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Summary

Thallium-205, carbon-13 and proton NMR spectra have been determined for
some monomethylthallium(IIl) derivatives CH;T1X; (X = anion) permitting com-
parison of NMR parameters in the series CH;TIX,, (CH;),T1X, (CH;);TI.

As part of an investigation of the factors influencing the NMR parameters of
organothallium(III) compounds [1], we have determined the ***Tl, '*C and 'H
NMR spectra of some monomethylthallium(1II) derivatives CH;TIX, (X = anion).
The '2C and 2°°T1 NMR data appear to be the first available for monoalkyl-
thallium compounds, and consequently permit comparison of NMR parameters
in the series CH;T1X,, (CH1),TIX, (CH;)3 Tl The results are summarized in
Table 1 together with data for (CH;)3; Tl [2] and representative (CH;), TIX
species.

Both 'J(3°*TI—!3C) and 2J(?°T1—' H) decrease with increasing methyl sub-
stitution. The decrease in 2J(*°*T1--' H) has previously been noted {3, 4] and a
similar situation is found for analogous tin [5, 6], lead [7] and mercury [8]
systems. However, the 'J(3°* T1—"'>C) and *J(*°* T1—' H) coupling constants are
large when compared with corresponding constants for tin, lead and mercury
compounds. This is apparent for the tin and lead compounds both when the
coupling constants are expressed in Hertz and as reduced coupling constants (in
N m™3 A™?). Conversion of the values for mercury compounds, however, yields
couplings comparable to those for thallium. The large changes observed for the
thallium system on successive methyl substitution (see Table 2) show clearly that
2J(2°ST1— H) and, in particular, the one-bond coupling 'J(***TI—'*C) are very
sensitive probes for the environment of thallium in organothallium compounds.
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TABLE 2
SUMMARY OF CHANGES IN 'J(M—!'3C) AND *J(M—'H) WITH SUCCESSIVE METHYL SUBSTITUTION
IN SOME METHYL—METAL SYSTEMS
System® n A llyaa—13cy 1 b A 13 gM—'w) 1b

Hz . 10®* Nm™ A™® Hz 10 Nm™? A™?

(CH,TIX, ,° 1

} 3463 198.8 532 7.7
2
} 583 33.4 138 20
3
(CH,),SnX,_n a4 68 {14]) 6.0 57 (6] 1.3
(CH,),,PbX,_, d — - 15 [7] 0.6
(CH,),HgX,_p, e 1249 8] 231.6 159 8] 7.4

9X = anionic species. ?Change in coupling constant with successive methyl substitution. M = 2°%T), ''98n,
2°7Pb and '*’Hg. “Data for samples I, IV and IX, Table 1. 9Largest changes observed due to successive

methyl substitution.

A plot of 'J(*°*T1—'3C) against 2J(*°*TI—!'H) (Fig. 1) shows a linear relation-
ship and the close approach of the line to the origin suggests that common
factors dominate the coupling to both carbon and hydrogen [9]. However,
while the linear relationship holds for the gross changes dependent upon the
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Fiz. 1. Relationship between *J(***Ti—'H) and 'J(***T1—'*C) for methylthallium(ill) derivatives. The signs
of *J(**TI~"H) and 'J(***TI—7C) for (CH,);T1 and (CH,},TIX derivatives (relative to 'J(**C—'H) > 0) are
based on regults in ref. 2:ndldmﬂnnﬂmmenthmfwm-nuosmcoupunphca,ﬂx,
compounds,”
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extent of methyl substitution, there appears to be no detailed correlation
between 'J(***TI—'2C) and 2J(?°° T1-—' H) for a particular type of methylthallium
derivative. The variations in 'J(?°°TI—!'3C) and 2J(*°*TI--'H) (< 25%) for

(CH,;), TIX are attributable to variations in concentration, anion and, most im-
portantly, solvent [1]. The results for monomethylthallium(IIT) derivatives indi-
cate that anion and solvent are likewise important in determining 'J(*°*T1—'3C)
and *J(*°°*TI—'H).

The increase in *J(*°*T1--'H) between R3Tl and R, TIX (R = CH;, C,H;; X =
anion) has been interpreted on the assumption that the Fermi contact mechan-
ism is the dominant contribution to the coupling [3]. The approximate expres-
sion for the contact contribution to the coupling constant [10, 11] is

JM—X) = 1Y ngM)(0) 12+ 1¥ng(x)(0) 1?-(AE)™" -a? (M) - &* (X)

where | Y ,5(0) 17 is the valence s-electron density at the nucleus, «? represents
the s-character of the hybrid orbital involved in M——X bonding and AE is an
average excitation energy. The terms ¢ 1s(H)(0) 12, (AE)™! and o?(H) are as-
sumed constant for given R. Equating ¢*(T1) with the square of the coefficient of
the thallium 6s orbital in the thallium hybrid orbitals and using the propor-
tionality of 1 YegT1)(0) |? and (Zegr)® (Where Zegr is the effectlve nuclear charge
on the thallium atom and is approximated by (Z,Z )4 = Slater screened
nuclear charge and Z = nuclear charge), Maher and Eva.ns {3] predicted values of
2J(*°5T1- *H) for R53Tl, R, T1*, RTI1?* in the ratios 1:1.8:4.3. Weibel and Oliver
[12], however, rationalised ?J(*°*Tl—'H) in methylthallium species solely in
terms of changes in s-character. These and other relevant ratios are compared in
Table 3 with the 'J(2°*T1—'3C) and ?J(*°*Tl—' H) data reported in this work and
the 2J(?°*T1— H) data of reference 12. We have recalculated the ratios using the
method of Maher and Evans [ 3] and find their reported values in error (see
Table 3). The recalculated values clearly give better agreement with the experi-
mental data. However, it should be pointed out that comparable agreement is
obtained by taking ratios of s-characters, a result which is not unexpected on ac-
count of the smaller changes in (Zqg5)>.

Maher and Evans [3] rightly advise caution in placing significance on the
closeness of the calculated and experimental values in view of the approxima-
tions involved, especially that the thallium 6s orbital participates only in
thallium—carbon bonding and that the several different exchange integrals in-
volved in coupling between non-directly bonded atoms have been neglected. The
former objection is supported by the observed solvent and anion dependence of
*J(*°°TI—' H), (Table 1, [1]), although it could reasonably be argued that use of
thallium 6s orbitals in interactions with solvent or anionic species would reduce
the predicted *J(*°*Tl-*H) ratios R, TI*/R;T! and RTI**/R3TI1 to values nearer
than those experimentally observed. The latter objection to this approach is re-
moved when directly bonded thallium—carbon coupling is considered. The cor-
relation between 'J(?°5T1—3C) and 2J(3*® TI—'H) in the series (CH;);Tl,

(CH;), TiX, CH,TIX, shown in Fig. 1 and the observed ratios of ! J(*°*T1—'3C)
for (CH,),Tl, (CH;), TIOAc and CH;TI(OAc); (1:1.3:3.1) give considerable sup-
port to the assumption of dominance of the Fermi contact mechanism and the
importance of o?(T1) in determining thé general magnitude of these couplings.
The conclusion that ' J(2°°T1—3C) is dominated by the contact term is in accord
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with theoretical considerations which show that the orbital contribution is zero
in the absence of multiple bonding between thallium and carbon [10] and the
spin-dipolar contribution to 'J(3°°T1—!?C) in an isolated thallium—carbon bond
is 20 Hz [13].

The other NMR parameter clearly sensitive to the exteni of methyl substitu-
tion is the thallium-205 chemical shift. The total shift range is 1424 ppm with in-
creasing methyl substitution deshielding the thallium nucleus. The very limited
data presently available for organothallium compounds does not yet allow elucida-
tion of the factors influencing & (T1). Investigations designed to extend the i
thallium-205 chemical shift results and to provide further data with which to
evaluate the conclusions concerning coupling to thallium are being continued by
study of longer-chain alkylthallium(III) derivatives.
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