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(1.954 (67) A),ls RU2H(H'H)3N2(PPh3)4 (1.89 A)’IG and
[ReHy(PEt,Ph)],(u-H), (1.878 (7) A).? The H-H distances,
0.99 (7) A for H(1)-H(2) and 0.84 (8) A for H(3)-H(4), are
comparable to those of 7>-H, ligands,'”!® but X-ray crys-
tallography is not a good way to tell the H-H distances
because the electron density maxima of the two-electron—
three center (2e—3c) MHM bonds will be much closer than
the nuclei themselves. We therefore conclude that 2 is not
a n%-H, complex but a o-bonded metal hydride complex
on the basis of the value of Jyp and the T; data.

Transition-metal polyhydride complexes are known to
have the potential for creating coordinative unsaturation
by eliminating molecular hydrogen. While complex 2 is
hardly decomposed upon irradiation of UV light, 2 evolves
H, to generate the coordinatively unsaturated species by
the addition of acid.

Treatment of 2 with 1.1 equiv of CF3SOzH in benzene
quantitatively afforded the cationic 18-electron complex
[(n°-CsMe;)Ru(n?-CqHg)1(CF5S05) (3) via the addition of
benzene to the intermediary “(n°-CsMe;s)Ru” (eq 2).*°
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Cationic arene-ruthenium complexes 4 and 5 were also
obtained in 99 and 91% yields, respectively, by reacting
2 with arenes in a halogenated solvent such as CH,Cl, or
CHCI; (eq 3 and 4).2°
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Summary: Stable silenes of the family (Me;Si),Si=C-
(OSiMe,)R react with isonitriles R"N=C: to yield unstable
silacyclopropanimines which rapidly rearrange below
room temperature to form the isomeric silaaziridines, as
shown by the crystal structure of one of the compounds
(R = Ad, R’ = t-Bu). These are the first reported exam-
ples of three-membered rings containing both silicon and
nitrogen.

Silenes have been shown to undergo a variety of cyclo-
addition reactions,! including reactions with alkenes,??
dienes,?? aldehydes and ketones,* silylenes,® and imines®
and diazenes.®” We now report the cycloaddition reaction
of stable silenes of the family (Me;Si),Si==C(0SiMe3)R (1)
with isonitriles R'N=C: (2).

The reaction of an isonitrile with a disilene has recently
been reported to yield a disilacyclopropanimine (eq 1), as

(Xy1),81=8i(Xyld; + Xyl-N=C: — (Xyl),8i——8i(Xyl),

(1)

—t

Xyl = 2,6-dimethylphenyl

=z

Tyl

shown by the crystal structure of the product®® By
analogy it might be expected that an isonitrile, 2, would
react with a silene 1 to yield the related silacyclopropan-
imine 3 (eq 2), but this was not the structure of the com-
pounds isolated at room temperature.

_R

R
(MeySi),81=C] + RINSC: ———> (Me35i),8i——C 2
“0SiMe, N\~ N0SiMe, 2

1 e 3

Zz=0)

e

When members of our family of silenes 1 having R =
t-Bu or Ad (1-adamantyl) were generated (by photolysis
of the related acylsilane (MeSi);SiCOR in CgDg using
360-nm radiation at 10 °C) in the presence of an equivalent
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Table I. NMR Data (é) for Silaaziridines (in C¢Ds)
MeyS1 Rd Me,S1 Ag Me,S1 Chey MeySi CHey
,51-C=C Js1-C=c Bi-C=C ,8i-C=C
MeaS1 N/ Dsires Me3Si\/ 0SiMe, fMegSi\/  osiMe, fegSi\/ osine,
e,y CMeCHyCMe, Cheg CHe,CHoCMe,
4a 4b 4c 4d
'H
Me,Si 0.26 0.25 0.26 0.21
Me,Si0O 0.44 0.44 0.41 0.40
Me,CN 1.34 1.42 1.33 1.39
other Ad 1.6-2.1 1.7-2.1
MesCC= 1.34 1.30
MeyCC 1.08 1.05
CH, 1.18 1.11
130
Me,Si -0.66 -0.30 ~-0.67 -0.32
Me,SiO 2.93 3.11 2.75 2.91
ring C 114.51 114.72 114.37 114.50
ring C=C 133.36 133.30 132.51 132.35
Me,CN 31.98 31.06 32.00 31.07
Me,CN 52.45 56.19 52.52 56.22
other Ad CH 29.53 29.55
Ad CH, 37.59 37.58
43.17 43.22
Ad quat 38.96 39.07
Me,C 32.07 32.04
Me,C 31.76 3L.75
CH, 57.24 57.26
ZQSi
Me,Si -16.34° -15.98 -16.21 -16.11
Me;SiO 11.20 11.02 11.49 10.92
ring Si -89.55 -89.87 -89.03 -89.47

¢ Additional data: MeySi, 1J(Si-C) = 45.8 Hz; Me;SiO, 1J(Si-C) = 59.8 Hz; ring Si, }J(Si-C) = 38.7 Hz; ring Si, 1J(Si-Si) = 73.2 Hz.

of isonitriles 2 having R’ = ¢t-Bu or CMe,CH,;CMe; (iso-
octyl), clean reactions occurred to give only one product
in each case. Identical products were formed when the
preformed silene was treated with the isonitrile in the dark.
All four compounds had remarkably similar 'H, 3C, and
28 NMR spectral data as shown in Table I. An im-
portant feature of these spectra was that each compound
had only one MeySi-Si NMR signal, where two magneti-
cally nonequivalent Me;Si groups would be expected for
the silacyclopropanimine 3, as has been observed by us for
several related cyclic systems.24® Hence it was clear that
the products of these reactions were not silacyclopropan-
imines.

One of the compounds (R = Ad, R’ = ¢-Bu) could be
sublimed at 70 °C (0.1 mm) to give yellow crystals. An
X-ray structure, although hampered by crystal decompo-
sition, clearly demonstrated that the compound was the
silaaziridine 4a having an exocyclic double bond!® (Figure

(10) Properties of 4a: highly reactive yellow solid, mp 74 °C; IR (neat)
1630 (weak, C=C) cm™. Anal. MS Caled for CosHy; NOSi,;: 493.3048.
Found: 493.3073. Crystals of 4a with rounded irregular shapes were cut
to size and rapidly transferred to Lindemann capillaries in a glovebag
under dry argon. Crystal data: monoclinic, space group C2/c, ¢ = 19.220
6) A, b =17.325 (7) A, ¢ = 19.904 (6) A, 8 = 103.04 (2)°, U = 6457 A3,
Deaicd = 1.02 g cm™ for Z = 8, u(Mo Ka&) = 1.6 cm™, T' = 298 K. Unit cell
dimensions based on 25 reflections (6.8 < § < 12.8°) centered on an
Enraf-Nonius CAD4 diffractometer by the use of Mo Ka radiation
(graphite monochromator) and a crystal of dimensions 0.23 X 0.24 X 0.32
mm. Intensity data collection (w—26 scans over (0.80 + 0.35 tan 8)°,
maximum scan time 48 s] gave 5562 data in the octants h,k,+! [shell with
42 < 26 < 50° incomplete due to extensive loss of scattering experienced
by crystal (48%)]. Lorentz, polarization, and crystal decay corrections
(based on the intensities of three standards measured at regular intervals)
applied to all data collected. Structure solution by standard methods;
only H atoms in Ad group included in calculated positions; 2:1 disorder
observed for the Me groups of Si(3)Me;. Full-matrix least-squares re-
finement minimizing Y wAF? has converged (maximum A/¢ = 0.31) to
R = 0.109 (wR = 0.118) for 1438 reflections with F > 64(F) {Si atoms
anisotropic; 159 variables; w = [¢2(F) + 0.00441F?]! and maximum Ap
= 0.63 e A}, Scattering factors stored in programs were from ref 11.
Programs: Enraf-Nonius SDP package on PDP 11/23 and SHELX on
Gould 9705 computers.!?

CMey
N
MegSi_ N\ 0SiMes
i C=
Heasx/ “Ad
4a
Rd = adamantyl = CigHj

Figure 1. ORTEP view of the silaaziridine 4a showing the crys-
tallographic numbering scheme and the disorder of the Me;Si(3)
group. Selected bond lengths (A) and bond angles (deg): Sil-Si2
= 2.328 (7), Sil-Si3 = 2.353 (6), Si1-C1 = 1.830 (15), Si1-N1 =
1.764 (13), C1-N1 = 1.417 (17), C1-C15 = 1.313 (19), N1-C11 =
1.484 (19), C15-C16 = 1.484 (18), C15-01 = 1.428 (15), Si4-0O1
= 1.644 (11); Si2-Si1-C1 = 118.4 (5), Si2-Si1-N1 = 121.7 (5),
Si3-Si1-C1 = 117.2 (5), Si3-Si1-N1 = 112.4 (5), Si1-C1-C15 =
152.4 (13), N1-C1-C15 = 143.2 (14), Sil-N1-C11 = 142.1 (11),
C1-N1-C11 = 133.4 (13), C15-01-Si4 = 131.1 (9), C1-C15-01
=119.5 (13), C1-C15-C16 = 126.3 (14), 01-C15-C16 = 114.0 (12).

1). In light of the similarity of the NMR spectra of all
the compounds 4a-d it is clear that all must have the
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silaaziridine structure. These compounds are the first
reported three-membered rings containing a silicon, car-
bon, and nitrogen atoms.

In the silaaziridine ring the endocyclic ring angles at Si,
C, and N are 46.4 (5)°, 64.3 (8)°, and 69.3 (8)°, respectively.
The angle at Si is intermediate between the values of 50.4°
reported for a crowded oxasilacyclopropane!® and the
C-Si-C ring angle of 43.5 (1)° for 1,1-dimesityl-2-phe-
nyl-3- (trimethylsilyl)-1-silacyclopropene.’* In the latter
compound the Si-C distances are 1.800 (2) and 1.839 (2)
A to the phenyl- and MeySi-substituted C atoms, respec-
tively, compared with values of 1.830 (15) A in 4a and 1.849
A in the above oxasilacyclopropane. Similarly in two other
silacyclopropane structures!®¢ the Si-C distances and
C-Si—C ring angles are 1.865 (5), 1.878 (6) A, and 52.1 (2)°
and 1.825 (3), 1.827 (3) A, and 49.2 (1)°, indicating that
when allowance is made for the small angles at Si, the
resulting bent bonds would be quite long and weak.!?
Similarly, the observed Si~N ring distance in 4a of length
1.764 (13) A is already much longer than a standard single
bond length (1.72 A) for four-coordinate Si.!® Consistent
with the long Si-C and Si-N bonds, the C1-N1 bond
length [1.417 (17) A] is slightly shorter than the sum of
the covalent radii for C(sp?) and N of 1.44 A. In com-
parison, the N-C(sp?) and N-C(sp®) ring distances in
1,1’-carbonylbis(aziridine) at -105 °C are 1.389 (1), 1.460
(2), and 1.485 (2) A; the C-N-C angle is 61.2 (1)°. The
bond angle sums at C1 and N1 indicate that the former
is planar while the latter is pyramidal with the N atom
lying 0.31 A above the Si1-C1-C11 plane (see Figure 1).

Compensation for the small Si ring angle is reflected in
the large exocyclic Si2-Si1-Si3 bond angle [119.9 (3)°] and
in the Si1-Si2 and Si1-Si3 bond lengths which are both
shorter than values observed in a disilaoxetane [Si—Si,y,
= 2.409 (2) A]® and in a siloxetane with Me,Si substituents
[2.378 (5) and 2.394 (5) A; Si-Si-Si = 106.8 (2)°].* Also,
the Si-Si—C bond angles in 4a are often <109.5°, indicating
that these groups are not as sterically crowded as similar
groups in other disilacyclobutanes and mono- and disila-
oxetanes. Likewise the observed C-0-Si angle [131.1 (9)°]
is comparable to that observed in a stable trimethylsil-
oxy-substituted silene (134.0°).2! Finally, a least-squares
mean plane through the atoms Sil, N1, C1, C15, C16, and
O1 indicates that the double bond is planar to within 0.033
(14) A; the angle between the planes Si2Si1Si3 and
Si1C1N1 is 95.4°.
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Relevant to the observed NMR data is the fact that the
ring-nitrogen atom is pyramidal (see above). Hence the
two Me;Si groups in 4a should be nonequivalent unless
the ring nitrogen inverts at a speed comparable to the
NMR time scale. Nitrogen in three-membered rings is
frequently stereochemically stable with an appreciable
inversion barrier,? but it is known that groups which can
delocalize the electron density on nitrogen (e.g. C=C in
4a) greatly reduce the inversion barrier.? In addition, the
observed facile inversion of the nitrogen atom at room
temperature should be assisted by its electronic interaction
with the adjacent ring-silicon atom (some silylamines have
been found to be near planar?).

The most reasonable explanation for the formation of
the silaaziridines 4 involves the thermal isomerization of
an initially formed silacyclopropanimine 3 (eq 3). This
<r1-,sngsnc(R

+ R'N=C: —»

05 iMe,
1 2
R
(Haasi)gSii——é-DSiHe: —_ (Hﬂasi)ESiTC-((oﬁH.a (3)
3 ﬁ\k , 4 é»

process would be the nitrogen analogue of the well-studied
thermal 1,3-silyl migration of 8-keto silanes leading to
siloxyalkenes:?® some §-keto silanes have been observed
to rearrange under relatively mild conditions. Strong
support for this proposal was obtained when the reaction
between 1 (R = Ad) and 2 (R’ = ¢-Bu) was carried out at
=70 °C where a different very unstable product was formed
whose 'H and ®C NMR spectra were consistent with that
of silacyclopropanimine 3a.2% When the reaction mixture
was warmed to room temperature, the initially formed
product rapidly disappeared, giving rise to the silaaziridine
4a.

Currently we are attempting the isolation and better
characterization of the silacyclopropanimine precursors,
and we are also using other silenes or isonitriles which
contain aryl groups, where preliminary observations have
shown other modes of reaction are occurring.? In addition
we are examining the hydrolysis reactions of these very air-
and moisture-sensitive compounds, which are simultane-
ously enamines and silyl enol ethers.
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