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The geometric structure and conformational properties of the saturated five-membered-ring compound 2,2-di-tert-
butyl-1,3-diaza-2-silacyclopentane, (t-Bu),Si(NH)2(CH,),, was investigated by gas electron diffraction and quantum
chemical methods (B3LYP and MP2 with 6-31G* basis sets). The compound exists as a mixture of two conformers,
both possessing a twist conformation and C, symmetry. In the prevailing form (76(6) % at 305 K) the N—H bonds
stagger the adjacent CH, groups, and in the minor form the N—H bonds eclipse the CH, groups. This conformational
mixture corresponds to a free energy difference of AG® = 0.69(19) kcal/mol. The B3LYP method predicts a
preference for the eclipsed conformer. The largest torsion occurs around the C-C bond with ¢(NCCN) =
29.2(24)°. The degree of puckering in the title compound is considerably smaller than that in silacyclopentane with
7(CCCC) = 49.7(14)°. This has been rationalized by larger angle strain in the title compound.

Introduction Chart 1
The conformation of saturated five-membered rings de- y
pends on a delicate balance between angle strain and torsional
strain around the individual bondsWhereas angle strain envelope (Cy) twist (Cz)

favors a planar structure with mean endocyclic angles of

108, torsional strain leads to a preference for puckered or twist conformation depends on the relative magnitude of
structures. If the ring contains atoms with lone pairs such astorsional strain around the individual bonds. In cyclopentane
nitrogen or oxygen, orbital interactions (anomeric effects) this strain is equal for all five bonds, and envelope and twist
also influence the ring structufeln principle, such five- conformers possess equal energies. This ring exhibits nearly
membered rings can adopt 10 envelope conformations de-free pseudorotation. In substituted cyclopentanes and in five-
pending on which ring atom is above or below the plane of membered rings with heteroatoms torsional strain around the
the four remaining atoms, and 10 twist configurations in individual bonds differs and leads to a preference for either
which rotation occurs clockwise or counterclockwise around an envelope or a twist conformatidiRyrrolidine, with one
one of the five ring bond%? The preference for an envelope CH: group in the ring replaced by NH, and substituted
pyrrolidines adopt envelope structures with the nitrogen atom
above the plane of the carbon aton@ 6ymmetry)>© In
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Chart 2
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Figure 1. Stable conformers for 1,3-diaza-2-silacyclopenta®)e (

this conformation the largest torsional angle exists around

the N—C bonds, and the torsional angle around theCC predicted to be higher in energy by 1.7 kcal/mol. Transition
bond opposite to the nitrogen atom is zero. On the other betweeraand2b can occur either by inversion of the ring,
hand, silacyclopentane with one ggroup replaced by SiH i.e., torsion around the €C bond, or by inversion at the
adopts a twist conformation possessidgsymmetry with nitrogen atoms. The barrier for transition via nitrogen
the C, axis through the silicon atom and the center of the inversion (2.2 kcal/mol) is predicted to be lower than the
opposite G-C bond’ In this structure the largest rotation barrier for ring inversion (3.9 kcal/mol). The optimization
occurs around the €€C bond opposite to silicon and the of an envelope conformation with the silicon atom out of
smallest rotation around the-SC bonds. plane andCs symmetry resulted in a transition state, char-

Interesting ring systems are 1,3-diaza-2-silacyclopentanesacterized by two imaginary frequencies and 4.2 kcal/mol
which contain two nitrogen atoms and one silicon atom in higher in energy thai2a. Very similar results are derived
the saturated five-membered rikigAlthough N,N-bis- also by the hybrid method B3LYP/6-31G*, whereas the HF
(silylated) 1,3-diaza-2-silacyclopentanes were synthesized asapproximation with the same basis sets predicts only a single
early as in 1959, % the first crystal structure determinations stable conformeRa.
were carried out in 2008:'! The measured compounds The geometries of the two twist conformations of teg-
possess five-membered rings with a twist conformation, and butyl-substituted rind.a (staggered) anilb (eclipsed) were
the largest torsional angle occurs around the@bond. In optimized with MP2 and B3LYP methods and 6-31G* basis
contrast to all other tested dihalosilanes, §MpSiF, reacts sets. Both methods predict the eclipsed fddorto be higher
smoothly with the dilithium salt of ethylenediamine to form in energy by 1.0 kcal/mol. Frequency calculations were
the NH-functionalized five-membered riAgin the present  performed for both conformers with the B3LYP method. In
study we report the gas phase structure of this new 2,2-di-the staggered conforméa low frequency vibrations at 52
tert-butyl-1,3-diaza-2-silacyclopentan® {using gas electron  and 75 cm? correspond to torsions of the twert-butyl
diffraction (GED) and quantum chemical calculations. At- groups, and ring deformations occur at 106 ém@nd higher.
tempts to obtain single crystals for X-ray crystallography In 1b the two low frequency vibrations at 55 and 69 ¢ém
failed. correspond to complicated motions involving ring deforma-
tion andtert-butyl torsion, and the next frequency at 81 ¢m
relates to a pure torsion of thert-butyl groups. In general,

In the first step geometry optimizations were performed some vibrations in the eclipsed fordb are predicted at
for the parent ring 1,3-diaza-2-silacyclopenta®it¢ obtain slightly lower frequencies, resulting in a higher entropy than
information about the conformational properties of this ring that of the staggered conform&a by about 4 cal/Kmol.
system. The MP2 approximation with 6-31G* basis sets was Thus, the B3LYP method predicts confornidy to possess
applied. In principle, five different envelope and six different a lower Gibbs free energy thala by AG® = —0.5 kcal/
twist conformations are feasible for this ring. Independent mol. All quantum chemical calculations were performed with
of the chosen starting geometry, only two minima were the Gaussian 98 program package.
obtained on the energy surface, both corresponding to a twist ) )
conformation with C, symmetry (Figure 1). The two Experimental Section
structures differ by the orientation of the two-# bonds. The synthesis and purification of compouhdre described in

In 2athe N—H bonds stagger the adjacent £foups, and  ref 12. Electron diffraction patterns were recorded with the

Quantum Chemical Calculations

in 2b they eclipse the Ckgroups. Conformatior2b is techniques described in refs 14 and 15. Preliminary mass spectro-
. metric experiments demonstrated that slow decompositidnaof
(7) Shen, Q.; Hilderbrandt, R. L.; Mastryukov, V.5.Mol. Struct 1979 interactions with the inlet system occurred in inlet systems made

54, 121. Mastryukov, V. S.; Golubinskii, A. V.; Atavin, E. G.; Vilkov, . .
L. V.; Cyvin, B. N.; Cyvin, S. JRuss. J. Struct. Chem. (Engl. Transl)  Of stainless steel, glass, and Teflon. Therefore, an effusion cell of

1979 20, 615. Durig, J. R.; Lafferty, W. J.; Kalasinsky, V. F.Phys. stainless steel filled with small pieces of Schottki filter as absorber
Chem 1976 80, 1199. of the liquid sample was used in the GED experiment. The effusion

Egg Esg%eé?’ E'.’T-\;;Olgforwag’&M(f;%?;m;&ﬁ;eg#é’ﬁg%% 231281 ” cell with a cylindrical nozzle of 0.6< 1.0 mm size (diametex

(10) Diedrich, F.; Ebker, C.; Klingebiel, U.; Reiche, C.; Labahn, T.; Magull, length) was filled with the sample directly before the GED/MS

J.; Noltemeyer, MZ. Naturforsch 2002 57k, 99. experiment. The mass spectra of the vapor under investigation were
(11) Oberprantacher, P. Dissertation, University of Stuttgart, Germany. yecorded simultaneously with the diffraction pattems for long and
12) Schmatz, S.: Fredelake, B.: Jendras, M.: KlingebielOtyanome- short camera distances. The mass spectra proved that no decom-

tallics, in press. position of the sample occurred at the temperature of the GED
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Table 1. Conditions of GED Experiment

nozzle-to-plate distance, mm 338 598 /\
beam currentyA 0.99 0.67
accelerating voltage, kV 80.6 80.6
temp of effusion cell;C 34(2) 31(2)
ionization voltage, V 50 50
exposure time, s 130 85
i

residual gas pressure, Torr 26106 3.2x 10°®
Table 2. Mass Spectral Data of the Saturated Vapor efHziNSi 0 5 10 15 20 55 30
(Uioniz =50 V) s, A-I
ion m/e  abundance, % Figure 2. Experimental (dots) and calculated (full line) molecular
[C1oH24NoSil* 200 5 intensities for long (above) and short (below) camera distances and residuals
[C1oH2aNSi — (CaH)T 174 3 for mixture of la and1b.
[C10H24N2Si — (C(CHg)3)]™ 143 100
[C10H24N2Si = (C(CHg)s) — (CoHo) + (CHa)] ™ 135 6 GED Analysis
[C10H24N2Si — 2(C(CH)3) + (CHg)]* 101 93
[g_imZéNﬁs': 2(C(CHy))™ gg ii The heaviest ion in the mass spectrum was the parent ion
ES:NHz(él‘ﬂ)zr 1 s CioH24N,Sit (Table 2). The other ions can be assigned to
[(CH3)3]* 57 26 dissociation fragments of due to electron impact in the

experiment (305 K). The conditions of the GED/MS experiment lonization Ch_amber of the m‘?‘ss spectrometer. N_o_ ions were
and the relative abundance of the characteristic ions iof the observed which could be assigned to a decomposition product
mass spectrum are shown in Tables 1 and 2, respectively. TheOf the sample. Thus, the mass spectra demonstrate that the
temperature of the effusion cell was measured by a W/Re-5/20 vapor consists only of the species with the stoichiometry
thermocouple that was calibrated by the melting points of Sn and CigH24N2Si. No conclusions could be drawn about the
Al. The electron wavelength was measured by polycrystalline ZnO. conformational composition of the sample.
E.leCtrO.n image Kodak films Were Useq .for the registration of the A conventional |east-squares ana'ysis“s) was carried
diffraction patterns. The optical dens!tles were m_easured_by a gyt using a modified version of Program11 (least-squares
C(t)mlpe)iu;er-contrr]ofl'lled ,;AE‘)I 100f (th;rl IZe|ss, Jena) ?'?rOdens'tgn‘T refinement of intensity datay. Scattering amplitudes and
eter-= or eacn 1im (5 films for the long camera distance an phases of ref 18 were used. According to quantum chemical
films for the short one) a rectangular area of about ¥30—15 . .

calculations, two stable conformers af exist, namely,

mn? was scanned along both film diagonals. The data array for ) .
the diagonal consisted of 3319 lines, 1299 points each. The step Staggered¥@) and eclipsedib), each of which possesses

along a scan line was 0.1 mm, and the distance between the lines<C2 Symmetry.Cs symmetry was assumed for thert-butyl
was about 0.28 mm. Scanning of the films with ZnO diffracton groups, and the methyl groups were constrainedCip
patterns for calibration of electron wavelength was done with a Ssymmetry with a possible tilt angle between theaxis and
finer step width of 0.0125 mm. the C-C bond direction. The molecular model for both
The background functions(s) for the intensities(s) of the long conformers was described by the same set of 25 geometric
and short camera distances were approximated by smooth linesparameters. Atom numbering for the staggered conformer
using polynomial fitting in the program. Analysis of the first and is shown in Figure 3. The geometry of the five-membered
second-order derivatives of t@s) functions was used to eliminate i \yas described by the-eC and C-N bond lengths, the
oscillations of the initialG(s), which were close to the oscillations Si--X distance (X is a dummy atom at the center of the

of the sM(s) function. No elimination of the high frequency .
oscillations was done. The molecular intensitib§s) were obtained C—C bond), the NCC bond angle, and the torsional angle

in the ranges 4528.5 A1 and 1.2-16.1 AL for the short and ~ ?(N1C1C2N2). Furthermore, five bond lengths (€,

long camera distances, respectively, and are presented in Figure 2N—H, _C5—H: Si—.C, and C3‘95), twelve. bond angles
(OC3SiN1, OC3SiN2, OC5C3Si, OC7C3Si, C5C3C6,
(13) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, [JHN1Si, DHN1C1, OH4C1IN1, OHC1C2, OHeClHay,

M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A;; :

Stratman, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, ElHequNl, and D(HCH)me‘hYDf the tilt(ChHb) angle, and

A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, two torsional anglest(C5C3SiC4),7(Hyanl5C3Si)) were

V.; Cossi, M.; Cammi, R.; Menucci, B.; Pomelli, C.; Adamo, C.; ;sed

Clifford, S.;. Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q; o .

Morokuma, K.; Malick, D. K.; Rabuck, A. D.;. Raghavachari, K.; A preliminary least-squares analysissdi(s) demonstrated

Foresman, J. B.; Cioslovski, J.; Ortiz, J. V.; Stefanov, B. B. Liu, G..  that the six ring hydrogen atoms give a small contribution

Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R. . . . .
L.; Fox, D. J.; Keith, T.; A-Laham, M. A.; Peng, C. Y.; Nanayakkara, O thesM(s) function, in comparison with the 18 hydrogen

A.; Gonzales, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, atoms of thdert-butyl groups. Therefore, CiH and N—H
W.; Wong, M. W.; Andres, J. L.; Gonzales, C.; Head-Gordon, M.; ;

Replogle, E. S.: Pople, J. ASAUSSIAN 98revision A.6; Gaussian, bond lengths, as well as.the correspondlng bond angles (see
Inc.: Pittsburgh, PA, 1998. below), could not be refined as independent parameters. In

(14) Girichev, G. V.; Utkin, A. N.; Revichev, Yu. FPrib. Tekh. Eksp. i _ i iti
(Russ.) 1084 N2, 187: Insirum. Exp. Technol. (Engl. Transipsa the following steps of the least-squares analysis additional

2, 457.
(15) Girichev, G. V.; Shlykov, S. A.; Revichev, Yu. Prib. Tekh. Eksp. (17) Andersen, B.; Seip, H. M.; Strand, T. G.; Stglevik, Atta Chem.
(Russ.) 1986, N4, 167;Instrum. Exp. Technol. (Engl. TranslLp86 Scand.1969 23, 3224.
4, 939. (18) Ross, A. W.; Fink, M.; Hildebrandt, R. Unternational Tables of
(16) Girichev, E. G.; Zakharov, A. V.; Girichev, G. V.; Bazanov, M. I. Crystallography, CKluwer Academic Publishers: Dordrecht, 1992;
1zv. VUZ Tekstiln. Prom. (Russ200Q 2, 142. p 245.
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Table 3. Experimental and Calculated Geometric Parameters of
Staggered Conformeta (A, deg}f

GED B3LYP/6-31G*  MP2/6-31G*
M1 e le
Parameters of the Ring Fragment
C1-H 1.119(2)p, 1.101 1.099
N—H 1.031(2) pa) 1.013 1.016
Sie+XP 2.544(5)p; 2.546 2.534
Si—N1 1.724(5) 1.757 1.757
N1-C1 1.466(9)3 1.470 1.470
C1-C2 1.545(3)4 1.539 1.528
ON1C1C2 107.0(3ps 106.4 105.7
7(NICIC2N2)  —29.2(24)ps —38.4 —425
ON1SIN2 93.0(9) 92.6 92,5
OSiN1C1 112.6(8) 110.7 109.9
OHN1SI 121.9p* 121.9 121.2
OHN1C1 113.60* 113.6 113.6
OHeqC1Hax 107.5p* 107.5 107.9
7(SIN1C1C2) 23.7(14) 30.6 33.8
Figure 3. Structural model of 2,2-diert-butyl-1,3-diaza-2-silacyclopentane (N1SiN2C2) —9.3(10) —11.8 —12.9
(13.) with atom numbering. Z(X(nng) 5322(15) 526.8 523.7
So(N) 348.1(8) 346.2 344.7
restrictions on the set of 25 structural parameters were . Fialr"i‘;g;eéf)dﬁ”'B“ty'l%g’?“ps 1096
made: [HN1Si, OHN1C1, 0OHaC1N1, OHa.C1C2, C3-C5 1.551(3) ) 1.545 1.534
OHelClHy, OHeCIN1, and tilt(CH) were set to the Si—C 1.896(5)p7 1.936 1.917
calculated (B3LYP) values. Furthermore, the differences gggg:“; ﬂéggf&) ﬂiz ﬂig
between the bond lengths (EC2) — (C3-C5), (C1-H) 0C5C3Si 107.9(2ps 108.0 107.7
— (N1—H), and (Ct+H) — (C5—H) and between the angles  OC7C3Si 111.6 (2)) 1117 111.8
(OC3SiN1) — (OC3SiN2) and [[C5C3Si) — (JC7C3Si) pescsce 107.6(6p1o 108.3 108.3
_ (HCH)methyi 108.0(7)p11 107.4 107.8
were set to the calculated values. In the final analyses, 13 y(cHq)e 1.3p* 13 14
structural parameterp{to p;3 in Table 3) of the 25 above 7(C5C3SiC4) 166.0(12)12 165.6 166.1

mentioned were refined simultaneously. The starting values (Huan{5C3S])  169.8(40p13 1786 178.0

for bond distances and angles were taken from the B3LYP thea Ii:g:rgritso ;’:rte (S;Ls Cvitlggsb Egg ecttf”:rzcn:r;wbgrir;? (sDes Figcusri 351 is
cglcullatlons. qu both conformers thg sta}rtmg values' for DHgauchl;C5C3F;-dpi: refined parameterp): the difference tgagarametpr
vibrational amplitudes, as well as the vibrational corrections was set to calculated valup*: not refined. Parameters without label are
Ar, were derived from calculated (B3LYP/6-31G*) force dependent parameters.
fields using the approach of Sipachev incorporated in the
program SHRINK® This method takes the nonlinear relation
between Cartesian and internal coordinates into account and
correctsr, distances tay,; values.

Figure 4 shows radial distribution functioi@) for the
two possible conformersa (staggered) andb (eclipsed),
derived with calculated geometric parameters and vibrational
amplitudes. These two functions differ appreciably in the
ranger > 3 A. The differences are predominantly due to
different orientations of thdert-butyl groups in the two
conformers. Thus, electron diffraction intensities are sensitive diff.
to the conformational properties of this compound. Com-

eclipsed

staggered

T T T T T
parison of calculated functions with the experimental radial 0 2 4 6 8
distribution function demonstrates that the staggered form rA
lais prevailing. Figure 4. Radial distribution functions for calculated (B3LYP/6-31G*)

. eometries of staggered confornierand eclipsed conformelb, experi-
Least-squares analyses were carried out for staggered angental function, and difference curve for mixture.

eclipsed models separately. In each case the 13 structural

parameters and 12 groups of vibrational amplitudes (seefor the staggered modéla, and significantly worse agree-
Table 4) were refined simultaneously. Within each group ment for the eclipsed forrib with R = 9.0%. It should be
the differences between the amplitudes were fixed to the pointed out that the refined geometric parameters for the
calculated values. Good agreement between experimental andtaggered conformer are very close to calculated values,
calculated molecular intensities wilta= 4.5% was obtained  except the for SN and S+~C bond lengths. These bond
distances are predicted to be too long by both quantum

(19) SS_ipac;\ev, \\// Q'Ji l\/ggl- Struct. (IAHIIEOCIHEl\gzl%tS 12% 143. o chemical methods. On the other hand, some refined structural
Ipacheyv, . . n vances In olecular ructure eseajc f . :
Hargittai, I., Hargittai, M., Eds.; JAI Press: New York, 1999; Vol. 5, parameters for the eCI'psed form differ appreuably from

p 263. calculated values.
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Table 4. Interatomic Distances, Experimental and Calculated Ry, %
Vibrational Amplitudes, and Vibrational Corrections (without
Nonbonded Distances Involving Hydrogen Atoms) for Staggered 7
Conformerla?
ra lexp lea®  Ar=re—ra groug 6]
N1-H 1.026  0.075(2) 0.071 0.0050 1 5
C5-H 1.110  0.081(2) 0.077 0.0054 1
C1-H 1113 0082(2) 0078 0.0055 1 o] mosssatenceiw
N1-C1 1.465  0.048(5) 0.050 0.0015 2
c1-c2 1.543  0.050(5) 0.052 0.0025 2
C4-C8 1.549  0.050(5) 0.052 0.0018 2 20 w0 P %0 100
Si—N1 1.723  0.057(4) 0.049 0.0012 3
Si—C3 1.894  0.064(4) 0.056 0.0016 3 staggered conformer, mol.%
N1---C2 2417 0.063(4) 0.064 0.0034 4 Figure 5. Agreement factoR: for different contributions of staggered
C5---C6 2.498  0.072(4) 0.073 0.0049 4 conformerla
C6--C7 2540 0.073(4) 0.074 0.0051 4
N1--N2 2500 0.066(4) 0.067 0.0021 4 (uncertainty is 3.s value). Four correlation coefficients had
Si---C1 2.650  0.059(4) 0.060 0.0085 4 | | han 0.7 — 0.86 —0.72 _
Si---C5 2.789  0.085(3) 0.079 0.0054 5 values larger than 0.7ps/ps = 0.86,ps/ps = 0.72,ps/ps =
Si+++C6 2.852  0.093(3) 0.087 0.0063 5 0.80,pg/p13 = 0.72.
N1.-C3  2.974  0.097(3) 0.092 0.0080 5 The agreement factor for the mixture decrease®&te-
N1--C4  2.980  0.094(3) 0.089 0.0032 5 %. Th its for th d f h ith
N1--C8  3.140  0.139(3) 0.138 0.0000 5 3.6%. The results for t gstaggere conformer, tqget er wit
C3--C4 3.237  0.084(9) 0.083 0.0050 6 calculated values, are listed in Table 3. In addition to the
N1--C5 ~ 3.358  0.187(9)  0.86 0.0156 6 refined independent parameters, some important dependent
N1---C5  3.404  0.160(9) 0.159 0.0134 6 i ) L
C3--C10 3578 0.134(6) 0.133 0.0053 7 parameters were included in Table 3. Interatomic distances,
C7---C9 3.595  0.175(6) 0.174  —0.0017 7 experimental and calculated vibrational amplitudes, and
N1--C10 3654 01886  0.187 0.0153 7 vibrational corrections (without nonbonded distances involv-
Cl1:--C5  3.760  0.207(6) 0.206 0.0113 7 . ) ;
C7--C10 3.854  0.204(6) 0.202 00111 7 ing hydrogen atoms) are shown in Table 4. The difference
C3+-C9 3.855  0.125(6) 0.124 0.0071 7 curves between experimental and calculagbifs) andf(r)
C1:--C3  3.853 0.125(6) 0.123 0.0139 7 ; N i
ClCa 3936 0.168(6) 0167 0.0119 7 functions are shown in Figures 2 and 4.
Cl--C4  4.031 0.093(6) 0.097 0.0154 7 Di .
N1--C9  4.273  0.094(6) 0.098 0.0155 8 Iscussion
N1---C7  4.318  0.086(6) 0.090 0.0193 8 ; ; ;
CLC6 4486  0199(9) 0.203 0.0250 9 According to the GED data, the .domlnant species
C3-C8 4500 0.086(9) 0.090 0.0137 9 (76(6)%) of the vapor ofl at 305 K is the staggered
g?mggo i-;gg ggé(ég; g-iﬁ 8-8%38 1% conformerla, which is shown in Figure 3. The concentration
C6-C8 5048 0173(45) 0150 00166 11 of the eclipsed confqrmétb dogs not exceed 2_4(6)/0. This
C7-++C8 5.048  0.151(45) 0.129 0.0157 11 corresponds to a difference in free enthalpiesA@°® =
S}S? gggi 8-12283 8-%22 8-8%2 ﬂ 0.69(19) kcal/mol. Both quantum chemical methods, MP2
G508 5566 0:096(189) 0104 00223 12 and B3LYP, predlctlfa to be lower in energy thatb by
avalues in A U o 2 values. F beri 1.0 kcal/mol. According to the B3LYP method, however,
alues in A. Uncertainties areo3s values. For atom num ering see H H H
Figure 3.5 B3LYP/6-31G* ¢ Group number of amplitude. the Gibbs free energy of the eclipsed fotimis lower than

that of the staggered conforméa by AG® = —0.5 kcal/

In the last step of the structural analysis the possibility of Mo, corresponding to a contribution of 65% of the eclipsed
a mixture of both conformers was considered. The structural form under the conditions of the GED experiment. Such a
model of each conformer was described by the above- high (_:ontrlbutlon is not Cqmpatlble with the_GED intensities.
mentioned set of 25 parameters, 13 of which were refined The five-membered ring ifi possesses a twist conformation
independently together with the 12 groups of vibrational With the largest torsional angle around the-C bond
amplitudes. The differences between geometric parameterd?/(NCCN) = —29.2(24)) and the smallest torsional angle
of staggered and eclipsed conformers were fixed to calculateg@ound the SiN bonds ¢(NSINC) = —9.3(10j). The
(B3LYP) values. Preliminary refinements were performed forsional angle around the NC bonds is intermediate
with fixed vapor compositions. A plot of the factors vs ~ (T(SINCN) = 23.7(14)). o
percentage of staggered conformer is shown in Figure 5. The  Table 5 compares important geometric ring parameters of
best agreement between experimental and calcutigg) 1 with those of sHacycIopentane)(anq 1,l-d|fluor05|lapy-
functions was achieved at a ratio of staggered and eclipsedcloPentane4). The degree of puckering of the ring Inis
conformers of 77%:23%. The uncertainty in the vapor con5|derably_smaller than that 8fand 4. This is ewdent
composition was estimated from the relative increase of the ffom the torsional angles around the-C bond opposite to
R factor by Hamilton’s metho@ and it was 9% at a  the silicon atom (49.7(14)and 56.0(32) in 3 and 4,
significance level of 0.05 (see Figure 5). Simultaneous 'eSPectively, vs 29.2(24)in 1) and from the sum of the
refinement of geometric parameters, vibrational amplitudes, €ndocyclic bond anglesta(ring), which increases from

and vapor composition gave the ratio of 76(6)%:24(6)% 220-3(12) in 3and 513.1(3T)in 4 to 532.2(15) in 1 (see
Table 5). For a planar ringo(ring) would be 540. This

(20) Hamilton, W. C Acta Crystallogr.1965 18, 502. low degree of puckering ifh can be rationalized by increased
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Table 5. Comparison of Important Ring Parameters in Saturated 3). Because of ring strain the experimentat-8i bond
Five-Membered Rings of the Type SR/(CHz)> (1.724(5) A) inl s slightly longer than those in unstrained
Si(t-Bu)2(NH)2- SinSi(CHz%z— SiF(CHy)2- silyldimethylamine (1.713(5) & or in bis(dimethylamino)-
(CHa)2 (1)* (CHa)2 (3) (CHa)2 (4)° silane (1.708(3) Ay The Si-N bond length irfl is, however,
X =NH X =CH;, X =CH, v ; .
— L7405 189202 L8533 well within the range of StN bond lengths observed in
Sxsix 9'310(9() ) 96.3(3() ) gé.5(2(0)) gaseous silylamines (1.70.74 A)?.5 The experimental SiC
dSixc 112.6(8) 103.6(3) 101.3(13) bond length in1 (1.897(5) A) is longer than those in
Z‘Qi&géx 5322922(12?4) _52873(112) _2(153613(21) tetramethylsilane (1.875(2) A)and in ditert-butyldifluo-
;ESiXCC)) 23_7'(1(4) ) 36_‘1((10)) 38_‘3((22)) rosilane (1.869(3) Ay Si—C bond lengths depend strongly
7(XSiXC) —9.3(10) —13.3(4) —13.7(8) on the substituents at silicon and carbon and vary in a wide

range from 1.82 to 1.94 & Both quantum chemical methods
predict a slightly larger degree of puckering of the five-
membered ring than the GED method. This is evident from
angle strain in the ring system df The SiNC angle in  the torsional angles around the individual ring bonds in Table
unstrained silyldimethylamine (120.9¢¥¢ is consider- 3 and from the sum of the endocyclic bond angks(ring).
ably larger than the SiCC angle in unstrained 1-silabutane The predicted values are about B3LYP) and 9 (MP2)
(113.0(6)).%% In the cyclic compoundL the SINC angle  smaller than the experimental sum.

(112.6(8y is also about 9 larger than the SIiCC angle

(103.6(3)) in 3. Therefore, increased angle strain leads toa  Acknowledgment. We thank the Deutsche Forschungs-
less puckered, i.e., more nearly planar ringlithan in3 gemeinschaft (DFG) for financial support of the Russian
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angles,Zo(ring), about 3 smaller than does the B3LYP  |c0497836
method. The two theoretical methods reproduce the experi-
mental structure satisfactorily, except for the-Siand Si-C (24) Anderson, D. G.; Armstrong, J. A.; Cradock, S.; Rankin, D. WJH.
bond lengths and the degree of puckering. Both methods  Chem. Soc., Dalton Tran4987 3035. _
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