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Effects of Fluorine on Cyclosilazanes and Cyclic
Silylhydrazines

BETTINA JASCHKE, UWE KLINGEBIEL' and EIKE GELLERMANN

Institute of Inorganic Chemistry, Georg-August-University Goettingen,
Tammannsir. 4, D-37077 Goettingen, Germany

Compared with organic-substituted cyclosilazanes only a few Si-N ring systems with inor-
ganic substituents are known. They differ very much in molecular structure and reaction
behaviour. We succeeded in the synthesis of the first (F;SiN-) cyclodi- and cyclotrisilazanes.
Standard molecular orbital ab initio calculations for several cyclosilazanes were carried out
for the parent cyclodisilazane, the tetrafluoro-substituted cyclodisilazane, the disilyl-substi-
tuted cyclodisilazane, and the disilyl-, tetrafluoro-substituted cyclodisilazane in order to pro-
vide a rationalisation for the very short Si---Si distance in the isolated cyclodisilazanes.

Keywords: Cyclosilazanes; Silylhydrazines; Ab initio calculations; X-ray structures
It was found that replacement of all hydrogen atoms bonded to silicon
by fluorine atoms leads to a very large thermodynamic stabilization of

the cyclosilazane skeleton. The stabilization effect of the exocyclic silyl
substituent is also substantial.

* Corresponding author: Tel.: 0551/39-3052. Fax: 0551/39-3373. E-Mail: uklinge@gwdg.de
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RESULTS

Relative to organic substituted cyclosilazanes only a few (Si-N) ring
systems with inorganic substituents are known.!' The ammonolysis of
SiF, stops at the ammonia adduct SiF4-2 NH; and SiF; does not react
with the less basic silylamines, but with silylamides fluorinated Si-N
ring compounds are obtained.

F, Fy
+SiF, AN R\N/S’\N/R
R_ril—'ﬁi—b'{'—R -2 LiF. R_N\ /N—R
Li F Li Si FZSi\N/Sin
Fa )
R

Cyclosilazanes bearing organic substituents and Si-N ring systems in
which some or all of the substituents are inorganic differ very much in
their reactivity and molecular structures, e.g.

Cyclotrisilazanes
T\JC;C\ N
planar Si—NH S!-N: 169 pm
124 Si—F: 160 pm
| 3
-.Me\
tub Si—N—SiMesPy | Me;Si—N: 177 pm
4 , PySi—N: 172pm
-F\ Me
twist Si—N—Si—CMe; F;Si—N: 169 pm
! ;  MeSi—N: 179 pm
- Me

Cyclotrisilazanes are found to be planar to have tub or twist con-
formation. Rings with hydrogen bonded to the N-atoms are planar.
Rings with bulky silyl groups bonded to the N-atoms have a tub con-
formation and rings with fluorine atoms bonded to the endocyclic sili-
con atoms have a twist conformation. Due to the electron with drawing
effect of the fluorine atoms the endocyclic Si-N bonds are shorter than
the exocyclic ones. The opposite is found in cyclotrisilazanes bearing
organic substituents.

Cyclodisilazanes with organic substituents at the ring silicon atom
have the following common structural properties: — the rings are pla-



12: 51 28 January 2011

Downl oaded At:

EFFECTS OF FLUORINE ON CYCLIC SiN-COMPOUNDS 131

nar; — the endocyclic Si-N-Si angles are larger while the N-Si-N
angles are smaller than 90°; — the endocyclic Si-N bonds are longer
than the exocyclic Si-N bonds.

Cyclodisilazanes bearing silyl groups at the nitrogen and fluorine
substituents at the ring silicon atoms play the opposite structural fea-
tures to their organic substituted counterparts. Now the Si-N-Si angles
are smaller while the N-Si-N angles are larger than 90°C, and the ob-
served endocyclic Si-N bonds are shorter than the exocyclic ones. This
brings the ring silicon atoms into close proximity. The shortest transan-
nular Si--Si distances, very close to that of a normal Si-Si single bond
(235 pm), are found in these compounds, e.g.

H
Me;C /N /Me

Si(1)-N :173.8 pm
Si(2) si(1) Si(2)-N :174.8 pm
MesC \N/ \Me Si(1)}-N-Si(2): 92.5°
H
?Me;
F N F
\S_/ \S'/ Si-N :1170.6 pm
i Si-N-Si : 90.0°
e \N/ NF SiSi  :241.3pm
|
CMe;
h
MCJC—T—CMQ
F N F Si(1)-N(1) 1 1783 pm
\Si(/2) N Si(2)-N(1) : 170.1 pm
N N Si(2)-N(1)-Si(2a) : 88.4°
F N(1) F Si(2)+*Si(2a) : 237.6pm

Me;C—Si‘I)—CMe,
Ph
Ab initio calculations were carried out by Thomas Miiller and Yitzhak
Apeloig in order to see if they could reproduce the experimental X-ray

structures and provide a rationalisation for the very short Si--Si dis-
tance in the isolated molecules.
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calculated (R = SiHj)

R X SiNows SiNew Si-N-SI Si-8i
o N X pm]  [pm] [ [pm]
SRS H 1746 1724 913 249.7
IT F__171.8 1745 898 242.5
R X-ray (R = Si(CMe3);Me

X Si-Nendo  Si-Neyo  Si-N-Si Si--Si
{pm] (pm] [°] [pm]

H 1740 1733  89.7 2447

F 1701 1768 88.3 237.8

The following main conclusions can be drawn from this combined
experimental and theortical study regarding the structures of cyclo-
silazanes.!"]

1. The major shortening of the Si---Si distance is a result of the com-
bined effects of the substituents, of the four fluorine atoms and the
two silyl groups.

2. There are no bonding interactions between the ring silicon atoms.

In compounds with exocyclicly bonded SiF; groups the exocyclic Si-N
bonds are shorter than the endocyclic ones and the N-atoms often have
no planar environment, e.g.

h
F—ﬁi—F
T\TC;C\S./N\ ..-CHMe;
1
Me;C” '\N “CHMe,

|
F—ﬁi—F
CMe;3
Si(1)-N(1): 176.0 pm Si(3)-N(1): 168.1 pm
Si(1)-N(1)-Si(2): 92.15° ¥ N(2) pyramidal: 355.15°

N(1)-N(2) / N(2)-Si(4): 166.4°  N(2)-N(1) / N(1)-Si(3): 176.4°
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In attempts to prepare a three membered F,SiN2 — ring system, we re-
cently found the first examples of a reductive insertion of a silyl group
into the nitrogen-nitrogen single-bond accompanied by migration of an
organyl or a hydrogen atom group from silicon to a nitrogen atom,

c.g.

Ph.CMe; phe_ SN
- si Ph, CM
R\ /Sl\ / \Ph N €3
NON Ph 4gip, NN ~ Ph PN
| =71 e O\, = —Ph
L Li -2LiF Si N/
(THE), Fy A\
FF

The (F,Si-N-) bonds of the four-membered ring 169.2 and 170.4 pm
are relatively short. In order to understand the formation of the four
membered ring from the three membered ring in an unimolecular iso-
merisation process, quantum chemical calculations were carried out!
with the three-membered F,Si(NSiMej3); ring.

N-N 173.6 pm
F,Si-N 168.4 pm
MesSi-N 1739 pm
N-SiF,-N  62.1°
N-N-SiMe; 114.5°
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N-CH; 145.4 pm
Me,Si-NCH; 177.7 pm
MesSi-NSiMe; 177.0 pm
F3Si-NCH;3 171.0 pm
F,Si-NSiMes 172.1 pm
N-SiMe; 175.4 pm
N-SiMe;-N 86.9°

N-SiF>-N 90.7°

It was found that the SiMes groups are tilt out of the SiN; plane with a
dihedral angle of 115.8°. The N-atoms show sp® hybridisation. The
four-membered ring is planar with a sum of angles around the N atoms
of 360°.

Taking into account that the substituents of the calculated and
isolated rings are different, the calculated geometry of the ring agrees
nicely with the structure of rings characterised by X-ray diffraction. The
energetic difference between the three- and four-membered ring is cal-
culated to be 74.7 kcal/mol. The unimolecular rearrangement starts with
cleavage of the N-N-bond followed by the fission of the Si-C and the
simultancous formation of the C-N bond, a methyl group transfer. In the
third and last step the SiMe; moiety swings inward and recombines
with the unsaturated nitrogen atom. Measured from the reactant side the
saddle point has a barrier height of 34.2 kcal/mol under experimental
conditions, this energy is provided by heating and additionally through
the exothermicity of the reaction.f
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