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Recent experimental wotk® has resulted in the syntheses and Scheme 1. Schematic Drawing of Ar*, Ar', and Ar'-4-SiMes
structural characterization of several examples of stable heavier
group 14 element alkyne analogues of formula RMMR=Rarge

aryl or silyl substituent, M= Si, Ge, Sn, Pb). X-ray crystallographic
studies have shown that they havieams-bent, planat,; 37 or almost
plana® core arrangement with angles at M that range from 137.44-

£ &

Me;Si
(4)° (M = Si)’ to 94.26(4) (M = Pb)! With the exception of the ’
lead derivative, the MM distances fall in the range expected for
an M—M bond order between 2 and 3. For the lead species
Ar*PbPbAr* (Ar* = C¢Hs-2,6-(GH»-2,4,64-Pr3),, Scheme 1), the
Pb—Pb bond length is 3.1881(1) A and there is a strongly bent Ar* = C¢H;3-2,6- Ar’ = Cgll;-2,6- Ar'-4-SiMe; = 4
(Pb—Pb—C = 94.26(4Y) core structure consistent with the repre- (CeHy2,4,6-Pr);  (CeH3-2,6-Pr'y), CeH,-2,6-(CgH3-2,6-Pr)
sentation -4-SiMe,

Ar
Pb——Pb

Ar’

in which there is single-bonding and a nonbonding pairs of electrons
at each lead. Calculations by Frenking and co-workers have shown

that the Ar* ligand plays a crucial role in stabilizing the observed
molecular configuration in comparison to others that would be more
stable (by<10 kcal mof?) with less crowding ligand¥Calculations

by Nagase and Takagifor the Ge and Sn species RMMR (R

Ar* or Tht (Tht = CsH»-2,4,6{ CH(SiM&),} 3) predicted structures
for Ar*GeGeAr* (Ge—Ge= 2.277 A, Ge-Ge-C = 123.2)1 and
ThtGeGeTbt (GeGe= 2.231 A, Ge-Ge—C = 121.8) that were
quite similar to those experimentally measured foiGeGeAr (Ar’

= CgH3-2,6-(GH3-2,64-Pr,),3, Ge—Ge= 2.2850(6) A, Ge-Ge—C

= 128.27(8)) and more recently by Tokitoh and co-workers for
BbtGeGeBbt (Bbt= CsH»-2,6{ CH(SiMe;),} -4-C(SiMe)3, Ge—
Ge= 2.22 A avg, Ge-Ge—C = 131° avg)® These bond distances
were in the range observed for the G8e double bonds in
digermened? The stronger bonding in BbtGeGeBbt was rational-
ized on the basis of a loweXp_q for the GeBbt fragment, which
leads to a stronger GeGe interactior?.In contrast, the calculations
predicted that a “multiple-bonded” Ar*SnSnAr* should have a more
trans-bent structure (SASn—C = 111.0, a C-Sn—Sn—C torsion
angle of 125.3) and a relatively long SaSn bond of 2.900 A.
These values differed considerably from those experimentally
measured for ABnSnAf (Sn—Sn= 2.6675(4) A, SA-Sn—-C =
125.249(2)). The calculations also predicted that the singly-bonded
Ar*SnSnAr* isomer (analogous to the Ar*PbPbAr* structure above)
with Sn—Sn=3.087 A and SrSn—C = 99.C differed in energy

by only 4.8 kcal mof! from “multiple-bonded” Ar*SnSnAr*.

Scheme 2. Synthetic Routes to 1—4
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penalty, and this unusual result has been confirmed by calculations
on simpler RMMR (M= Si—Pb; R= H® or Me!%) models.

We now supply experimental evidence to support this prediction
by the synthesis and characterization of the alkyne analogue;4-Me
Si—Ar'SnSnAf-4-SiMe; (1). This compound employs the modified
terphenyl ligand €H,-2,6-(GHs-2,64-Pr,)-4-SiMe; (Ar'-4-SiMe;,
Scheme 1) in place of ArThis results in a species that has a much
longer Sr-Sn distance and a narrower-S8n—C angle than those
found in ArSnSnAt.

The ligand precursor 1-14E1,-2,6-(GHs-2,64-Pry)-4-SiMe; (4)
was isolated by the addition of 2 equiv of BrMgds-2,64-Pr,
(BrMgDipp) to 1-Li-2,6-Ch-CeH,-4-SiMes, with subsequent quench-
ing with I, by a standard route (Scheme 2). In a manner similar
to the preparation of [ALi] ,,'6 3 was synthesized by reaction 4f
with n-BulLi.

Subsequent reaction 8fwith excess SnGlin diethyl ether and
crystallization from the same solvent-a20 °C yielded [1-CISn@H,-
2,6-(GHs-2,64-Pr,),-4-SiMej]; (2). Reduction o with potassium
in diethyl ether and subsequent crystallization affordesk dark
green, air- and moisture-sensitive crystdlX-ray crystallography
showed thatl has atrans-bent structure in the solid statewith
geometric (Figure 1) parameters that differ dramatically (Figure 2)

Seemingly, these large structural changes carry only a small energ¥%om those previously reported for /BnSnAf
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In 1, the Sr-Sn bond length is 3.066(1) A, which is about 0.4
A longer than the 2.6675(4) A in A8nSnAt. In addition, the Sw
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Figure 1. Thermal ellipsoidal plot of (30% probability) without H atoms.
Selected bond distances (&) and ang®s 6n(1)-Sn(1a), 3.066(1); Sn-
(1)—C(1), 2.208(5); Si(1)yC(4), 1.878(6); C(1)ySn(1)-Sn(1a), 99.25(14);
C(2)-C(1)-Sn(1), 125.6(4); C(6yC(1)—Sn(1), 115.0(4); C(2yC(1)—
C(6), 118.3(5); C(1)C(2)—C(7), 121.6(5); C(3)C(2)—C(7), 118.5(5).

Me;Si
& csnsa=99.25(14)° 2 c.snsn=12524(7)°
Sn—Sn Sn Sn
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dsnsi= 306601008 SiMes dep o= 2.6675(4) &

1

Figure 2. Comparison of core geometries for 4-SipAe' SnSnAt-4-SiMe;
1 and ArSnSnAt, flanking aryl groups are not shown for clarity.

Sn—C bond angle is 99.25(1%) a decrease of about 26n
comparison to the 125.24(7n Ar'SnSnAt. Hence, the structural
parameters resemble those of Ar*PbPbAr* {fth = 3.1881(1)
A, Pb—Pb—C = 94.26(4}) more than those of ABnSnAf and
are consistent with SaSn single bonding. Another striking
difference between the solid-state structured ad ArSnSnAt

is the perpendicular arrangement of the ligand’s central aryl rings

relative to the G-Sn—Sn—C in contrast to the parallel orientation
in Ar'SnSnAft, where the central aryl rings lie in the plane with
the central structural unit. The dihedral angles-Sm—C—C in 1

are 91.04 and-101.08, but are 176.99and 3.09 in Ar'SnSnAtf,
whereas the lead derivative Ar*PbPbAr* exhibits torsional angles
of 95.16 and —88.98.

The UV-vis spectrum ofl in hexanes displays two strong
absorptions at 416 (= 4700 L molt cm™t) and 608 ¢ = 1200 L
mol ~1 cm™1) nm and are slightly bathochromically shifted in
comparison to those of ABnSnAf (410 and 597 nm) and
Ar*SnSnAr* (409 and 593 nm), suggesting similar, strongly bent
structures of the three compounds in solution.

Our results vindicate the theoretical predictioli1“that relatively

small amounts of energy separate two different bonding modes of

the tin analogues of alkynes. Modification of the known terphenyl
ligand Ar by the introduction of SiMginstead of H at thepara-

position of the central aryl ring induces a single-bonded structure

without alteration of the steric crowding near the tin center.
Preliminary theoretical data on model moieties ffiiz4-SiMe; and
MCeHs (M = Ge, Sn) indicate abdwa 2 kcal mot? difference in

their Ap—q energies that, when added together in the dimerized
product, resultsn a 4 kcal mot? difference'® However it should

be borne in mind that these energy differences are sufficiently small
to be in the range of packing forces.
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