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Chemical Shift Tensors and NICS Calculations for Table 1. Calculated and Observed Chemical Shift Tensors for
Stable Silylenes Silylenes

B3LYP/GIAG?

Robert West,# Jarrod J. Buffy!, Michael Haaff Siso Oxx Oy O AS  CSA O (deg)
AT :
Thomas Miier,* Barbara GehrhusMichael F. Lappert and 1° 937 3341 —148 —383 3724 3607

i e Bl
Yitzhak Apeloig 2 1404 432.8 100 —208 452.6 417.4 4.7
4° 848 3269 —422 -302 3691 363.1
5e 131.9 4303 —16.6 -18.1 4484 4477 135
66 908 3274 —151 -394 3668 3546

Department of Chemistry, Uprsity of Wisconsin
Madison, Wisconsin 53706
Fachinstitut fu Anorganische und Allgemeine Chemie
Humboldt Unversitéd zu Berlin MP2/GIAOP

10115 Berlin, Germany
School of Chemistry and Molecular Sciences diso Oxx Oyy 022 A0 CSA ©(deg)

University of Sussex, Brighton, U.K. BN19QJ 4 640 2779 -46.2 -39.6 3241 3208
Department of Chemistry and Lise Meitner Minar 5 1151 390.1 -18.7 -26.0 416.1 4125 0.5
Center of Computational Quantum Chemistry _
Technion-Israel Institute of Technology experimental values
Haifa 32000, Israel diso o S22 d33 AS CSA
Receied July 14, 1997 1 75.2 2849 -16.1 —43.3 328.2 314.6
2 114.7 350.7 —-2.1 —4.5 355.2 354.0
Significant efforts have been expended to characterize and 3 92.5 316.4 211 -60.0 376.4 335.8

understand the electronic nature of silylenes. The diaminosub- “The 6-3LE-G(2df,p) basis set was used: fd; 2 and 6 a

i i 1 2 3 i i i
stituted silylenesl,* 2% and 3° enjoy a special interest, both ¢ 3111 5(2qf p)(Si), 6-31G*(C,N,H) basis set was usée tz2p(Si),
theoretically*° and experimentally;® because of their unusual 7 Ny, dz(H) basis set was usédChemical shift anisotropy.
high thermodynamic and kinetic stability. Silyleriecan be  dRelative to TMSo(*Si(TMS): B3LYP/GIAO/(6-311G(2df,p)(Si).
regarded as as6electron aromatic molecule, and the nature and 6-31G*(C,N,H))//HF/6-31G*: 332.5¢ Relative to TMSo(**Si(TMS):
degree of electron delocalization in this silyene has been B3LYP/GIAO/6-311-G(2df,p//MP2/6-31G*:  327.9.0(*Si(TMS):
controversialf=® We report here the chemical shift tensors for MP2/GIAO/(tz2p(Sijtzp(C,N),dz(H))//MP2/6-31G* 371.1

R R R (see Table 1) are very similar to those observed in solution for
N/ N/ N/ these compounds (78, 117, and 92 ppm figr2, and 3,
[ \Si. [ \Si_ \Si: respectively). In all three silylenes, the silicon atoms have
/0 /o N/ chemical shielding tensors of nearly axial symmetry. One tensor
N\ N\ \ componentd; ) is significantly deshielded, whil&, andds; have
R R R nearly the same magnitude and are in the expected shift range
14, T;LBU 2R =t8u 3, f1 = floopenty for sp*-type silicons+30 to—60 ppm (see Table 1). Therefore,

the measured values for the spread of the ten&ér(=06, —
J33) for the silylene silicons are very large. The results for the
>\ . . = - _ silylenes parallel those for stable disilehesnd analogous
022 = _2|.1,633.t_h_t:.5,3t(.311|_ 3|16'|4;[‘.§22 —f21.1,633|— —6|O.OI diaminocarbene¥, reflecting a highly anisotropic electron dis-
ppm), along wi eoretical calculations for model molecules, . ion around the central silicon.

including nucleus-independent chemical shift (NICS) calcula-
: P ( ) The chemical shielding tensors of silylenésand 2 and of

tions?” The latter support the model thatand 3 are cyclically - )
delocalized and have some “aromatic” character. model compoundg—6 were calculated using the DFT-hybrid

The slow-spinning®Si CPMAS NMR spectra ofl—3 were GIAO method* and are summarized in Table'd.Since this
determined at 59.6 MHz, and the results were analyzed using thetheoretical approach is known to overestimate the deshielding
Herzfeld-Berger methotito determine the chemical shielding contributions to the chemical shielding tensor in cases when
tensors. The isotropic shifés 2Si of the silylenes in the solid  €lectron correlation is importatit;we also performed MP2/GIAO
calculation$® for the smaller molecule4 and5. The chemical

T University of Wisconsin. T .
* Humboldt University. shielding tensors ot and5 were also calculated using the IGLO

§ University of Sussex.

1-3 (1 511 = 284.9,622 = —16.1,633 = —43.3;2 611 = 350.7,
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Figure 1. Molecular and magnetic axes for silylengs2, and3.

method!*which allows the chemical shielding tensor to be broken
down into distinct orbital contributions.

The orientation of the principal components of the chemical
shielding tensor relative to the molecular frame ir3 as
predicted by our MO calculations is shown in Figure 1. 1in
and 3, the strongly deshielded,, is normal to both the silicon
lone pair and its empty 3p-orbitad = d1;). The intermediate
principal valued,; is perpendicular to the molecular planig{
= dyy). The most shielded componedy; is aligned along the
symmetry axis ofl. and3 (433 = d,). The spatial orientation of
the chemical shielding tensor in the saturated diaminosilylgnes
and5 is very similar to that inl except that due to the lower
symmetry the principal axes of the shielding tensor are slightly
rotated by the angl® around the molecular-axis (see Figure
1)15

The orbital contributions as predicted by IGLO calculations
for 4 and5 are given in Table 2, in terms of absolute shieldings,
o [o(MesSi) — 0 = 6]. The values are very similar for both
silylenes. The strongly deshieldég; is a result of a very strong
paramagnetic contribution i@ (o < 0) of the silicon lone pair.

A magnetic field along this axis mixes 1p(Si) with the empty
3p(Si). In addition, strong paramagnetic ring currents from the
nitrogen lone pairs contribute significantly to the deshieldgd
component and to the isotropic chemical shift.

The calculated orbital contributions &g, in 4 and5 are also
quite similar with the exception of a larger deshielding contribu-
tion of 1p(Si) in the saturatesl(1p(Si): —319.2 and-412.9 ppm
for 4 and5, see Table 2). This results from a smaller 3p(Si)/
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Table 2. Calculated Chemical Shielding Tensors and Orbital
Contributions of4 and5 (absolute shieldings in ppm,
IGLO//Basisll/MP2/6-31G*)

1p(S))  1p(N) L(Si} SSiX Z+K(SiE o
4oy —319.2 —287.5 1837 —51.9 213 3538
oy —133.1 —1645 227.3 —16.6  409.3 —34.2
02 17.0 —299.1 2620 —26.8  449.3 —74.2
/3 —1451 -250.4 2243 —31.8 2935 81.6
50, —412.9 —283.3 1733 —283 —555 4306
oy —157.1 -185.1 217.9 —-195  352.4 22.7
02 16,5 —326.0 259.7 —250 4214 —46.2
S/3 —184.5 —265.0 2167 —243 2394 1357

aSi L-shell contributions without the Ip(Si}.Sum of contributions
from remote atoms, except the Ip(N)Sum of the preceding four terms
plus the K-shell contribution, 496.2 Relative to TMS: ¢2Si (TMS)
= 375.1.

1p(Si) gap inb compared tal (11.6 and 12.1 eV, respectively, at
MP2/6-31G*//MP2/6-31G*), due mainly to stabilization of the
silicon lone pair by the inductive effect of thevinyl group.

The chemical shift tensors do not provide evidence about
electron delocalization il and 3, but nucleus independent
chemical shift (NICS) calculations may provide a test for cyclic
conjugatior. A ghost atom placed in the center of the five-
membered ring in each of the silylenes is strongly shielded (
—11.9;2, —7.0;6, —10.5 ppm). This results, however, from local
contributions of nearby-bonds!® Placing the ghost atoms 2 A
above the ring center (NICS(2.0)) shows that, for typical aromatic
molecules, the shielding influence of the ring current is still
appreciable{5.3 for benzene;-4.7 for thiophene). Judging from
their NICS(2.0) values, both (—2.7) and6 (—2.6) are signifi-
cantly less aromatic than benzene but nevertheless possess a
discernible ring current, in contrast for which NICS (2.0) is
negligible, only—0.6. Similar NICS(2.0) calculations for model
molecules 4, —2.9;5, —0.7) are consistent with the conclusion
that the unsaturated silylenes have a diamagnetic ring current
about half as large as that in benzene.
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