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ABSTRACT: The reaction of N-heterocyclic chlorosilylene (1;
LSiCl, L = PhC(N#Bu),) with diazobenzene is described, which
afforded the unsymmetrical polycyclic product 2 via chloro-
silylene mediated aromatic C—H bond activation. The reaction
proceeds without the cleavage of the N—N bond of diazoben-
zene. Polycycle 2 was fully characterized by single-crystal X-ray
diffraction analysis, multinuclear NMR spectroscopy, EI-MS
spectrometry, and elemental analysis.
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Since the isolation of stable silylenes," it has been frequently
experienced that addition of stable silylenes to homo- and
heteronuclear multiple bonds is a convenient method for the
synthesis of novel ring compounds containing silicon atoms.
Recently we have reported the synthesis of 1,2-disilacyclobutene®
by treating benzamidinatochlorosilylene (1; LSiCl, L = PhC-
(NtBu),) with diphenylalkyne. In sharp contrast to that, the
reaction of 1 with adamantylphosphaalkyne leads to the forma-
tion of a Si,CP four-membered ring system, which shows a
zwitterionic configuration.* The structural and chemical aspects
of these ring compounds are of interest because they contribute
new insight into the bonding properties. In this respect diazo-
benzene is particularly interesting as a precursor, since it contains
three reactive sites: a N=N s-bond and a lone pair of electrons
on each nitrogen atom. The unique reactions of diazobenzene
with lanthanide(II),>* Mg(I),Sb Ge(1),>? and Sn(I)* have
already been described. Despite such evident interest, until
now there have been very limited examples of silylene addition
to diazobenzene®” and the results show dissimilar behavior of
diazobenzene toward different silylenes. Ando et al. reported on
the photolysis of hexamesitylcyclotrisilane and tetramesityldisi-
lene on exposure to light in the presence of diazobenzene, which
afforded 1,2-disiladiazacyclobutane.®® Formation of a similar
product was also observed by So et al. very recently from
the reaction between silylsilylene [{PhC(NtBu),}SiSi(Cl)-
{N(tBu),C(H)Ph}] and diazobenzene.®® In marked contrast,
Weidenbruch and co-workers described the reactions of the
sterically encumbered silylenes R,Si: (R = 2,4,6-Me;CsH,, 2,4,6-
iPr;CgH,) generated in situ with diazobenzene, furnishing 1,3-
diaza-2-silaindan or 1-aza-2-silaindan derivatives.” The most
intriguing feature of this reaction is the activation of the o-
C—H bond of diazobenzene and an entire cleavage of the N=N
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double bond. C—H bonds of the phenyl ring are considered to be
unreactive, although we recently showed selective C—H bond
activation with silylene.8 Moreover, direct activation of the C—H
bond to form a Si—C bond under mild conditions is rare, and in
this respect the formation of C—H activation products obtained
from the reactions between silylene and alkane or diethyl ether is
particularly noteworthy.” Given the growing importance of
silylene in synthetic chemistry, we presume that treatment of 1
with diazobenzene may also activate the C—H bond of the
phenyl group and lead to a unusual addition and rearrangement
product or furnish a siladiaziridine derivative.

Addition of a toluene solution of diazobenzene to a colorless
toluene solution of 1 in a 1:3 molar ratio at ambient temperature
resulted in a greenish yellow solution after stirring for 12 h
(Scheme 1)." Single block-shaped yellow crystals of 2 suitable for
X-ray diffraction analysis were grown from a saturated toluene solution
(Figure 1)." Selected bond lengths and bond angles of 2 are given in
the legend of Figure 1. Compound 2 crystallizes in the triclinic space
group P1 and has a crystallographic inversion center in the middle of
the N—N bond."" The molecular structure of 2 displays a unsymme-
trical polycycle of six (four-, five-, and six-membered) rings. The silicon
atom Sil is S-fold coordinated and exhibits a distorted-trigonal-
bipyramidal geometry. It is coordinated by two nitrogen atoms (N1
and N2) from the backbone of the chelating ligand, one carbon atom
(C16) of the diazobenzene phenyl ring, and one bridging nitrogen
atom (N3). The fifth position in the coordination sphere of Sil shows
Cl/H disorder. Hydrogen (H1) and chlorine (Cl1) atoms were found
on similar positions, each with 50% occupancy. There are two possible
reasons for this disorder: (i) alternating orientation of the Si—H
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Figure 1. Crystal structure of 2- (toluene). Hydrogen atoms, except
those freely refined at Sil, and disordered toluene are not shown for
clarity. Atoms labeled with the letter A are symmetry-generated by
inversion. Cl1 and H1 are disordered in a 1:1 ratio, but CI1A and H1 are
omitted for clarity. Anisotropic displacement parameters are depicted at
the 50% probability level. Selected bond distances (A) and bond angles
(deg): N1—Sil = 1.980(2), N2—Sil = 1.822(2), Sil—N3 = 1.811(2),
C16—Sil = 1.855(3), Cl1—Sil = 2.1507(15), HIA—SilA = 1.44(7),
N3—N3A = 1.426(4), C19—N3 = 1.372(3); N1—Sil—N2 = 69.06(9),
N1-Sil-N3 = 174.55(10), N2—Sil—N3 105.96(10),
N3-Sil—Cl16 = 86.10(10), N2-Sil—C16 = 117.48(11),
N2—Sil—ClI = 114.27(8), N3—Sil —Cl1 = 90.17(8), N3A—N3—Sil =
115.5(2), C19A—C16—Sil = 111.38(17).

Scheme 1. Preparation of 2
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and Si—Cl fragments in the crystal packing and (ii) a 1:1 ratio of
the dihydro and dichloro derivatives of 2 in the crystal. However,
a detailed spectrochemical analysis of the data gives strong
evidence for compound 2 (Figure 1).

The Sil—N3 bond length is 1.811(2) A, in accordance with
the Si—N single bonds reported in the literature.'**" The N—N
bond length is 1.426(4) A, which is consistent with a single
bond.**'*!24 The coordination of the nitrogen atoms is almost
planar in 2, with an angular sum of 349.5°. The N3—N3A bond is
arranged in such a manner that it provides the bridging platform
for the formation of a unsymmetrical polycycle via fusion of two
different units so that it ultimately forms the fused ring system in
Figure 1. The most noticeable feature is the formation of a new
Si—C bond via 0-C—H bond activation of the phenyl group of
diazobenzene. The new Si—C bond length is 1.855(3) A, which
is consistent with a Si—C single-bond distance."> Another
interesting feature is the C19—N3 bond distance (1.372(3) A),
which is shorter compared to that of diazobenzene (1.43 A).

The crystal structure was further supported by the spectro-
scopic data. The "H NMR spectrum exhibits resonances for two
sets of tBu protons (0 0.94 and 1.46 ppm) and each set
corresponds to 18 protons. The resonance for one Si—H proton
appears at O 6.34 ppm as a doublet, and the integration confirms

the presence of only one Si—H proton in the polycycle 2. The
*Si NMR spectrum exhibits a doublet resonance (0 —94.28
ppm) with a coupling constant of 'J(Si—H) = 280.42 Hz.'*
Another silicon center attached to a chlorine atom shows a
resonance at 0 —86.7 ppm. In the BCNMR spectrum two sets of
resonances were observed; they confirm the presence of two
chemically different silicon atoms in 2. The IR spectrum displays a
characteristic absorption band at 2086 cm ™~ for the Si—H bond.**
The molecular ion was observed in the EI-MS spectrum as the most
abundant peak with the highest relative intensity at m/z 734 [M].
A molecular ion with a high relative intensity is an additional proof
for the presence of Si—H and Si—Cl units in 2. The formation of
LSiHCI, as a byproduct was observed during the reaction, and it was
confirmed by a *’Si NMR investigation (6 —96.8 ppm).’

The C—H bond activation, a phenomenon known mainly for s-
and d-block elements, is not common for silicon compounds.”* In
1998 Weidenbruch et al. reported the formation of a bicyclic system by
the reaction of dimesitylsilylene with diazobenzene, and they explained
the formation of the final product as the result of the cleavage of the
N—N bond and C—H bond activation altogether.” It is noteworthy to
mention that in our case we isolated the final product without cleavage
of the N—N bond. Although the mechanism of this reaction is still
unknown, it can be proposed that the first step of the reaction is the
formation of the five-membered ring intermediate via a [1 + 4]
cycloaddition reaction between the silicon(II) center and the PhN—
moiety of diazobenzene, followed by rearomatization, which in situ
gives rise to the formation of the unsymmetrical polycycle 2 (see the
Supporting Information for the tentative mechanism). This is the first
example, to the best of our knowledge, where stable silylene reacts with
diazobenzene to form the dimeric unsymmetrical polycycle 2 via
C—H bond activation as well as Si—C bond formation without
cleavage of the N—N bond. Here it is noteworthy that there was no
reaction observed between Bu—N=N-—{Bu and 1. Therefore, it is
obvious that the activation of the aromatic 0-C—H bond of diazo-
benzene is the key step for the reaction along with rearomatization.

In summary we have shown a unique reactivity of chlorosily-
lene 1 with diazobenzene featuring aromatic o-C—H bond
activation without the cleavage of the N—N bond to form the
unsymmetrical polycycle 2. This is the first example of six rings
(four-, five-, and six-membered) being arranged together by
[1 + 4] cycloaddition of diazobenzene with LSiCl.

B ASSOCIATED CONTENT

© Supporting Information. A figure giving the tentative
mechanism for the formation of 2 and a CIF file giving crystal-
lographic data for 2. This material is available free of charge via
the Internet at http://pubs.acs.org.
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