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The coupling of flash vacuum thermolysis reactions (retr¢-4R cleavages) with photoelectron spectroscopy
allowed the first direct characterization of several highly reactive N-alkylated silanimines. For the trimethyl-
silaniminelb, the IPs corresponding to the ejection of an electron from the nitrogen lone gaarn(d thersi—y

orbital are observed at 7.9 and 8.3 eV, respectively. In the case of the N-isopropylatedtericbdylated
analogueslcd, these characteristic ionizations are energetically closed (7.8 and 7.4 eV). These unexpected
attributions have been corroborated by #ieinitio calculations of the ionization energies using 6-31G(d) and
LANL1DZ basis sets and MP2 level. Our results have been completed by the determination of the structural and
electronic characteristics of these silanimines.

Introduction The comparative study of the thermolysis of two azasila-
cyclobutanes3c,d® is also presented: These precursors are

The existence ofr bonds involving overlap of p orbitals  gynected to undergo a retro2] cleavage into propene and
between silicon and other elements has been questioned for &;5nimines.

long time: None of these multiple bonded systems had been Finally, 2,4-ditert-butyl-1,1,3,3-tetramethylcyclodisilazane

|s,_olated u_ntll 1966, when Gusel'Nikov proved the existence of (2d), another potential precursor of silanimibeé, has been also
dimethylsilené investigated

a sﬁ{ggggngggsgncé)&%?euEgﬁatgeres(l)l?ngr?;cﬁ::?rlﬁgrg;ngzglause In order to access a theoretical support for our experimental
9 ’ P data and a better understanding of the nature of tsé\®louble

of their role as mgterlal precgrso’rs. o . . bond, we have undertaken quantum calculations of the molecular
However, the simplest unhindered silanimines remain practi- 5 electronic structures of simple N-alkylated silanimines.
cally unknown in the monomeric state. In fact, they tend to

undergo polymerization or other reactions such as oligomer- gyperimental Section

ization, hydrolysis, etc., and have only a fleeting existence under

usual experimental conditions. Only very appropriate conditions  The photoelectron spectra were recorded on an Helectros 0078
could allow the direct detection of these reactive spetiés. ~ Spectrometer equipped with an IZFlindrical analyzer and connected
this context, our aim was to generate and characterize spectro-::%n"’\‘/ e':l.frrocﬁg?pzuie;1sgffi§di§ﬁgﬁl?énﬁ$§davsv'g‘ p?\o(tj(!)?‘lltzlo j:;'og':d
\S/;?:Ef:]"{hg;r?]r(t)-ll)l/\;?:rselia{ac?iltr)nr:gevsit%ypuhsol?(?etlr;it(r:grl:F!;)negc?ri)zizgyhe”um auto-ionization at 4.98 and nitrogen ionization at 15.59 eV are

- ; . taken as references. The apparatus, including a short-path internal FVT
(PES). This technique has been until now the most used andoven €a 5 cm between oven exit and ionization head), has already

convenient method for real time gas-phase detection of unstableyeen describedl. The working pressure of about T0mbar allows the
silicon and germanium low-coordinated compouhds. detection of short-lived species (lifetimes of about2€)é Reported

At first, we had to choose some precursors of these silan- methods have been used for the synthesis of precuint<c and
imines that could be cleaved without thermal degradation or 2d,*°and3d®. 1-Isopropyl-2,2,3-trimethyl-1-aza-2-silacyclobutaBe)(
competitive reactions upon FVT conditions. has been prepared, in the V‘_’;g described 3df° from N-allyl-N-

He_x_amethylcyc_lodisiIaz_ane_Zb_) was susceptible to give ggggo?éllulﬁlnc}[;ﬁmﬁt&ﬁsu(lgg%ng): gni %gge(c;b?): E)C gt2152€(§ %nHa)’
specifically the trimethylsilaniminéd.b by thermal monomer- 0.96 (d,J = 6.3 Hz, 6 H), 1.10 ((dJ = 7.6 Hz, 3 H), 1.53 (ddq] =
ization and seemed to us to be a promising candidate. Wegy4 7.6 and 5.2 Hz, 1 H), 2.80 (dd,= 6.3 and 5.2 Hz, 1 H), 2.83
describe first the thermolytic behavior of this precursor.
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Method of Calculation 1012
Ab initio calculations were performed with the Gaussiatt §ackage H

of programs. The geometry and frequency calculations Were; performed,:igure 2. Geometrical parameters of dimeéb optimized with
at the MP2/6-31G(d} and MP2/LANLD1Z (D95V on H, C, Ni**Los LANL1DZ at the MP2 level and unsubstituted cyclodisilazane opti-

Alamos ECP-DZ on Si*) levels. The latter application is justified  mized with LANL1DZ(d) at the MP2 level. Bond lengths are in A,
by the necessity to compare IPs of monomeric species with those of and bond angles are in deg.

their large dimers. For the ionic species, the unrestricted formalism

(UMP2) is employed. The value of the spin-squared oper&frig of the band at 10.5 eV. We note the presence of the
0.75 for all ionic species. Vertical IPs have been calculated either

within Koopmans' approximation or more precisely as differences characf[enstlc ionization of acetylene at 11.4 eV showed the
between the ionic and ground-state energies, both obtained on theP€ginning of a thermal degradation process.
neutral ground state-optimized geomety). Adiabatic IPs have After digital subtraction of the precursor spectrum from the
been calculated as differences between the ionic and ground-statespectrum obtained at 1200 K (Figure 1b), we observe two close
energies corresponding to the optimized geometries of each\dfa ( bands at 7.9 and 8.3 eV and two ionizations at 9.9 and 10.6
ev.
Assignment of the Spectra and Discussion For hexa-
The PE spectra &b and of its thermolysis products at 1200 methylcyclodisilazane2p), a planar structure is obtained by
K are displayed in Figure 1. optimization of the geometrical parameters with the LANL1DZ
The photoelectronic spectrum of the starting compound basis set at the MP2 level. A same planar structure is obtained
(Figure 1a) is characterized by two well-resolved bands at 8.0 for unsubstituted cyclodisilazane with introduction of d polariza-
and 8.5 eV, followed by a broad signal comprising three tion orbitals (xcs'i = O.45,aﬂ = 0.8) (Figure 2). The energies
ionizations at 9.9, 10.5, and 11.3 eV and a poorly resolved bandof the two first molecular orbitals, calculated at 9.08 and 9.16
around 13.5 eV. eV, correspond to the ejection of an electron from the asym-
This compound was found to be thermally stable, and the metric and symmetric combinations of the two nitrogen lone
spectrum does not change up to 1100 K. Above this temper- pairs n- and ny+, respectively. The first ionization potential
ature, a progressive modification of the spectrum is observed, at 8.0 eV is thus associated with the ionization of the asymmetric
showing occurrence of a thermolysis product. We observe a combination R- while the 8.5 eV ionization potential corre-
broadening of the two first bands and a pronounced modification sponds to the symmetric ongn The following ionizations at
- — - 9.9, 10.5, and 11.3 eV are associated with “Hartieeck”
(12) ﬁ?”éﬁl',""glgl\zﬂ'. F\QISX'fN'OO”ng"' E/Ins\;:vh 'I\:"érJe"s;g’;'kj' g:;vgé'hﬂggg"%‘.’g?”' molecular orbitals mainly localized in thgi-c, osi-n, andosi—
Schlegel, H. B.; Robb, M. A.; Replogle, E. S.; Gomperts, R., Andres, bonds.

J. L.; Raghavachari, K.; Binkley, J. S.; Gonzalez, C.; Martin, R. L.; ;
Fox. D. J.: Defrees. D. J.: Steward, J. J. P.: Pople. J. A, Pittsburgh, The thermolysis spectrum observed above 1200 K could

Thermolysis of Hexamethylcyclodisilazane (2b)

PA, 1992. correspond to the monomerization product of the cyclodimer
(13) Hehre, W. J.; Ditchfield, R.; Pople, J. 8. Chem. Phys1972 56, 2b, i.e. the trimethylsilanimine.b.

2257. Hariharam, P. C.; Pople, J. Aheor. Chim. Actal979 28, . . . . .

213. Gordon, M. SChem. Phys. Lettl98Q 76, 163. In order to confirm this hypothesis, vertical IPs evaluation
(14) (a) Dunning, T. H.; Hay, P. Modern Theoretical Chemistr{lenum: have been performed fab. Preliminary calculations have been

New York, 1976; Chapter 1, pp-128. (b) Hay, P. J.; Wadt, W. R. realized on the unsubstitued silanimifie to choose the best

Chem. Phys1985 82, 270-283. Wadt, W. R.; Hay, P. 3. Chem. . : ;
ph§§1985y582 2584_298_ Hay, P. ?_. Wadt. W. %’_ Chem. pi';,]s_ basis sets for the evaluation of the IPs of the substituted

1985 82, 299-310. silanimines.
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Table 1. Vertical lonization Potentials (in eV) of the Silanimile 0.1 0.33
Calculated at the MP2 Theory Level Using Differents Basis Sets H\1170 120.5 1 H 0.51 H
Zn " 2 a7 1489\ 1,020 \é'—N/
1. 471/\/ 1.619 % =

3-21G(d) 899 962  6-31G(dp) 9.63  9.89 30.6 H -0.67

3-21G(d,p) 9.12 9.68 LANL1DZ 9.41 9.60 0.1

6-31G(d) 9.62 981 T

Previously, Peyerimhoff et &F.calculated forlethe energies H
of the two first ionic states Aand A’, using MRDCI 115.4 P —aH -0.1 -0.55
computations with a doublgbasis and d polarization functions. \133\3 132, 6 ".H H\0.48 /CHa
The two first IPs calculated at 9.52 and 9.72 eV correspond to Si=——N
the ejection of an electron from the nitrogen lone pair and from 1 47_‘4{1\;/9156” H/ -0.45
the wsi=n Orbital, respectively. -0.1

In Table 1, we present the calculated vertical ionization 1t
energiesAE,) of 1eusing the different basis of Pople 3-21G(d),
3-21G(d,p) g = 0.45,0f = 0.8), 6-31G(d), and 6-31G(d,p) ", A H -0.76 -0.32
and the LANL1DZ basis. HiQ(J 144 1149 or=" HaC CH

The values of IPs obtained with the 6-31G(d) and LANL1DZ ' 83*\1826\8 "2 o \0'70 /
basis are similar with those of Peyerimhoff. 12188 VORTT 1.60’; Pl

So, it appears that these two basis sets would be of sufficient H-<¢ 0.2 HAG 0.48
quality in order to complete the experimental results and to detail % _0_734
information concerning geometrical and electronic structures of H A
the differently substituted silanimines. 1b

Geometrical Parameters The geometrical parameters of Figure 3. Geometrical parameters and total atomic charges of
silanimineleand of the methylated silaniminas,f, optimized silanimines1b,e,f optimized with 6-31G(d). Bond lengths are in A,

with the 6-31G(d) basis sets, are reported in Figure 3. For the 314 bond angles are in deg.

unsubstituted silaniminge, the length of the StN double bond  Taple 2. Calculated lonization Energies at the UMP2 Theory Level

is 1.619 A and the SiNH angle 120.5 (in eV) of the Silaniminele, the N-Methylsilanimine1f, and the
The N-methylation ofLe leading tolf, induces the shortening ~ Trimethylsilaniminelb
of the Si=N bond by about 0.01 Ad= 1.611 A), the angle 2 27"
SiNC being 1.32.6 The decrease of the SN bond length 6-31G(d) LANLIDZ 631G(d) LANL1DZ
and the opening of the angle is related to the decrease of the s CompoundLe
. . O o
character in _the nitrogen lone pair: 30 /oiE_} and 1840 inlf Koopmans 10.95 10.77 10.02 1014
calculated with natural bond orbital analysis (NB®}: AE, 9.62 0.41 0.81 9.96
The methylations on the silicon atom have a slight influence AE. 8.89 8.52 9.62 9.74
on the geometryds—y = 1.608 A anddSIiNC = 132.5). Compoundif
The absence of the polarization functions in the LANL1DZ Koopmans 10.07 10.19 9.31 9.28
basis set explains the discrepancies irl$ibond lengths and AE, 8.71 8.41 9.18 8.39
: i : AE, 8.18 7.81 9.08 9.15
associated angles. The most significant changes involve the
Si=N bond length and the SiNH angle. We note, for these Compoundlb
three molecules, a SN distance of about 1.66 A, namely a ~ Koopmans 9.41 9.42 8.83 8.78
AE, 7.98 7.8 8.40 8.48
lengthening of ca. 0.05 A, compared with those obtained with AE, 753 726 823 80
the 6-31G(d) basis. Whereas the SINC angles remain similar, expt 7.9 8.3
the SiNH angle ofLeis more open bya. 7°.
lonization Potentials. Expenmenta”y we attempted to Then SyStem less sensitive to the inductive effect (because

characterize the silanimines substituted either on the silicon or of its delocalization), is destabilized by the interaction with the

on the nitrogen atom. Thus, it seemed interesting to examine 9c-+ Orbitals out of plane.

the influence of the N- and Si-methylations on the energies of ~ For the N-methylation with the two basis used, we observe,

these two first ionic states (Table 2). for the vertical calculated IP, a more important shift for the
The N-methylation of silanimingeinduces the destabiliza- IOnization of the lone pair{1 eV) than for that of ther system

tion of the orbitabzsiy (0.71 eV with 6-31G(d); 0.86 eV with  (~0-7 €V). For the methylation on the silicon atom1f we
LANL1DZ) and that of the R orbital (0.88 eV with 6-31G(d); notice that the energies of tR&' and2A"" ionic states undergo
0.58 eV with LANLlDZ) the same type of variation.

The increasing of the energy o the nitogen lone pair can be o ik SRR IR el B0 BCEna e B P o our
explained by the donor inductive effect of the methyl group. 9 P

However, this effect is counterbalanced by the hyperconjugative ﬁiﬂ%@?&% gf]ngeslgggdn'?rg'ria:;loenzi?rtgfnﬁgﬂg'sa%v(r?nse
effect, i.e. the interaction between the wrbital and the J 9 P

antibondingo* c_w orbital in the plane. orbital gnd from thersi—y orbital of the trimethylsilanimine,
respectively.
We observe important polarization and correlation effects for
the nitrogen lone pair ionization (1.4 eV using 6-31G(d), 1.6

(15) Bruna, P. J.; Krumbach, V.; Peyerimhoff, S.Can. J. Chem1985
63, 1594-1608.

(16) (a) Foster, J. P.; Weinhold, F.J.Am. Chem. Sod98Q 102,7211. eV using LANL1DZ) and weak effects for the system
(b) Reed A. E.; Weinstock, R. B.; Weinhold, F.J. Chem. Phys. ionization (0.4 eV with the 6-31G(d) basis; 0.3 eV with
gggf%% 735. (c) Reed A. E.; Weinhold, F. J. Chem. Phys1985 LANL1DZ). The distributions of the total atomic charges of

(17) Reed A. E.; Curtiss, L. A.; Weinhold, F. J. Chem. Re 1988 88, the A" and A’ cations show that the electronic reorganizations,

899. and the polarization effects, are of the same order of magnitude
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Figure 4. Geometrical parameters and total atomic charges of two
cations A’ and?A") of trimethylsilaniminelb optimized with the
6-31G(d) basis set. Bond lengths are in A, and bond angles in deg. (In
parentheses: total atomic charges of the two cations obtained with the
neutral ground-state optimized geometry.)

for the two cations. Thus, the correlation effect is more
important in the cation A The energetic difference between
the adiabatic and vertical ionization potentiats.(0.5 eV)
indicates the strong geometrical reorganization of the two ionic

states. Figure 4 displays the geometrical parameters and charge

of the two cations optimized with 6-31G(d).

The cation of A symmetry is nearly linear with an SiNC
angle of 178.6 and a S+N double bond slightly longer than
that of the neutral moleculeds—y = 1.628 A. The cation A
has a bent structure with an SiNC angle of 128.7

In summary, the essential characteristic of thesl$iback-
bone, in comparison to its homologous imine (IP: 9.231A.25
A'"),18s the important destabilization of the ionization energy
associated with thersi—y orbital (about 2 eV). This weaker
energy relative to thec—y ionization originates from the diffuse
character of thersi—y bond and explains the great reactivity of
the silanimines.

This conclusive result providing a starting point for develop-
ing this approach toward other unhindered alkylated silanimines,
the flash vacuum thermolysis of precurs@sd, and2d has
been undertaken.

Thermolysis of
1-Isopropyl-2,2,3-trimethyl-1-aza-2-silacyclobutane (3c)

Our aim was to generate from this precursorfhsopropyl-
1,1-dimethyl-silaniminelc. This unstable silanimine has been
already generated by vacuum ga&wlid dehydrochlorination of
(chlorodimethylsilyl)isopropylaminét

The PE spectrum of precurs@c, reported in Figure 5a,
unchanged up to the FVT temperature of 1020 K, shows two
distinct bands at 7.8 and 9.3 eV, followed by a broad signal
centered around 13.6 eV with important shoulders at 11.0 and
12.0 eV.

Between 1020 and 1220 K, a clear loss of propene (10.0 eV)
is observed, as indicated in Figure 5b. The new spectrum

presents two bands at 7.8 and 8.4 eV and a shoulder at 9.5 eV.

Above 1220 K (Figure 5c), ethylene and acetylene loss is
obvious (10.55 and 11.4 eV, respectively) along with the
propene ionization at 10.0 eV. The previous ionizations at 7.8
and 9.5 eV are still present, and the 8.4 eV band has now
disappeared.

(18) Lafon, C. Thesis, Universite Pau et des Pays de I’Adour, No. 229,
1987.
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Eigure 5. PE spectra of (a) precurs8c, (b) FVT of 3cbetween 1020
and 1220 K, and (c) FVT o8c above 1220 K.

Assignment of Photoelectron Spectra.The assignment of
the spectrum of azasilacyclobutaBzis supported by the AM®
calculation of IPs for the simple analogue possessing hydrogen
atoms on both silicon and nitrogen atoms of the cycle. We
note, as expected, that the IPs calculated values (9.04, 10.3,
10.5, 12.5 eV) are overestimated by about 1 eV, when compared
with the experimental ones, the destabilization of the methyl
substituents having not been considered.

The first band at 7.8 eV is associated with the ejection of
one electron from the nitrogen lone pair. The second ionization
at 9.3 eV is assigned to the ejection of an electron from the
osi—c orbitals. The ionization energies of the other MOg(c,
Tsi-c, Osi-c, Osi-n, -..) are observed above 10 eV.

Between 1020 and 1220 K the precursor is totally cleaved.
Taking into account the clear observation of propene, we can
propose three possible pathways for the thermolysis: In the first
one, a N-unsubstituted azasilacyclobut&aecould be formed
by the degradation of the isopropy! substituent of precuBsor
The second one could correspond to the cleavage into silanimine
1corits dimer2c. Finally, there is a possibility of double loss
of propene. The detection of the resulting silanimirg, (
Me,Si=NH) seems improbable, due to its expected high
instability, while the observation of its dim@a could reason-
ably be envisaged.

IPs associated with the ejection of an electron from the

nitrogen lone pair of the postulated cyclic secondary arime
expected to be not very different from those of the methyl-
(trimethylsilyl)amine at 8.9 e\ are not experimentally ob-
served.
The observation of the tetramethylcyclodisilazetee (ob-
tained by dimerization of the unstable dimethylsilanimire
formed by double loss of propene from the precur3oris
possible.

(19) (a) Dewar, M. J. S.; Zoebisch, E. G.; Healey, E. F.; Stewart, J. J. P..
J. Am. Chem. S0d.985 107,3902-3909. (b) Dewar, M. J. S.; Jie,
C. Organometallics1987, 6, 1486-1490.

(20) Livant, M. P.; Mac Kee, M. K.; Worley, S. Dnorg. Chem 1983
22, 895-901.
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The experimental ionizations observed at 8.4 and 9.5 eV could
eventually correspond to the characteristic IPs of this cyclodimer
2a. However, this process is unlikely because the reto2R

cleavage generally takes place at a lower temperature than the

pB-elimination of propene. Moreover, the ionization potentials
of this dimer are calculated at 9.6 and 9.8 eV within Koopmans’
approximation, the through-bond interactions leading to the
inversion of the last two occupied molecular orbitals. According
to the corrections beyond Koopmans’ fdih, these two
ionization potentials are both expected around 8.7 eV.

Finally, it is more reasonable to interpret the first step of the
thermolysis only by the predicted cleavage into the silanimine
1c that could rapidly dimerize int@c.

Since the observed spectrum remained unchanged through a

temperature range of 200 deg, it may presumably correspond
to the thermally most stable compougd

In fact, this spectrum agrees perfectly, except for the presence

of propene, with that obtained from a sample2afprepared
according to the reported meti8dIP: 7.8, 8.4, 9.8 eV).
If we now consider the second step of thermolysis (above

1220 K), we note a progressive disappearance of the ionizations £*”

of cyclodisilazane2c. It seems likely that, at this higher
temperature, the equilibrium is displaced fr@atto 1c. In this
case, the N-isopropylated silanimide could be specifically
observed with two energetically close IPs at 7.8 eV, associated
with the ny andsi=n Orbitals and an ionization at 9.5 eV.

A theoretical estimation of the ionic states energies o
compoundlc with the LANL1DZ basis set gives a good
explanation of the weaker energetic gap between these two
ionizations by the more significant destabilizing effect of
isopropyl substituent on th&\"" ionic state.

f

Thermolysis of
1-tert-Butyl-2,2,3-trimethyl-1-aza-2-silacyclobutane (3d)

We recently described the thermolysis of this compotind:
The thermal decomposition at 970 K, monitoredbyNMR,
leads to the formation of propene and cyclodisilazade At
1070 K, isobutene is also formed. In the presenceeof
butanol, the addition product with 1,1-dimethylsilanimiha
is detected.

The monomeric silanimine$a,d are not directly observed,
because of their too high reactivity, but the formation of their
cyclodimers2a,d was definitely confirmed by FVT/HRMS
coupling.

In addition, it should be stressed that the thermolysis of the
tert-butylated cyclodimer2d shows, as main decomposition
pathway at 1170 K, the loss of methane from tee-butyl
groups, leading to the unsaturated cyclodisilaz&ugs identi-
fied by NMR and HRMS?!

Photoelectron Spectra. In the spectrum of precursd@d
(Figure 6a), two well-resolved bands at 7.8 and 9.3 eV are
observed as well as a broad signal with two shoulders at 10.5
and 10.8 eV and a maximum at 13.0 eV.

Above 970 K, we note a two-step thermolysis process: (i)
Between 970 and 1120 K, the spectrum changes quickly with
the formation of propene (10.0 eV). The new spectrum presents
an ionization at 7.4 eV and a broad signal at 8.4 eV (Figure
6b). (ii) Above 1120 K, the 7.4 eV band disappears progres-
sively. At the same time, we note the broadening of the 8.4
eV band and a shoulder around 9.5 eV attributed to a loss of
isobutene (Figure 6c).

Assignment of the Spectra and DiscussionThe interpreta-
tion of the photoelectron spectrum of compolstis the same
as already described for its N-isopropyl analo@ae The first

(21) Systermans, A.; Dat, Y.; Ripoll, J. [Tetrahedron Lett1996 37,
33173318.

Metail et al.

130 s

a

!

Me ,Si—
xN—SiMe .
2

j- CH,

+ Me;Si— T

)zu—suvle2

%

Me,Si=—N
N-—SiMe ,

2h

15 5

Figure 6. PE spectra of (a) precurs8d, (b) FVT of 3d between 970
and 1120 K, and (c) FVT o8d above 1120 K.

band at 7.8 eV is associated with the ejection of an electron
from the nitrogen lone pair. The second one at 9.3 eV
corresponds to thes;ic orbitals ionization. Then, the poorly
resolved bands at higher energy are attributed to other MOs
such asoc—c, on-c, andosj—n.

Between 970 and 1170 K, propene loss is noticed (10.0 eV).
The total absence of isobutene (9.45 eV) means that the
formation of the N-unsubstituted azasilacyclobut8aean be
ruled out. In fact, the IP attributed to the ionization of the
nitrogen lone pair oBais expected to occur at 8.9 eV.

Accordingly, the first step of the thermolysis could correspond
to a [2+2] cycloreversion of the starting azasilacyclobut8de
leading to the formation of propene and tNdert-butylsilan-
imine 1d, in agreement with the HRMS/FVT coupling and FVT/
NMR results.

The spectrum evolution above 1120 K indicates that the
observed ionizations cannot be attributed to an unique product.
The disappearance of the 7.4 eV band while that at 8.4 eV is
only broadened provides evidence for this conclusion.

We have previously proposed for silanimide the close
coincidence around 7.8 eV of the ionizations corresponding to
the ny andzsi=c orbitals and can thus assign the 7.4 eV band
to the ejection of electrons from the, mnd wsi—c orbitals of
theN-tert-butylsilanimineld. In addition, due to the broadening
of the band at 8.4 eV we cannot exclude the presence of its
cyclodimer2d, characterized by two ionizations at 7.8 and 8.3
ev.

Subtraction of the spectrum &€l from that of the thermolysis
at 1120 K yields the spectrum shown in Figure 7 with three
distinct ionizations at 8.1, 8.5, and 9.1 eV. Above 9.1 eV,
characteristic bands of propene (10.0 eV) and ethylene (10.55
eV) are also observed.

Assuming that the first thermolysis step leads to the silanimine
1d and to its dimer2d, the products expected to be formed
hereafter could be, according to the MS and NMR results, the
three cyclodimera,g,h.

For the N-unsubstituted cyclodisilaza?& we have estimated
that the ionizations of the characteristic MQg mand ny— will
be energetically close to 8.7 eV: The band observed at 8.5 eV
could correspond to this compound.

However, the orbital energies values, calculated for the
analogues ofg,h unsubstituted on the silicon atoms by using
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os A Above 1200 K (Figure 8c), the spectrum changes radically
with formation of isobutene (9.45 eV) and products of thermal
decomposition: ethylene (10.55 eV) and acetylene (11.40 eV).
One can also notice the presence of remaining starting com-
pound2d. By subtracting its spectrum, we obtain (in addition
to the ionization already quoted) four well-resolved bands at
7.4,8.1,9.9,and 10.7 eV, followed by a broad and structureless
component centered at. 14 eV.

Assignment of Photoelectron Spectra.The evident absence
of isobutene, during the step of thermolysis between 1120 and
1200 K, suggests that the thermal fragmentation proceeds
through the [2-2] cycloreversion of the precursor into the

Py

- S 15t fer di 'tml biract : odind N-tert-butylsilanimineld.
igure 7. spectrum after digital subtraction of cyclodi . .
spectrum from the spectrum recorded during the thermolysis above 1120 The 7.4 eV band could thus be assigned to the energetically

K. close ionizationstsi=ny and my—. In addition, the following
bands at 9.9 and 10.7 eV, respectively, results fromothe:

sk and osi-y MOs ionizations. These findings corroborate the

conclusions drawn from the above described thermolysis of the

N-tert-butylazasilacyclobutan&d and confirm that, at high

temperature, [22] cleavages take place for the N-alkylated

dimers.

X\ Se, The presence of isobutene above 1200 K indicates that a
o supplementary step of thermolysis has taken place. Whether
the isobutene loss occurs from the silanimifd or its
cyclodimer (the precursdtd), we will probably observe only
lg_g cyclodisilazane?a since the corresponding silanimirda is
l 74 -CHq certainly too unstable to be observed in the monomeric state.

1 X The poor resolution of the spectrum around 9.0 eV cannot
Me ;Si=N . . .
permit us to rule out the hypothesis 2& formation.

1d On the other hand, the 8.1 eV band is well separated. As
we did previously for compoundd, we assign this ionization

to derivative2g,h, formed by loss of a methane molecule from

\ J|_ the precursoRd. The second characteristic ionization of this
Me ,Si—N MeESiI——N former compound (expected at 9.1 eV) is localized in the

_{v‘—ém; XN—SIiM92 complex and poorly resolved part of the spectrum above 8.3
2h

MeZSi—Nx

ev.
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Figure 8. PE spectra of (a) precurs@d, (b) FVT of 2d between 1120 . . . .
and 1200 K, and (c) FVT o2d above 1200 K. To our knowledge, this work constitutes the first experimental

) . characterization of reactive, unhindered N-alkylated silanimines
a AM1 semi-empirical procedure, led us to propose, above 1lzogenerated by FVT in the gas phase.

K, the formation of these two compounds, in agreement with
the NMR and MS investigations of the FVT @d.2! More
precisely, the theoretical values of the IPs of these related
compounds (fog, 8.4 and 9.3 eV; fokh, 8.4 and 8.5 eV) are
slighly overestimated because the methyl groups destabilizing
effects have not been taken into account.

In conclusion we observe, between 970 and 1120 K, the
silanimine 1d and its cyclodimer2d and, above 1120 K, the
cyclodimers2d,g,h.

Two major characteristics of these compounds can be drawn
from the observed ionization potentials: (i) Similarly to the
homologous imines, the first ionization energy originates from
the ejection of an electron from the nitrogen lone pair orbital.
The position of this band, definitively lower than the corre-
sponding one of imines, indicates for silanimines a more
pronounced p-character of the nitrogen lone pair. (ii) The
second important feature is that the second ionization potential,
arising from themsi—y orbital, is strongly destabilized when

Thermolysis of compared to the homologous imines (2 eV). This result explains
1,3-Di-tert-butyl-2,2,4,4-tetramethylcyclodisilazane (2d) the high kinetic instability of the silanimines and their ability
to dimerize.

We have carried out the investigation of the thermolysis of

N-tert-butyl cyclodisilazane2d in order to verify our above o > . .
conclusions. conditions of azasilacyclobutanes and cyclodisilazanes constitute

As reported in Figure 8a, the photoelectron spectrum of & general method to access reactive double-bonded silicon

precursor2d displays, at 7.8 and 8.3 eV, the two usual bands heteroa_tom spgcies and_ i_s pfese”t'Y be_ing enlarged to the
characteristic of the asymmetric and symmetric combinations 9€neration of silaphosphimines and silathiones.
ny— and ry*+ of the nitrogen lone pairs.

The first modification of this spectrum takes place at 1120
K; we observe a new ionization at 7.4 eV. By digital subtraction
of the remaining starting compound, a quite simple spectrum
is detected with three well-resolved bands at 7.4, 9.9, and 10.7
eV preceding a broad signal with a maximum at 14.5 eV. 1C960869B

The here-investigated retro 2] cleavages under FVT
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