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ABSTRACT: The reaction of [MgC(PPh,=S),(THF)],
(1; THF = tetrahydrofuran) with 1 equiv of SnCl, in THF
afforded a novel tin analogue of allene [Sn{C(PPh,=
S)»}>] (2). The structure of compound 2 has been
characterized by X-ray crystallography and NMR spec-
troscopy.

Compounds containing a double bond between carbon and
a heavier group 14 element >C=M< (M = Si, Ge, and
Sn) have attracted much attention in the past 2 decades.*™*
Moreover, group 14 compounds contamlng two metal—carbon
double bonds are scarcely found.> These types of compounds
can be considered as the heavier group 14 metal analogues of
allene. These analogues include 1-metallaallene (>C=C=Mx<)
and 2-metallaallene (>C=M=Cx). It was believed that the
thermal stability of M=C is intrinsically low, and it easily
undergoes oligomerization. However, compounds containing
the M=C bond can be kinetically stabilized by incorporating
bulky substituents to both carbon and the heavier group 14
metal. Stable silylene >C=Si<,>*" germene >C=Ge<,*" and
stannene >C=Sn<>*"* have been successfully synthesized and
characterized. Recently, So and co-workers reported the
synthesis of a germanium bis(methanediide) complex, which
can be considered as a derivative of 2- germaallene However,
the heavier 1-stannaallene and 2-stannaallene still remain
unknown. Previously, Escudié and co-workers reported the
synthesis of a stable distannirane in which it was proposed to
undergo salt elimination to produce a 1-stannaallene
intermediate and [2 + 1] cycloaddition between 1-stannaallene
and stannylene.” Until now, there is no stable 1-stannallene or
2-stannaallene that can be isolated and characterized success-
fully.

In this Communication, we report the synthesis and
characterization of a novel tin bis(methanediide) complex 2,
which is the first example of 2-stannaallene.

Our group recently reported the synthesis of a magnesium
methanediide complex from the reaction of neutral bis-
(diphenylthiophosphinoyl)methane and "Bu,Mg, which can
be used as a ligand-transfer reagent to synthesize some group
13 methanediide complexes.® The reaction of 1 with 1 equiv of
SnCl, afforded tin bis(methanediide) complex [Sn{C(PPh,=
S),},] (2; Scheme 1).

Compound 2 was isolated as yellow crystals, and it is soluble
in tetrahydrofuran (THF), CH,Cl,, and toluene. It has been
characterized by X-ray crystallography, NMR spectroscopy, and
elemental analysis. The 'H and "*C NMR spectra of 2 displayed
signals due to the phenyl groups. Though there is no *C NMR
signal for the carbenic carbon, the absence of methylenic
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protons was confirmed by 'H NMR. The absence of a '*C

NMR signal for the carbenic carbon was commomly found in
bis(diphenyliminophosphinoyl)- and bis-
(diphenylthiophosphinoyl)metal carbene complexes. Similar
results have been reported in [(PPh,=S),C=Pd(PPh,)]’ and
[(PPh,=S),C=Ge=C(PPh,=S),].° The *'P NMR spec-
trum at room temperature displayed one signal at § 28.1 with
tin satellites (*Jp_g,''® = 30.0 Hz), which is consistent with the
solid-state structure. However, the *'P NMR spectrum of 2 at
—80 °C displayed three signals at 627.0, 31.2, and 37.0. It is
suggested that 2 undergoes some fluxional behavior in the
solution state. We proposed that the structures I and IT may
exist in equilibrium in the solution state.

th%\:< Phpff,s\/:<
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At room temperature (25 °C), the singlet at 5 28.1 is due to
the rapid interconversion between structures I and II. At —80
°C, the fast interconversion between structures I and II slowed
down, and both structures exist. A similar result for structure I
has been found in the germanium bis(methanediide) complex,
in which two ligands are bound to the germanium center in a
spirocyclic fashion.® In the *'P NMR spectrum of 2 at —80 °C,
the signals at 6 27.0 and 31.2 correspond to the two different
phosphorus nuclei in structure I, while the signal at & 37.0
corresponds to the four equivalent phosphorus nuclei in
structure II, which is slightly downfield from that in L
Integration of the *'P NMR spectrum indicates that the signals
are in a 1.0:1.0:1.0 ratio, which suggests that structures I and II
are in a 2:1 equilibrium. The ''?Sn NMR spectrum of 2 at room
temperature showed only one broad signal at § —401 (v, =
165 Hz); no resolvable tin—phosphorus coupling could be
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observed. The "”Sn NMR spectrum of 2 at —80 °C displayed
two signals at 6 —192 and —445, which indicates that there are
two different tin environments present and it is consistent with
the low-temperature *'P NMR spectrum. In the '?Sn NMR
spectrum, the signal at  —192 corresponds to structure I, while
the signal at 6 —44S5 corresponds to the more shielded tin atom
in structure IL. The 'Sn NMR signal of 2 at 6 —401 is
comparable to that in 1,3-distannacyclobutane in [2-{Sn{C-
(‘Pr,P=NSiMe;)}}-6-{Sn{CH(‘Pr,P=NSiMe,) }CI}C;H,;N],
(6 —11.0)," 6-stannapentafulvene [(Tbt)(Mes)Sn=CR,]
(Tbt = 2,4,6-{CH(SiMe;),}CcH,, Mes = 2,4,6-Me;C4H,, and
CR, = fluoroenylidene) (& 270),"" and [Sn=C(PPh,=
NSiMe,)(PPh,=S)], (6 132.1),'> which suggests that
compound 2 exists as a tin(IV) bis(thiophosphinoyl)-
methanediide complex and does not undergo oligomerization
in the solution state. The relatively upfield ''*Sn NMR signal
indicates that the two carbon atoms may have some carbenic
character.

The molecular structure of compound 2 is shown in Figure 1.
There are two bidentate bis(thiophosphinoyl)methanediide

Figure 1. Molecular structure of 2 (30% ellipsoid probability).
Hydrogen atoms are omitted for clarity. Selected bond distances (4)
and angles (deg): C1-Snl 2.063(2), C1-P1 1.735(2), Cl#1-P2
1.724(2), P1-S1 1.999(8), P2—S2 2.021(8), Sn1—S1 2.888(6), Snl—
$22.721(6); C1—Sn1—C1#1 171.1(1), SI-Sn1—S1#1 85.41(2), S2—
Sn1—82#1 95.77(3), C1—Sn1-S1 70.51(6), C1—Sn1—S2#1 73.51(6),
S1-Sn1—S2 100.208(18), P1—C1—Snl 108.13(10), P2#1—C1—Snl
105.94(10), P2#1—C1—P1 140.58(13).

ligands bound to the tin center. The four sulfur atoms from the
two bis(thiophosphinoyl)methanediide ligands coordinate to
the tin center, and the tin center is hexacoordinate. The C1—
Snl bond distance of 2.063(2) A is slightly longer than that in
the theoretical calculation of the Sn—C distance of 1.999—2.005
A for [CH,=Sn=CH,]." It is comparable to the distance of
2.0245(4) A for stannaethane [{(Me;Si),CH},Sn=C-
{(B'Bu),C(SiMe;),}])** and 2.016(5) A for 6-stannapentaful-
vene [(Tbt)(Mes)Sn=CR,].'"® The P—S and C—P bond
distances in 2 suggest delocalization of 7 electrons from the
conjugation of P=S and C=Sn, which slightly lengthens the
Sn=C double-bond distance. Therefore, the Snl1-S1
[2.8882(6) A] and Sn1-S2 [2.7212(6) A] bonds show
different bond distances. The C1—Snl—C1#1 angle of
171.12(11)° is much larger than those in the theoretical
studies of [CH,=Sn=CH,] (134.3—142.0°) because there are
two thiophosphinoyl substituents that coordinate to Snl at

distances of 2.7216(6) and 2.8882(6) A. The Snl center is
hexacoordinate, which makes the C1—Sn1—C1#1 angle almost
linear. The sum of the angles at C1 in 2 is 354.6°, which is very
close to those in the theoretical studies of [CH,=Sn=CH,]
(348.5-353.1°)."2

In conclusion, the first example of a tin analogue of allene
compound 2 has been synthesized by the reaction of 1 with 1
equiv of SnCl, in THF.
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X-ray crystallographic data in CIF format and detailed
experimental procedures for complex 2. This material is
available free of charge via the Internet at http://pubs.acs.org.
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