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CYCLOSILAZANES
REACTIONS AND INTERCONVERSIONS

UWE KLINGEBIEL

Institute of Inorganic Chemistry, Goettingen University,
Tammannstrasse 4, D-3400 Goettingen, Federal Republic
of Germany

Abstract Anionic rearrangements occur very frequently in reac-
tions of cyclosilazanes. For example, there is an equilibrium bet-
ween the six- and four-membered ring anions.
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The mechanism of the isomerization of cyclosilazanes is studied by
the reaction of lithiated rings with halogenosilanes. The first deriva-
tives of the octamethylcyclotetrasilazanes are prepared.

SYNTHESIS

Forty years ago in 1948 Brewer and Haber synthesized the first Si-N-

rings] by ammonolysis of dichlorodimethylsilane.

\
n/SxClz + 3n NH3 —Z——W </Sl >n
= 3,4

The six-membered hexamethylcyclotri- and the eight-membered octa-
methylcyclotetrasilazanes were formed.l In the meantime many other pre-
paration methods of four- to eight-membered cyclosilazanes are

2-4

known.
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REACTIONS
Because of the weakness of the Si-N-bond the ring of cyclosilazanes is

cleaved upon treatment with halides of main group elements. For more

than twenty years only substitution reactions with Me3SiCl and Me3SnCl

had been known. However, as we could show mono-, di~, and trisubstitution

of the sixring is possible in reactions with fluorosilanes and -boranes.
Starting with SiF-substituted rings we succeeded in coupling four-four-,

four-six-, four-eight-, and six-sixrings, for example:

H Me Me, H
—<; 2 1©2
/N Sl\ T(] SiZN sl N, 149 pm
MeZSi N— Si —N(1) SiMe Si(z)— N(]): 176 pm

2
\ (2) (2)/ Si(z)- N(z): 171 pm

The rings are far from being planar.

The electron withdrawing fluoroatoms have a considerable effect on
the geometry of the silicon nitrogen molecular skeleton, causing shorte-
ning of the exocyclic Si-N-bonds and cocomitant lengthening the nearest
ring bonds, compared with the other ring bonds. The weakening of these

Si-N-bonds is important for interconversion reactions.

INTERCONVERSIONS

Silylgroups always have the propensity to be bonded to the most nega-
tively charged atom in the molecule. This led to the formation of the
first phospha- and silaethenes. A comparable charge transfer silylgroup
migration leads to interconversions in cyclic systems.

In 1969 Fink recognized that a bis(silyl)-substituted sixring was an

. . . 3,
isomeric cyclodisilazane.
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Me2
/Sn
HN N-SiMe3
S|
Mez Me251\N/SlMe2
Si
A |
Hfl\l NLi Me3SiCl SiMe3
. Me
e, I\N/l e, /Sn\ Me, /SiMe3
| u»Me3Si-N N-—Si= N\
SiMe3 \Si/ H
Me2

He found an equilibrium between the six- and four-membered ring anion,

which depends very strongly on the temperature of the recci’ion.5

Me @]

SiZ N g’gez

/o — RN/ \N Yerg_r
R-N L SiMe, —— - -Si=N-R'

\ » / 2 e e

Si—N Me

Me \R' 2

2
We studied the anionic rearrangements with our systems and found
that there are four reasons for interconversions altogether.

1. Thermic effects:5 Higher temperatures lead to a better N-Si contact.
Ring contraction is possible.

2. Effects of subs'rituem‘s:3 Substituents which increase the basic charac-
ter of the nitrogen raise the tendency to ring contraction and the other
way round. This explains that we succeeded in di- and trisubstitution
of the six- and eight-membered rings with fluoroboranes and -silanes.
These groups decrease the basic character of the ring and the tendency
to ring contraction.

3. Kinetic effecfs:3 Bulky groups increase the tendency of the ring con-
traction. Lithiated cyclotrisilazanes crystallize with THF as dimers in

boat confirmation, for example:
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F
H Me .{-H Mez /R
N—Si 2 L Si-= N
/ NN/ N\
MeZSi N N SiMe2
NSNS\
N—Si | Si—N
R/ Mez Me H
THF
Me2 Me2
LiNT [RNH LiTl(e) N 3
312 pm 302 pm
Me lim I(L.)G) iMe Me,Si® |(L,)(3)SiMe
VAN /S 2 NN 2

N H

Si(1) - N(2)H - Si(2) a125°

Si(1) - N(Z)SiMe3- Si(3)=116°

Because of the SiMe3-group the Si(1) - N(2) - Si(3) angle gets smaller
and a contraction of the Si(1) - N(4)-distance occurs above the ring.

4, Properties of the attacting ligcmd:3 If the attacting ligand is a Lewis
acid, the basic character of the ring nitrogen is decreased and reten-
tion of the ring size of the sixring occurs. Starting with the isomeric

four-membered ring ring expansion is observed, for example:

SN0 Me,  SiMe
MeSi-N N-SiZN] 3 P
Ngi” H N ,BL‘ Me.Si-N~ N-SiMe
Me + 2B— 3 3
2 IS
~-RH Me ,Si SiMe
Me,Si-N \N-SiMe3 |

M . v
€ Sx\ N/SlMe
H

2

These four reasons for interconversions are effective in the eight-six-

four-system, too.
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PREPARATIVE APPLICATIONS

Ring contraction reactions are used for the preparation of silyl-bridged
cyclotri- and cyclodisilazanes. The cleavage of the Si-N-bond of the ring
depends on the substituted groups.3 The Si-N-bond in neighborhood of a
SiF-group is longer and therefore weaker than in neighborhood of a SiMe3-
group. The weakest bond cleaves. LiF-elimination of the isomer leads to

formation of coupled rings, for example:

N
Me25|| S|1Me2
LiN N
si”” \SIiF
Me2
l - LiF
Me \'7 Me
Si.2 Si Si_2
VAN VRN /N
Me35i-N N- MeZSi—N N—SiMez—N N—SiMe3
Ne:” N Ne.”
Si Si Si
Me2 /\ Me2

Depending on the substituents the lithiated eight-membered ring contracts

to a four- or six-membered ring isomer. Me
R /Sl\ _
@ N N - SiMez— N -
Li
Me Me., Si SiMe,,
R Si2 \
~
NN
/ N Me
Me,Si /" SiMe Si R
2 M) AN |
N~ /N — > R'-N N-SiMe,-N-SiMe,,-

/A ISI‘ A\RI .
& M O 5

Way @ is prefered for SiF-disubstituted eight-membered rings because

Ll

of the weakening of the exocyclic Si-N-bond.6 Four-membered rings are
formed in reactions of the eightring with ClSiMe3. Depending on the SiF-

group and the reaction conditions LiF-elimination from SiF-monosubstitu-
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ted, lithiated eightrings leads to the formation of silyl-bridged eight-mem-
bered rings or SiNSi-coupled four-membered rings.
Me2

\N/Si\

Me
N /51\2 Me2
N Nl\_i
MeZS{ S/‘Me2
N
N / \Si/ AN
/Si\ Me
F 2 g’fez NG
o VAN | Me N
‘—EE—% N N—SiMez-N-Si—El/
AN
Si
Me2 2

OQUTLOOK

The knowledge of the interconversion-conditions will surely lead to

further interesting results in the Si-N-ring chemistry.
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