged when the element bonded to the Ph;E sroup
is replaced. Hence, although it is still an open question
whether it is possible to estimate group electronegativi-
ties of isostructural groups of a molecule based on the
data on the absolute electronegativitics of the central
atoms,?3 for four elements this parameter rather ad-
equately reflects the change in the group eclectronega-
tivities of the Ph;E groups as a function of the nature of
the central atom.

This dependence is not true for the Ph;C group,
which may be caused by two factors. First, when passing
from Ph;C to Ph;Si, an additional transfer of the elec-
tron density from the S atom to the E atom can occur
due to interactions between the unoccupied 3d orbitals
of the Si atom and the 3p orbitals of the S atom, which
contains lone electron pairs. Second, direct interaction
of the m-electron systems of the aromatic rings of the
(4-FC¢H,4);Sn and Ph;C groups can occur. Thus, analy-
sis of the Stewart—Briegleb structural models demon-
strated that the distance between the planes of the
aromatic rings of the (¢-FC¢H,);Sn and PhyC groups
sharply decreases in going from 1b to 1a. As a result, a
direct interaction between the =n-electron systems and
partial transfer of clectron density to the antibonding
orbjtals of the 4-fluorophenyl ligand become possible.
This causes an increase in the shielding of fluorine and
an apparent decrease in the group electronegativity
of the Ph;C group. This question can be settled by
studying derivatives of 4-fluorothiophenol of the type
Ph,ESC¢H,F-4 (E = C, Si, Ge, Sn, or Pb) (8a—e)
because analysis of the molecular models demonstrate
that there are no contacts between the m-electron sys-
tems of the phenyl and 4-fluorothiophenoxide ligands.
In addition. it was found recently!® that the fluorine
chemical shifts in the compounds Ar;SnSCgH4F-4 cor-
relate with the group eclectronegativities of the Ar;Sn
groups. Studies of these compounds are in progress.

Experimental

The F NMR spectra were recorded on a Bruker WP-200
SY spectrometer; the operating frequency was 188.31 MHz for
F (25 °C, 0.1 mol L™!, a solution in benzene). Resonance
conditions were stabilized relative to external D,0. 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—c. Se, and 7a were prepared according
to published procedures.25-3¢

Synthesis of 1,1, 1-triphenyl-3,3,3-tris(4-fluorophenvi)carba-
stannathiane (1a). A solution of 2 (0.62 g, 1.5 mmol) 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—
30 °C for 40 min. 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 recrystal-
lized from hexane with the addition of several drops of benzene.
A colorless crystalline compound was obtained (yield was 0.6 g).

Synthesis of 1,1,1-triphenyl-3,3,3-tris(4-fluorophenyl)sita-
stannathiane (1b). 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 mmol) in benzene (10 mL). The reaction mixture was
stirred at 40-—50 °C for 30 min. The solvent was evaporated
on a rotary evaporator. The viscous product was triurated with
pentane, and crystals formed. Recrystallization from hexane
gave a colorless crystalline compound (vield was 0.67 g).

Synthesis of 1.1,1-triphenyl-3.3,3-tris(4-fluorophenyl)ger-
mastanpathiane (1c). A solution of 2 (1.5 g, 3.56 mmal) in
benzene (20 mL) was added to a solution of 3¢ (1.2 g,
3.56 mmol) in benzene (15 mL). The reaction mixture was
stirred at 50—60 °C for 30 min. The solvent was removed on a
rotary evaporator. The oil that formed was triturated with
pentane, and crystais formed. Recrystallization from hexane
gave a colorless crystalline compound (yield was 1.58 g).

Synthesis of 1,1,1,3,3,3-hexakis(4-flaorophenyl)distanna-
thiane (4). A flow of H,S was passed through a solution of 7a
(2 g, 455 mmol) in benzene (50 mL) containing Et;N
(1.1 mL, 7.9 mmol) for 1.5 h. Then the reaction mixture was
kept at 20 °C for 30 min. The white precipitate that formed
was fitered off and washed with benzene. The organic laver
was washed with water and dried over Na,SO,. The solvemt
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 Ph3SnCl (2 g, 5.2 mmol). Recrystalliza-
tion from hexane gave colorless crystals; vield [.43 g
(75%), m.p. 144—145 °C (¢f. Ref. 31: m.p. 141—143 °C).

Syathesis of 1,1,1,3,3,3-hexaphenyldiplumbathiane (5b). A
flow of H,8 was passed through a solution of PhsPbCl] (2 g,
4.3 mmol) in THF (30 ml) containing Et;N (1.1 mL,
7.9 mmol) for 0.5 h. The white precipitate that formed was
filtered off. The solvent was evaportated on a rotor evaporator.
The residue was twice recrystallized from light petroleum, and
pale-pink crystals were obtained; yield 1.3 g (67%), m.p. 137—
139 °C (¢f. Ref. 31: m.p. 139—140 °C).

Synthesis of tris(4-fluorophenyl)tin bromide (7b). 48%
hydrobromic acid (0.5 mL) was added dropwise with stirring
to a suspension of 2 (0.3 g, 1.2 mmol) in ether (50 mL). The
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Table 2. Characteristics of compounds la—c, 4, and 7b,c

Com- Yield M.p. 1’} (%) Molecular
pound (%) /°C Calculated formula
C H S (F] Sn

ia 59 125127 6555 437 469 1760  CyyHysF3SSn
65.41 4.01 4.72 17.47

1b 72 13 6225 397 450 1745  CyHyF;SSiSn
62.18 4.04 4.60 17.07

1c 60 112—113 38.34 3.70 i_?‘:i 15.90 C36H37F3GCSSD
5843 3.68 4.33 16.01

4 86 138—140 5150 311 376 2765  CsyHyp4FeSSn,
5147 2.88 3.81 28.26

b 64 109 M Z_8_Q U.__l_i_l_l - ClanF;BrSn
4468 250 [11.78]

Tc 60 105 4166 212 (1083 — CysH 2F3ISn
2072 228 [10.74]

reaction mixture was stirred for 15 min. The ethereal solution
was washed with distilled water three times and dried with
MgSO,. The solvent was removed on a rotary evaporator. The
residue was twice recrystallized, and coloress crystals were
obtained (yield was 0.37 g).

Synthesis of tris(4-fluorophenyl)tin iodide (7c). 37%
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 mmol) in ether under an atmosphere of
argon. The reaction mixture was stirred for 15 min. The
ethereal sofution was washed with an aqueous solution of
Na,S,0; and with distilled water and dried over MgSO,. Ether
was removed on a rotary evaporator. Recrystallization of the
residue from hexane gave colorless crystals (yield was 0.38 g).

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