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It is commonly recognized that the heavier congeners of the
main group elements exhibit a reduced tendency to engage in
multiple bonding.!:2 Such a trend is aptly illustrated with respect
to the group 14 elements.!2 For example, in contrast to the
ubiquitous C=C double bond, complexes with Si=Si double
bonds are rare,? with the first stable disilene Mes,Si==SiMes,
being discovered only in 1981.4 Complexes with multiple bonds
to the heavier congeners of the group 14 elements continue to
attract interest, and much effort has been directed toward the
study of heteronuclear multiple bonding. In particular, multiple
bonding to the chalcogens has received considerable attention,>-7
and some recent significant advances for germanium have been
made with the syntheses and structural characterization of the
terminal sulfido complexes {n3-[(u-ButN);(SiMeNBut);]}GeS?
and (Tb)(Tip)GeS.%10 In thispaper, we (i) describe the syntheses
and structures of terminal sulfido and selenido complexes of tin
and (ii) compare the abilities of germanium and tin to support
such functionalities.

We have recently reported the use of the macrocyclic
octamethyldibenzotetraaza[14]annulene dianion, [Megtaa]?-,!!
to stabilize a series of terminal sulfido, selenido, and tellurido
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E=S, Se

complexes of germanium, [74-Mestaa]GeE (E = S, Se, Te).i2
Adopting a similar approach, we have now isolated the orange
terminal sulfido and selenido complexes of tin by addition of the
elemental chalcogen to the axial coordination site in divalent
[74-Mestaa]Sn (Scheme 1).!3-15 The molecular structures of [n4-
Mestaa]SnE (E = S, Se) have been determined by X-ray
diffraction (Figure 1),!¢ thereby confirming the presence of the
terminal chalcogenido ligand in these complexes. The sulfido
and selenido complexes are also characterized by !19Sn NMR
resonances at -301 and —444 ppm [!J(119Sn-""Se) = 3450 Hz],
respectively (relative to Me,Sn).

Compounds that are related to [n*-Mestaa]SnE (E = S, Se)
include the porphyrin complexes (POR)SnE (E = S, Se)
synthesized by Guilard and Kadish!” and the aryl derivatives
[(Tb)(Tip)SnE] (E =S, Se) reported by Okazaki.!819 However,
the terminal chalcogenido moieties in these complexes have not
been structurally characterized by X-ray diffraction. Indeed,
the monomeric species [(Tb)(Tip)SnE] (E = S, Se) have only
been generated in solution and actually exist as chalcogenido-
bridged dimers [(Tb)(Tip)Sn(x-E)]; in the solid state,!8.1? even
though the germanium complex (Tb)(Tip)GeS is monomeric.?

The molecular structure of divalent four-coordinate [n*-Mes-
taa]Sn has also been determined by X-ray diffraction,!6 and the
principal structural change that is observed upon coordination of
the chalcogen involves a decrease (by 0.25-0.29 A) in the
displacement of the Sn atom from the N, plane (Table 1). The
Sn~E bond lengths in [n*-Mestaa]SnE are much closer to the
sum of the double bond covalent radii of Sn and E than the sum
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Table 1. Selected Structural Data for [n*-Mestaa]Sn and [n*-Megtaa]SnE (E = S, Se)

d(Sn~E)/A d(Sn—E)caic/ At d(Sn=E) e/ A d(Sn—N,,)/A d(Sn-Ny)/Ae
[Sn]S¢ 2274(3) 2.44 224 2.14[2] 0.83
[Sn]Se 2.394(1) 2.57 237 2.15[1] 0.87
(Sn] 2.26[2] 1.12

@ d(Sn—E) . is the sum of the single bond covalent radii of Sn (1.40 A) and E (S, 1.04 A; Se, 1.17 A).2° For comparison, the mean Sn—E bond
lengths for (R3Sn);E compounds listed in the Cambridge Crystallographic Database are d(Sn-S),y = 2.45 A and d(Sn-Se)qy = 2.53 A. ¢ d(Sn=E)yc
is the sum of the double bond covalent radii of Sn (1.30 A) and E (S, 0.94 A; Se, 1.07 A).20 ¢ 4(Sn--Ny) is the displacement of Sn from the macrocyclic

Nj plane. 4 [Sn] = [n*Mestaa]Sn.

Figure 1. Molecular structure of [74-Mestaa]SnS (the structure of the
selenido analogue is similar).

of their single bond covalent radii?® and are therefore indicative
of considerable multiple bond character derived from the com-
bination of the resonance structures shown below:

+ - -+
Sn—E -«—» Sn=—F -w«—» Sn=E

Moreover, the Sn~E bond lengths in [#*-Mestaa]SnE are also
shorter than the respective average values for the formal single
bondsin the anions [SnS,]4 (2.39 A)?! and [SnSe,]+ (2.52 A) 2224

Despite the successful syntheses of the terminal sulfido and
selenido complexes of tin, [n*-Mestaa]SnE (E = S, Se), we have
at present been unable to isolate the corresponding tellurido
derivative [n*-Mestaa]SnTe by the synthetic method that was
described for the germanium analogue [7*-Mestaa]GeTe. 122
Assuming that tellurium transfer to [n*MestaalSn is not
kinetically inhibited, this observation implies that the Sn~Te
interaction in [n*-Mestaa]SnTeis weaker than the corresponding
Ge~Te interaction in [n*-Mestaa]GeTe.26

Thelower bond energy for the Sn~Te versus Ge=~Te interaction
is in accord with the aforementioned observation that the ability
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of the main group elements to partake in multiple bonding is
reduced for the heavier congener. Indeed, the w-bond energy
associated with the Sn==S bond has been calculated to be
considerably lower than the corresponding values for C=S, Si=S,
and Ge=S.77

Further evidence tosupport the notion that Sn~E bond energies
are lower than the corresponding Ge~E bond energies is provided
by the observation that both [7*-Mestaa]SnS and [n4-Mestaa)-
SnSe transfer the chalcogenido ligand to the germanium derivative
[7%-Mestaa]Ge (eq 1).1328 Similarly, Woo hasalso demonstrated

[n*-Megtaa]SnE + [1*-Megtaa]Ge —
[n*-MegtaalSn + [n*-Megtaa]GeE (1)

reversible sulfur and selenium transfer between the tin centers
of the porphyrin derivatives (TPP)SnE and (TTP)Sn.?®

In summary, the terminal sulfido and selenido complexes of
tin [7*-Mestaa]SnE (E = S, Se) have been prepared by addition
of the chalcogen to [7%-Mestaa]Sn. The Sn~E interactions in
these complexes are weaker than those in the corresponding
germanium derivatives, as supported by the observation that the
chalcogen in [n4-Mestaa]SnE may be transferred to germanium
in [n4-Mestaa]Ge.
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