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Adducts of Tin(IV) Tetrahalides with Neutral Lewis Bases.
II. Quantitative Study of the Cis—Trans Equilibria by NMR
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The cis—trans equilibria of SnX,2L and
SnX4+L~L adducts in solution were studied quanti-
tatively by '°F, 3P and "H NMR spectroscopy (X =
F, Cl, Br,' L = Me20, Et20, Me2S, Et2S, Mezse,
MeCN, Me3;CCN, Me,CO, TMPA, Me,N{MeO ),PO,
HMPA; L-L = (MeOCH,—),). The relative stabilities
for cis- and trans-SnX,+2L adducts were estimated,
and the following sequence obtained: HMPA >
Me,N(MeO),PO > TMPA > Me,Se > Me,S > Me,O.
The existence of SnCl,+ L, Ly, mixed species when tin
tetrachloride is present with two different ligands has
been shown, and their concentrations at equilibrium
obey a statistical distribution. The cis—trans isomeri-
zation constant is relatively independent of tempe-
rature, but depends strongly on solvent polarity, the
trans isomer being favoured in weakly polar media
The trends in the isomerization constants as a func-
tion of substitution of the ligand and the halogen is
discussed on the basis of tin(IV) orbital overlap.

Introduction

In the previous paper in this series [1] we deter-
mined the structure of numerous 1:2 SnX,4-2L (X =
Cl, Br) solid adducts by vibrational spectroscopy.
We demonstrated that the majority of them undergo
cis—trans equilibrium in solution. Several *F NMR
studies have also shown the existence of cis—trans
equilibria for SnF,+2L adducts with ligands such as
pyridine oxides and substituted quinolines [2],
ethanol [3], or anionic ligands in mixed halide
adducts [4]. In order to determine the parameters
which affect these equilibria (i.e. solvent polarity,
temperature, nature of the ligand L donor atom and
of the halogen, steric hindrance), we have choosen
Nuclear Magnetic Resonance as a technique for
quantitative studies of these equilibria.

* Abstracted, in part, from the Ph.D. Thesis No. 237 of S.
J. Ruzicka, Swiss Federal Institute of Technology,
Lausanne, 1976.

Experimental

Work in inert atmosphere and purification of
chemicals have been reported previously [1]. Me,N-
(MeO),PO has been synthesized from H(MeO),PO
(prepared from PCl; and MeOH [5]) and Me,NH
[6]. Tin tetrafluoride (ROC/RIC 95%) was used
without further purification.

Spectral Measurements
Chemical shifts downfield from the reference

~ signal have been assigned positive signs. The follow-

ing rteference substances were used: tetramethyl-
silane (TMS) for 'H NMR, fluorotrichloromethane
(CFCl;) for '*F NMR and 62.5% phosphoric acid in
a capillary in the NMR tube for 3P NMR.

'H NMR spectra were recorded on a Bruker
WP-60 spectrometer. ¥P{'H} NMR and *F NMR
spectra were obtained on a Bruker HX-90 spectro-
meter operating in the pulsed Fourier transform
mode, at 36.44 and 84.67 MHz, respectively.
Temperature was stabilized with a Bruker BST-100/-
700 unit, and measured with a Hewlett—Packard
2802A digital thermometer.

Abbreviations
TMPA = trimethylphosphate, HMPA = hexame-
thylphosphortriamide, DME = 1,2-dimethoxyethane.

Results

The 'H NMR spectrum for a cis—trans isomeriza-
tion, with an excess of ligand, should show resonan-
ces for cis, trans and non bonded ligand. Moreover,
ligand protons may couple with tin 115, 117 and 119
isotopes (I = %, natural isotopic abundance = 0.35,
7.67 and 8.68% rtespectively). Isomerization and
ligand exchange reactions may be fast at room tempe-
rature so that the exchanging species cannot be distin-
guished from one another; the rate of these reactions
can be decreased by lowering the temperature and the
different species present can then be observed. All
spectra were recorded in the limit of slow exchange.
It is observed in these systems that increasing the
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CHCl,(£=4,8) CH,Cl, (e91) CH,C1,/MeNO, (3:1)
// (e~18)
28 25 28 25 28 25 ppm

Figure 1. 'H NMR spectra (60 MHz) at 275 K of SnBrq/HMPA (1:4) in CHCl3, CH,Cl, and CH,Cl;/MeNO, (3:1). [SnBrg+2H-

MPA] = 0.1 m. Internal reference: TMS.

TABLE 11. Solvent Dielectric Constant Effect on the Isomeri-
zation Constant (K;go) for SnBrg-2HMPA, by 'H NMR, and
the Ratios of the Trans/Cis Raman Band Intensities at 298 K.

CHCl,4 CH,Cly;  CH3Cly/
MeNO, (3:1)
Dielectric Constant 4.8 9.1 18
TH NMR Ky, 1.74 0.85 0.38
1G5H160) 2.8 1.8 1.4
Raman ;008 5l 2.8 1.8

temperature first leads to the coalescence of the
cis and the non bonded ligand signals and then to
the coalescence of the trans signal with the cis-free
ligand collapsed peak. For all of our SnX,4:2L and
SnX,4+L-L adducts (X = Cl, Br; L = MeCN, Me,CO,
Me,0, Me, S, Me,Se, TMPA | Me,N(MeQ),PO, HMPA;
L-L = (MeOCH,—),) we have calculated the stoichio-
metry, defined as the ratio of bonded ligand to metal
halide, from the known concentrations of metal and
ligand and from the integration of free and bonded
ligand signals, including the signals due to ligand—
tin coupling. The isomerization constant Kjg,
defined as the ratio [trans-SnX,-2L]/[cis-SnX,4+2L],
is obtained by integration of the NMR resonances.
Stoichiometries, isomerization constants and NMR
data are reported in Table I.

Adducts with Phosphorylated Ligands

The 'H NMR spectrum of SnBrs:2HMPA with
an excess of HMPA shows three doublets at 275 K in
CH,Cl, (the doubling is due to coupling with 3'P).
The doublet centered at 2.60 ppm is assigned to the
free ligand. The two remaining doublets at low field

can be assigned to the cis and trans isomers of the 1:2
adducts: their relative intensities are independent of
the free ligand concentration and 1:2 overall stoichio-
metry is established for these species. This system was
studied in CHCl;, CH,Cl, and CH,Cl,/MeNQO, 3:1,
and shows a strong variation in the intensities ratio
for complexed ligand signals (Figure 1). Comparing
these ratios with those obtained by vibrational
spectroscopy (Table II), one can assign the low field
signal (2.79 ppm) to the trans adduct, and the higher
field signal (2.74 ppm) to the cis one. A weak new
signal appears with increasing solvent polarity; it may
be due to the formation of ionic species*. The
isomerization constant varies from 0.85 (275 K) to
1.04 (203 K) and the following enthalpy and entropy
of isomerization can be calculated: AH;y(SnBrg:-
2HMPA) = —0.3 + 0.3 Kcal/mol and AS;4(SnBr,-2H-
MPA) = —1.4 % 1.2 cal/°mol. When the temperature is
increased to 300 K, one observes the coalescence of
the signals of free and cis ligands, leaving the trans
signal unaffected.

In the following 'H NMR spectra of SnX,+2L
adducts, the cis and frans signals were assigned,
whenever possible, from the vibrational data of our
previous paper. In all cases the frans signal appears at
lower field than the cis one.

The spectrum of SnCls*2HMPA also shows the cis
and trans isomers. When the temperature is lowered
to 190 K, one observes an appreciable broadening
(~1 Hz) for bonded ligand signals only. By analogy to
data obtained in sulfur donor ligand—platinum
complexes [8], one may interprete this broadening
to be due to an inversion reaction for the oxygen
electronic pairs. The isomerization constant varies

*Turin [7] established by NMR and conductivity measure-
ments the following equilibl;ium in CH3NO;: TiCly*2HMPA
+ HMPA 2 [TiCl3+3HMPA] +CI .
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Figure 2. BEF NMR spectrum (84.67 MHz) showing the cis—trans equilibrium of SnF4+2TMPA at 173 K in CH,Cl,. [SnF4+2TM-

PA] 2 1072 m, [TMPA] = 0.3 m. Internal reference: CFCls.

trans-SnF 4-2TMPA: a) *5(1°F-1"Sn) = 1700 Hz, and b) “5(**F-'"Sn) = 1620 Hz.

cis-SnF 4+ 2TMPA: Fy cis to L, and Fg trans to L.

from 1.46 (230 K) to 1.33 (293 K) and the following
thermodynamic parameters have been calculated:
AHjso(SnCls*2HMPA) = 0.2 + 0.4 Kcal/mol and
AS;(SnCl, - 2HMPA) = —0.1 * 3 cal/°mol.

The isomerization constant has been determined
at 230 K for SnCl,;-2TMPA in CH,Cl, and CHCl,
where the values of K, are 0.25 and 0.79 respective-
ly. The 'H NMR spectrum of SnBrs*2TMPA shows at
203 K in CH,Cl, nearly only the cis isomer (Kjg =
0.15); this explains why the trans isomer was not
observed in the Raman spectra [1].

The 'F NMR spectrum of SnF,4+2TMPA is shown
in Figure 2. In the trans isomer, all fluorines are equi-
valent and a singlet should be observed, while for the
cis one two different types of fluorines (F, and Fp)
are present, and two equal intensity triplets should be
observed. Our spectrum shows a singlet at —151 ppm,
assigned to the trans isomer and two triplets at —149
and —162 ppm assigned to the cis isomer. Coupling
between the fluorines in the frans isomer and tin
isotopes is also observed. The triplet at —149 ppm
has been assigned to the Fy cis fluorines, on the basis
of a weak splitting of this triplet arising from '°F—>!P
coupling. This type of coupling has been clearly
demonstrated in octahedral TaFs*TMPA [9] where
the 3J coupling constant between the axial fluorine
and the ligand phosphorus is 7 Hz, while no coupling
of this type was observed for the equatorial fluorines.

The 3'P{'H} NMR spectra have been run for Sn-
Cl4/TMPA, SnCl4/Me,N(MeO),PO and SnCl,/-
TMPA/Me,N(Me0O),PO in CH,Cl, at 203 K. The data

are reported in Table III. In the latter system, in addi-
tion to the cis- and trans-SnCls*2L signals, one
observes new signals due to the cis- and frans-SnCl,+-
TMPA-Me,;N(Me0),PO mixed adducts. The assign-
ments, shown in Figure 3, are based on the known
chemical shifts of cis- and trans-SnCl,* 2L species and
on the fact that the signal intensity for cis- and trans-
SnCl,* L, Ly, species must be equal for both L, and
L;, ligand resonances.

In order to determine the relative stability
constants K;],jb for these i-SnCl, 2L adducts, the
following equilibria and equilibrium constants have
been considered (where L, is Me;N(MeO),PO and Ly
is TMPA):

trans-SnX4 2Ly, + 2L, ——trans-SnX,+2L, +

+2Ly Kin 1)
cis-SnX4° 2Ly + 2L, ——cis-SnX; 2L, +

+2Ly Kib (2)
trans-SnX,4 * 2Ly, + trans-SnX, 2L, ——

2trans- SnX4 Lyt Ly KL 3)
cis-SnX4 2Ly + cis-SnX,4 2L, —

2cis- SnX4 Ly Ly K& 4)

cis-SnX4* 2L, =——=trans-SnX,-2L,

Kiw &)
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TABLE IIL >'P{"H} NMR (36.44 MHz) Data for SnCl-2TMPA, SnClg - 2Me,;N(MeO), PO and the System SnCls/TMPA/Me,N-
(MeO), PO: Chemical Shifts (ppm) 8(SnCly+2L) and 6'(SnCly*L,-Ly), Differences in Chemical Shift A8 = §(SnCly+2L) — &(L)
and A§' = 8(SnCly-Ly-Ly) — 8(L), Coupling Constants (Hz), Stoichiometry and Kjsg, in CH,Cly, at 203 K. External reference:

H3PO4 62.5%.

(Me0)3PO (MeO)3PO Me,N(MeO), PO Me,N(MeO)3 PO
[M]otal 0.1 0.075 0.075 0.075
[Lltotal 0.4 0.435 0.187 0.3
Trans-adduct
s —6.81 -6.93 5.34 5.24
5 ~7.05 5.52
26 —8.46 -8.58 ~7.86 ~1.96
A5’ ~8.70 ~7.68
2j3lp-119gy 195 194
233tp-117gp) 186 188
Cis-adduct
) ~7.58 ~7.68 479 4.72
s’ -1.13 4.79
26 -9.23 ~9.33 ~8.41 848
A8’ -9.38 -8.41
253tp 119y 146 141
2531p-117gy) 139 135
Stoichiometry 1.9:1 2.2:1
Kiso 0.24 0.49

TABLE IV. Relative Intensities (%) for the 'P{"H} NMR Signals for cis- and trans-SnCly*2L and SnCly-L,eLy, Species in the
System SnCls/TMPA/Me, N(MeO), PO (concentrations, ¢f. Table III), at 203 K in CH,Cl,.

Trans-adduct Cis-adduct Free Ligand
SnCly-2(Me0)3PO 2.6 10.82
214 42.6
SnCly» (MeO)3PO-Me, N(MeO), PO 3.1 10.6%
SnClg (Me0)3 PO« Me;N(MeO), PO 3.1 11.9°
21.3 o 1.3
SnCl, +2Me, N(Me0), PO 46 9.4

3The integration for each signal alone was not possible; the relative intensity for tge ¢is-SnClg *2TMPA adduct was obtained from

Kjso(TMPA) (see Table III), and the other was then deduced by difference.

(Me,N(MeO), PO).

cis-SnX,* 2Ly, —=—=trans-SnX,;* 2L

Kho  ©®
cis-SnX4° Ly Ly =—==trans-SnX,°L,*Ly
K% (M

Most of the intensities for the 3'P NMR signals*
could be integrated in the SnCly/TMPA/Me,N-
(MeQ),P0 system and are reported in Table IV. The
following equilibrium constants were determined
from the relative area measurements:

*It has been shown [10] that the Nuclear Overhauser
Effect (NOE) is relatiavely unimportant when protons are
not directly bonded to 1p,

The same procedure was followed from Kjgo-

K& b = 1900 and K§ p, = 935
K{, =32 andK$ =50,and K{, =0.28.

The formation constants for the mixed adducts, Ky,
are close to the value of 4.0 which would be obtain-
ed for a statistical distribution.

In the case of SnX,4/L,/Ly systems where the
concentrations of the i-SnX,*2L species cannot be
determined independently from those of mixed
i-SnX4-L, L species, the relative stability constant
can however be estimated. If I} and I}, are the total
relative intensities for the isomer i present as i-SnX4*-
2L, and i-SnX4°L,-Ly, and i-SnX4°2Lg and i-SnX, -
L, Ly, respectively, one may write:
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TABLE V. Relative Intensities (%) for the 'H NMR Signals
for SnXg4/L,/Ly, Systems and Estimated Relative Stability
Constants K3, for the Adducts i-SnX4-2L in CH,Cl,
(~210K).

t
f 1L Kip Kip

SnClg Ly =Me,Se? 205 167 8.6

85 4.7
Lb=Me;s* 163 179 20.0
SnBra L, = TMPA® 54 397 156
06 6.1
Lp = Me,Se® 7.0 164 159
SnBrg L =Me;Sed 279 141 47
69 39

Lo=Me;s¢ 174 117 242

g}, and (If, + Ip) determined at 245 K, I, at 173 K; then
IL = (If, + 1) — Ip. , 1 and Iy, determined at 181 K.

IMe se and (IMe Se t IMe Se) are obtained at 181 K;
I1tv|e se determined "at 226 K and IMe se then obtamed by
d1fference dIL obtained at 184 X; at 205 K, (If, +1 )1s
determined and IL obtained by difference; at 298 K, (IL +
If, + 1) is obtained and Ii deduced.

na(al + m/2) « I, (8)
np(b! + m/2) « I, ©)
where a! = [i-SnX4°2L,], b' = [i-SnX4*2Lp], m =

[i-SnX4°Ly°Ly] and n,, np = multiplicity of the
nucleus under observation in the ligands L, and
Ly, respectively.

The relative stability constants for equation (1)
or (2) can be obtained, if ¢’ = (a'/b")/? is known:

[Lp]?

b= TRE (10)

Dividing equation (8) by equation (9), substituting m
by its value obtained from equation (3) or (4), and
solving for the positive root of ¢, we have:

(Kl )1/2 (nalb_ ) ¥

1 i 2 Il 1/2
+|—xi (fatb_ 1) + “‘HF’] (11)
16 n I n,lh

alb a

In our hypothesis, K}, cannot be determined, and we
shall take as an approximation that it equals the
statistical value of 4.0, as the observed values in
SnCly/TMPA/Me,N(MeO),PO frame this value. Equa-
tion (11) then reduces as c¢' = I, np/n, It, and
substituting ¢! in equation (10), one obtains:

S. J. Ruzicka and A. E. Merbach

Ki 5 = (:t, I") 2] (12)

where I, and Iy, are the relative intensities of the free
ligands L, and Ly,

In the case where the difference in stabilities is so
great that only one SnX,°2L adduct is formed, one
can just write a stability sequence. The 'H NMR
spectra for SnCl,/HMPA/TMPA in a 1:2.2:6 ratio,
and SnBr,/HMPA/TMPA (1:2.2:5) only show the
formation of the adduct with HMPA, leaving TMPA
uncomplexed. One may then write the following
stability sequence:

SnX4*2HMPA >> SnX,-2TMPA (X =Cl, Br)

Adducts with Dialkylchalcogen Ligands

The "H NMR spectra for SnCl, and SnBr, adducts
with dimethylchalcogen (Me,0, Me,S, Me,Se) all
show the resonances for frans, cis and free ligand in
order of decreasing chemical shifts, except for SnBr,
with Me,O. In this latter system, it has been shown
by vibrational spectroscopy [1] that only a small
amount of adduct is formed at room temperature.
At 180 K, the 'H NMR spectrum shows a weak signal
at 4.07 ppm which would correspond to 6% of com-
plex formation if a 1:2 adduct is formed; a second
intense signal is observed at 3.57 ppm, and
corresponds to the coalescence of free ligand
(dMe,0 = 3.33 ppm) with some other bonded ligand
signals.

Various studies have been concerned with
J'H-1%1178n) coupling constants in Me,_,SnLy
complexes (L = X, SMe, SeMe, NMe,) [11]. The de-
pendence of 2] coupling constants on the electronic
distribution on the Sn—C—H bonds as well as the
geminal angle between the Sn—C and C—H bonds have
been demonstrated. The values for *J constants
ranged from 37.7 to 51.7 Hz for L = SMe and SeMe.
A few *J(*HCCO!®''7Sn) coupling constants have
been reported for tin(IV) octahedral complexes with
values around 7 Hz {12, 13]. In SnX42L, the 3]
coupling constants are slightly greater in frans
adducts than in c¢is ones. Their values for the
dimethyloxide adduct are about 18 Hz, while they
amount to about 50 Hz for the dimethylsulfide and
selenide adducts.

The isomerization constants Kjso increase from
Me,O to Me,S and Me,Se. They weakly depend on
temperature; for SnCls*2Me, S, the following values
0.79 (190 K), 0.74 (240 K) and 0.72 (260 K) allow
the determination of the  isomerization
thermodynamic parameters: AH; o(SnCl,+2Me,S) =
—0.13 + 04 kcal/mol and AS;;o(SnCly+2Me,S) =
—1.1 £ 3 cal/°mol.
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The relative stability constants have been quantita-
tively estimated for SnX,/Me,Se/Me,S and SnBr,/-
TMPA/Me,Se using equation (12). Their values as
well as the results for the 'H NMR signal integrations
are reported in Table V. Even if these integrations
were obtained at different temperatures, our estima-
tions can reasonably be accepted, as has been shown
in MX;*L adducts [14] that the relative stability
constants are quite temperature independent. For
SnX,/Me,S/Me,0 and SnCl,/TMPA/Me,Se, only an
order of magnitude for the relative stabilities could be
determined.

The 'H NMR spectrum of SnCl;*2Et,S in CH,-
Cl, shows at 183 K three quadruplets for methylene
protons, while methyl protons have resonances too
close for the different species to be distinguished. On
the basis of our vibrational results [1], where a cis—
trans equilibrium was demonstrated, one can assign
the low field quadruplet at 3.40 ppm to the frans
isomer, the 3.05 ppm one to the cis isomer and the
2.54 one to the free ligand. The stoichiometry and
the isomerization constant could not be determined
as the quadruplet signals are partially superimposed.

The 'H NMR spectrum for SnCl,+2Et,0 in CH,-
Cl, at 213 K shows at 4.46 ppm a quadruplet
assigned to the frans isomer, and at 3.72 ppm a
second sharp quadruplet. At 175 K this latter signal
broadens, indicating a slower exchange between free
ligand with another form of bonded ligand. These
results can be compared to the vibrational data at
room temperature, where the trans isomer was found
in presence of other complexed species.

The 'H NMR spectra for both SnX,-(MeOCHy),
adducts (X = Cl, Br) confirm a 1:1 stoichiometry and
only show the presence of one complexed species,
assigned to the cis isomer on the basis of our
vibrational results [1]. The cis-free ligand exchange is
slow at the NMR time scale at 253 K for the chloride
adduct, and at 203 K for the bromide one, indicating
greater lability for the latter one. 3J coupling
constants between methyl or methylene protons with
the tin isotopes correlate well with those obtained in
the SnCl,-2Me,O adduct. The coordinating ability
of the oxygen atoms in (MeOCHy), towards SnBr,,
while very little adduct formation was observed
between Me,O and SnBry, is evidently explained by
the entropy contribution due to the chelate effect.

Adducts with Nitriles and Acetone

'"H NMR spectra at ~160 K for SnCl,-2MeCN and
SnCl,*2Me,CO show only one signal for bonded
ligand, assigned to the cis isomer on the basis of our
vibrational results [1]. A *J('H-'"?"1'78n) coupling
was not observed. This type of coupling has been
reported in SnCly(acac),, with values of about 6 Hz
[12], probably enhanced by = electron delocaliza-
tion.

197

In the SnCls-2Me;CCN spectrum at ~170 K,
one only observes a broadened signal at 1.47 ppm
due to the fast cis-free ligand exchange, indicating
a greater lability for this adduct compared to
SnCl,-2MeCN.

Discussion

Relative Stability of SnXs-2L Adducts (X = Cl,
Br)

The following stability sequence was obtained
from the relative stability constants for the cis- and
trans-SnX4+2L  adducts with dimethylchalcogen
ligands: Me,Se > Me,S >> Me,0. This sequence is
identical to the one for the Sn—L bond strength in
trans-SnX,;-2L adducts determined by vibrational
spectroscopy [1]. For «c¢is- and tfrans-SnX,4 2L
adducts with phosphorylated ligands, the following
stability sequence was obtained: HMPA > Me;N-
(Me0),PO > TMPA. Again, this sequence parallels
the one obtained for the Sn—L bond strength from
vibrational spectroscopy [1]. Charge localization cal-
culations on the phosphoryl oxygen of the PO group
[15], predict the observed sequence of stability
constants. Such a behaviour has been observed in Nb-
Xs+L and TaXs<L adducts [9] . The following overall
stability sequence is obtained when combining the
two series above, with the exception that frans-
SnBr,°2Me,Se is more stable than frans-SnBrs-2TM-
PA

HMPA > Me,;N(Me0),PO > TMPA > Me,Se >
Me,S >> Me,0.

The overall Sn—L bond strength sequence obtain-
ed from the known Sn—X force constants [1], using
the inductive model, does not coincide with the
stability sequence. In this model, it is assumed that
the Sn—X bond becomes weaker as the Sn—L bond
becomes stronger, which is a reasonable assumption
only in a homologous series. Moreover, as the enthal-
pies of formation of the adducts are not known, one
may realistically question whether or not the free
energy parallels the enthalpy. On the basis of their
vibrational results, using the inductive model, Ohkaku
and Nakamoto [16] proposed the following sequence
for the Sn-L bond strength in frans-SnX,-2L
adducts: P(PPhy) > S(THT) > N(pyr) > O(THF).
Moreover, they partially confirmed this order of
Sn—L force constants for the adducts formed with
pyridine and THF, by a normal coordinate analysis.

Mossbauer spectroscopy has also been used for the
study of SnX;-2L adducts [17]. While it has been
assumed that the isomeric shift is a sensitive probe of
the strength of the Sn—L interaction, no sequences
have been deduced from the experimental data.
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Figure 3. 31P{'H}NMR spectrum (36.44 MHz) at 203 K in CH,Cl, of SnCly/Mes N(MeO), PO/(MeO);PO (1:2.5:5.8). [SnCly] =
0.075 m, external reference: H3PO4 62.5%. With the following assignments:

1 = Me,;N(MeO), PO, 2 = trans-SnCly+2Mey N(Me0),PO, 3 = cis-SnCly +2Me; N(MeO), PO, 4 = (MeO)3PO, 5 = trans-SnCly«2-
(MeO3PO, 6 = cis-SnCly «2(MeO)3 PO, 7 = trans-SnCly *(MeO)3PO-Me,N(MeO), PO, 8 = trans-SnCly»(MeO)3PO+Me; N(MeO),-
PO, 9 = cis-SnCls+ (Me0)3PO-Me, N(MeO), PO, 10 = cis-SnCly < (MeO)3 PO+Me, N(MeO), PO. Signals a (and b) arise from coupling

of phosphorus 3,10 (and 6,9) with '*°Sn and '7Sn isotopes.

TABLE VI. Isomerisation Constants Kjgq = [trans-SnX4+2L]/[cis-SnX4+2L] for SnX4+2L Adducts in CH,Cl,.

Me, 0 Me, S Me,Se TMPA Me, N(MeO), PO HMPA
SnF4+2L - - - 1.73 - -
SnClge2L 0.64 0.79 1.37 0.24 0.49 1.46
SnBig+2L - 1.38 2.33 0.15 0.35 1.04
T(K) ~180 ~180 ~180 ~215 ~215 ~215

Several UV and IR equilibrium studies have
provided formation constants for 1:1 and 1:2 tin(IV)
tetrahalide adducts with weak donor ligand such as
nitriles, esters, ethers and amines [18].

Relative stabilities in SnX,;*2L adducts may be
quantitatively discussed using the Hard and Soft Acid
and Base concept. Sn** being classified as hard acid
[19], Carty et al. then consider SnCl, as hard which
agrees with their MGssbauer data [17]. Farona [20]
also assumes a hard character for SnCl;. He then
compares Ohkaku’s and Nakamoto’s vibrational re-
sults [16] to the HSAB predictions reaching the con-
clusion that this theory fails for SnCl;+2L adducts.
We shall however consider SnCl, as a moderately soft
acid. The acid softness in metal halides [14] increases
when the acid center is bonded to a softer base, as
predicted by Jdrgensen’s symbiotic effect [21].
Since bromide ions are softer than chloride ions,
SnBr4 should be softer than SnCl,. Using these argu-
ments, the following sequence for acid-base
interaction should be observed for the ligand donor

atom [19]: Se > S >> 0, in agreement with the se-
quences we obtained for the stabilities and the Sn—L
bond strength in SnBr, and SnCl,y adducts. We could
not determine the stabilities of the bromide relatively
to the chloride adducts, by the competitive equilibria
method, since all SnCl,Brs_,-2L mixed adducts
would be formed. However, we have shown that
SnBr, interacts more weakly with hard bases such as
Me, 0, Et,0, MeCN and Me,CO than SnCl, does.

Isomerization Constants

The isomerization constants for the SnX,-2L
adducts in CH,Cl, are reported in Table VI. These
are relatively temperature independent, as shown by
the small (<0.3 Kcal/mol) enthalpies of isomeriza-
tion in SnBr,<2HMPA, SnCl;-2HMPA or SnCl,--
2Me,;S. However, the isomerization constants vary
strongly with solvent polarity, the trans isomer being
favoured in a weakly polar solvent, as shown in the
SnBr,*2HMPA studies.
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The arguments used in the literature to rationalize
the occurence of one isomer or the other have only
been applied to solid adducts, and we have shown [1]
that both isomers could be synthesized for SnCl, *2-
THT by changing the solvent polarity.

Arguments based on steric effects led Beattie [22]
to propose that a cis adduct would be favoured if the
ligands are larger than the halogens, However,
Zahrobsky [23], using a stereochemical model based
on nonbonded intramolecular interactions, has shown
that irrespective of the relative solid angles of the
monoatomic ligands in a MA4B, complex, the cis
isomer would always be favoured. This also holds in
SnX,4°2L adducts, if the substituents in the ligand L
do not spread out of the solid angle of the donor
atom, which is the case in our ligands. Steric effects
can thus not be taken into account to discuss the
isomerization constants of our adducts. Other argu-
ments are based on the nature of the Sn—X and Sn—L
bonds. From all of these [22-24] we have retained
those given by Smith and Wilkins [12], and Drago
[25]. In SnX,42L octahedral adducts, the overlap
of tin(IV) 5s, 5p and Sd orbitals depends on the posi-
tive charge on Sn(IV). When two low polarity Sn—L
bonds are formed, the tin(IV) d orbitals are too high
in energy to be appreciably involved in bonding. In
this case, the tin atom then uses the sp, hybrid
orbitals, giving two strong Sn—L bonds trans to each
other. When the six ligands have comparable electro-
negativities, a sp>d? hybridization becomes possible,
and the molecule adopts the configuration which mi-
nimizes the splitting between the dy2_y2 and d,2 or-
bitals, namely the cis one.

In SnX,+2L adducts with dimethylchalcogen li-
gands, the isomerization constant increases from
Me,0 to Me,Se, and from SnCl, to SnBrs adducts.
Upon adduct formation, the positive charge on
Sn(IV) diminishes as the ligand donor atom electro-
negativity decreases and as the Sn—L bond becomes
stronger. One predicts that the tin(IV) d orbitals will
be destabilized in going from Me,O to Me,Se, making
spd?® hybridization more difficult, which favours the
trans isomer. In going from SnCl, to SnBr,, the effec-
tive charge on tin(IV) decreases with the halogen
electronegativity. The frans adduct is then favoured
in bromide adducts compared to chloride ones.

In the series with phosphorylated ligands, the
isomerization constant increases from TMPA to
HMPA, but decreases from SnCl, to SnBr, adducts.
We have shown previously that in SnX, adducts, the
Sn—L bond is stronger for HMPA than for TMPA.
In this case, the effective charge on tin(IV) decreases
from TMPA to HMPA, favouring the trans isomer.
We assumed that the effective charge on tin(IV) is
higher in SnCl, than in SnBr,. One should thus
observe an increase in the isomerization constant
going from SnCl, to SnBr, adducts. The increase in
the isomerization constant for the chlorides over the
bromides can only be explained if one assumes that
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the acid—base interaction with these ligands is
stronger in SnCl, adducts than in SnBrs ones. The
charge on tin(IV) would then be higher in SnBr,
adducts, which favours the cis isomer.
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