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Since the first report of the saturated silyleba in 1996}
several papers have mentioned its inherent instability in the solid
state? Although colorless crystals dfa can be grown on a cold-
finger, the crystals transform to a red powder within a few hours
at 25°C. Different structures have been considered for the red
“decomposed” product. A tetraaminodisilene struct@eg would
be consistent with the red col@nd recently Kira and co-workers
proposed an equilibrium between an acyclic diaminosilyléne
and the tetraaminodisilerebased on low-temperature UV studies
(eq 1)2 Another possible dimeric structurga, was also consid-
ered? but it did not seem to account for the red color.
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Recently, we were able to obtain a crystal structure of the red

compound (Figure 1) and found that the actual solid-state structure

is aZ-diaminodisilyldisilene 7)—a tetramer of silylenda’ 7 is
similar to the diaminodisilyldigermenes synthesized recently by
Weidenbruch and co-workefsThe crystal structure of7 is

remarkable in several respects. The unit cell is unexpectedly long

along one of the axes (18.22 A 91.44 A x 12.54 A), giving a
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Figure 1. Structure ofZ-diaminodisilyldisilene?.

Table 1. Selected Bond Lengths (A), Angles (degree) and Torsion
Angles (degree) for

Si(1)-Si(2) 2.3910(14) N(4)Si(2)-Si(3) 118.11(11)
Si(2)-Si(3) 2.2890(14) Si(2)Si(3)-Si(4) 123.17(5)
Si(3)-Si(4) 2.3835(14) Si(2)Si(3)-N(5) 117.73(11)
Si(2)-N(4) 1.746(3)  Si(4ySi(3)—-N(5) 104.72(11)

Si(1)-Si(2)-Si(3) 124.63(5)
Si(1)-Si(2)-N(4) 103.82(10)

Si(1) Si(2)-Si(3)-Si(4) —81.97(8)
N(4)Si(2)-Si(3)-N(5)  10.39(16)

total cell volume of 20 888 A The Si(2)-Si(3) bond length of
228.9 pm (Table 1) is the longest yet reported for a disilene Bond.
The structure is strongly trans-bent, with pyramidalization
angles at the two silicon atoms differing slightly (32S(2) and
33.8 Si(3)), far larger than for other known disilen@sMore-
over, the torsion angle between the two—Si—N planes is
exceptionally large, 2521’ However, the Raman spectrum of
solid 7 exhibits an intense line at 533 ci very close in
frequency to that oE-tBuMesSi=SiMes(tBu) at 522 cmt, which
has been shown to contain predominantly theSii stretching
vibration8

Surprisingly, a dynamic equilibrium exists between the silylene
laand the disilend. 2°Si NMR of freshly dissolved red crystals
of 7 shows a gradual disappearance of resonances digai
119.5 and—29.0 ppm, and formation of the saturated silylene
peak (118.9 ppm). The reversibility of the above reaction can
also be demonstrated by UWis spectroscopy (Figure 2). When
crystals of disilene’ are dissolved in hexane, peaks assigned to
7 (Amax = 476 and 360 nm) disappear, with formation of new
peaks belonging to the silylerta (Amax = 292 and 268 nm).
Presumably, the formation @fproceeds (eq 2) by (a) formation
of an aminosilylsilylenesa via Si—N insertion of one silylene
into the Si-N bond of anothet followed by (b) rapid dimerization
to the disilen€’. Evidence for the intermediacy 6&was obtained
by reacting crystals of with methanol. Instead of producing the
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1997 130, 1733. (c) Weidenbruch, Meur. J. Inorg. Chem1999 373.

(7) (a) For a review of disilene structural parameters, see: Okazaki, R.;
West, R.AAdv. Organomet. Cheni996 39, 231. The average SiSi distance
for carbon-substituted disilenes is 216 pm, while silicon-substituted disilenes
are typically 10 pm longer. (b) Previously reported trans-bent pyramidalization
angles fall in the range 0f°6-18°, where the pyramidalization angle is defined
as the angle of intersection between the=Si vertex and the plane made up
of the silicon atom and its two substituents. (c) By comparison, all of the
other known disilenes have torsion angles betweear@® 14.

(8) Leites, L. A.; Bukalov, S. S.; Garbuzova, I. A.; West, R.; Mangette, J.;
Spitzner, H.J. Organomet. Chen1997 536—537, 425.

(9) Calculations performed at the B3LYP/6-3#&** level for a con-
strained (HN),Si=Si(NH), show that an alternative mechanism for the
formation of 7, involving intermediate formation o2a followed by a 1,2
migration of an amino group, is energetically improbable.
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Figure 2. UV spectra of ca. 3« 1073 M solution of disilene7 at 6 min
intervals in hexane at 25C (A = 360 and 476 nm), showing gradual
transformation to silylenga (1 = 268 and 292 nm). Eventually the peaks
due to7 disappear completely at this concentration.

disilene-methanol addition product, the major product was the
methanol adduct o6a.®
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Why doeslareact in such an unusual way? Why ddesnot
simply dimerize to the corresponding disiler2s? Previous ab
initio calculationd for the corresponding hydrogen-substituted
derivatives showed that cannot dimerize to tetraaminodisilene
2b, because the latter is not a viable molecule; Ré.does not

correspond to a minimum on the potential energy surface (PES).

lawas expected to behave similafliiowever, these calculations
also predicted thatb should dimerize to the bridged compound
3b, which is 7.8 kcal/mol more stable than two separake
silylenes? So why doed a not dimerize to the analogous bridged
compound3a? Additional calculation!?using density functional
theory (DFT} at the hybrid B3LYP/6-31G* leveled for the
methyl- (Lc—3c) and thetert-butyl-substituted {a—3a) systems
show that, due to the large size of tieet-butyl substituents, two
molecules ofLacannot approach each other to a reasonabi&Si
bonding distance without encountering severe steric repulsfons,
so that3a, in contrast taBb or 3¢, is not a minimunon the PES.

(10) Methanol adduct oda: a colorless liquidiH NMR (CgsDs, 0) 1.231,
1.262,1.344, 1.376 (36 H, singlet, G{ilg)s), 2.87—2.94 (8H, multiplet, Gl,—
CHy), 3.450 (3H, s, O@); 2°Si (CDs, 0) —24.77,—34.41.
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Functional Theory of Atoms and Molecul&3xford University Press: New
York, 1989. (c) Lee, C.; Yang, W.; Parr, R. Bhys. Re. B 1988 37, 785.

(d) Becke, A. D.J. Chem. Phys1993 98, 5648

(12) For example, a partial geometry optimizatiorBafat a Si-N distance
of 203.3 pm (calculated to be the equilibrium distance 3oy results in a
structure which is 50 kcal mot higher in energy than two separated silylenes
la
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As the two dimerization routes dfg, either to2a or 3a, are both
blocked, a new reactiotthe insertion of one silylene into the
Si—N bond of a second silyleretakes place, leading to silylene
6a Calculations for the methyl-substituted systems (at the B3LYP/
6-311+G**//B3LYP/6-31G* + ZPVE level) show that the
silylene 6b is 0.5 kcal/mol less stable than two separate
silylenes and that the barrier for insertion is 10.9 kcal/mol. The
new silylenebb then dimerizes t&, which is 27.3 kcal/mol lower
in energy (at B3LYP/6-31G*). The reverse reaction, in which
the disilener dissociates into four molecules b, is entropically
favored, accounting for the observed equilibritim.

7, in contrast to2a, is a stable molecule because it has only
two amino substituents connected to the=Si bond, while2a
has four. This interpretation is fully consistent with previous
calculations, which have shown that {#jHSi=SiH(NH,) is a
minimum on the PES, having a bond dissociation energy of 17.6
kcal/mol# In 7 and8, the S=Si bond is further strengthened by
8 kcal/mol by the two silyl substituent$.The existence of,
but not of 2a, is also consistent with the much larger energy
difference between the singlet and triplet st&t€=of (Me,N),Si
(68.7 kcal/mol) than of (BBi)(Me;N)Si (45.2 kcal/mol, both
values at B3LYP/6-311G**). We note that the experimental
structure of7 (R = tBu) is reproduced very well by the B3LYP/
6-311G*-calculated structure & (R = CHj), including the
unusual geometrical features such as the losgSsbond (calcd
228.5 pm) and the large twisting and bending angles (see
Supporting Information). The long SiSi bond and the strong
bending and torsional angles at silicon are already apparent in
simple model systems, e.g. {M)HSi=SiH(NH,),'*¢indicating
that also in7 and 8 their origin is mainly electronic in nature.

In conclusion, the diaminosilyleris, which cannot dimerize
to the disilene2a (prohibited electronically) or to the cyclic dimer
3a (sterically blocked), circumvents these difficulties by dimer-
izing to silylaminosilylenesa, which can further dimerize to the
corresponding disilyldiaminodisilen&, This combined experi-
mentat-theoretical study demonstrates the crucial role that the
substituents on the nitrogens play in the chemistry of diamino-
silylenes. The theoretical prediction that, in contrast totdre
butyl-substituted silylenda, the methyl-substituted silylenkc
should dimerize to the bridged dim&c and not to the tetrameric
disilene8 will be tested experimentally.
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(13) The calculated contribution of the entroffAS to the free energy at
298 K for the dissociation of the disileri&(H;Si)(H2N)Si—=Si(NH,)(SiHs)
into (H3Si)(H2N)Si is 11.3 kcal/mol (B3LYP/6-31G*). Thus, we estimate the
entropy contribution for the dissociatioh— 1ato be ca. 23 kcal/mol, in
qualitative agreement with the observation that, in soluffds,in equilibrium
with la
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(16) Z-(H.N)HS=SIH(NH,): Si=Si, 233.4 pm; pyramidal angles at silicon,
47.%; angle between the SiHN planes, 26(B3LYP/6-311G**).




