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Summary: Unlike the recent proposal by Power and co-workers,
theoretical calculations show that AnSnAr(Ar' = CeHs-2,6-
(CgH3-2,6-iPrp)2) has a multiply bonded structure in solution;
the same is also true for the related tin analogues of alkynes.
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R
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Heavier group 14 element analogues of alkynes, REER (E /SrESn/ Sn—3n
= Si, Ge, Sn, Pb), have long attracted wide interest as R F||
challenging synthetic targets in main-group chemistBulky - :

substituent groups play an important role in making REER
synthetically accessible and isolable as stable compdiFidiss,

the Si3 Ge/> Snf and PB analogues of alkynes have been . . o
successfully synthesized and isolated by introducing bulky aryl 70 confirm the proposal on the basis of the simplified model
and silyl groups. As verified by X-ray crystal analyig, all system (MeSnSnMe), we have ca_rrled out calculatlons_for the
of these compounds have a trans-bent core skeleton, unlike thée_a| system, ABSNSnAf. Qeometrles were fully 0pt|m|;ed
alkyne case. Now that all group 14 element analogues have beerfVithout symmetry constraint with hybrid density functional

Figure 1. Two bonding modes of RSnSnR.

isolated, it is of interest to characterize the [E bonding and
structures of REER.

theory at the B3PW91 lev@lusing the Gaussian 03 prograin.
The [4333111/433111/43] basis set augmented by two d

A series of recent extensive reactivity studies has shown thatPolarization functions (d exponents 0.253 and 0.078) was used

Ar'snSnAt (Ar' = CeHs-2,6-(GHs-2,64Pr)2) is much less

reactive than AGeGeAfr.8 We have suggested that two different

bonding modes are possible for RSnSnR (Figuréd Mery

for Sn12 while the 6-31G(d) basis set was used for C antf H.
To improve energies, single-point calculations were also
performed using MP2, CCSD(T), and CASSCF(6,6)-MP2

recently, Power and co-workers have performed calculations Methods available in the Gaussian 03 program.

for MeSnSnMé& and proposed that the lower reactivity of

Ar'sSnSnAt is due to the fact that ABnSnAf has a singly
bonded structure (S) with small biradical character in solfidn,

For the multiply bonded structure (M) of BnSnAf in
Figure 2, the orbital analysis shows that the centratSmbond
consists of a somewhat distortedond, a slipped in-planei,

though it has a less trans-bent, multiply bonded structure (M) bond (due to the mixing ofi, ando®), and an unslipped out-

in the X-ray crystal structurg.
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of-planesou bond!* The optimized SaSn distance and Sn
Sn—C trans-bent angledj are 2.677 A and 126°5respectively.
These (as well as the arrangement of the aryl rings) agree very
well with the X-ray crystal data of SASn= 2.668 A andd =
125.2,5 unlike our previous calculations at a lower levgl,
suggesting that the present calculations are reliable. The core
skeleton is almost planar, as indicated by the dihedrab@-
Sn—C angle () of 179.7.15 When the HOMO f,.) and
LUMO (mn*) are switched, a singly bonded structure (S) is
located as an energy minimum, as shown also in Figure 2. The
distance and angles optimized for structure S areSn= 3.100
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Table 1. UV—Vis Absorptions? of Ar'EEAr’ Calculated at
the TD-B3PWO91 Level

exptl structure M structure S

Ar'GeGeAt 501 =7500) 534{=0.069Y 407 = 0.173)
371 (€ =34000) 379{= 0.403)

Ar'SnSnAf 597 ¢ =1700)  649{=0.052)  414{=0.283)
410 € =4300)  412{=0.473)

a Absorptions are given in nng values are given in L mof cm™L, bf
= oscillator strength.

(time-dependent)-B3PW91 level, which are mainly assignable
to min—min* and mou—mou® transitions, respectivel§t For
structure S, however, a strong,* —o* absorption was calcu-
lated to be at 414 nm for ABnSnAt and 407 nm for
Ar'GeGeAr.2 Obviously, these are consistent with the fact that
Ar'SnSnAf has structure M in solution, as does'@eGeAf.

Addition of one electron to structures M and S of @nSnAf
leads to M and S anions. Key geometrical parameters
optimized for the M anion are SASn=2.743 A,0 = 113.6,
andw = 177.6, while those for the S anion are SaSn=
2.872 A,0 = 102.3, andw = 180.0. The small lengthening
(0.066 A) and large shortening (0.228 A) of the-S8n distance
from 2.677 (M) to 2.743 A (M) and from 3.100 (S) to 2.872
A (S7) reflect the fact that the LUMOSs of M and S have small
antibonding (slippedrin*) and large bondingsfou) character
between the Sn atoms, respectively. Unlike the neutral case, it
was calculated that the"Sanion is 3.3 kcal/mol more stable
than the M anion?2 In this context, it is interesting that the
distance and angle calculated for theahion are close to those
of Sn—Sn = 2.808 A andf = 97.9 in the X-ray crystal
structure of the [AISNSNAf] [K(THF)¢] ™ salt?® In an attempt
to rationalize that ASnSnAf has structure S in solution, it has
been discussed that the reduction of SxrSnAf results in a
Sn—Sn bond lengthening that is much larger than the corre-
sponding Ge-Ge lengthening for AGeGeAf.8792023This is
now explained by the fact that the reduction of2aSnAft does
not provide the M anion but leads to the Sanion. Addition
of one more electron to the"Sanion of AfSnSnAf shortens
the Sn-Sn distance, unlike the KBeGeAf case, since the
bondingz, orbital is doubly occupied. This StSn shortening
agrees with the experimental findifg.

Very recently, Power and co-workers have suggested that
structure S is induced by modifying the 'Agroup?* As an
interesting example, the X-ray crystal structure of 4-SiMe
Ar'SnSnAf-4-SiMe; (Ar'-4-SiMe; = CgH-2,6-(GH3-2,64Pr),-
4-SiMes) has been reported.The distance and angle of Sn
Sn= 3.066 A andf = 99.% in the X-ray crystal structure
correspond to those expected for structure S and agree reason-
ably well with the calculated values of SSn=3.100 A6 =
101.6, andw = 180.0.2° As Figure 3 shows, however, structure
M (Sn—Sn= 2.691 A 6 = 124.9, v = 161.9) was also

Figure 2. Multiply (M) and singly (S) bonded structures of
Ar'SnSnAf optimized at the B3PW91 level.

A, 6 = 101.7, andw = 179.0. It is noticeable that structure
M is 5.3 kcal/mol more stable than structure S. This energy
difference favoring structure M becomes 10.1 kcal/mol at the
MP2 levell® These results suggest that'8nSnAf keeps a
multiply bonded structure (M) in solution.

We have also carried out calculations for the model system
MeSnSnMe. Unlike the calculations by Power and co-workers,
the planar structure S (S18n= 3.060 A,§ = 93.#, andw =
180.0") of MeSnSnMe was not located as a minimum but has
one imaginary frequency of 88m~1.17 In addition, the planar
structure was calculated to be 5.6, 12.8, and 10.0 kcal/mol less
stable than structure M (SrBn= 2.605 A,6 = 126.3, andw
= 180.0)!8 at the B3PW91, MP2, and CCSD(T) levels,
respectivelyt® This trend was further enhanced at the higher
CASSCF(6,6)-MP2 level, S being 16.6 kcal/mol less stable than
M. The energy differences of 5.6 (B3PW91) and 12.8 kcal/
mol (MP2) for MeSnSnMe resemble those of 5.3 (B3PW91)
and 10.1 kcal/mol (MP2) for ABnSnAt. This may allow us
to infer that structure M is about 34 kcal/mol more stable
than structure S for ABhSnAf at high levels such as CASSCF-
(6,6)-MP2.

UV —vis spectra provide important information (Table 1). For
Ar'SnSnAt, two strong absorptions have been observed at 410
and 597 nm inn-hexane solutiof?® as in the case of
Ar'GeGeAt (371 and 501 nm}:2° For structure M, the two

absorptions were calculated to be at 412 and 649 nm for located as a minimum. Structure M is 5.4 kcal/mol more stable
Ar'SnSnAfand at 379 and 534 nm for ABeGeAf at the TD- than structure S. Therefore, it is not surprising that the-UV
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Figure 3. Multiply (M) and singly (S) bonded structures of
4-SiMe;-Ar' SnSnAf-4-SiMe; optimized at the B3PWO1 level.

strong absorptions at 416 and 608%iat are very similar to
those of AfSnSnAf (410 and 597 nmf jindicating that 4-SiMeg
Ar'SnSnAf-4-SiMe; takes structure M in solution.

Solid-state!sn NMR and M@sbauer spectroscopic #ta
suggest that Ar*SnSnAr* (Ar= CgHs-2,6-(GH2-2,4,61Pr3)2)
is more trans-bent and has a longer-8m distance than
Ar'SnSnAf. Although the X-ray crystal analysis of Ar*SnSnAr*
is not yet successful because of poor diffracidthe NMR
and Mtssbauer data agree with the geometrical parameters (Sn
Sn=3.120 A, 8 = 100.8, andw = 177.3) optimized for
structure S. However, structure M (SBn= 2.705 A, 6 =
125.0, andw = 154.7) in Figure 4 is 6.4 kcal/mol more stable
than structure S. This indicates that Ar*SnSnAr* takes structure
M in solution, as also supported by the almost identical- Vv
vis spectra of Ar*SnSnAr* (409 and 593 nm) and 8nSnAf
(410 and 597 nm§:23 The suggested structural differences of
Ar*SnSnAr* and ArSnSnAf in the crystalline phase are
ascribable to packing forcé&s.

In conclusion, RSnSnR (R Ar’, Ar'-4-SiMe;, Ar*) has a

(26) Spikes, G. H.; Giuliani, J. R.; Augustine, M. P.; Nowik, I.; Herber,
R. H.; Power, P. Plnorg. Chem.2006 45, 9132.
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Figure 4. Multiply (M) and singly (S) bonded structures of
Ar*SnSnAr* optimized at the B3PW91 level.

multiply bonded structure (M) in solution. The different
structures for R= Ar'-4-SiMe;, Ar* in solution and the crystal
state are due to the fact that crystallization is significantly
affected by the different spatial expanding of these groups and
the Ar group?® A theoretical study of the lower reactivity of
RSnSnR is in progress and will be published in due course.
However, it is instructive to mention that, for example, the
addition of MeSnSnMe (structure M) to,8=CH, is calculated

to be 11 kcal/mol less exothermic than that of MeGeGeMe
(structure M).
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(27) For the effect of packing forces on the structures of-Na
[Ar*GaGaAr*] and Nag[Ar'GaGaAf], see ref 2g and Takagi, N.; Schmidt,
M. W.; Nagase, SOrganometallic2001, 20, 1646.

(28) The Ar* group hasPr at each para position of the flanking aryl
rings, while the Ar-4-SiMe; group has SiMgat the para position of the
central aryl ring. Despite this modification, it is interesting that the calculated
structures of Ar*SnSnAr* and 4-SiMeAr' SnSnAf-4-SiMes resemble those
of Ar'SnSnAtf, except that Ar*SnSnAr* ¢ = 154.7) is more twisted
around the SaSn bond than ABnSnAf (w = 179.7) for structure M.



