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Abstract

The crystal structure of 1-phenylsilatranone (CGHSS{(OCOCHZ)(OCHZCHZ)21\11)
was determined from X-ray diffraction studies. The asymmetric unit (space group
Pra?2)) is built up of two molecules (Z = 8) with different Si<-N dative bonds of
2.126(3) and 2.111(3) A. A CNDO /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-1-sila-tricyclo[3.3.3.0"*Jundecane-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 [8-10]. CNDO /2 calcula-
tions revealed variations in the partial charges.

Experimental
Synthesis

The compound was synthesized by a published method [11]. KOH was used as
catalyst. The compound was recrystallized from ethanol.
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Table 1
Some geometrical data of silatranones. RS;F('()(,‘()C‘H2 Y(OCH 2(‘Hz‘)ZT:l (A)

R Sie-N Sie N ¥ Si-C Si—O(C=0) O-C=0n) Ref.
p-FCH, 2.129(3) . 1.885(3) 1.718(2) 1.329(4; I
m-CF,C H, 2.106(3) : 1 8R4(d) 1.722(4) 1 336¢5) (1]
CICH, 2.085(3) 2126 (5] 1.881¢5) 1.707(3) 300 12
ClCH ), 2.149(5) 2181 (6] 1.863(7) 17184 [
CH. " 2.146(7) 217517 1.84 1.702 (4]

' 1.699

¢ Si« N distance in the analogous silatrane molecule. ” Silatrane-dione.

Table 2

Atomic coordinates for the non-hydrogen atoms (second lines refer to molecule 2) B, « A7y s defined as
th =4 /3(trace B-(G) where B is the thermal motion tensor and ¢ is the direct metric tensor

Atom x/u v/ h /¢ B,
Si(1) 6.28906(3) 0.16562(8) (.7354(0} AT
(1.53576(3) 0.27639(7) 0.0151¢1) EXIRIRS
O2) 0.254927) 0.0504(1) (0.6371(2) ERIEN
0512717 0.1406(1) 0.0679(2) 3399
(&) 0.26264(8) 0.2979(1) 0.7199¢3) BRI
0.50101(8) $.3922(1) 007073 4.2¢1
(9 (.33206(7) 0.1334(2) G873y 391V
0.57666(7) 028342 — (L 1313(2) LR
012y 0.18392(9) - (1.0622(2) 0.6435(3) Sh
0.46076(8) = {.0140(2) (1.0309¢ 3y S0
NS 0.23356(9) 0.1444(2) 0.9169¢ 1 35
0.47800(9) 0.2583(2) - 1581 Y ARTE D]
3y 0.2086(1) 001323 470904 EXUES]
0.4784(1) 0.0773() - (L0133 37l
C(4) 0.1900¢4) 0.0773(3) 0.8508(4 441y
0.4649(1) 13203 016784 EITR ]
(6} 0.2193(1} 0.2660(3) 0.9622(4 4.30h
0.4339(1) (1.3295(3) - 0.1009¢4) 441
C(7) 0.2204(1) 0.3378(3) 0.8153(5) ST
0.4574(1) 0.4339(3) — O0162(5) S
C(h 31821 .1201¢3) PO 4771
0.5603(1) 3.2705(3) - {3.2903(4) 4.6(1)
C(Ih 0.2618(1) 0.077H3) FO3RI(4) 451
0.5029¢1H) (.3054(3y = 030014y 4501
C(13) 0.3380¢1) GATTTN (.3769(4) Ay
0.5867(1) (.2859(2) 0.1729%(4) VR
C(14) 0.3567(1) {1.2845(3) 0.92344%) 4.5
0.6115¢1H) 3.3936¢2) (0.2038(4) RN
(15) 0.3958(1) 0.2932(3) G.4128(4) S 70hy
0.6522(1) 0.4038(3) (.3089(4) 4.5(1)
C(16) 0.4174(1) (. 1928(4) 0.352214) [RIRY
(.6697(1) (3.3044(3) 0.3866(4) SAHTY
C(17) .3998(1) GLOBSN3) 0.4002(4) S6i)
0.6461(1) 0.1986(3) 0.3605(5) N2
C(18) 0.3606(1) 0.0768(3) (0.30904) 3401

0.6046(1) 0.1895¢3) 0257244 ERIeN
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X-ray structure analysis

Crystal data. C,H,;NO,Si, Fwt.: 2653 am.u., a 25578(3), b 11.304(2), ¢
8.623(1) A (from single crystal diffractometry), ¥ 2493.2(10) A, space group Pna2,
(from systematic absences), Z =38, F(000)=1120, D_, 1.414 g cm °, u(Cu-K,)
17.3 cm™! (A 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 <260 <150° using #—280 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 B,, 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/b z/c B
H(4a) 0.163 0.130 0.823 5.4
0.485 0.096 —0.248 44
H(4b) 0.178 0.022 0.925 5.4
0.429 0.123 —-0.188 44
H(6a) 0.244 0.296 1.035 5.3
0.413 0.284 -0.032 5.4
H(6b) 0.185 0.267 1.007 5.3
0.413 0.356 —0.185 5.4
H(7a) 0.225 0.419 0.840 6.0
0.432 0.468 0.052 6.3
H(7b) 0.188 0.328 0.761 6.0
0.469 0.492 —-0.089 6.3
H(10a) 0.321 0.194 1.085 5.7
0.565 0.191 —-0.322 5.6
H(10b) 0.341 0.064 1.081 5.7
0.581 0.321 —0.355 5.6
H(11a) 0.247 0.092 1.137 5.5
0.500 0.389 -0.304 5.5
H(11lb) 0.260 —0.005 1.017 5.5
0.487 0.272 -0.390 5.5
H(149) 0.342 0.355 0.564 4.4
0.600 0.462 0.151 42
H(15) 0.407 0.369 0.379 44
0.668 0.479 0.328 4.2
H(16) 0.445 0.198 0.277 44
0.698 0.310 0.458 42
H(17) 0.415 0.015 0.358 44
0.658 0.130 0.414 42
H(18) 0.348 0.001 0.539 44

0.588 0.115 0.244 42
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Fig. 1. A diagram of the 1-phenylsilatranone molecule,

carbon atoms to which they are bonded ( By = By, + 1 (Al ). No hydrogen atomic
parameters were refined. 2291 observarions (F” = 3a(F])) were used in least-
squares. At the end of the isotropic refinement an empmgal absorption correction
[13] was applied (the minimum. maximum and average absorption corrections were
0.84, 2.25 and 1.00 respectively). Final atomic coordinates for the non-hvdrogen
atoms are listed in Tables 2 and 3 *. Atomic scattering factors and aromalous
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 3o limit (2.126(3)
and 2.111(3). 4 0.015 A. Table 4). their mean value is 2.119(8) A. This might be a
consequence of the slight conformational differences in the silatranone skeletons
due to the intramolecular motion (ring inversion) of the fused N C C-0O- Sx
five-membered rings. Ring inversion sometimes results in different isolable crystal-
lographic modifications such as those of 1-phenylsilatrane {8 - 10}].

The Si-O(C=0) bonds (1.707{2) A, 2 X ) are 0.157 Al onger than the average of
Si-O(C-C) bond (1.650(4) A) and is a typical feature of the silatranones [1-4]. The
mean O-C bond distances for the two kinds of O-C hoad are 1.338(4) A
(O-C(=0)) and 1.431(4) A (O-C(-C)).

There is a significant difference in the Si-C,, bond lengths (4 0.027 A). the
shorter bond (1.859(3) A) belongs to the molecule with the weaker Sie N interac-
tion (Si<-N 2.126(3) A). A strong donor-acceptor interaction presumably reduces
the multiple-bond character of the Si—C,, bond.

The deviation of the silicon atoms from the plane formed by the three equatorial
oxygen atoms (ASi) and the distance of the nitrogen atoms from the plane of their

* Lists of observed and calculated structure factors and anisotropic temperature factors may be obtained
from the authors.
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Table 4

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

Si(1)-0(2) 170722 OQ)-CO) 1.334(4)  N(5)-C(6) 1.474(5)
1.707(2) 1.341(4) 1.471(4)
Si(1)-0(8) 1.646(2)  O(8)-C(7) 1431(4)  N(5)-C(11) 1.481(5)
1.653(2) 1.423(4) 1.479(5)
Si(1)-0(9) 1.659(2)  O(9)-C(10) 1.429(5)  C(3)-C(4) 1.499(6)
1.641(2) 1.441(4) 1.494(5)
Si(1)=N(5) 2.126(3)  O(12)-C(3) 1202(4) C(6)-C(T) 1.505(6)
2.111(3) 1.194(4) 1.513(6)
Si(1)-C(13) 1.859(3) N(5)-C(4) 1.4634)  C(10)-C(11) 1.524(5)
1.886(3) 1.467(4) 1.52(5)
O(2)-Si(1)-0(8)  116.8(2) N(5)-Si(1)-CA3)  177.7(2) C(6)-N(5)-C(11)  114.4(5)
116.7(2) 177.5(2) 114.2(5)
0(2)-Si1-0(®)  117.1Q2) Si(1)-0(2)-C3)  124.2(4) 0(2)-C(3)-0(12)  122.2(6)
117.9(2) 124.3(4) 122.0(5)
O(2)-Si(1)-N(5)  82.2(2) Si1)-0@®)-C(7)  123.4(4) O(2)-C(3H-C@)  113.8(5)
81.9(2) 122.1(4) 113.6(5)
0(2)-Si()-C(13)  96.3(2) Si(1)-0(9)-C(10)  123.2(4) O(12)-C(3)-C(4)  124.0(6)
95.6(2) 122.8(4) 124.4(5)
O(8)-Si(1)-0(9)  122.0(2) Si(1)-N(5)-C(4)  106.2(4) N(G)-C4)-C3)  109.1(5)
121.8(2) 107.1(3) 107.5(5)
O(8)-Si(1)-N(5)  83.6(2) Si(1)-N(5)-C(6)  104.8(3) NG)-C(6)-C(T)  106.0(5)
84.6(2) 104.3(4) 106.5(5)
O(9)-Si1)-N(5)  83.8(2) C@)-N(5)-C(6)  113.5(5) O(9)-C(10)-C(11) 107.4(5)
84.6(2) 112.1(5) 107.8(5)
0(9)-Si(1)-C(13)  95.5(2) C@)-NG)-C(11)  112.34) N(5)-C(11)-C(10)  106.0(5)
96.4(2) 113.6(5) 106.0(5)
O(8)-Si(1)-C(13)  98.6(2) Si(1)-N(5)=C(11)  104.6(4) O(8)-C()-C(6)  109.1(5)
96.7(2) 104.4(4) 107.9(5)

substituent carbon atoms (AN) are presented below:

Deviation of atom Molecule 1 Molecule 2
ASi (A) 0.198(1) 0.182(1)
AN (A) 0.386(3) 0.388(3)

Significant differences in the ASi values indicate that the stronger the Si< N
interaction, the more complete the formal sp’d 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 CNDO/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 Si« N distances and the net atomic
charges of Si, N and the carbon atoms in a position to the oxygen atoms were
compared with those in other molecules (methylsilatrane, B-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.
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Table 5

Net atomic charges in phenylsilatranone

Si 0.4591 CiTy 0.1415 Ci13) 01.1076
0(2) --0.3195 (8} —().2951 Cil4) DETARN
C(3y 0.4082 (93 - (0.2965 Cilsy 00230
C(dy —0.0068 C(1h) (11396 C{ley (L0248
N - ().0836 Cilh 1.0591 Ty g

C(6) 0.0625 Oy —{1.3266 Cel gy

Table 6

Net atomic charges of Si. N, and €, in some silatranones and analogous silatranes

SieN(A)  Si N C, Ref.
CHSHOCOCH ;) - (OCH-CH N 2146 051 ~ 008 B4t 042 4]
CH,SHOCH,CH, ) 3N 2178 04828 - 00903 1566 ¢ This work
CeH SI(OCOCH, YOCH,CH, 3, N 2119 04591 - 00836 04082 fhis work
B-CoHSHOCH,CH 4}, N 2156 04553 - 00R99 (IS0 (1]

“ Mean values.

Introducing the electron-withdrawing C=0 group into the silatrane moiety (to give a
silatranone), substantially increases the positive charge on the carbonyl carbon atom
with respect to the CH, carbon of silatranes. The negative partial charge of the
oxygen atom linked to the C=0 group also increases:
methylsilatrane-dione: -0.29 — - (.32
phenylsilatranone: —0.2965: —0.2951 — - (.3155.
The calculated Wiberg indices (¢/Si«N) [16,17] and the experimentally de-

termined Si<N bond distances are in linear correlation ;= ~0.61604 + 1.705.

= —0.969) (Table 7. Fig. 2). The Wiberg indices fall in the range 0.33-0.45 and
their magnitudes indicate considerable inferactions between the sthcon and the
nitrogen atom.

Table 7
. . . . e
i(Ste- N) Wiberg indices of silatranes RSIi{OCH,CH, );N

R d(Sie-N)(A) i(Sie-N)
Cl 0452
F .45
2-furyl 0.402
CoHy @ 0.404
cicH, 0.376
y-CHos 0.394
B-C.Hy 0376
p-CHLC H, 0.379
CH, 3.3k
y-CHCH, ), 1,368
a-CH, 0,350
C,H.

0.336

“ C HSI{OCOCH, J(OCH, T, ). &
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7{Si=—N)

030 ——— -
2.00 205 210 25 2.20 4(Si=—NJ (A

Fig. 2. The correlation of i(Si< N) Wiberg indices to d(Si«< N) distances in silatranes.

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