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Abstract 

1 I 
The crystal structure of l-phenylsilatranone (C,H,Si(OCOCH,)(OCH,CH,),N) 

was determined from X-ray diffraction studies. The asymmetric unit (space group 
Pna2,) is built up of two molecules (Z = 8) with different Si+N dative bonds of 
2.126(3) and 2.111(3) A. A CND0/2 calculation was performed with spd base and 
the results were compared with those obtained for other silatrane and silatranone 
molecules. Wiberg indices for the transannular donor-acceptor bonds are in linear 
correlation with the Si+N distances and they fall in the range of 0.33-0.45. 

Introduction 

Structural studies on silatrane molecules substituted by CO groups in the 
silatrane skeleton (2,8,9-trioxa-5-aza-l-sila-tricyclo[3.3.3.O’.5]undecane-3-ones, sila- 
tranones) involved five X-ray structure determinations (Table 1). Comparison of the 
molecular geometries with those of the analogous silatranes, showed that the Si+-N 
dative bond had been shortened. This shortening was attributable to the electron- 
withdrawing effect of the carbonyl groups. 

Here we report on the molecular structure of the simplest aryl-substituted 
silatranone to investigate the effect of the carbonyl group on the molecular geome- 
try by comparison with those of the analogous silatranes [8-lo]. CND0/2 calcula- 
tions revealed variations in the partial charges. 

Experimental 

Synthesis 
The compound was synthesized by a published method [ll]. KOH was used as 

catalyst. The compound was recrystallized from ethanol. 
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X-ray structure analysis 

Crystal data. C,2H,,N0,Si, Fwt.: 265.3 a.m.u., a 25.578(3), b 11.304(2), c 
8.623(l) A (from single crystal diffractometry), I/ 2493.2(10) A’, space group Pna2, 
(from systematic absences), Z = 8, F(OOO) = 1120. II,,,, 1.414 g cmp3, ~(CU-K,) 
17.3 cm-’ (X 1.5418 A). 

Data collection, structure determination and refinement. A colourless needle- 
shaped crystal of approx. 0.08 X 0.13 X 0.28 mm was used for the measurement of 
intensity data. The intensity data collection was performed on an Enraf-Nonius 
CAD-4 computer-controlled four-circle single crystal diffractometer with graphite- 
monochromated Cu-K, radiation. 2352 non-zero reflections were measured in the 
range 3 i 28 < 150” using 8-28 scan technique. 

The structure was solved by direct methods (MULTAN, [12]) and Fourier 
techniques. Non-hydrogen atomic parameters were refined by full-matrix aniso- 
tropic least-squares. Positions of hydrogen atoms were generated from assumed 
geometries (C-H 0.95 A). Hydrogen atoms were included in structure factor 
calculations with isotropic temperature factors derived from the I& values of the 

Table 3 

Atomic coordinates and isotropic B values (A”) for the hydrogen atoms (second lines refer to molecule 2) 

Atom x/a Y/h z/c B 

WW 0.163 0.130 0.823 5.4 
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Fig. 1. A diagram of the I-phen~lsll;rtranone molecule 

carbon atoms to which they are bonded (B,, = Bcqyj + 1 (A’)). No hydrogen atomic 

parameters were refined. 2291 observarions (<; > 3a( i-:1 )) were uhed in leaht- 
squares. At the end of the isotropic refinement an empirical absorption correctic)n 
[13] was applied (the minimum. maximum and average absorption corrections ucre 

0.84, 2.25 and 1.00 respectively). Final atomic coordinntcs ft)r the nc)rl-hydrogen 
atoms are listed in Tables 2 and 3 *. Atomic scattering factor3 and anomalo11s 
dispersion coefficients were taken from ref. 14. 

Discussion 

The asymmetric unit consists of two independent molecules (Fig. 1). The dative 
Si+-N bond lengths in the two molecules differ by more than the 30 limit (2.126(J) 
and 2.11 l(3). d 0.015 ,%, Table 4). their mean value is 2.119(E) .&. This might be :I 

consequence of the slight conformational differences in the stlatr;monc skeleton< , ~~._~. -_-7 
due to the intramolecular motion (ring inversion) of the fuacd N (‘ (‘-O-~ Si 
five-membered rings. Ring inversion sometimes results in different isolabic cr! qtal- 
lographic modifications such as those of I-phenylsilatra?e [X ii)! 

The Si O(C=O) bonds (1.707(2) A, 2 x ) are 0.157 A longer than the average of 
Si- O(C-C) bond (1.650(4) A) and is a typical feature of the Glatranoncs [ 1 ~41. The 
mean O&C bond distances for the two kind5 of 0 (‘ bond are !..%8(4) .A 
(O%C(=O)) and 1.431(4) A (0 c’!PC)). 

There is a significant difference in the Si C‘,,, bond lengths (J 0.02? A). the 
shorter bond (1X59(3) A) belongs to the molecule with the iveakcr Sit-N intrrac- 0 
tion (Sic-N 2.126(3) A). A strong donor -acceptor interaction presumahlv reduces 
the multiple-bond character of the Sipc’,, bond. 

The deviation of the silicon atoms from the plane formed by the three equatoriJ1 
oxygen atoms (3%) and the distance of the nitrogen atoms from the plane of theil 
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Table 4 

Bond lengths (A) and angles ( “) in the silatranone moiety (second lines refer to molecule 2) 

Si(l)-O(2) 1.707(2) 0(2)-C(3) 1.334(4) N(5)-C(6) 1.474(5) 

Si(l)-O(8) 

Si(l)-O(9) 

Si(l)-N(5) 

Si(l)-C(13) 

i.707(2j 

1.646(2) 
1.653(2) 
1.659(2) 
1.641(2) 
2.126(3) 
2.111(3) 
1X59(3) 
1.886(3) 

., 

0(8)-C(7) 

O(9)-C(l0) 

0(12)-C(3) 

N(5)-C(4) 

1.341(4) 
1.431(4) 
1.423(4) 
1.429(5) 
l&1(4) 
1.202(4) 
1.194(4) 
1.463(4) 
1.467(4) 

N(5)-C(l1) 

C(3)-C(4) 

C(6)-C(7) 

C(lO)-C(11) 

1.471(4) 
1.481(5) 
1.479(5) 
1.499(6) 
1.494(5) 
1.505(6) 
1.513(6) 
1.524(5) 
1.522(5) 

O(2)-Si(l)-O(8) 

O(2)-Si(l)-O(9) 

O(2)-Si(l)-N(5) 

O(2)-Si(l)-C(13) 

O(8)-Si(l)-O(9) 

O(8)-Si(l)-N(5) 

O(9)-Si(l)-N(5) 

O(9)-Si(l)-C(13) 

O(8)-Si(l)-C(13) 

116.8(2) 
116.7(2) 
117.1(2) 
117.9(2) 
82.2(2) 
81.9(2) 
96.3(2) 
95.6(2) 

122.0(2) 
121.8(2) 
83.6(2) 
84.6(2) 
83.8(2) 
84.6(2) 
95.5(2) 
96.4(2) 
98.6(2) 
96.7(2) 

N(S)-Si(l)-C(13) 

Si(l)-0(2)-C(3) 

Si(l)-0(8)-C(7) 

Si(l)-O(9)-C(l0) 

Si(l)-N(5)-C(4j 

Si(l)-N(5)-C(6’) 

C(4)-N(5)-C(6) 

C(4)-N(5)-C(l1) 

Si(l)-N(S)-C(11) 

177.7(2) 
177.5(2) 
124.2(4) 
124.3(4) 
123.4(4) 
122.1(4) 
123.2(4) 
122.8(4) 
106.2(4) 
107.1(3) 
104.8(3) 
104.3(4) 
113.5(5) 
112.1(5) 
112.3(4) 
113.6(5) 
104.6(4) 
104.4(4) 

C(6)-N(5)-C(l1) 

O(2)-C(3)-0(12) 

O(2)-C(3)-C(4) 

0(12)-C(3)-C(4) 

N(5)-C(4)-C(3) 

N(5)-C(6)-C(7) 

o(9)-c(1o)-c(ll) 

N(S)-C(ll)-C(lO) 

O(8)-C(7)-C(6) 

114.4(5) 
114.2(5) 
122.2(6) 
122.0(5) 
113.8(5) 
113.6(5) 
124.0(6) 
124.4(5) 
109.1(5) 
107.5(5) 
106.0(5) 
106.5(5) 
107.4(5) 
107.8(5) 
106.0(5) 
106.0(5) 
109.1(5) 
107.9(5) 

substituent carbon atoms (AN) are presented below: 

Deviation of atom Molecule 1 

ASi (A) 0.198(l) 

AN (A) 0.386(3) 

Molecule 2 

0.182(l) 

0.388(3) 

Significant differences in the ASi values indicate that the stronger the Si+N 
interaction, the more complete the formal sp3d hybridization of the silicon atom. 
The configuration around the nitrogen atom is unchanged showing that the AN 
values are a less better measure of donor-acceptor interaction. 

A number of semi-empirical calculations for silatrane molecules has been pub- 
lished. A CND0/2 calculation with spd base was, thus, carried out for the 
phenylsilatranone molecule using the atomic coordinates of molecule 1. Net atomic 
charges are listed in Table 5. The experimental St .+-N distances and the net atomic 
charges of Si, N and the carbon atoms in (Y position to the oxygen atoms were 
compared with those in other molecules (methylsilatrane, /3-phenylsilatrane and 
methylsilatrane-dione) (Table 6). Both in alkyl- and aryl-substituted silatranes, and 
in silatranones, the partial positive charge of silicon decreases and the partial 
negative charge of nitrogen increases with lengthening of the Si+N dative bond. 



Introducing the electron-withdrawing (‘-0 group into the silatrane tnoiet> (tcl gi\e LI 
silatranone), substantially increahes the positive charge on the cd~~nvl carbon atom 
with respect to the C’N, carbon of silatranes. ‘Thr negative pnrriul charge of th< 
oxygen atom linked to the C--=0 group ;ilxc; increase,\. 
methq’lsilatrane-dic,ne: -- 0.29 mf -- 0.32 
phenylsilatranclne: - 0.2965: -.- 0.2951 -+ -- 0.3 155. 

The calculated Wiberg indices ( ~,,‘Si +- N) [ 16,171 ;md the expcrirnentall~ cir- 
termined Si +-N bond distances are in linear correlalion ( i := -- l!,hl (iii’ - I .7C)C. 

r =: - 0.969) (Table 7. Fig. 2). The Wiberg indices fall in the range 0.33 0.15 LI~J 
their magnitudes indicate considerable interaction5 helwetxn the 4lico,l ,cnd rhc 
nitrogen atom. 

Cl 
F 
‘-furvl 
C‘, H ) ” 

c-ICI1 > 
y-(.6, H, 
P-C, 13, 
p-C‘11 :C‘,.H, 

<‘Ii, 

y-c l(c’H2J: 
a-<‘,, 11 ‘, 
(‘, I-1.. 
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Fig. 2. The correlation of t(Si+ N) Wiberg indices to d(Si* N) distances in silatranes 

These calculations also substantiate the fact that the simple bonding model 
silatranes based on electron-withdrawing and releasing effects are reasonable and 
use of structural correlations, they can be of predictive value. 
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