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Summary

v-1-phenylisilatrane crystallizes in the monoclinic space group P2,/n, with
a 8.475, b 12.949, ¢ 11.122 A and § 90.86°. The structure was determined by di-
rect methods and was refined to R 0.078 for 1687 observed reflexions and
0.081 for all 1813 reflexions. The N->Si bond length is 2.132(4), Si—C is
1.894(5) A. The mean Si—O bond distance is 1.656 &, angle N—Si—C is 179.0(2)".
The average N—Si—0, C—Si—O0 and O—Si— O angles are 83.6, 96.4 and 123.5°.
By use of published data for six other silatrane molecules, some structural fea-
tures were established. Thus, the length of the N->Si bond is affected by the
other apical substituents of the silicon atom, the number of oxygen atoms at-
tached to it and steric effects. Increase in the length of the dative N—=Si bond is
accompanied by further distortion of the trigonal bipyramidal configuration and
of the tetrahedron around the nitrogen atom. The relatively long Si—C(sp?)
bond may be due to decreased d,—p,, interaction. The crystalline modifications
(a, B, 7v) of the 1-phenyl-derivative possibly result from rapid ring-inversion in
solution.

Introduction

In an earlier paper [1] we reported the existence of two ‘crystallogxaphiéa.l-
ly distinct forms of 1-phenyl-silatrane [(2,2',2"-nitrilotriethoxy)phenylsilane]
and we discussed the structure of the §-form, which was of the same conforma-
tion as found for the disordered a-modification [2] but contained a significant-
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ly shorter N->Si bond [2.156(4) A]. In order to establish the structural differ-
ences in all three forms an X-ray structure analysis of the y-modification was
performed.

Experimental

Crystal data

C,2H,,0;NSi, mol. wt. 251.36, m.p. 207°C. The crystals are colourless
needles elongated along the b axis. a 8.475(1), b 12.949(2), ¢ 11.122(4) A;
£ 90.86(2)°. V 1220.69 A3, Z 4. D, 1.364 g cm™3 (by flotation), D, 1.368 g
cm 3. F(000) 536; monoclinic space group P2,/n (no. 14), u for Cu-K, (A
1.5418 ) 16.75 cm™.

Unit cell dimensions were determined from zero-layer precession photo-
graphs.

The crystal used for the intensity data collection was approximately
0.45 X 0.20 X 0.10 mm. Intensities were collected on a Stoe two-circle semi-
automatic diffractometer in the equi-inclination arrangement for the h0l-h,12,]
layers by the w-scanning method, with Cu-K_, radiation and scintillation counter
(Ni-filter and pulse-height discriminator). 126 of the 1813 reflexions with
I —1.5 o (I) < 0 were taken as unobserved with a value of I, = 0.5 ¢ (I). After
data reduction an absolute scale factor and overall temperature factor (B 2.69 2?)
were determined by Wilson’s method. No absorption correction was applied.

Structure determination and refinement

The structure was solved by direct methods with the MULTAN program
[3]. 279 reflexions with E-values greater than 1.4 were used. An E-map based on
the phases of these reflexions revealed the positions of all the 17 non-hydrogen
atoms which gave an R-value 0.31 [R = Z||Fo| — [F i [Z|Fyl]. These coordinates

TABLE 2

FRACTIONAL COORDINATES (X10%), ISOTROPIC TEMPERATURE PARAMETERS (A2) AND BOND
DISTANCES (A) FOR THE HYDROGEN ATOMS

x/a y/b z/c B C—H distances
H(3a) 201 197 487 4.3 0.99
H(3b) 112 124 389 4.3 1.00
H(4a) 409 229 364 3.5 1.00
H(4b) 367 106 331 3.5 1.00
H(6a) 155 78 181 3.4 0.94
H(6b) 302 86 93 3.4 1.00
H(7a) 27 124 15 3.6 1.00
H(7b) 169 204 —24 3.6 1.00
H(10a) 462 383 266 3.8 0.99
H(10b) 466 421 124 3.8 1.00
H(11la) 523 230 168 3.9 1.00
H(11b) 400 257 53 3.9 1.00
H(13) —25 481 412 3.3 1.01
H(14) -—272 523 420 4.2 1.00
H(15) -—345 648 253 - 3.9 1.00
H(16) —304 531 68 4.3 ~1.01

HQA7) —60 489 58 3.0 1.00
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were then refined using the program of Albano et al. [4}. The funciion mini-
mized was ® = wy(1Fol — 1/GIFJ)?, where wy, is the weighting scheme of .
Cruickshank et al. [5], and G is the scaling factor {wy, = (8.0 + 1.0 Fy + 0.01 F3)™'}
After three isotropic and two anisotropic cycles of block-diagonal matrix refine-
ment (R 0.109) the positions of the hydrogen atoms were geometrically gener-
ated assuming the appropriate sp? or sp® hybridization of the carbon atoms. Two
further anisoiropic eycles of refinement reduced R 1o the final value of 0.078 for
observed and U.0&T for ail refiexions. At this state the maximurm shifts in tie
atomic coordinated were less than 0.5 o,. No hydrogen parameters were refined.
The isotropic thermal parameters of the hydrogen atoms were approximated by
those of the carbon atoms. The final atomic parameters for the non-hydrogen
atoms are given in Table 1 and hydrogen atomic coordinates, isotropic thermal
parameters and C—H distances in Table 2. Scattering factors were taken from In-
ternational Tables for X-ray Crystallography [6] *.

Results and discussion

The bond lengths and angles are given in Table 8. Fig. 1 is a2 diagram of the
molecule.

The distorted trigonal bipyramidal geometry of the molecule is fairly similar
to those of the a- and $-forms and related compounds. The length of the trans-
annular N-Si dative bond in the y-form is the shortest of the three modifica-
tions [2.132(4) Al.

The results of structure analyses of silatranes, including the present work,
provide data for a comparison in order to throw light upon some geometric fea-

c4a c6

Cc3

c12
c13 c17
C14 ci6
(.
"C15

Fig. 1. Molecular geometry and atomic numbering.

* The table of structure factors can be obtained from the anthors on request. ~ .
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Fig. 2. Chemical formulae.

tures characteristic of these five-coordinated silicon compounds. The structures
used in the discussion are shown in Fig. 2. The relevant structural parameters

are summarized in Table 4 in order of increasing N->Si bond length. We note

that compounds III and V are significantly different systems.

Boer and Turley pointed out earlier [9] that the N-Si bond length shows
great variety in silatranes and the relatively long C(sp2)—Si bond length is also a
peculiarity of structures I, II-a, IV and V.

The formation of the characteristic silatrane structure may be clearly de-
picted by considering a positively charged silicon atom acting as a Lewis acid
under the influence of three oxygen atoms. This positive silicon readily inter-
acts with the relevant Lewis base, i.e. the lone pair of the nitrogen atom. The re-
sulting dative N—-Si bond leads to a relatively large electron density upon the
silicon atom. The length (and strength) of this ““hypervalent’” [11} bond is very
sensitive to electronic interactions, and to steric effects.

The electron withdrawing m-nitro group attached to the phenyl substituent
further increases the positive charge on the silicon and so a strong dative bond is
formedinl.

These molecules show rapid ring-inversion in solution (as studied extensively
in solutions of stannatranes [12]) and we assume that crystalline modifications
of II are composed of molecules frozen in the solid state as different stages of
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TABLE 4 .
GEOMETRIC DATA FOR DIFFERENT SILATRANE STRUCTURES

Compound Bond lengths (&) Mean bond lengths (A) Bond angles (°)
N-Si Si—C(sp?) Si—0 CGspy—C(sp®) N—Si—C C—Si—O0
1 2.116(6) 1.905(9) 1.656 1.511 179.0 95.8
Iy 2.132(4) 1.894(5) 1.656 1.545 179.0 96.4
116 2.156(4) 1.908(4) 1.657 1.487 177.0 96.8
I« 2.193(5) 1.882(6) 1.656 1.498 177.9 97.1
1 2.301(6) 1.901(6) (ax.) 1.652 1.390 174.0 97.0 (ax.)
1.886(7) (eq.)
v 2.336(4) 1.857(5)¢ 1.666 1.508 176.8 98.0
v 2.344(4) 1.853(6) 1.640 — 179.4 100.1
Mean bond angles (°) Si—Plane? Ref.
A
N—Si—O Si—0—C C—N—C C—N—Si
84.1 122.6 113.2 105.4 0.170 7
83.6 123.5 113.1 105.5 0.183 this work
83.2 122.8 113.6 105.0 0.195 1
82.3 123.4 113.8 104.5 0.204 2
80.3 124.8 112.8 103.3 0.248 8
80.2 123.1 114.4 103.9 0.294 9
79.9 125.9 116.0 102.0 0.290 10

@ Corrected for the proper (spz) base [9]. b The normal distance of silicon from the plane of the three
equatorial atoms.

ring-inversion. The N-Si bond, being the weakest bond, may stretch when ring-

inversion occurs. Comparison of the various structures, leads to the following

conclusions.

(a) The variation in the N-Si bond lengths is significant (Table 4).

(b) C(sp®)—C(sp®) bond lengths are short, with the exception of II-y. Short ali-
phatic C—C bond distances are quite usual in these structures and in struc-
tures of similar molecular geometry (e.g. 1-a-naphthylgermatrane [13] or
the 2,2',2"-trimethoxytriethylamine—Nal complex [141).

In compounds 11T and IV there are only two oxygens bound to the silicon
atom, and so a weaker N-Si bond results.

The five-membered rings in V are planar, and the phenoxy groups induc-
tively reduce the basicity of the nitrogen atom [10]. The result is a weak N—Si
bond.

The d-orbital participation in the formation of the silatrane structures re-
duces the extent of the considerable d,—p, interaction between the phenyl
ring and the silicon and between the oxygen atoms and silicon. In molecules hav-
ing N-Si bond lengths shorter than ca. 2.16 &, is found the maximum length of
the Si— C(sp?) bond (about 1.90 A), and with increasing length of the dative
bond, the Si— C(sp?) bond distances tend to shorten with the exception of III
which contains two phenyl groups. It is instructive to compare these bond dis-
tances with those in PhSiH; (1.843(5) A [15], maximum d,—p, character) and
Ph,Si (mean value 1.869 A [16,17]). The Si—O bond distances are relatively
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long for the same reason, and these bonds do not alter substantially in the ex-
amples cited. The mean value is 1.628 in [SiO,], tetrahedral [18],1.634(2)in
disiloxane [19], 1.640(3) in methoxysilane [20], and 1.648(7) A in phenoxy-
silane [20]. ;

Lengthening of the N-Si bond is accompanied by further distortion of the

" trigonal bipyramid around silicon, as revealed by the C—Si—0, N—Si—O mean
bond angles and by the increasing deviation of the silicon atom from the plane
of the equatorial atoms. )

A flattened tetrahedron is formed around the nitrogen atom (cf. the C—N—C
and C—N—Si mean bond angles) as a consequence of the donation of the lone
pair to the silicon. This flattening is more extensive the greater the N->Si distance.
The increase in the N-8i distance occurs partly at the expense of the distortion
of the tetrahedron around the nitrogen and the plane containing the silicon and
the three equatorial substituents. The former is distorted to a more planar and
the latter towards a tetrahedral configuration.
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