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Summary

The lead—lead nuclear spin—spin coupling constant determined by hetero-
nuclear double resonance in hexamethyldilead has the surprisingly small value of
+290 Hz which suggests that the s-overlap integral for the metal—metal bond is
low.

Thearetical treatments [1, 2] of the nuclear spin coupling of directly bound
elements indicate that for Group 1V of the periodic table the Fermi contact inter-
action should dominate and that the reduced coupling constants K(XY) should
have large positive vaiues when X = Y = C, 8i, Sn, or Pb. Most experimental
results confirm this {3} and suggest that eqn. 1 is valid. In this equation o* is the
s-character of the hybrid orbital used to form the X—Y bond, &*(0) is the
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valence s-electron density at the nucleus, and AE is an average electronic excita-
tion energy. On this basis reduced coupling constants K(PbX) should be ca.
Uapt0)/¥3,(0) times the corresponding tin ones K(SnX) in similar compounds
provided that the excitation energies are roughly comparable, and data for X = H,
C, and Se support this view. The value of 'J(!'Sn—'"?8n) in hexamethylditin {4]
is +4462 Hz and the use of eqn. 1 then leads to a predicted value for 'J(*°"Pb—
107Pb) in hexamethyldilead of +3000 to +6000 Hz according to the state of
hybridization assumed [5] for the metal atoms. Recently, however, it has been
found [6] that the single bond coupling in hexaorganoditins varies over a remark-
ably wide range (from 780 to 4460 Hz) according to the substituents on the tin
atoms and this casts doubt upon the applicability of egn. 1 to this type of com-
pound and also to the above estimate of the coupling constant in hexamethy di-
lead. As a test we have therefore used a recently developed [7] double resonance
technique to determine the sign and magnitude of 'J(**"Pb—3°"Pb).



Freshly prepared samples containing the isotope *°’Pb (/ = ) in natural
abundance (ca. 21%) were examined as 70% solutions in benzene and diethyl
ether on a JEOL C60-H spectrometer at 23°. The relevant species (CH3);2°"Pb-
*07Ph(CHj;); is present in an abundance of only ca. 4% and has a proton spectrum
[B] consisting of a deceptively simple triplet of which the central component is
hidden by the line from molecules containing non-magnetic lead isotopes and the
two outer lines are at + %4(*J(PbH) + >J(PbH)) relative to the centre [8]. There
are also some lines near * J(PbPb) but these have very small transition moments
and were too weak to be detected. The "Pb spectrum is a deceptively simple
19-line multiplet (spacing Y2(*J(PbH) + *J(PbH)) = 9.5 Hz) which was detected
by standard ' H—{**’Pb} double resonance experiments, together with lines near
v(Pb) + J(PbPb) which can be used to give an accurate value of J(PbPb) but which
are probably too weak to be detected by direct *°’Pb NMR even with the aid of
Fourier transform techniques. (Note that proton decoupling could not be used in
this case as it would destroy the magnetic asymmetry of the Ag A3XX' spin
system). However, these weak lines in the lead spectrum are connected with
strong lines in the proton spectrum [7, 8] and thelr positions were therefore
determined by ' H—{?°"Pb} double resonance experiments using high irradiating
power levels as illustrated in Fig. 1.

The results show that 'J(PbPb) in hexamethyldilead is 290 + 10 Hz and 1s of
opposite sign to (*J(PbH) + 3J(PbH)) = —42.1 + 22.9 = —19.2 Hz. That is,
'K(PbPb) = + 55 nm ™ which is very much smaller than would be expected from
eqn. 1 even by the use of improbable values for the s-character of the orbitals
used to form the lead—lead bond. For example, v;—, (0) should be larger for lead
than for tin and it has been suggested [5] that «® for the metal—metal bond is
also greater for lead than for tin; yet in hexamethylditin ' K(SnSn) = 267 nm —>.
We suggest that this shows that the mean excitation energy approximation (eqn. 1)
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Fig. 1. Low-frequency component of the deceptively simple tnplet in the 'H NMR spectrum of Me, 07py,.
*7pbMe, with amultaneous uradiation near the *°’Pb resonant frequency using an r.f. field of amphtude
given by 1(*°’Pb)B; /21 = ca. 30 Hz to detect lines in the *°’Pb spectrum with low transition moments. The
lead irradiating frequency has been ;ncreased by 9.5 Hz 1n successive traces, and although there are some
ambiguilies of assignment associated with this complex spin system it can be shown that J(PbPb) +
(v(@bH) — *J(POH))® [l(Pbe) =294 +10 Hz. ie. J(PbPb) = 290 ¢+ 10 H=z.
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is not valid [1] and that egn. 2 must be used to describe the coupling in hexa-
methyldilead (and possibly in hexaorganoditins [6] also).

4e*h* .
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Ty y 1S the mutual polarisability of the orbitals of the atoms X and Y, and is
positive when gy vy the s-overlap integral between X and Y is large (and egn. 1 1s a
good approximation), but decreases as fx vy becomes smaller and adopts negative
values for very small i+ . Thus in hexamethyldilead fpy,py, is apparently quite
small leading to a small but still positive value for ' K(PbPb) and in some dilead
compounds may be sufficiently small for the coupling constant to be zero or even
negative. However, it is to be expected that these molecules would be of low
stability; the bond energy of the Pb—Pb bond in hexamethyldilead itself is only
139 Kd/mole.

The broader implications of our results are that great care must be taken in
using coupling constants involving lead or tin to assess changes in hybridisation
or nuclear charge.
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