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Abstract: The compounds CI6iONMe, and CIHSIONEL have been prepared by the reaction of the
correspondingD-lithiated hydroxylamines and dichlorosilane. Their identity has been proved by gas-phase
IR and solution NMR {H, 13C, 13N, 170, and?°Si) spectroscopy. In contrast to GIEHONMe,, CIH,SiONEb

is unstable at ambient temperature and decomposes to g8i€kland HSi(ONEb),. CIH,SIONEbL shows
dynamic behavior in the solution as shown by low-temperature NMR. In the crystaS@NMe, (low-
temperature crystallography) is present as anti-conformer (torsional ang®&-@D—N 18C°) and shows an
exceptionally small StO—N angle of 79.7(19and a Si--N distance of 2.028(1) A, corresponding to a relatively
strong S+N-p3-donor interaction. Ab initio calculations predict a wider—8)—N angle of 91.6 (MP2/6-
311G**). A gas-phase structure determination by electron diffraction shows the presence of two conformers
(anti and gauche), which are equal in potential energy. TheSiN angle in the anti-conformer is 87.1(9)

and that in the gauche-conformer 104.7¢1fQ1—Si—O—N torsion angle: 72.9(28). Calculations (MP2/
6-31G*) have shown the angle-SD—N and the energy of the system to be largely dependent on the torsion
angle C+Si—O—N, with a variation of the angle SiO—N over a range of 30during a full rotation of
Cl—=Si—O—N. Analysis of the calculated charges on the Si and N atoms shop+tlemor interaction not to

be simply caused by electrostatic interaction. Natural bond orbital analysis describes-a lptN-x type
negative hyperconjugation as an important contributioffi-lonor bonding. The silicon substituent in anti
position to nitrogen exerts the major effect on the strength offtidenor bond. Simultaneous analysis of
negative hyperconjugation Ip-© o*si-x shows the StO—N compounds to have similar contributions to
this interaction as gBIOCH; and questions negative hyperconjugation to be quoted in isolation for the
rationalization of the wide bond angles in silyl ethers.

Introduction acceptor. The scarce examplesffedonor-interactions in main
group systems also include a few reports about lithiated hydra-
zines® with the lithium atoms coordinated to both nitrogen
centers of the hydrazine unit. It has also to be mentioned that

such interactions are well-known for transition metal acceptor

Only recently we could show th&-silylhydroxylamines are
able to form intramolecular donor acceptor bonds between
silicon and nitrogen centers, separated by one oxygen atom

only! This type of nonclassical secondary bonds between atoms bound tqu>-coordinating ligands, e.g., in the eight-
p-block donor and acceptor atoms/rposition to one another 45 ginate Ti(ONR)4 complexes, but the 4+4-coordination in

was so far unprecedented or neglected. For the prediction of .o analogous compound Si(ONBlewas shown only recentfy.
molecular geometries of compounds having electropositive and 11,4 finding of small angles in SIO—N units was completely
electronegative atoms firposition to one another, this interac- \neynected, as numerous examples of molecular structures of
tion turns out to be an important factor and has to be considered 4 acules containing SiO linkages show them to adopt almost

in semigquantitative structure prediction in addition to the general always substantially widened angles at the oxygen &tokfter
VSEPR concept(which accounts mainly for electron repulsion oot half a century of controversial discussion negative

within thg_ coordinati(_)n spher_e of one atom) and BarFeII’s two hyperconjugation is often quotedut not generally accepted
bond radii modél(whlch conS|ders_|nte.rnucIear repulsion over . rationalization of the large differences in bonding of the
two bonds). Besides hydroxylaminosilanes examples for such (5) (@) Oberhammer. H.. Boggs, J.EAm Chem Soc 1080 102 7241,

compounds are the hy_draZinOS”aﬁmd other classes of  ;)'kass, D, Oberhammer, H.; Brandes, D.; Blaschette]. Aol. Struct
p-block compounds which are capable of formifigdonor 1977, 40, 65.
interactions can be imagined. One example is the silylperoxide (6) () Nah, H.; Sachdev H.; Schmidt, M.; Schwenk, Bhem Ber.

MesSiO0SiMe which has a small SiO—0 angle of 106.6(14) 1995 128 105. (b) Drost, C.; -ger, C. Freitag, S.; Klingebiel, U.;
in the gas phasealthough the MgSi group in general is a poor
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first-row-element compounds and the homologues of the second (
row of the periodic tablé? e.g., for the large difference between

the bond angles at the oxygen atoms in OgK111.4) and oc h '1
O(SiHy), (144°).12 Even in COSik, (120.6)2 the angle at L S
oxygen is markedly widened as compared with OgzH 1
Weak p-donor interactions could be the reason for the 30°C /‘M
frequently reported high reactivity of hydroxylaminosilanes. ﬂs“v“‘v“
Claims for new cross-linking agents and cold curing catalysts — i —
for silicone polymers on the basis of hydroxylaminosilanes are “\ “N
to be found in patent literatufé, but without providing an -40°C Wi
explanation f'or the. behavipr of these compognds. Recently, ww/\j\v‘ va
the alcoholysis of StH functions in poly-phenylsilane has been il
found to be catalyzed by hydroxylamin®s.The knowledge 60°C ‘\“J\JU\
abouts-donor interactions can provide valuable arguments for uﬁ”’ “ﬂ@
the explanation of these reactivity patterns, considering the - i —
consequences of a partial enlargement of the coordination sphere \
of silicon. -90°C iy
Here we report about model compounds EHONR, with J/ W
exceptionally strongs-donor bonds. We have studied these N
species in detail by structural methods in the crystal and in the 26 25 24 23 gy

gas phase, by spectroscopy in solution, and by means of
theoretical calculations, which give more detailed insight into
the nature of such interactions.

Figure 1. 'H NMR spectra of the methylene region of GEIONE%.
in dé-toluene solution recorded at different temperatures.

SIONEb undergoes decomposition even at temperatures as low
as 0°C. The best way of storage is in sealed containers at
Synthesis. The O-chlorosilylhydroxylamines can be prepared liquid nitrogen temperature. The decomposition could be
by a condensation reaction of the appropriate OH-functional followed to some extent by NMR showing the major decom-
hydroxylamine with an excess of dichlorosilane in the presence position products to be #$i(ONEt)y and dichlorosilane, with
of a sterically hindered base in order to avoid basically catalyzed traces of HSi(ONE)z and HSIONEb also detected.
disproportionation of dichlorosilane. Spectroscopy. The identity of these compounds was proved
. RN by gas-phase IR spectroscopy, by NMR spectroscopy of the
H,SICl, + HONR, + 2,6-Iut|_d|ne o nuclei H, 13C, 15N, 170, and?°Si, and by mass spectrometry.
CIH,SIONR, + 2,6-lutidineHCI (1) The behavior of CIHSIONMe, and CIHSIONEY, in the
R = Me, Et proton NMR is different due to the presence of diastereotopic
CH, groups in CIHSIONEb: Whereas the methyl groups in
However, this side reaction cannot be suppressed completely CIH,SiONMe, give a singlet, CIHSIONEL gives rise to a
and thus considerable amounts 6S{ONRy), and HSi(ONR); quartet for the methylene units at 2G, which begins to split
are formed. These products can be separated by carefulinto a more complex coupling pattern aB80 °C and further
distillation, but high purities are achieved only with difficulty.  changes its appearance on cooling to lower temperatures (Figure
Despite its high reactivityQ-lithiated hydroxylamine reacts  1). However, the observed coupling patterns are grossly
more selectively with dichlorosilane, as the reaction can be different from those observed forsHIONEb, H,Si(ONEb)s,
performed at low temperature. HSi(ONEb)3,'® and Si(ONE#)4® These compounds show
. . quartets for the methylene groups at temperatures above ca. 40
HONR, + nBuLi — nBuH + LIONR, 2 °C, which coalescence in the range between 20 antC38nd
H,SiCl, + LIONR, — LiCl + CIH,SiONR, (3) split into two quartets of doubletg upon cooling. _This rgﬂects
the topomerization process of simultaneous N inversion and
R = Me, Et rotation about the NO bond. The fact that such behavior is
. . o . not observed for CIEBIONE% and changes in the spectrum
The yields achieved in this way are higher than 75%. appear at much lower temperatures than in the reference
The compounds CI}$iONMe, and CIHSIONEL are ex- compounds indicates the existence of a different dynamic
tremely air-sensitive and fume enormously, although they are process in CIHSIONEb. As will be shown in the paragraph
not pyrophoric. Whereas CHSiONMe, is_fairly stable (it can describing the gas-phase structure analysis of,SIBNMe;,
be stored for days at room temperature), its ethyl analogug-CIH 5 conformers of comparable energy exist, describing anti and

(10) Albright, T. H.; Burdett, J. K.; Whangho, M. H. Orbital Interactions ~ gauche position of the chlorine atom relative to the G-N
in Chemistry; Wiley: New York, 1985. plane. A similar behavior can be expected for the analogous

Str(ulclt)lgagrzalgz"’g’ais'i-? Takemura, M.; Konaka, S.; Kimura, .Mol. ethyl compound. Hence, dynamic processes with considerable

(12) Almenningen, A.: Bastiansen, O.; Ewing, V.; Hedberg, K.: Tra- barriers to topomerization in Ci$iONE% combine rotation
etteberg, MActa ChemScand 1963 17, 2455. ‘ about the SO and N-O bond and inversion of the nitrogen
I~ St';ﬁiﬁg%géRf{';m’ D. W. H.; Robiette, A. G.; Sheldrick, G. M. center. However, even though we have some knowledge about

" (14) A collection of patent literature references can be found in: the IndIVIduaI. processes, we cannot oﬁgr a simple explanation
Voronkov, M. G.: Maletina, E. A.; Roman, V. Kdeterosiloxanesvol. 2: for the experimental results shown in Figure 1.

Derivates of Nitrogen and Phosphoruslarwood Academic Publishers The 13C NMR data deserve no detailed comment. e
GmbH: Chur, Switzerland, 1991. :

(15) Hamada, Y.; Mori, SProceedings of the 29th Organosilicon ~NMR chemical shifts of CIHSIONMe, and CIHZSi.ONEE are
SymposiumMarch 1996, Evanston, IL. —249.5 and-228.9 ppm. These values are very similar to those

Results and Discussion
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[144.1(8)],%2 (Cl5Si),0 [146(4],Y” and (RSi),0 [155.7(20)]8
and those in the methoxysilanes$OCH; [120.6(10Y]*2 and
FsSiOCH; [131.4(32)).17

The small Si-O—N angle was also unexpected in the light
of simultaneously performed ab initio calculations (up to MP2/
6-311G**), which predicted it to be 91°6and the experience
with those calculations showed them generally to agree well
with the experimental values from X-ray-crystallography in a
number of cases studied so far. The convergence of our
calculations with respect to the level of theory is not perfect
but satisfactorily. Calculations at lower levels of theory give
Si—O—N angles of 99.5(SCF/3-21G*), 104.7(SCF/6-31G*),
and 88.9 (MP2/6-31G*), which means that increasing the size
of the basis set leads to larger anglesSi-N, whereas taking
the effects of electron correlation into account leads to an angle
compression.

The closest intermolecular distances between silicon and
oxygen atoms is 4.996 A, between silicon and chlorine atoms
3.775 A, and between silicon and nitrogen atoms 4.820 A. Only
Figure 2. Unit cell of the Crystal structure of CH$iONMe, showing the Si--Cl distance is in the same range as sum of the van der
_the mol_ecular structure and the absence of important intermolecular\yaals radii (3.81 A). The absence of any pronounced
Interactions. intermolecular contacts shows the nitrogen lone pair of electrons
to be (completely) involved in secondary bonding and the
. 4 coordination sphere of silicon to be saturated as well. Inter-
(ONMey)z, and S|(ONI\4@)4 and the corresponding ethyl  ,jecylar interactions are otherwise quite common in cases with
analogues and so are th® NMR chemical shifts. The large  56ic nitrogen centers and chloro-substituted silicon-acceptor
structural differences as observed in the solid state and in thegnters present in the same systém.
gas phase (discussed below) are not reflected in according The values for the SiO and SClI bond length are in the
changes of the solution NMR data, thus indicating dissimilarity qtaplished range. The-AD bond, however, is significantly
between the structures in the different phases. This interpreta-|Onger (about 0.02 A) than in other hydroxylamines and even
tion is also supported by th&®Si NMR spectra for Cl longer than in otheO-hydroxylaminosilanes.

SIONMe, and ClHZ.SiONEE?’ with triplets oc.curring.at—54.6 Gas-Phase Structure Determination of CIHSIONMe,. To
and_—52.3 ppm, which arein the range of shifts fsStONMe;, clarify the discrepancy between ab initio calculated and crys-
H2SI(ONMey)z, and HSI(ONMeg); (—40.0,—49.8, and—58.2 tallographically determined molecular geometry of @IH
ppm, respectively) and the corresponding ethyl analogues. gioNMe, we determined the gas-phase structure of this
Extreme changes of the chemical shift values, as could be ,mn0und experimentally by means of electron diffraction. This
expected from the enlargement of the coordination sphere of experiment was complicated by the presence of a second

silicon (and nitrogen, see below for structural details) are not conformer, the gauche-conformer with respect to two possible

found in the compounds in 43iONMe,, H,Si(ONMe,),, HSI-

observed in solution, which leads to the conclusion fRdonor  qrientations of the CFSi vector relative to the SiO—N plane.

interactions are broken even by noncoordinating solvents suchcgculations at lower levels of theory always favored the anti-

as benzene or toluene. conformer slightly in energy, but with increasing level of theory,
Crystal Structure Determination of CIH ;SiONMe,. A the energy difference between the two conformers decreased

single crystal was grown by in situ methods in a sealed capillary and at MP2/6-311G** the gauche-conformer is favored by 0.17
on the diffractometer. The molecules crystallize as monomers kJ moft. Thus we had to expect an anti-to-gauche ratio of
with no crystallographic symmetry imposed on the molecular 1:2 according to the relative degeneracies of each form. The
structure, which is shown in Figure 2. The chlorine atom is calculations also predicted largely different molecular structures,
placed in almost perfect anti position, with respect to the Si  which did not allow to refine just average parameters for both
O—N unit [torsion angle 178.7(1). Geometry parameters are apart from the torsion angles. However, the recently developed
listed in Table 1. SARACEN method is well suited to tackle with problems of
The most striking structural parameter value is the extraor- this size and complexity. SARACEN is the natural extension
dinarily small Si-O—N angle of 79.7(19, which leads to a  Of two earlier approaches: Bartell's “predicate value” method
Si-*N distance of only 2.028(1) A. Hence this is by far the and Scfiter's MOCED method! In essence both structures
strongest3-donor bond, which has been found so far leaving have been calculated ab initio and parameters which are
no dout_)t about its EXiStence.' For comparison: theGBi—N (18) Airey, W.; Glidewell, C.; Rankin, D. W. H.; Robiette, A. G.;
angles in the compounds38iONMe; [102.6(1)] and HSi- Sheldrick, G. M.Trans Faraday Soc197Q 66, 551.
(ONMey), (95.2) are much larget. The finding of such a small (19) Anderson, D. G.; Blake, A. J.; Cradock, S.; Ebsworth, E. A. V.;
Si—O—N angle is even more surprising, as silicon oxygen ?g;k'”' D. W. H.; Welch, A. JAngew Chem, Int. Ed Engl 1986 25,
compounds generally have wider angles if the silicon atom bears™ " (20) (a) Mitzel, N. W.; Smart, B. A.; Blake, A. J.; Robertson, H. E.:
electronegative substituents, as this strengthens the multiple bondRankin, D. W. H.J. Chem Phys 1996 100, 9339-9347. (b) Blake, A. J.;

contribution of the SO linkage. Examples for this behavior ~ Brain. P. T.; McNab, H.. Miller, J.; Morrison, C. A.; Parsons, S.; Rankin,
9 P D. W. H.; Robertson, H. E.; Smart, B. & Chem Phys 1996 100, 12280~

are the relative bond angles in the disiloxanesSifO 12287.
(21) (a) Bartell, L. S. in Molecular Structure by Diffraction Methods,
(16) Losehand, U.; Mitzel, N. Winorg. Chem In press. Specialist Periodical ReportsThe Chemical Society: 1975; p 72. (b)
(17) Airey, W.; Glidewell, C.; Robiette, A. G.; Sheldrick, G. Nl..Mol. Klimkowski, V. J.; Ewbank, J. D.; Van Alsenoy, C.; Scarsdale, J. N.;

Struct 1971, 8, 413. Schder, L. J. Am Chem Soc 1982 104, 1476-1480.
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Table 1. Selected Bond Length (A) and Angles (deg) for G8ONMe; as Determined by Low Temperature X-ray Diffraction (XRD),
Gas-Phase Electron-Diffraction (GED), and Ab Initio Calculations

anti conformer gauche conformer
parameter XRDH) GED (ta) MP2/6-311G** () GED (r2) MP2/6-311G** (o)
Si—0 1.668(1) 1.654(4) 1.678 1.641(3) 1.664
Si—Cl 2.108(1) 2.050(4) 2.063 2.042(2) 2.054
Si-+*N 2.028(1) 2.160(7) 2.468(25) 2.477
N—O 1.490(1) 1.475(6) 1.468 1.474(8) 1.463
N—-C 1.461(1) 1.460(5) 1.458 1.457(7) 1.458
1.459(1) 1.460(7) 1.459
$i—O-N 79.7(1) 87.1(9) 91.6 104.7(11) 104.5
[O-Si—Cl 101.1(1) 105.5(17) 105.4 109.4(9) 112.1
[O-Si—H 116.4(7) 112.0(11) 112.3 104.2(12) 104.7
115.6(6) 111.7(13) 112.2
-N-C 107.7(1) 105.5(4) 106.0 104.5(5) 105.1
108.4(8) 104.8(5) 105.3
[C-N-C 112.8(1) 109.8(10) 111.5 114.4(15) 111.0
4.
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Figure 3. Combined molecular intensity curve from the GED . 1' '''''' é """"" :'3 """"" "‘ """"" é """"" i
experiment on CIEBIONMe. Theoretical data are shown in the regions A

0—1.8 and 35.6-36.0 A1 for which no experimental data are available.
Figure 4. Radial distribution curve for the conformer mixture of GiH

calculated to have _Closely simi_lar values were restra_ined flexibly SiONMe,. The black line shows the experimental curve, obtained by
by the Calcu"?‘ted d'ff.erence W.'th .a.n uncertainty assigned, basedFourier inversion of the molecular intensities [after multiplication by
on the experience with the reliability of such values. The same o,0025/(Zs-fs)/(Zc-fc)]. The contributions of the individual conformers
principle has been applied to the vibrational amplitudes: Those are shown as dotted and dashed lines.

which relate to interatomic distances with a relative scattering

contribution of more than 5% of the maximum became subject Cl4 02

to restraints, if they could not be refined on their own.
Amplitudes belonging to distances of smaller contribution were
fixed at their calculated values. The amplitude calculations were
based on force fields obtained at the MP2/6-31G* level of theory
and converted by the ASYM40 prograth.

Figure 3 shows the experimental molecular intensity curve.
The radial distribution curve, obtained by Fourier inversion of
the latter, is shown in Figure 4. The molecular structures of
the anti- and the gauche-conformer obtained by the least squares
refinement on the experimental scattering intensities are shown
in Figure 5; the geometrical parameter values are listed in Table
1. The molecular composition was determined to comprise 34-
(5)% anti- and 66(5)% gauche-conformer, which reproduces the
predicted ration of 33:67 very well. The contributions of each
conformer to the radial distribution curve are presented in Figure
4. This shows that neither of the two models is solely suitable Figure 5. Molecular geometries of the anti and gauche_confo_rmers of
to describe the experimental curve. The major contributions C!H2SIONMe; as determined by gas-phase electron-diffraction aug-
of the anti-conformer are in the region about 3.0, 4.0, and 5.0 mented by restraints derived from ab initio calculations.

A, while the experimental curve is dominated by the contribu- which were only slightly different from those predicted ab initio.
tions of the gauche-conformer mainly found at 3.3 and 4.7 A. This justifies the application of calculated restraints. In essence,

The important core angles €5i—0 and S~-O—N, which the gas-phase structure determination verified the ab initio
were not restrained by the ab initio geometries, refined to values predictions of geometry parameters.

(22) Hedberg, L.; Mills, I. MAASYM20ASYM40 Programs for Force Theanti-conformerhas a relatively small SiO—N angle of

Constants and Normal Coordinate Analysiéersion 3.0, June 1994. See, ~ 87.1(9. However, this is more than®farger than observed
also: Hedberg, L.; Mills, I. MJ. Mol. Spectrosc1993 160, 117. in the crystal structure. Apart from the-SD—N angle, the
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Figure 6. Dependence of the relative energy and the angtel5iN
on variation of the torsion angle €5i—O—N in CIH,SiONMe, as
calculated at the MP2/6-31G* level of theory.

other geometrical parameter values are quite similar between
gas-phase and crystal structure. The $-CI angle refined

to 105.5(17) for the gas-phase anti-conformer and is 101°1(1)
in the crystal. The bond lengths in the gas-phase match with
those in the crystal taking the usual differences between the
two methods into account. Both the gas-phase and the crystal
structure show a significantly elongated-® bond [1.475(6)
and 1.490(1) A] as compared with the nonsilylatBiN-
dimethylhydroxylamine (gas: 1.448, solid: 1.456%).

The structure of thgaucheconformerof CIH,SIONMe; is
again markedly different from that of the anti-conformer, not
only in the torsion angle. The SO—N angle in the gauche
conformer is more than 2darger than in the anti-conformer.
Figure 6 shows the interdependence of the torsion angte ClI
Si—O—N, the bond angle SiO—N, and the relative energy,
as was calculated ab initio (MP2/6-31G*) by fixing the torsion
angle to certain values, while allowing the rest of the structure
to relax without symmetry constraints. The plot shows that
variations of the angle SiO—N with changing torsion angle
CI—Si—O—N are almost as large as 3(extrema at torsional
angles of 0 and 18). The two different conformers are
separated by barriers of about 20 kJ mplwhile the conversion
of one gauche-form into the other, passing a torsion angle of
0°, requires more than 25 kJ mal Such large structural
changes with varying torsion angles are very uncommon.

Figure 7 shows the energy dependence on the variation of
the S=O—N angles in both conformers, which were calculated
by fixing these angles to certain values while allowing the rest
of the geometry to optimize on the MP2/6-31G* level of theory.
During this procedure, the torsional angle-&i—O—N re-
mained at exactly 180for the anti-conformer, while it varied
about 2 to either side of the optimum geometry in the gauche-
conformer. The curves indicate a comparatively flat potential
function, as only 24 kJ mol-! are necessary to achieve angle
deformations of about PO However, it also indicates the
geometry adopted by the molecules in the crystal lattice to lie
4 kJ mol! above that of the ground state. This is surprising
since no pronounced intermolecular contacts have been detecte
in the crystal structure, which could be responsible for that
difference. However, it reflects the ease of deformation of this
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Figure 7. Dependence of the relative energy of GEONMe, on
variation of the angle SiO—N as calculated at the MP2/6-31G* level
of theory.

ED experiment, this means that the sum of weak interactions
in the lattice must be the reason for this finding. Thus great
care is suggested in the interpretation of low energy deforma-
tions of molecular systems based solely on crystallographic data.

Comparison with Related Structures. To facilitate clas-
sifying the results, we compare the new structural results with
known molecular geometries of;:BIONMe, H,Si(ONMey),!
and MeSiON(CR),.2* Table 2 lists important parameter values

Ifor comparison.

The anti conformer of CIEEIONMe;, has by far the smallest
Si—O—N angle of all the compounds listed, regardless of the
phase the compound has been studied in. In the gauche
conformer, this angle is markedly widened. Itis, however, close
to that of HsSIONMe, [102.6(1)]* and thus indicates that the
substituent at the silicon center in anti-position relative to
nitrogen is responsible for the strength of thelonor bond
formed between the Si and N atoms. This interpretation is
consistent with the observation of a smalk8—N angle in
H,Si(ONMey),, as there is also an electronegative element
(oxygen) in anti-position with respect to the nitrogen donor
center. The ability for back-bonding makes oxygen a worse
electron-withdrawing substituent as compared to chlorine. In
this way, silicon becomes less electrophilic, as was also shown
by the relatively wide SitO—N angles of the 43 coordinate
HSi(ONMe&); [103.5°]% and the 4-4 coordinate Si(ONMg,
[109.1°].8

The Si-O—N angle in MgSIiON(CF); is as much as 255
wider than in CIHSIONMe, if the gas-phase values are
compared. This can be explained by the reduced electrophilicity
of a M&Si group as compared to a Gi&i group and the
decreased nucleophilicity of a4E),N group relative to a Mg\
group and is thus consistent with the descriptionsedonor
bonds as Lewis-base-acceptor bonds.

Small angles at oxygen should lead to a weakening and
lengthening of the StO bond, as the multiple bond character
is expected to be more pronounced if the bonds at oxygen
enclose wider angles. In contrast to this prediction the GED
Si—O distance of CIHSIONMe, (anti-conformer) is shorter than
that of MgSION(CF), by 0.07 A, while the S+O—N angle

@f MesSION(CR), is 33.7 wider. However, comparison of

the solid-state values of CHSiONMe; and HiSIONMe, shows
them to have identical SiO bond length but largely different

angle. As the ground state geometry has been proved by theSi—O—N angles (difference 222}

(23) Mitzel, N. W.; Smart, B. A.; Parsons, S.; Robertson, H. E.; Rankin,
D. W. H. J. Chem Soc, Perkin Trans 2 1996 2727.

(24) Oberhammer, H. Proceedings of the 17th Austin Symposium on
Molecular Structure; Austin, TX, 1998.
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Table 2. Important Geometry Parameter Values (A/deg) for SIONMe; and Reference Compounds in Comparfson
compound/method [5i—O—N Si--*N Si—O N-O
CIH,SIONMe; (anti)/XRD 79.7(1) 2.028(1) 1.668(1) 1.490(1)
CIH,SiONMe;, (anti)/GED 87.1(9) 2.160(7) 1.654(4) 1.475(6)
CIH,SIONMe; (gauche)/GED 104.7(11) 2.468(25) 1.641(3) 1.474(8)
H3SiONMe/XRD 102.6(1) 2.453(1) 1.668(1) 1.471(1)
H,Si(ONMe,)./XRD 95.2(av) 2.318(av) 1.657(av) 1.479(av)
Me;SiON(CR)./GED 113.4(19) 1.724(8) 1.450(18)
aav = averaged value, GED values all
Table 3. Dipole Momentsu (Debeye) and Atomic Chargep

The N—O bond length and the SIO—N angle seem to be
correlated: The compounds with the smallestSi-N angles

(Mulliken Charges in e) for Selected Compounds, Conformers, and
Conformers with Fixed SiON Angles (Calculated at MP2/6-31G*)

have the longest NO bonds. However, detailed analysis of

the scarce available data is complicated by the insufficient compound

w  q(Si) q(O)

q(N)

compatibility of bond length determined by solid-state XRD g:?g:g“mg Zm: gtrgiigmu—ng@)
L2 ; ) 5 =
Srgs(e;rllEtD, and so a detailed interpretation seems not feasible atc||_|28i0,\”\/Iez anti (SION = 104)

) o ) CIH,SiONMe, gauche (minimum)
Theoretical Description of the Nature of the Si-N-f- CIH,SiONMe; gauche [SiON = 90°)
Donor Bond. An NBO (Natural Bond Orbital) analysis has  HsSiONMe;

been performed using the geometry calculated at the MP2/6- HzSi(ONMe),

457 1.06 —0.61
551 1.08 —0.59
3.54 1.05 —0.63

2.60 1.04—-0.63
3.04 1.05 —-0.62
163 0.92 —-0.65
145 124 -0.63

—0.31

311G** level of theory. The results can be used to draw the
following picture.

In the anti-conformer the osi-o NBO is formed by ap-
proximately a silicon sphybrid (sF-%d®13 and a sp7®hybrid
at oxygen. Hence, the d-contribution is very small.
oxygen-nitrogeno NBO consists of two orbitals having very
large p-character (O 8fand N sp-®). The oxygen atom bears
two lone pairs described asspand sp®. The nitrogen lone
pair of electrons is a $@° hybrid. The description of the
gaucheconformeris only slightly different. The S+O o bond
is formed from a silicon s hybrid and an sp*® hybrid
at oxygen. Theso—n NBO is formed by sh32 hybrid and an
sp-03 hybrid of oxygen.

Second-order perturbation theory analysis of the Fock matrix
in the NBO basis provides us with a description of delocalization
of electrons into antibonding orbitals, as was used to rationalize
for instance the wide SiO—Si angle of HSi—O—SiH3,2° by
Ipo — o*si-n (Ip = lone pair) interaction, termed negative
hyperconjugation. Here we describe the nature of such interac-
tions and quote calculated electron delocalization stabilization
energies (EDSE), which do not have real physical meaning but
are helpful in assessing the relative importance of electron
delocalization contributions in terms of the NBO picture.

In the present case of C}HiONMe,, the analysis of thanti-
conformershows two marked p— o*si—y contributions into
the antibonding SiH orbitals (EDSE each 35 kJ nijl
Surprisingly, this interaction seems to be as important as
calculated for the two lp— o* si—n contributions in HSIOCH-
(CHg), (EDSE: 40 and 31 kJ mot, the molecule symmetry
here isCy). As the sum of these contributions is in both cases
of similar importance and the angles at oxygen are extremely
different (calculated CIESIONMe, 91.6° and HSIOCHMe
122.0), care is suggested for the uncritical acceptance of the
picture of Iy — o*si—n interaction, i.e., negative hyperconju-
gation, as the major contribution for the widening of angles at
oxygen centers with silicon substituents attached, as these
contributions should be much less important for E3#DNMe,
if dependent on the magnitude of the-8)—X angle.

Moreover, if a compression of a-SD—X angle would result
in a substantial weakening of thejlp~ o* si—y interactions, the
bond lengths SO in compounds with small SiO—X angles
should be significantly longer and more close to the sum of the p o een the two structures.

wide S=O—N angle.

nitrogen.

systems.

(25) Shambayati, S.; Blake, J. F.; Wierschke, S. G.; Jorgensen, W. L.;
Schreiber, S. LJ. Am Chem Soc 199Q 112, 697.

covalent radii of Si and O (1.83 A). Nothing like this is
observed in compounds with-SD—N atom sequence (Table
2), and the SO bond length are all in the established range
The between 1.63 and 1.68 A. Only MBION(CF), has a longer
Si—0 bond [1.724(8) A], but this compound has a comparatively

The lone pair at oxygen in thgaucheconformershows a
different stabilization by negative hyperconjugation. The most
important contribution here is the dp— o0*si—¢ interaction
(EDSE: 51 kJ moil), while the Ip — o*si—n interaction is
less important (EDSE: 25 kJ md).
antibonding orbitals of the gauche-positioned substituents, which
contribute to an interaction with one of the oxygen lone pairs.

The NBO perturbation analysis also provides some rational-
ization for the small S+tO—N angle in theanti-conformerof
CIH,SIONMe,. The lone pair of electrons at nitrogen is
delocalized into thes*si—c), the o*si—o, and the twoo*si—n
NBOs (EDSEs: 40, 26, and & 11 kJ mof?). Electron
delocalization of the nitrogen lone pair in thaucheconformer
is much less pronounced (EDSEs: 3, 9, 9, and 3 kJ Aol
However, this kind of electron delocalization is calculated to
be of similar importance as in3d3iONMe,, which has an St
O—N angle of 102.6 (EDSE: 29 kJ moi®) which is similar
to that in CISIONMe,. However, the calculations show that
the stabilization by negative hyperconjugation lp> * si-x
becomes larger with decreasing angle and with chlorine rather
than hydrogen substituents placed into anti-position relative to

It is thus only the

We have also tried to rationalize our experimental results of
B-donor bonding in terms of simple electrostatic arguments, i.e.,
by an attractive force between the positively charged silicon
and the negatively charged nitrogen atom. Table 3 lists dipole
moments and the calculated Mulliken charges for selected
Indeed, the anti-conformer of BONMe; has a
higher negative charge at its nitrogen atom than the gauche
conformer has, but if the anti-conformer is calculated with the
Si—O—N angle fixed at the value of the minimum geometry of
the gauche conformer, the charges become the same. The same
applies for a comparison between a hypothetical gauche
conformer with an S+O—N angle adopted by the ground state
of the anti-conformer. Thus this does not explain the differences

Comparison of the gauche-conformer of GBHONMe, with
H3SiONMe, (both have about the same-$)—N angles) shows
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also the charges to be no major determining factor for the Experimental Section
strength of-donor bonds, as the charge on the Si atomn H General. The experiments were carried out using a standard Schlenk

SIONMe; is much smaller. . . . . line or, when HSICl, was involved, in a vacuum line with greaseless
On the other hand, a system with anti-conformation having stopcocks (Young taps), which is directly attached to the gas cell in an

a higher charge on silicon is)8i(ONMe&),. It has, however, FTIR spectrometer (Midac Prospect FTIRN,N-Dimethylhydroxyl-

a wider Si-O—N angle than the anti-conformer of GiH amine was prepared according to lit. ¥it.All NMR spectra were

SiONMe. recorded at 22C on a JEOL JNM-LA400 spectrometer in sealed tubes

with CsDs as a solvent directly condensed onto the sample from K/Na

The calculated dipole moments show some interesting trends.alloy

Egcr:c:rr’]r?e:T;Irgg:]]xirthregegﬁgg)hﬁ% gfglil pglr(]-:' dThoig]ggrt'l (N,N-Dimethylhyd_roxylamino)chlorosilane. n-Butyllithium (35.0
. i ; mL of a 1.6 M solution in hexane, 56 mmol) was slowly added to a
serve a_s an eXp_lanat'On for the f_aCt that the G-N angle in solution of N,N-dimethylhydroxylamine (4.0 mL 3.44 g, 56 mmol) in
the solid state is smaller than in the gas phase, because 05y mL of pentane with stirring, which was prolonged fb h after
intermolecular dipole interactions. It is generally observed that complete addition. The solvents were removed under reduced pressure,
crystallization drives (partial) bonds toward completf&nThe and the residue was suspended in diethyl ether (40 mL). Dichlorosilane
higher dipole moment of the anti-conformer can also be seen (98 mmol) was condensed onto the frozen suspensier186°C. The
as the reason, why this conformer is preferred in the crystal- mixture was allowed to warm to C, and the volatile contents were
lization process. condensed into a cooled trapl,N-Dimethylhydroxylaminochlorosilane
was isolated by fractional condensation from-@8 °C trap. Yield
0 : .

Conclusion Ei.gsgoglf mmol, 75%), colorless, very moisture sensitive liquid=fp
CIH,SIONMe, is a compound with an unusual bonding o NMR: 0= 2.16 (s, 6H, KC), 4.93 (s, 2H, K5i). C NMR: 0

T e ) - =48.1 (q t,cn = 137.0 Hz3Jenen = 4.8 Hz, CH). N{H}-NMR:
situation. The attractive interaction between the S|I|qon and s _ o495 (s). VO[H}-NMR: 6 = 136.5 (). 2Si NMR: 6 =
nitrogen atoms, gB-donor bopd, is stronger than in a!l —54.6 (t\sy = 287.0 Hz, SiH). IR(gas): »(SiH) = 2217.
compounds of this type studied before. This nonclassical  (\ N-Diethylhydroxylamino)chlorosilane. This compound was
interaction is capable of overriding the natural tendency of prepared in the same way as described above. Yield: 78%.
oxygen atoms with silicon substituents to adopt wide bond 14 NMR: 6 = 0.71 (t, 6H,3Jucon = 7.2 Hz, HC), 2.49 (q, 4H,
angles and prevents the nitrogen centers from the formation of3J,,ccy = 7.2 Hz, HC), 5.0 (s, 2H, HSi). 3C NMR: ¢ = 9.3 (g, Jcn
intermolecular donor interactions. The strength g#-donor = 126.9 Hz, CH), 49.2 (t,Jch = 137.4 Hz, CH). N{'H}-NMR:
bond is dependent on the nature and relative orientation of thed = —228.9 (s). *'O{'H}-NMR: ¢ = 121.6 (s). ?Si NMR: 6 =
substituents at the silicon atom. Clearly, electron-withdrawing —52.3 (tNsw = 285.6 Hz, SiH). IR(gas): v(SiH) = 2218.
groups attached to silicon will strengtherBalonor bond, but Crystal Structure Determination CIH ;SIONMe,. A single crystal
only if placed in anti-position relative to the nitrogen-donor Was grownin situ by sIowa cooling the melt in a sealed capillary from
center, as can be shown by the-Si—N angle in CIHSIONMe 217 to 213 K after generation of a suitable seed crystal. Crystal system

L . . - _ triclinic, space groufP), Z = 2, a = 5.7284(4),b = 6.5347(5),c =
which is exceptionally small in the anti-conformer but substan 8.7954(4) A, = 101.236(7)f = 102.126(8) y = 96.056(7, V =

tially larger in the gauche-conformer. This shows th@t@onor 315 g5(5) &'at 134(2) K, cell from 100 reflectiong{range 26-25%).

bond cannot simply be described as electrostatic attractionyg, . —72° w/26-scan, 3335 independent reflectiom{ = 0.0353].
between positively charged Si and negatively charged N atomspiffractometer: Enraf-Nonius CAD4, MeKradiation, graphite mono-
and points the analysis of the bonding situation in the direction chromator, Solution: direct methods (SHELXTL, Siemens Analytical
of an overlap of the lone pair of electrons at the nitrogen atom X-ray Instrumentation Inc. Madison, WI, 1995); refinement: SHELXL93
with acceptor orbitals related to the-SXaibond. Inthe NBO  (Sheldrick, G. M. UniversitaGdttingen, Germany, 1993). No absorp-
description of bonding, there is an important contribution of tion correction applied. Non-H-atoms were refined with anisotropic.
electron delocalization stemming fromylp~ 6* si—x(ani) type thermal displacement parameters, hydrogen atoms were located in

negative hyperconjugation. This interaction is much stronger dl':ﬁfrincg 0';%[’12? f‘g%zgnd r:ef'nsd:'smromca% XV;'E*]Z%(QS
for X = Cl than for X = H, thus explaining the different )~ (© )+ 0.03P] whereP = (max. Fo',0) )3,
' P 9 parametersR; = 0.0356 for 3323 reflections witk, > 4 o(F,) and

geometries of the anti- and gauche-conformer of SIBNMe; WR, = 0.1132 for all data.

as well as the large differences in structure and strength of  ap |nitio Calculations. Ab initio molecular orbital calculations
B-donor interactions in a series of compounds with-Gi-N were carried out using the Gaussian 94 progarGeometry optimiza-
atom sequence. tions and vibrational frequency calculations were performed from

The nature of the SO bond has often been associated with 261 L KR C tna. M. Phillips, J. Acc Chem R
negative hyperconjugation of the typelp- o*six and used ;g S204beopold. K. R.; Canagarama, M.; Phillips, J. Ace Chem Res
to rationalize the wide angles at oxygen, e.g., in§hHO and (27) Davies, M.; Spiers, N. AJ. Chem Soc 1959 3971.

HsCOSiHs. Marked contributions to electron delocalizatios Ip ; r(128) FrlsBché5 Mﬁz JEbT&JCf, (C:;H W, SChlegek Hk Bt-é] (?“, PP-t M. W.; G
kL H FE onnson, b. G.; RODD, M. A.; eeseman, J. R.; Keltn, I.; Petersson, G.
i 0*si-x have also bee.n found in the NBO descrlptlon of th,e A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
Sl_O._N compounds with their small gngles at oxygen. 'Th|3 V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
questions whether {p— o*si-x negative hyperconjugation  Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;

H i i Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
should be seen as the only or even major contribution to the Fox. D. 3 Binkley, 3. S.: Defroes. D. 1. Baker, J.: Stewart, J. P.: Head-

observed widening of angles in-8D—X compounds. Gordon', M.; Gonzalez, C.; Pople J. Baussian 94Revision C2; Gaussian,
It is obvious that further experiments and calculations are Inc.: Pittsburgh, PA, 1995.

needed to get a better insight into the nature fefionor 10?3@?”"'“’ J. S.; Pople, J. A.; Hehre W.J.Am Chem Soc 1980

interactions. As a next step we intend to perform crystal-  (30) Gordon, M. S.; Binkley, J. S.; Pople, J. A.; Pietro, W. J.; Hehre W.
lographic high-resolution electron density determinations en Si J.J. Am Chem Soc 1982 104, 2797.

_ i i i (31) Pietro, W. J.; Francl, M. M.; Hehre, W. J.; Defrees, D. J.; Pople, J.
O—N compounds followed by the analysis of their topology in A.: Binkley J. .3, Am Chem Soc 1982 104 5039,

the hope to prove experimentally above hypotheses derived from (32) Hehre, W. J.; Ditchfield, R.: Pople J. A. Chem Phys 1972 56,
calculations. 2257.
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analytic first- and second- derivatives at the SCF and MP2 levels of of Ulm. The data analysis followed standard procedures, using
theory. Calculations were undertaken at the SCF level using the established data reduction and least-squares refinement pré§eants
standard 3-21G*%31 6-31G*32-34 and 6-311G**3>:36pasis sets, while the scattering factors established by Fink and co-worKefihe refined
the larger two basis sets were used for calculations at the MP2 level of molecular parameters, their definition and the applied restraints, a list
theory. NBO calculations were undertaken with the NBO 3.0 facilities with selected interatomic distances including vibrational amplitudes,
built into Gaussian94738 Cartesian coordinates of the calculated and applied restraints and elements of the correlation matrix are given

structures of the anti- and gauche-conformer of Si@NMe, can be in the Supporting Information.
found in the Supporting Information. )
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