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Summary

Several new dioxaazasilacyclooctane derivatives have been prepared and their
conformations studied by determination of their dipole moments in solution or as
neat liquids. The results indicate that the compounds are in conformational equi-
librium, characterized by two extreme conformers, boat-boat (BB) and chair-chair
(CC). In the BB conformer the existence of a Si « N interaction is possible but this
is much weaker than that observed in related silatranes. Our conclusions are in good
agreement with structural data obtained by X-ray diffraction.

Introducﬁon

Several research workers have studied the structure of dioxaazasilacyclooctanes
(“pseudosilatranes” or ‘‘silocanes”) with the general formula R'RZSi-
(OCH,CH,),NR>. For example, the crystal structures of numerous derivatives have
been determined by X-ray diffraction [1], and the conformations of molecules
investigated by NMR spectroscopy [2,3] and by measurement and calculations of
dipole moment [4,5]. We describe below the preparation of some new derivatives of
this type, the determination of their dipole moments, and some calculations of bond
moments. Using the latter we have tried to answer the question of whether or not
there is a Si « N dative bond in pseudosilatranes.

Results

The compounds were prepared partly by an established method (eq. 1) [6], and
partly by a new method (eq. 2).

R'R2Si
R*X + HN(CH,CH,OH), - R*N(CH,CH,0H), — — 2"}

R'R?Si(OCH,CH,),NR® (1)
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TABLE 1
R!'R?Si(OCH,CH,),;NR?
R! R? R} Yield B.p. 8(OCH,)
(%) (°C/Pa) (ppm)
1 CH, CH, < :"‘"’"‘C”z’s 67 160-162,/200 3.38
e {CH )
I CH; CH, < >N (CH2)s 54 187-190,/200 3.64
= (CH,}
m  CHs CiH, < >" (CHals 37 235-240,/70 382
CH3y}
IV CH, CH, O—‘ 23 48 175-178,/270 374
v CH, CH, H 52 95-98 /4000 331
(93-94,/4000 (6])
VI CH; CHs; H 40 160~ 168 /600 * 3.90
(3.92{2)
VIi  CH; CH, H 44 150-152,/670 3.67
“m.p. 123°C[7}.
acid acceptor .
R'R’Si(OCH,CH, ),NH + R*X —— s R'R?Si(OCH,CH, ),NR® (2)

where R!, R? = CH,, C,H;; R* = C;H,(N(CH,),, C¢H,,(CH,),, H; X =Cl, Br

Some data for the prepared compounds, including some 'H NMR parameters are
shown in Table 1.

Of the numerous possible conformers for the dioxaazasilacyclooctane eight-mem-
bered ring, the two extreme conformers shown in Fig. 1 (boat-boat: BB and
chair-chair: CC) were chosen for the calculations of dipole moments. Liepins and his
co-workers [2] used these conformers as the basis for their NMR study of the
conformations. For the calculations we used the experimental geometry for two
derivatives determined by X-ray diffraction. The data for 2,2-diphenyl-1,3-dioxa-6-
aza-2-silacyclooctane (VI) were used for the calculation in the case of the BB
conformer [8]. In this compound the diethanolamine ring is in boat (BB) conforma-
tion, the Si and N atoms are close to each other (d(Si« N) 2.301 A), and the
formation of a Si « N dative bond is possible. The longest Si—~N distance observed
(d(Si«<N) 319 A [1]) was that in 2,2-dimethyl-6-phenyl-1,3-dioxa-6-aza-sila-
cyclooctane (IX), where the ring is in chair-chair conformation (CC), so transannular
Si « N bond cannot be formed.
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/] "\
o e! R o
(BB) (CC)
Fig. 1. Conformers of dioxaazasilacyclooctanes: boat-boat (BB) and chair-chair (CC).
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TABLE 2
BOND MOMENTS AND GROUP MOMENTS (in Debye)
(A-B)
Si-0 1.51 Si-(CH,) 02
c-0 0.77 Si-(C¢H,) 0.445
C-N 0.48 (CH,;)-N 0.88
H-C 0.4 (C;H,)-N 0.58
H-N 13 (CaH,)-N 2.39
N-Si 2.0

Calculations were carried out not only the compounds we prepared but also on
some other derivatives for which the dipole moments were known. Three 4, ;. values
were calculated for every examined compound; for the BB conformation, with and
without inclusion of a Si « N bond, and for the CC conformation without a Si « N
bond. The bond and group moments required for the calculations were taken partly
from the literature [9-11] and partly calculated from data for related compounds of
known dipole moments and geometry. The values for the Si « N dative bond were
chosen on the basis of our calculations on silatranes (R§i(OCH2CH2)3N). Calcula-
tions on six various silatrane molecules were carried out: R = CH,;, C,H;, CH=
CH, o-CH,, B-C,H;, y-C,H;. The geometries of these compounds were known
from X-ray structural determinations and their experimental dipole moments were
also available. The m(Si < N) bond moments range from 1.8 to 2.2 D, and cannot
be correlated with the Si « N distance and so we chose a m(Si « N) value of 2.0 D
for the calculation on the pseudosilatranes (see Table 2).

In case of compounds I-III the free rotation round the three CH, groups was
taken into account by use of the Eyring formula. For these compounds the
experimental dipole moment for N-methylpiperidine which we determined was used
in the calculations. The results of the calculations are summarized in Table 3.

TABLE 3
DIPOLE MOMENTS FOR R'R?Si{(OCH,CH,),NR? (in Debye)
Rl Rz R:‘ H’exp Beaic
BB without BB with CcC
Si« N Si— N
1 CH, CH, < :N—-—(C Hals 278 2.746 4,548 2.175
I CeH, CH, € N—(CHz)3 275 2963 4.785 2345
11 CgH, CeHs  ( N—(CHy, 358 2.843 4702 2.158
\4 CH, CH, H 2.83[12) 2991 4.772 2464
VI CeH; CgH, H 317 [4) 3.063 4.909 2.441
VIII CH, CH, CH, 2.52(12] 2.662 4.511 2,058
X CH, CH, C¢H, 1.44 [4] 3.926 5.542 3.552
X CHj, C¢H; CH, 3.45(4] 2.763 4,667 2.040
Xi C.H; C.H, C,H, 3.415] 2569 4510 1.760

XII C.H, CH, CH, 3174 2.388 4.751 2.240
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Discussion

The calculations on the pseudosilatranes (Table 3) indicate that except for
compound IX, the experimental values of the compounds we investigated lie
between the calculated values for the two conformers (g . (BB+SiN)>p >
Beaic(COY. It can thus be assumed that the compounds are in conformational
equilibrium in solution and in liquid state, and that this equilibrium can be
characterized in terms of the two extreme conformers. The geometry of the BB
conformer allows formation of the Si « N bond but this interaction is much weaker
than that in the related silatranes. This statement is in agreement with the X-ray
diffraction data; the Si « N distances are as follows: 2.301 A (VI), 2.68 A X), 3.19
A (IX) [1,8], silatranes: 2.02-2.21 A [13]. Theoretically, the structure shown in Fig. 2
may also be possible for compounds 1111, in this structure the N atom of piperidine
interact with the Si atom. This possibility is ruled out by the experimental and
calculated dipole moments, since such interaction would lead to, considerably higher
values of the dipole moments.

The crystal structure of compound IX (4(Si « N) 3.19 f\) shows that there is not
even a weak interaction in this case. The experimental dipole moment also reflects
this, though the value (1.44 D) observed is puzzlingly low compared with our
calculated value of 3.5 D.

Experimental

Preparation of I by method 1

To a solution of 7.5 g (0.0325 mol) of N-(3-piperidinopropyl)-diethanolamine in
20 cm® of anhydrous benzene mixed with 0.05 g of sodium a solution of 4.9 g (0.0325
mol) of dimethyldimethoxysilane in 10 cm’ of benzene is added dropwise at
80-85°C. The mixture is heated and the ethanol produced is distilled off with the
benzene through a 20 cm Vigreux column. The residual light yellow oil is purified by
vacuum distillation. B.p.: 160-162°C /200 Pa, yield: 5.7 g (62%). Anal. Found: C,
58.37; H, 10.79; N, 9.28. C,,H,,N,0,Si calcd.: C, 58.69; H, 10.55; N, 9.77%.

Compounds III and VII were prepared by the same method.

III: Anal. Found: C, 69.84; H, 8.58; N, 6.51. C,,H,,N,0,Si calcd.: C, 70.19; H,
8.35; N, 6.82%.

VII: Anal. Found: C, 58.77; H, 8.02; N, 5.87. C,,N,,NGQ,Si caled.: C, 59.15; H,
7.67; N, 6.27%.

R2 /N /\/\
V4

\SI N
2l

Fig. 2. Possible conformer of N-piperidinopropyl-dioxaazasilacyclooctanes.
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TABLE 4

MEASURED AND OBSERVED DATA FOR DIPOLE MOMENTS OF COMPOUNDS
R'R?Si(OCH,CH,)NR?

Compound Method 1(°C) x np da(g/ ¢ MR, MR,
em’) {obs) {calc) (D)
(em’y  (em’)
1 Onsager 50 1.46302 0.98302 6.201 80.28 81.83 278
II Onsager 50 151018 1.02905 5953 10134 10163 275
1 Hedestrand 25 0.0 1.49809 0.87338 22735

0.007123 1.49938 0.87965 2.4096
0.008052 1.49952 0.88011 2.4274

11945 12147 3.58
N-methyl-  Hedestrand 25 0.0 1.49815 0.87335 2,2727
piperidine 0.01783 1.49650 0.87202 2.2870
0.02683 1.49586 0.87076 2.2933

31.88 3168 079

Preparation of II by method 2

To a solution of 11.61 g (0.052 mol) of 2-methyl-2-phenyl-1,3-dioxa-6-aza-2-sila-
cyclooctane in 25 cm’® of benzene containing 10.92 g (0.052 mol) of isopropyl(di-
ethyl)amine as acid acceptor, a solution of 8.4 g (0.052 mol) of 3-chloropropylpi-
peridine in 15 cm® of benzene is added dropwise with gentle heating. The mixture is
refluxed for 3 h, the precipitated hydrochloride is filtered off, and the filtrate is
evaporated. The residual yellow oil is purified by fractional distillation. B.p.:
187-190°C /200 Pa, yield: 9.78 g (54%). Anal. Found: C, 65.18; H, 9.40; N, 7.69.
C,sH;,N,0,8i caled.: C, 65.46; H, 9.25; N, 8.03%.

Compound IV was prepared similarly. Anal. Found: C, 68.57; H, 9.90; N, 3.70.
C,0H33NO,Si caled.: C, 69.11; H, 9.57; N, 4.03%.

The '"H NMR spectra were recorded on a JEOL-60 instrument with TMS as
internal standard.

The instrument used for dipole moments measurements was a WI'W DM Ol
Dipolmeter. The dipole moments of I and II were determined as neat liquids by the
Onsager method, and those of III and of ¥-methylpiperidine in a benzene solution
by the Hedestrand method. The sum of the atom and electron polarization was
assumed to be given by P, . = 1.10 MR, (where MR, is the molar refraction). The
experimental data are summarised in Table 4.
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