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The syntheses or 1,3-di-tert-butyl-2,2,4,4-tetrachlorocyclodi- bered rings and nearly planar configurations at the nitrogen 
silazane (3) and of di-tert-butyl-2,2,4,4-tetrafluorocyclod~s~1d- atoms. The Si-N bond lengths are 171.1(1) pm and 170.6(3) 
zane (4) are reported. The X-ray crystal structure of 3 and pm and the Si...Si transannular distances 245.0(1) and 
the electron-diffraction gas-phase structure of 4 have been 241.3(13) pm in 3 and 4 ,  respectively. 
determined. Both cyclodisilazanes possess planar four-meni- 

Compared to cyclosilazanes bearing organic substituents, 
only very few Si-N ring systems in which some or all of 
the substituents are inorganic are known[1ps]. The former 
compounds have the following common structural proper- 

ether, fluorination of 3 rcquircs the use of the trialkyltin 
fluorides. 1,3-Di-~ert-butyl-2,2,4,4-tetrachlorocyclodisila- 
zane (3) is a crystalline solid at room temperature and a 
single-crystal structure analysis was performed. 

ties: (1) The endocyclic Si-N-Si angles are larger while 
the N - Si- N angles are smaller than 90"; (2) the endocyclic 
Si-N bonds are longer than exocyclic Si-N bonds as a 
result of ring strain. Recently, we reported the first ex- 
amples of cyclosilazanes bearing silyl groups at the nitrogen 
and fluorine substituents at the silicon atoms[5]. Thcse com- 
pounds display the opposite structural features to their or- 
ganic-substituted counterparts, i.e., the Si-N-Si angles are 
smaller while tlic N-Si-N angles are larger than go", and 
the observed endocyclic Si-N bonds are shorter than the 
exocyclic bonds. Theoretical calculations for model com- 
pound~[~]  demonstrate that fluorination of the parent coin- 
pound, i.e. (H2Si-NH)z + (F2Si-NH)2, leads to shor- 
tening of the endocyclic Si-N bonds from 173 to 170 pm 
and, thus, to stabilization of the ring system. Furthermore, 
silylation at the nitrogen atoms, i.e. (F2Si-NH)2 + 
(F2Si-NSiH3)2, leads to a decrease in the endocyclic 
Si-N-Si angles from 92 to 88". The combined effect or 
four fluorine atoms at the silicon and of two silyl groups at 
the nitrogen atoms, leads to an overall shortening of the 
transannular Si.-.Si distance. The shortest Si...Si contact 
(242 pm) has becn predicted for (F2Si-NSiHI)2. 

In the present paper we report the synthesis and gas- 
phase structure of the first cyclodisilazane that is fluori- 
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nated at the silicon and alkylated at the nitrogen atoms. 
Furthermore, we present the crystal structure of the anal- 
ogous chlorine derivatiire. 

The two routes shown in Scheme 1 lead to the isolation 
of 4. Whereas l I 3 ]  can be fluorinated with LiF in diethyl 

[*I Crystal structure. 

Crystal Structure of 3 

Compound 3 crystallizes in the space group Cmca with 
a quarter of a molecule in the asymmetric unit. Hence, the 
molecule fulfils C& symmetry. The Si-N-Si ring angle 
in 3 is larger than 90" while the N-Si-N ring angle is 
smaller. The transannular Si...Si distance measures 245.0 
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pm. As a result of an inversion centre, 3 has an exactly 
planar (SINSIN) four-membered ring ( ~ i ~ ~ ~ ~  1 ). The sum 
of the angles around the N atom is 358.8", indicating an 
essentially planar environment; the bulky tBu groups devi- 
ate slightly from the plane in a trans fashion. 

Figure 1. Crystal structure of 3r.J 

Figure 2. Experimental radial distribution function for 4 and dif- 
ference curve; the positions of important interatomic distances are 

indicated by vertical bars 

Selected lengths [pm] and angles ["I. si(l)-c1(1) 203.2(1), 
Si(1)-Si( 1 A) 245.0, Si(1)-N( 1 A) 171.1(1); N( 1 A)-Si( 1)-N( 1) 
88.h(l), C(1)-N(1)-Si(1) 133.7(1), Si(1)-N(1)-Si(1A) 91.5(1). 

Gas-Phase Structure of 4 

The fluorinated derivalive 4 is a liquid at room tempera- 
ture with a b.p. of 85°C. Its high volatility allows a structure 
determination by gas-electron diffraction. The radial distri- 
bution function (RDF) was calculated by Fourier trans- 
formation of the inolecular intensities and is shown in 
Figure 2. The experimental RDF is reproduced very well 
by a structure with planar configuration at the nitrogen 
atoms. The preliminary geometric parameters derived from 
the RDF were refined by least-squares fitting of the molec- 
ular intensities. The intensities were modified with a diag- 
onal weighting matrix and complex scattering factors were 
used[']. Local C,, symmetry was assumed for the methyl 
and tert-butyl groups and the overall symmetry was con- 
strained to C,. The geometric parameters obtained from 
this analysis are listed in Table 1 and the molecular struc- 
ture is shown in Figure 3. The tert-butyl groups are rotated 
by about 15" from an orientation with one C-C bond per- 
pendicular to the ring [+(SiNCC) = 90'1. This "effective" 
torsional angle is considered to be due to large amplitude 
torsional vibrations of the tert-butyl groups, since the bar- 
rier to internal rotation about the N-C bond is expected 
to be very low. Possible deviations from the exactly planar 
configuration at the nitrogen atoms were studied in ad- 
ditional least-squares analyses. Puckering of the four-mem- 
bered ring and out-of-plane bending of the tert-butyl 
groups were considered. In both cases the deviations from 
planarity were very small [5.6(21)' and 4.2(18)', respect- 
ively] and could be attributed to low-frequency out-of-plane 
vibrations. Thus, we expect the equilibrium structure of 4 
to possess C2, symmetry. 
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Although the Si-N bonds in 3 and 4 [171.1(1) and 
170.6(3) pm] are shorter than such bonds in unstrained 
silylamines [e.g. 173.4(3) pm in N(SiH3),r71, 172.3(1) pm in 
CH3N(SiH3),[']], they are considerably longer than those in 
trichloro- and trifluorosilyldimcthylamine [l 65.7(12)r91 and 
165.4( 15) pm['O], respectively]. Thus, the considerable short- 
ening of Si-N bonds due to chlorination or fluorination at 
the silicon atoms is in part counterbalanced by the effects 
of angle strain in the four-membered rings. 

Table 1. Gas-phase structui-e of 4ca1 

C-H 111.6(6) N...N 241.2(13) 
N-C 145.7(10) N-Si-N 90.0(6) 
C-C 154.6(11) F-Si-F 102.5(12) 
Si-F 156.7(5) C X - C  109.4(9) 
Si-N 170.6(3) H C - H  109.7(14) 
Si-Si 241.3(13) $(SiNCC)'b' 75.3(15) 

Ial r, values in pm and '; uncertainties are 3 0  values. - rb] Torsional 
angle for tert-butyl groups. 

Figure 3. Gas-phase structure of 4 

The most interesting aspect of [R2SiXI2 four-membered 
rings with X = CR;, NR' or 0 are the extremely short 
transannular Si...Si contacts. Values of 259.2 pm in 1,3-di- 
silacyclobutane" 'I, 237.8 -263.1 pm in cyclodisilazanes[5,'2] 
and 239.0 pm in tetramesitylcyclodisiloxane['?] have been 
reported (Table 2). These contacts are equal to or only 
slightly longer than Si- Si bonds in disilanes (e.g. 23 1.7 pm 
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in  Si2F&l5I or 269.7 p m  in SiztBu2['h]). Because of the larger 
spatial requirement of Si compared to C, N or  0, a distor- 
tion of the four-membered ring to a rhombus with an in- 
creused Si...Si distance might be anticipated. However, in 
two cases the experimental structures show a distortion 
where the Si...Si contacts are decreased relative to the X...X 
distances. 'The four-membered ring in 4 possesses an exactly 
quadratic structure. The  bonding properties of such four- 
membered rings, containing two opposite silicon atoms, 
have been investigated by various theoretical meth- 
odsLY," ''1. The presence of a transannular CT bond has 
been excluded, in agreement with the very small Si.-.Si 
coupling constantcz11. Grev and Schiifer1191 explain the short 
Si...Si contacts in terms of an "unsupported IL bond", which 
lies in the plane of the ring. 

Table 2. Geomctric parametcrs of [R2SiXI2 four-membered rings: 
X = CRi, NR' and 0 

Si-X si ...si x...x 
[H,SiCH,],[B' 188.8 259.2 268.4 
[F2SiNSiMe(CMe,),]2'b' 170.7 237.8 245.0 
[Pr,SiNC,H,(CMe,),lz"]l 177.3-180.1 263.1 241.8 
[F,S~N~BU],'~' 170.6 241.3 241.3 
[C1,SiNrBu],["' 171.1 245.0 238.9 
~e+i0]2[' 167.0; 167.3 239.0 234.4 
rBu,SiOSitBu,NSiMe,'" 177.3: 168.2 247.9 240.5 

Gas-phase structure["]. - Ib] Crystal structure14]. - ['I Crystal 
- rdl Gas-phase structure, this work. - [el Crystal struc- 

ture, this work. - [fl Crystal structurel"J. - k] Crystal structure[''], 
first value corresponds to Si-N, second value to Si-0 distance. 

This work wab supported by the Deutdie  Forsclzung,genzein- 
schufl and the Fonds der Chemiselien Iiidustrie. 

Figure 4. Electron-diffraction intensities for long (lop) and short 
(bottom) nozzle-to-plate distances and differences 
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Experimental Section 
Prepurution of' nT-tert-but3.ltriJlzroro,~~l~Zumine (2): To a solution 

of 0.3 mol (7.78 g) of LiF in 50 ml of THE 0.1 mol (20.66 g) of 
(CH3)$NHSiCI3l31 was added. The mixture was stirred lor 10 h 
at room temperature. A conversion of 1000/0 was achieved. After 
separation from LiCI, 2 was purified by distillation at 20°C/200 
mbar. 

Prepnru f ion of 1,3-Di-tert-h~~t~l-2,2,4,4-tetra~uoroc~cZodi~~ilaziine 
(4): To a suspension of 0.4 mol (123.61 g) of tri-n-butyltin fluoride 
in 200 ml of diethyl ethcr. 0.1 mol (34.02 g) or 1,3-di-tcrl-butyl- 
2,2,4,4-tetrachlorocyclodi~ilazane[~] was added. The rcaction mix- 
ture was refluxed for 4 h.  After separation from LiCI. 4 was puri- 
fied by distillation at 85°C. 

Crystal Data (4 3[22-241: CxH, XC14N2Si2, space group Cnzca, 
orthorhombic, u = 1310.1(1), b = 1203.5(2), c = 1002.2(2) pm. 
V = 1.5802(4) m3. Z = 4 , p calcd. = 1.430 Mgim', crystal size 
0.5 X 0.5 X 0.2 nim, h = 71.053 pm, 2486 reflections at 2 0  = 
8-55' measured, of which 948 (Rint = 0.0498) were used for refine- 
ment on F2. RelinemenL with 43 parameters to wR2 = 0.0801 
(all data) arid RI[ I  = > 20(1)] = 0.0290. Maximal and mini- 
mal residual density: 275 and -291 e nm-3 respectively; M * K ~  = 

Jw(Fi - F2)2/w(Fi)2, R1 = C~lF,~-IFG/I/CIFol. Further details of the 
crystal-structure invcstigation arc available from the Fachinforma- 
tioiiszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Ger- 
many), on quoting thc depository number CSD-406758, the names 
of the authors. and the journal citation. 

Gus-Phase Sfruehire Dufu qf 4: The gas-electron diffraction 
intensities were recorded with a Gasdiffraktograph KD-G2["] at 
nozzle-to-plate distances of 25 and SO cm with an accelerating volt- 
age of ca. 60 kV. The sample reservoir was warmed to 25°C and 
the gas nozzle to 35°C. The electron wavelength was calibrated with 
ZnO powder diffraction patterns. The photographic plates (Kodak 
Electron Image plates 18 X 13 cm) were analyzed by the usual 

Averaged molecular intensities in the s ranges 20- 180 
and 80-350 nmpl [s = 4n/h sin(W2). h = electron wavelength, 
0 = scattering angle] are presented in Figure 4. 
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