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Summary 

The contact term contributions to direct iJ(Sn-H) and long-range ‘J(Sn-H) 
coupling constants in methylchlorostannanes and methylhydrides have been 
calculated in the one-electron MO approximation employing extended Hiickel 
wave functions_ The A0 basis set for the different atoms is that given by 
Clementi, while for tin an analytical form of 5s and 5p orbitals was derived 
from Herman and Skillman digital tables. Calculations were performed with 
and without d orbit& (Slater type) on the tin A0 set, and the behaviour of 
calculated coupling constants in relation to d orbital energy and contraction 
was explored_ The results show that for tetramethylstannane and tin hydride 
the coupling constants are unaffected by d orbital participation, while for 
mixed methyltinhydrides and methylchlorostannanes a dependence is found on 
the form of d orbital employed. The analysis of MO combinations and 
energy levels provides an indication of the mechanism involved in the partici- 
pation of d orbitals of tin to bonding, but difficulties are encountered when 
flexibility criteria are introduced into the method in order both to compute the 
coupling constants resulting from the different redistribution of orbitals and 
their energies when different bonding situations are present- A study of the 
dependence of calculated coupling constants on geometrical parameters 
shows that small changes in bond lengths and bond angles give large intervals 
of indeterminacy of the computed quantities, thus indicating that the choice 
of selected geometries is of the utmost importance if, in order to achieve a more 
quantitative description of the coupling constants in organometallic derivatives, 
higher levels of sophistication are introduced into the computation methods. 
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Introduction 

In recent years there have been many studies of the high resolution nuclear 
magnetic resonance of organotin derivatives. The studies were carried out at 
the frequencies of ‘H, “C and “‘Sn and a large number of short- and long- 
range coupling constants J(‘17~“gSn-H), J( *17-“ySn-13C) and chemical shifts 
of these nuclei have been reported for derivatives containing different organic 
groups and halogens directly bonded to tin. 

Whiie correlation of chemical shift data with chemical structure and bonding 
patterns is still full of problems, owing to the large number of effects that act 
intra- and inter-molecularly on the screening of a nucleus, the situation for 
spin-spin coupling constants seems more promising, for the coupling pattern 
seems, at least approximately, to be related to the stereochemistry of the mole- 
cule-[ 1,2]_ For organometallic derivatives it has been shown [ 3 ] that a rough 
correlation exists between the dihedral angle and J(Hg-H),,_ in mercury 
derivatives of cyclic organic compounds_ More generally, it has been reported 
that coupling constants between an element M with spin l/2 in a substituted 
organic derivative R-M and a proton are roughly proportional to the corre- 
sponding proton-proton coupling constants involving the same bond pattern 
in the parent R-H molecule_ This has been shown for metal-substituted 
benzenes [4,5] containing thallium and mercury, heterocyclic derivatives [6-91 
of tin, lead and mercury and was recently discussed more generally for several 
classes of organometallic derivatives [lo]. The results have been interpreted 
[lo] in the light of the widely-accepted suggestion that the contribution to the 
total observed coupling constant from the Fermi contact term is greater than 
the dipolar and orbital contributions. The approximate contributions of the 
three terms have been estimated [ 111 for proton-proton coupling constants, 
and the results show that &contact) is at least ten times greater than the other 
terms and so the same could be thought to be true for J(M-H), at least in those 
derivatives for which correlations with structurally related &H-H) can be found. 
These correlations also imply that, in addition to the magnetic quantities of the 
M nucIei (i.e. gyromagnetic ratios), the proportionality constant must contain 
[lo] a term which describes the bonding pattern between coupled nuclei and 
which does not change dramatically over all the R-M and R-H derivatives. 
This was verified [IO] in derivatives in which the element M is symmetrically 
substituted with n R groups, R being the valency of element M, while deviations 
are found when different R groups are bonded to M, these deviations being 
particularly marked when halogens are also bonded to M, in R, __ iMHal, com- 
pounds. 

This suggests either that a different bonding mechanism is operating when 
halogens or other elementswith electron pairs are bonded to M or that the 
other terms, namely dipolar and orbital, make different contributions to the 
total spinspin coupling constant in alkylhalogenoderivatives than in derivatives 
with four M-C bonds. These considerations apply particularly in the case of 
tin derivatives, and the ample documentation allows a more systematic analysis 
of the results. 

The fvst hypothesis seems better able to explain deviations from empirical 
correlations, since the experimental trend of coupling co_nstants.J(Sn~H) and ---. 
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J(Sn-C), which are higher in RJ_,SnHali than in R,Sn compounds and increase 
with the number of halogen atoms, has been rationalized 112,131 in terms of 
(d-p)x interactions between d empty orbitals of tin and lone-pairs in p 
orbit& of halogens. It is commonly accepted that d orbitals in tin are usually 
too diffuse and high in energy to contribute appreciably to bonding [ 141 in 
organotin compounds with four carbon to tin bonds. When halogens are attached 
to tin, however, the polarity of the Sn-Hal bond makes the tin atom more 
positive, and the d orbit.&, which are contracted and stabilised as a result, are 
thus able to interact with p orbitals of the halogen atom- In fact, changes in 
the nuclear effective charge have a greater effect on the energy of d orbitals 
than they do on that of s and p orbitals [ 14,151. The back-bonding taking place 
reinforces the tin to halogen bond in a synergic process which increases the 7r 
character of the bond, leaving the 5s orbital of tin more free to contribute to 
the bond to carbon. This increase in the s character of the tin to carbon bond 
in alkylhalogenostannanes would appear to be responsible for the enhancement 
of the long-range coupling constant J(Sn-H). 

We have now carried out. semi-empirical calculations of the coupling con- 
stant J(Sn-H) in tetramethylstannane, tin hydride, methyltinhydrides and 
methylchlorostannanes, in order not only to provide a more quantitative proof 
of the empirical interpretation of spinspin coupling constants but also to 
arrive at a better description of the bonding characteristics in these systems. An 
approach to the semi-empirical description of long-range coupling constants 
based on molecular geometry is also described. 

Method of calculation 

We took into account only the contribution made by the contact term es- 
pressed in the one-electron MO approximation given by Pople and Santry [ 161. 

J(A-B) = -( 16 7@2/3)* ‘F q C (Ei-E;)-’ Ag ~ Ci,CjpCi,Ci, 
i . .J. 

All Dirac integrals were retained in the calculations. We used the LCAO-MO 
scheme of the extended Hiickel (EHMO) approsimation [ 171, having tested it 
previously [IS] against other semi-empirical approaches and found that it 
seems to afford a better description of spin-pin coupling constants in small 
organic molecules [ 181 and organometallic derivatives [lo]. Also, owing to 
its great flexibility, the method enables changes in parametrization bases and 
different sets of atomic orbit& to be tested. Furthermore, it has been used in 
recent papers [ 19,201 in evaluation of coupling constants in organometallic 
derivatives of tin, lead and mercury with encouraging results. 

The A0 basic set employed is that given by Clementi [ 211, while for the tin 
atom Herman and Skillman [ 221 digital tables relative to 5s and 5p orbitals 
were converted in analytical form as least-squares combinations of Slater-type 
orbit& L23]. When the external 5d orbital of tin was introduced into the cal- 
culatibn it was g&en the form of a Sister-type orbital and the orbital exponent 
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evaluated with different approaches, as will be explained in the discussion_ 
The valence orbital ionization potentials (VOIP) were employed for the 

diagonal elements of the Hamiltonian matrix, obtained from Basch tables 
[24] for elements up to chlorine. For elements of higher periods the VOIP’s 
were calculated following the method given by Basch [24] and employing 
the atomic tables [25]. For tin the values obtained are as follows: V(5s) = 
14.23; V(5p) = 7.012; V(W) = 1.90 e-V_ 

The off-diagonal elements are approximated by Cusach’s expression [ 261, 
which was handled so as to retain invariance to rotation [26,27]. The bond 
distances employed are taken from the literature [28,29 I_ The Calculations 
were performed on a CDC CYBER 76 computing system. 

Results and discussion 

In order to explore the importance of d orbital participation in the bonds 
of organometallic compounds of tin, the one bond and two bond J(Sn-_F) 
coupling constants were calculated for the following compounds. 

(CH&SnH+, n = 0, 1, 2, 3,4 

(CHLSnCL-, n = 1, 2,3 

The values refer to the “9Sn isotope. 
As a first step the coupling constants were evaluated by excluding d 

orbitals from the A0 set (method A). The results, reported in Table 1, show 
that the absolute sign is in agreement with the experimental observations and 
the coupling constants through two bonds calculated at this stage of approxi- 
mation are close to the experimental values, an appreciable deviation being 
found only for methyltrichlorostannane_ The gross trend is also reproduced 
for ‘J(Sn-H), even though the absolute values differ from the experimental 
values. 

When 5d orbitals Water-type with the orbital exponent obtained according 
to the CNDO/Z approximation [ 30 ] ) are included in the vdence A0 basic 
set of tin (method B) the calculated coupling constants for SnH4 and Sn(CH3)J 
remain unchanged, while those of the other derivatives, and particularly that 
of methyltrichlorostannane, are noticeably affected. The inclusion of d 
orbit& in an A0 basic set usuahy produces two effects: a polarization effect 
which does not affect [33] the electronic charge of the atom, since it causes 
only a redistribution of the electrons in the new spd set and an electron 
transfer effect from the doubly-occupied orbit& of an electronegative neigh- 
bour element and empty d orbitals [34]. SCF calculations on the entity of 
the latter effect were reported for phosphorous compounds [35] and proved 
that the inclusion of d orbitals enhances (d-p)r bonding even though polar- 
ization effects are stilI evident. An “ab initio” exploration of d orbital 
participation in bonding was also conducted for chlorosilanes [36]. Differences 
in electron densities show that the inclusion of d orbit& in the set of AO’s 
of chlorine or silicon gives the same electron transfer between the two atoms, 
but in terms of orbitaI contribution it can be deduced that the inclusion of d 
orbitals on the-silicon A0 set results in an electron transfer from chlorine to 
silicon. 
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In our calculations, inclusion of 5d orbitals on tin results in an increase 
of the positive charge on this atom, while higher values in calculated coupling 
constants are found for the chlorostannanes. No information can be obtained 
regarding the second-order contraction and stabilization of d orbitals, since 
the method of computation does not afford an internal consistency of orbital 
energies. The increase of the positive charge on tin can be related to a decreased 
contribution by tin A0 orbitals to MO’s: the redistribution of the A0 orbitals 
does not affect the coupling constants of symmetrical molecules (SnH, and 
Sn(CH& ) but a different redistribution in the asymmetrical derivatives gives 
a different weight in the MO combinations to the orbitals of the different 
groups bonded to tin, and thus different changes for ‘J(Sn-H) and ‘J(Sn-H) 
are calculated_ For the hydrides the result is a reduction in the difference 
between ‘J(Sn-H) in SnH, and H,SnCH, ~ which is considerably greater than 
that found experimentally; on the other hand, the theoretical and experimental 
findings in respect of *J(Sn-H) differ considerably. Probably an optimization 
of 5s and 5p orbit& is necessary in the different hydrides, even though this 
could be partially accomplished by introducing a suitable form of 5d orbitals. 
Furthermore, the Sn-H bond distances are expected to vary somewhat in the 
(CH,),_,SnH, compounds, and small differences in bond distances lead to 
large changes in calculated coupling constants, as will be shown later. The 
inclusion of d orbit& also leads to_ an increase in the positive charge on the tin 
atom in chlorostannanes, and the electronic population of d orbit.& increases 
with the number of halogen atoms (about 0.1 e for each halogen atom). It is 
not clear whether this is only a polarization effect or whether the electrons 
are transferred from chlorine to the d orbitals of tin, for the chlorine atoms 
also become more negative_ The P(5s2s) orbital-orbital bond-order for Sri--- 
also increases slightly in the moIecuIes examined, except in the case of sym- 
metrical derivatives, as shown in Table 2. 

When a less contracted form of 5d orbitals is employed, by assigning to the 
orbital exponent a value obtained following Burns rules [37] and allowing for 
s’@d configuration at tin, the results obtained are those indicated under 
method C. Apart from the fact that for SnH, and (CH&,Sn the coupling con- 
stants remain unchanged; in the other cases the values obtained are midway 
between those obtained with and without d orbitals on tin (method A and B, 
respectively). The same behaviour is also found for atomic and overlap popula- 
tions. This is not unexpected if it is accepted that any contribution to MO 
combinations by d orbitals must depend on their degree of contraction_ Accord- 
ingly, we set out to obtain a set of AO’s of tin to be employed in evaluating 
the coupling constants in organostannanes containing also halogens or other 
elements with electron pairs, in order to simulate changes of coupling constants 
in different coordinations at the tin atom or in the chemical reactivity of tin 
compounds. 

we therefore assumed the orbital exponent of d orbitals t.o be dependent on 
the electron charge on 5s and 5p orbit&s of tin according to the following 
approximations: 

5‘=(5.65-i_4125,~21),~-.--. .-- _. ,_. : _: . ...::. I-‘- -: !?I 
.- ‘.:‘~._..-.‘I 

-<I *. 
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TABLE 2 

ATOMIC ELECTROh-XC CHARGES (9). ATOM-ATOM OVERLAP POPULATIONS (S) AND 

ORBITAGORBITAL BOND ORDERS (P) IN STAliNANES. THE TERM ZP(d) REFERS TO THE 
ELEME?STS OF THE DESSITY MATRIS GIVISG ELECTRON DENSITIES ON d ORBITALS 

Compound 
--- 

SnH4 

CW3SnH3 

(CH3kSn 

CH3SnCI3 

Q(H) 
Q(Sn) 
S(Sn-H) 
P(fk-1s) 
21P(d) 

QUI)" 
Q(Sn) 

Q(C) 
S(Sn-H) = 
S(Sn-0 
P(5s-Is) = 

P(5.5--2s) 

Xl’(d) 

Method A 
_-__-_.-__- 

1.5848 
1.6608 
0.4250 
0.4988 
- 

I .6229 1.5831 1.3762 
I.5084 1.6676 2.4952 
0.3318 0.4287 0.6083 
0.4987 0.4987 0.4988 
0.2458 0.1005 1.3360 

1.5980 
1.8060 
4.5836 
0.4175 
OS854 
0.4774 
0.2698 
- 

1.6337 1.5953 1.4675 
I.1886 1.6836 2.5106 
4.6716 4.6235 4.4130 
0.3314 0.4223 0.5568 
0.244; 0.4116 0.7726 
0.4756 0.4759 0.4700 
0.2780 0.2713 0.2775 
0.2965 0.1326 1.1267 

Q(C) 
Q(Sn) 
SeP-C) 
P(5.5-25) 

XP(dl 

4.6056 
2.2622 
0.5682 
0.2480 

4.7047 4.6534 4.5610 
1.2975 1.6743 2.3754 
0.1751 0.3699 0.5644 
0.2480 0.2480 0.2480 
0.4184 0.2066 0.9177 

Q(C) 

Q(Sn) 

SC3eC) 

P(%--‘Lr) 

Xl’(d) 

4.5963 
2.0214 
0.5865 
0.2613 
- 

4.69iO 4.6435 4.5393 
1.2017 1.5624 2.4061 
0.1960 0.3973 0.6061 
0.2621 0.2614 0.2616 
0.5145 0.2854 1.1430 

QcC> 4.5934 4.6831 4_6400 4.5231 
Q(Sn) 1.5569 1.0545 1.3252 2.4395 
SC3x-C) 0.5958 0.2464 0.4163 0.6453 
P(ss--‘&) 0.2824 0.2845 0.2840 0.2831 
Xl’(d) - O.iO26 0.4283 1.5693 

Method B Method C Method G 

a Referred to the hydrogen atom directI,- bonded to tin. 

5 = (6.7 - 0.35 c 2)/4 (3) 
%P 

s‘ = [6 - 0.75 2, - 0.5 2, + O-35(1 -z,)] /5 

which are obtained by adapting Slater rules 1381, and where Z,, 2, and 2, are 
the electronic charges on the orbit&. Approximation 2 has the effect, in the 
iterative process, of expanding the Slater orbital, the degree of expansion 
depending on the positivization of the tin atom, since in the zero-th iteration 
Z 2 is put equal to zero. For approximation 3 C 2 is equal to 3 in the zero-th 
iteration and, since C 2 decreases, the Slater orbital becomes more contracted 
during the prowess. These two equations may have the disadvantage of assigning 
the same contribution to electrons in 5s and 5p orbitals, while, according to 
the proposal of Burns [37] for calculating atomic shielding parameters, a better 
description-of the-wavefunction is obtained by differentiating the contribution 

: ‘of t&se orbital&This peculiarity was introduced in order to estimate the in- c .~ : __ ;-_:-2 -~-: _ 
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ffuence of (d-p)z interactions on the dipole moments of phosphines 1391. 
These considerations are taken into account in the formulation of approxima- 
tion 4. The different approximations, which are in the order D, E, F and G, in 
accordance with the labelling of the methods, were used to evaluate coupling 
constants and the results show the following trend. Il;:o change is found for sym- 
metrical derivatives, while for the other molecules the changes agree with an 
espected contraction or expansion of d orbitals. The behaviour of J(Sn-H) 
shows that changes occur only when { varies from 0.8 to 1.4, while no appre- 
ciable modification occurs outside this range_ This means that optimization of 
the 5d orbital exponent alone does not improve the calculated coupling con- 
stant for the asymmetrically substituted hydrides and chloromethylstannanes. 
The final values of 5 for chloro-derivatives are in any case higher than in te- 
tramethylstannane. For trichloromethylstannane the esperimental value is ap- 
proached by allowing a large contraction of 5d orbitals, as would be expected 
given a high polarity of the Sn-Cl bond. The disadvantages of the EHMO meth- 
od are observed in the case of the calculated values of ‘J( Sn-H) in trimethyl- 
chlorostannane, which, in all approximations, are greater than the experimental 
value. This would account for the excessive accumulation of negative charge 
on electronegative elements [ 401, which in this molecule is represented by the 
chlorine atom_ This effect does not seem to be properly accounted for in the 
case of derivatives containing more chlorine atoms, where the polarity of the 
Sn-CI bond should be really high. 

It is seen from the behaviour of the radial part of the 5d wave-function, 
R(r), for different values of r (viz. Fig. 1) that when < is around 1.4-1.5 (d 
orbital according to the CNDOj2 approximation) the maximum of the function 
falls around l-4 A (rmax), whereas when 5 is around 0-S or less the maximum 
shifts to values of r higher than 2.7 a _ The closest approximations to 
experimental values for ‘J(Sn-H) in dimethyldichlorostannane and methyl- 
trichlorostannane are obtained when r,,,, is close to the Sri-Cl bond distance 
(2.30-2.35 A )_ 

The approaches discussed do not take into account the interdependence of 
energy changes of 5d orbitals (VOIP) and the orbital exponent, whereas the 
two quantities should be strictly related. The AO’s energy influences the 
weight of the orbital in the MO LCAO’s_ A dependence of the VOIP of 5d 
orbitals on the effective charge on tin, according to Bums [ 371, is also intro- 
duced by applying a procedure by Levison and Ferkins 1411, in the form of 
approximation 5: 

VOIP(5d) = -28.0432 + 38_119%’ (5) 

where Z is given by eq. 4 multiplied by a factor of 5. The convergence was 
settled on the orbital exponent and a fastening criterion was introduced in the 
iterative process in the form: 

CHI = C(1) + 0_5[C(2) -C(l)] (6) 

where C(1) is the value of the orbital exponent employed in the previous stage, 
C(2) the new value obtained and CHI the extrapolated value employed in the 
actual calculations. The coupling constants obtained, listed in Table 1 under 
approximation G, are again unchanged for the symmetrical substituted corn- 
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pounds, improvement being obtained only for methyltrichlorostannane. The 
method gives final values of VOIP(5d) around 6.2-9.3 e-V_, which are very 
close to that of t.he 5p orbital for all the molecules examined, the contribution 
of 5d orbit& to MO formation being exaggerated particularly in the case of 
hydrides. This is probably only realistic for met.hyltrichlorostannane, where 
contraction and stabilization of d orbitals should be high. The main difference 
between the final MO energy levels and those obtained by employing the 
other approsimations described is a marked lowering of antibonding orbit&. 

In order to arrive at a better understanding of the contribution of d orbitals 
in the A0 basis set of tin to calculated coupling constants, and hence to the 
bonds in organostannanes, we analyzed the single terms entering the Fermi con- 
tact expression 1, namely: 

(Ej -&)-I c Cihcj~Cj,Ci,(9*/6(r,)td~)(byls(r,)IQ,) ($1 
uLv.0 

obtained in the extended Hiickel framework under the different approximations 
A to G. 

In all the approximations employed in the case of stannane, SnH+ the only 
term making an appreciable contribution to“J(Sn-H) is that containing (E4 - 
E,J): these two levels are not affected by the presence of d orbit& and the cor- 
responding MO’s are linear combinations of 5s and 1s A0 orbitals, as depicted 
in Fig_. 2. In the corresponding element (7) only the coefficients corresponding 
to 5s and Is orbit& appear: when the single terms of the summation are ex- 
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Fig_‘2_ Energy and X0 combinations of hi0 lcveh for SnH& the levels are numbered from the top. The 
different coluxnns refer to MO’s obtained with the IoUowing approximations: (a) without d orbitak ac- 
cording to method A; (b) d orbitah included with Slater orbital exponent (1.4125). according to method 
B: (c) d orbital included with tbe orl-ital exponent obtained according to Burn% rule. method C; fd) 
with orbital exponent and VOIP of d orbital iterated to COPMXZC~~~. method G_ 

panded and evaluated it is found that the fundamental contribution is given by 
the term containing the two monocentric Dirac integrals and combination coef- 
ficients in the bonding (Er3) and antibonding (A?&) MO of 5s and 1s orbitals of 
the form: 

%&&&34&s(0)i2 IQl*(0)~z (8) 

where one of the coefficients has a different sign from the others and thus pro- 
vides a negative reduced coupling constant. Expression 8 justifies the empirical 
correlation [lo] which was set up between coupling constants *J(M-H) in hy- 
drides and zero-point wave functions of ns orbital through a parameter of the 
LM-I-I bond named “empirical bond order”. Furthermore, it indicates that con- 
tributions.of np and nd orbit&s to the evahration of *J(Sn-H) may be ignored. 

In the case of tetramethyIAannane, where *J(Sn-H) is not affected by d or- 
bit.& participation, analysis of the Fermi contact term-shows that the most of 
the contribution is made by the elements containing energy differences (&- 
El), (L-&), 0%~ -E,z) and (&,-- EIB). accdrding t6 the scheme-of Fig. 3. 
These levels correspond to MO’s which are comQina_tionsof.the 5s.orbital of: 
tin, 2s and 2p orbitaKof cailjokmd 18 orbital of hydrogeq and-are unaffected 
by the presence or, type-of @ d~bi&$s.~ Dk@$@Jni?fif of t&i$cissekI prOducti in:. I-. 
eq. 1, corresponding-tirIthe.(Ei:~-E,)‘just @e~nti&ed; s~~.ws:ul~t~~i;:.~~_~~~~~~~f~~~ :: ::_, _ 

. )_ __ : z.::: :.. _ 
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Fu. 3. Enerp~ and A0 combinntiorv of MO levels for <CH3)&x the levels are numbered from the top. 
For the defiition of the four columns see Fir. 2. 

the calculated coupling constant is contributed by the elements containing the 
product of the two monocentric integrals corresponding to the 5s orbital of tin 
and Is orbital of hydrogen. The coefficients entering the resultant simplified 
expression provide a reasonable description of the bond interposed between tin 
and proton;Once again this finding justifies empirical correlations [lo] between 
experiment@ douplingconstants and-zero-point wave functions for ns ofbitals 
co@~~&&_~,he two coupled nuclei, provided that only symmetrical deriv- 
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The same kind of analysis in CH,SnH, shows that a large number of terms 
involving energy levels corresponding to h4O’s in which 5d orbital participate 
contribute significantly both to ‘J(Sn-H) and to *J(Sn-H). In Fig. 4 it is seen 
that changes related to 5d orbital participation occur at almost all energy levels, 
but more markedly in the antibonding ones. Clearly there is no simple relation- 
ship, such as there is in the case of symmetrical derivatives, for the significant 
contribution to calculated coupling constants is made up of a large number of 
terms. . = 

The empirical correlations found for tetramethyl derivatives of heavy ele- . 

eu 
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ments cannot be extended to compounds bearing different substituents The 
situation for alkylhalogenostannanes is even more complicated, but the results 
indicate unambigously that the entity of 5d participation in bonding deter- 
mines the magnitude of spin-spin coupling constants. Since halogens may low- 
er the energy of 5d orbit& of tin and change their contribution to the bond 
both to carbon end to the halogen atoms themselves, the coupling constants 
should vary according to the 5d orbital disposal. Introduction of the appropriate 
form of 5d orbital into semi-empirical calculations, so as to reproduce coupling 
constants in different molecules, is rather more difficult_ This is mainly be- 
cause the 5d wave function must adapt itself to the particular situation of the 
molecule_ In this context, while the EHMO provides an indication of the mech- 
anism, it has been seen to be unsuccessful in the quantitative reproduction of 
the observed values owing to the variety of parameters (orbital exponents and 
VOIP’s of all orbitals) which have to be adjusted from time to time_ Only an ap- 
propriate SCF method would cope with the methodology of this procedure. 

The geometry of the molecule must also be carefully determined since small 
changes in bond lengths and bond angles that are close to the limits of experi- 
mental accuracy can give rise to large ranges of variation in the calculated cou- 
pling constants, as shown by the results of calculations performed_ We evaluated 
the coupling constants ‘J(Sn-H) in tetramethylstannane by changing the bond 
distance Sn- - -I-J, and in trimethylvinylstannane by setting different values of 
the bond angle SnCH of tin to the vinyl group. The calculations were performed 
under approsimation C and the results are reported in the diagrams of Fig. 5a 
and 5b. In particular, Fig. 5a shows that when, for a given methyl group, the 
bond distance Sn- - -H is varied between 2.6 and 2.8 A, (a range which should 
cover both uncertainties in the Sri---› and C-H bonds), the ‘J(SIJ-H) coupling 
constant ranges between 68 and 44 Hz. When the bond angle SnCH is distorted 
in the vinyl part of trimethylvinylstannane in the interval 114” f 118” (Fig. 5b), 

ij (Sn-HI 
Hz! I 
VOOL f 

(a) (b) 

Fig. 5. ~&~&ted coupling constants *J<Sn-H) ixz rektion to geometrical parameten: <a) coupling Car 
-~~~tctrunethyltinobtPincdbyvnryingthe~eeSn ---H forone meth~lm~u~: <b) coupling 
ccm&it t&w& tin and winhal proton of the vinyl -up in <CHa)$&CH=CH2 in relation to the COP 

-rirrp;maioo SnCH bond an&e. 
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the corresponding ?J(Sn-H) ranges between +11 and -15 Hz. This shows that 
the experimental geometries need to be carefully chosen, especially when sophis- 
ticated methods of calculation are employed, if the comparisons between calcu- 
lated and experimental coupling constants, necessary to the setting up of a 
homogeneous basis for parametrization, are to be not only realistic but also ap- 
plicable at a more quantitative level. 
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