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New stereoregular cyclic polysilanols of the general formula [PhSi(O)OH]n (n = 6 and 12) have been selectively
obtained in high yields by the reaction of cagelike oligophenylmetallasiloxanes with dilute solutions of hydrochloric
acid at low temperatures. An alternative method was used to prepare cis-[PhSi(O)OH], from sodium phenylsiloxanolate,
cis-{ (Na*)4[PhSi(0)O]4} +(1-butanol). All compounds were fully characterized by NMR and IR spectroscopy and
molecular weight determinations. The structure of cis-[PhSi(O)OH]s was confirmed by single-crystal X-ray analysis.
Furthermore, a series of stereoregular cyclosiloxanes containing triorganylsiloxy groups at each silicon atom was
prepared by the reactions of the cyclic polysilanols with triorganylchlorosilanes Me;SiCl, Me,ViSiCl, and Me,(CH,-
CI)SiCl.

Introduction silsesquioxane resin (of low molecular weight) is depoly-

merized with an equimolar amount of sodium or potassium
hydroxide in 1-butanol (eq 2), and the alkaline metal

phenylsiloxanolate solution is subsequently reacted with an
anhydrous metal chloride (in equimolar ratio or less) to

' produce the cagelike oligophenylmetallasiloxane (eq 3).

Cagelike oligophenylmetallasiloxanes (abbreviated herein
as OPMS) are crystalline compounds most commonly
consisting of stereoregular phenylsiloxane macrocycles co-
ordinated to alkaline and/or transition metals (e.g., Mn, Co
Ni, Cu, and trivalent lanthanide metals}. We reported the
first examples of these compounds in the early 1998%he (2) Igonin, V. A; Lindeman, S. V.; Struchkov, Yu. T.; Molodtsova, Yu.
general method for their Synthesis is a three-step process, A FoRnak: Yo & Stebonliomne. 8 1 Zidenos Lis.
shown in Scheme 1. Phenyltrichlorosilane is hydrolyzed in Chem. Bull 1993 42, 176-181.) (b) Shchegolikhina, O. I.; Pozdnia-

an aromatic solvent (eq 1), and then the resulting phenyl- ~ kova, Yu. A, Lindeman, S. V.; Zhdanov, A. A; Psaro, R.; Ugo, R}
Gavioli, G.; Battistuzzi, R.; Borsari, M.; Ruffer, T.; Zucchi, C.; Palyi,

G. J. Organomet. Cheni996 514,29-36.

* Author to whom correspondence should be addressed. E-mail: (3) Shchegolikhina, O. I.; Blagodatskikh, I. V.; Pozdniakova, Yu. A;

olga@ineos.ac.ru. Zhdanov A. A. Poly(phenylmetallosiloxane)s: Synthesis, Structure and
T Russian Academy of Sciences. Properties. IrMetal-Containing Polymeric Materiaj®ittman, C. U.,
* Goete-University of Frankfurt. Jr., Carraher, C. E., Jr., Zeldin, M., Sheats, J. E., Culbertson, B. M.,
§ Dow Corning Corporation. Eds.; Plenum Press: New York, 1996; pp 2289. (b) Shche-
(1) Shchegolikhina, O. I.; Zhdanov, A. A.; Igonin, V. A.; Ovchinnikov, golikhina, O. I.; Blagodatskikh, I. V.; Zhdanov, A. A. Railor-made
Yu. E.; Shklover, V. E.; Struchkov, Yu. Metalloorg. Khim.1991, Silicon-Oxygen Compouged From Molecules to MaterialsCorriu,
4, 74—84. (English translation i©®rganomet. Chem. USSP®9], 4, R., Jutzi, P., Eds.; Friedr. Vieweg & Son: Braunschweig/Wiesbaden,
39-44.) (b) Igonin, V. A.; Lindeman, S. V.; Potekhin, K. A.; Shklover, Germany, 1996; pp 177191.
V. E.; Struchkov, Yu. T.; Shchegolikhina, O. I.; Zhdanov, A. A.; (4) Gavioli, G.; Battistuzzi, R.; Santi, P.; Zucchi, C.; Palyi, G.; Ugo, R.;
Razumovskaya, I. VWMetalloorg. Khim.1991, 4, 790-798. (English Vizi-Orsz, A.; Shchegolikhina, O. |.; Pozdniakova, Yu. A.; Lindeman,
translation inOrganomet. Chem. USSR91, 4, 383—-388.) (c) Igonin, S. V.; Zhdanov, A. AJ. Organomet. Cheni995 485 257—-266. (b)
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Stereoregular Cyclic Polysilanols

Figure 1. General view of molecular structures of cagelike metallasiloxanes: (A)R#SIQ)eNisNas(us-OH)(PhSiQ)e}-Ln, (B) [(PhSiQ)eNis(ue-
Cl)(PhSiQ)g]-Ln,, (C) Naf [PhSiG)]12Cus} -Lp, (D) Nas{ [(PhSIQy)s] 2Lna(ua-O)} -Ly, (L = ROH, R= n-Bu, Et, H) and their schematic depiction. The phenyl
rings of the cyclohexasiloxanolate fragments and the alkyl chains of the ligands are omitted for clarity.

Scheme 1 Scheme 2
NPRSICL — {[PhSIQ, fl(OH)4 @) -S:i—O—SI|i- +Na0H-'=-S:K)Na + HOS:i‘ (1>
mn{ [PhSIO, J (OH)} + mNaOH-—=2"% ~SiOH + HOR == -SiOR + HOH »
[PhSi(O)ONa}, + (m+ x)/2H,0 (2) —S:DNa+ HOH ———-—s:iOH +NaOH ®

. 1-butanol L !
x/m[PhSi(0)ONa}, + MCl, ——> “SjOR +NaOH == -SiONa + ROH @
{[PhSiOl.S]X(MZIXOXIZ)y}'Lz (3)

L = 1-butanol, HO interface. The additional presence of Nar K* cations

X-ray crystallography of the crystalline metallasiloxanes provides for the electroneutrality of the cagelike metallasi-
showed that the molecules are based on one or twoloxane anions.
stereoregular macrocycles [(PhSi(O)R)(n = 6, 8, 12), Of particular interest is the fact that depending on the
which surround up to six transition metal atoms to form transition metal chloride used, large 12-, 16-, and 24-member
cagelike structures (Figure 1, compounds-B). The siloxane rings have been generated with high selectivity.
structural organization of these molecules falls into two Such selectivity had not been observed before in traditional
principal types: (i) compounds in which the metal atoms Siloxane polymer chemisthyand could be due to a directive
are positioned in planes between two layers of cyclosilox- effect by the transition metal atoms on a silieasxygen-
anolate fragments (sandwich type; compounds A, B, and D) containing alkaline intermediate, which is generated in the
or (i) a second type in which the metal atom assembly is course of the alkaline splitting of oligophenylsilsesquioxane
folded into one cyclosiloxanolate envelope (compound C). resin and is able to organize around the metal centers.
In general, molecules that contain bivalent ions of transition ~ Since the alkaline depolymerization of the phenylsilses-
metals (e.g., nickel ions) adopt the sandwich structure shownquioxane resins is performed in an alcohol media, at least
in Figure 1 with two 12-member siloxane cycles and four four coupled equilibrium reactions (Scheme 2, eggjlmust
nickel and four sodium atoms (A) or six nickel atoms in a take place: (1) splitting of siloxane bonds by MOH @
metal interface (B). The OPMS that contains two different Na* or K*); (2) etherification of silanol units by alcohol
transition metal atoms (such as Ni and Co, Ni and Cu, and solvent and liberation of reaction water; (3) hydrolysis of
Ni and Fe) also adopts structures of the B tfpeéMolecules ~ metal silanolate units by the produced water; and (4)
with lanthanide atoms (La, Dy, Gd, and Nd) consist of two Substitution of alkoxy groups by the alkaline metal cations.
16-member siloxane cycles with four metal atoms in a square As a consequence of these possible reactions and a rapid
interface layer (compound D). Bridging anions such as Cl  proton—cation exchange between protons of OH and M
OH-, or O* are also included as part of the sandwich-type (most frequently Na) grougdsan equilibrium labile reacting
structures of many OPMS molecules. Compound C consists - - - -
of one 24-member phenylsiloxanolate ligand, which forms  ® gé%gt'delyﬁ;eégeg’;ﬁy%‘ SJ'.PE"OBESF:OElgg\cl?’ecr'";SBE’:J%%?:;;”
a globulelike structure with four copper atoms in a tetrahedral Publishers: New York, 1986.
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Figure 2. General view of the molecular structure of sodium phenylsi-
loxanolatecis-{ (Na")4[PhSi(0)O]4} *(1-butanol) (SPS-4) and its schematic
depiction.

unit such as Ph(OR)Si(OH)ONa (R alkyl, H) is quite
plausible.

Indirect evidence for the existence of Ph(OR)Si(OH)ONa
(R = alkyl, H) was gathered through the following two
parallel experiments: (i) a sodium hydroxide reaction of
oligophenylsilsesquioxane in 1-butanol and (ii) a hydrolysis
of phenyltri(r-butoxy)silane in 1-butanol in the presence of
an equimolar amount of NaOHWe considered that in the
latter case the same coupled equilibria reactions would take
place in reverse order, resulting in a generation of the same
alkaline silicon-oxygen-containing intermediate, and as a
result both reactions should lead to the formation of only
one identical product. As it was expected, crystallayen
cis-{(Na")4PhSi(O)O]4} -8(1-butanol) (SPS-4) (Figure 2)
was the sole product isolated in high yield from both
reactions. At the same time, we found that under anhydrous
conditions PhSi(OBY; and NaOH react to give only
monomeric sodium phenyl(di-butoxy)silanolate, PhSi-
(ONa)(OBL).

These data suggested that cagelike metallasiloxanes coul
also be prepared from monomeric alkoxysilanes. We pursued

Shchegolikhina et al.

The method was investigated mostly for the hydrolysis of
phenyltrialkoxysilanes in alkaline media (Si/Na (or K)) with
the in situ generation of an alkaline intermediate (postulated
to be [PhSi(OM)(OH)(OR)]), which subsequently undergoes
exchange reactions with transition metal chlorides. We
postulate that because of the directing influence of alkaline
or transition metal ions, such intermediates are able to self-
organize during crystallization. As a result, the oligocycliza-
tion occurs, generating stereoregular 6-, 8-, 12-, 16-, and 24-
member siloxanes fixed on a complex metal/halide/oxide
substrate. The structures and vyields of these compounds
depend upon the nature of the alkaline metal or transition
metal ions. In addition, the reactivity of alkoxy groups, the
amount of water and the nature of the solvent also influence
the yield and in some cases the structure of metallasilox-
anest! The new method opens the possibility to produce
cagelike metallasiloxanes even with small substituents at
silicon atoms such as vinyl or methi#?

A significant feature of the metallasiloxane complexes is
that they are precursors of stereoregular organocyclosilox-
anes. We have recently shown that the appropriate cycles
with trimethylsiloxy groups attached at each silicon atom,
cis[PhSi(O)(0SiMg)]4, cis[PhSi(O)(0OSiMg)]s, and tris-
cis-tris-trans[PhSi(O)(0OSiMg)]12, can be synthesized by
cleaving off the metal centers from the cagelike metallasi-
loxanes with trimethylchlorosilane in the presence of pyri-
dine/**forming cyclic siloxanes and the corresponding metal
chlorides.

For further use of the siloxane cycles in chemical
transformations or follow-up reactions, the stereoregular
siloxane building blocks with functional groups (such as
hydroxyl) at the silicon atoms are preferred; therefore, their
synthesis is of greatest interest. These model compounds with
well-defined structures can be utilized as precursors for new

ilsesquioxane-based materials with various tailor-made
roperties. In this paper we describe the preparation and
characterization of three stereoregular cyclic polysilaroids,

this synthetic route, and indeed we prepared and CharaCterIPhSi(O)OH];, tris-cis-tris-trans [PhSi(0)OH],, and cis-
ized several cagelike copper/sodium metallasiloxanes,[PhSi(O)OH]4 that were produced from compounds A, C

{Nay[(RSiO;)12.Cw](R'OH),} (R=Ph, Vi; R = n-Bu; R=
Ph; R = Me; R = Vi; R" = Me) from the individual
alkoxysilanes, PhSi(OBjs, PhSi(OMe), and ViSi(OMe}).®

The advantage of this approach over that of the alkaline
depolymerization of silsesquioxane resins is the use of well-
defined starting materials (that of alkoxysilanes) rather than
the ill-defined networks of silsesesquioxane polymers. We
consider this route as a self-assembly of cagelike metalla-
siloxanes in good yields from trialkoxysilanes and alkaline
and transition metal aton?s?

(6) Andrianov, K. A.; Chernyshev, A. I.; Temnikovskii, V. A.; Yastrebov,
V. V.; Kopylov, V. M. Teor. Eksp. Khim1975 11, 678-681. (b)
Andrianov, K. A.; Chernyshev, A. |.; Kopylov, V. M.; Prihod’ko, P.
L.; Esipov, S. EZh. Obshch. Khim198Q 50, 1044-1048.

(7) Pozdniakova, Yu.; Shchegolikhina, O.; Herrschaft, B.; Auner, N.;
Katsoulis, D. Xllth International Symposium on Organosilicon
Chemistry, Sendai, Japan, May-238, 1999; Abstracts, p 180. (b)
Shchegolikhina, O.; Pozdniakova, Yu.; Antipin, M.; Katsoulis, D.;
Auner, N.; Herrschaft, BOrganometallic200Q 19, 1077-1082.

(8) Molodtsova, Yu. A.; Pozdniakova, Yu. A.; Lyssenko, K. A.; Blago-
datskikh, I. V.; Katsoulis, D. E.; Shchegolikhina, OJl.Organomet.
Chem.1998 571, 31—-36.
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and SPS-4, respectively.

Experimental Section

TheH and?°Si NMR spectra were obtained on a Bruker DRX-
500 spectrometer operating at 500.12 MHz%drand 99.325 MHz
for 29Si and a Bruker-AMX spectrometer (400.13 MHz fot and

(9) Shchegolikhina, O.; Matukhina, E.; Molodtsova, Yu.; Pozdniakova,
Yu.; Katsoulis, D. The 9th International Conference on Inorganic Ring
Systems, Saarbruecken, Germany, July-28, 2000; Abstracts, O14.

(10) Unpublished results.

(11) Shchegolikhina, O.; Pozdniakova, Yu.; Molodtsova, Yu.; Blago-
datskikh, I.; Katsoulis. D. XllIth International Symposium on Orga-
nosilicon Chemistry, Sendai, Japan, May-2B, 1999; Abstracts, P
179. (b) Pozdniakova, Yu.; Shchegolikhina, O.; Blagodatskikh, I.;
Molodtsova, Yu.; Lyssenko, K.; Auner, N.; Katsoulis, D. The 9th
International Conference on Inorganic Ring Systems, Saarbruecken,
Germany, July 2328, 2000; Abstracts, P 47.

Molodtsova, Yu.; Shchegolikhina, O.; Pozdniakova, Yu.; Blago-
datskikh, I.; Lyssenko, K.; Katsoulis, D. The 9th International
Conference on Inorganic Ring Systems, Saarbruecken, Germany, July
23-28, 2000; Abstracts, P 53.

Shchegolikhina, O. I.; Igonin, V. A.; Molodtsova, Yu. A.; Pozdniakova,
Yu. A.; Zhdanov, A. A.; Strelkova, T. V.; Lindeman, S. \d.
Organomet. Chenil998 562, 141-151.
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Table 1. 'H and?°Si NMR Data for Cyclic Polysilanols

H (6, ppm) 298 (6, ppm)
Ph OH PhSi(O)OH
compound o-H (d, 2H) p-H (t, 1H) m-H (t, 2H)
cis-[PhSi(O)OH}2 7.503 7.327 7.189 6.260 —69.68
cis-[PhSi(0O)OH} 7.588 7.312 7.146 6.470 —70.55
tris-cis-tris-trans- two doublets 7.342 7.148 6.850 —70.80
[PhSi(O)OH].2 7.696 6.798
7.565

a 14 NMR (500.1 MHz, CRCN, ppm)d: 7.45 (m, 2H,0-CeHs), 7.35 (m, 1H,p-CeHs), 7.22 (m, 2H,m-CsHs). 29Si NMR (EtO, ppm)d: —69.8419

b Two triplets overlapped.

Table 2. Crystal Data, Data Collection, and Structure Refinement

Parameters fol

substances were deposited on €abipports in various ways (see
text). Because of hydrogen bonding, ®H band displacement

complex 1 is used as a tool to measure the strength of the H-bond. To estimate
formula GagH36012Sis*3/2((CHs).CO) AvOH, the position of the center of gravity of the broad band in
?r?lsrvstyst %ﬁgi%?c the region of 3206-3300 cnt! was determined.

space group P1 Molecular weights were determined by vapor pressure osmom-
a, 11.3234(8) etry (VPO) on Wescon (solvent: acetone,’Z) according to the

'CD é iégiig; method described previousl§.

a, deg 112.946(1) Synthesis of Nickel/Sodium-Containing OPMS (A) Phenyltri-

B, deg 91.301(1) (n-butoxy)silane (12.80 g, 39 mmol) and NaOH (1.80 g, 45 mmol)
{’/" %%9 21201053_311(2()1) were heated fol h under reflux in 130 mL of 1-butanol containing

Z 2 0.70 mL of water. [Ni(NH)¢]Cl, (3.01 g, 13 mmol) was added to
eaca g 13 L 1.372 the reaction mixture, which was refluxed for another 2 h, and the
ﬁi]gf'\rﬂacz:tléﬁzétcen: ZIS5I\§ART 1000 CCD hot solution was filtered to remove NaCl. Orange crystals precipi-
TK 110.0(2) tated after partial elimination of 1-butanol and overnight storage
scan mode w-scan (with 0.3 step and at room temperature. After separation they were dried in a vacuum
b dog 25103 per frame exposure) at 80-90 °C. Yield: 5.44 g (71.8%). Anal. Calcd fof[(CeHs-

absorption correction
transm factors, min/max

multiscan (Sadabs)
0.579/0.928

Si0,)6]2NisNay(NaOH)} (n-C4HgOH)3(H20)3;  CgaHoaNagNisOso-
Siiy: C, 43.31; H, 4.24; Si, 14.47; Ni, 10.08; Na, 5.92. Found: C,

no. Eﬂ!'ffféeﬁ‘e ﬁ?lr%f) 77123%8 0233) 43.98; H, 4.44; Si, 14.89; Ni, 9.46; Na, 5.45.

no. obs refinsi(> 2?,‘0)) 6835 Synthesis of Copper/Sodium-Containing OPMS (C)A mix-_

no. params 764 ture of 1-butanol (120 mL), 14.60 g (45 mmol) of phenyh¥i(
Ry (onF for obs refins} 0.0743 i i
WR, (on F2 for all refiney 01729 butoxy)silane, water (0.81 mL), and 1.80 g (45 mmol) of sodium

weighing scheme

GOF onF?

w = 1/[0%(F2) + (aP)>+ bP,
whereP = (F2 + 2F2)/3
1.144

hydroxide was stirred and refluxed for 1 h. Then a solution of
anhydrous copper chloride (2.01 g, 15 mmol) in 30 mL of 1-butanol
was added dropwise to the reaction mixture. After completion, the
reaction mixture was refluxed for an additional 30 min. The hot

= _ b = 2 _ g2 22 1/2
ARy = Y |Fo — [Fell/3(Fo). PWR = {T[W(F§ — Fo)A/Iw(F5)3 2. solution was filtered to remove NaCl. The filtrate was evaporated

to half the volume under vacuum. Precipitated blue crystals were
filtered and dried at reduced pressure®(@mmHg). Yield: 1.92
g (73.8%). Anal. Calcd for [(€H5Si0,)12CwNay](n-C4HeOH),-

79.495 MHz for 2°Si) at 20 °C in (CDs),CO as solvent for
polysilanols and in CDGl or CsDs for their triorganylsiloxy-

substituted derivatives. Chemical shifts are given relative to TMS. (H,0)s: CooHooCuNaOsiSins: C, 43.07: H, 4.07; Cu, 11.39; Na
Single-Crystal X-ray Diffraction Analysis. Details of crystal 4.12; éi, 15.11. Found: C, 43.00; H, 4_,02; Cu, ]’_1.24; Na, 4'_72; Si,

data, data collection, and structure refinement parameters forq4 g4

structurel (cis-[PhSi(O)OH}) are given in Table 2. The structure Synthesis ofcis-Hexa[(phenyl)(hydroxy)]cyclohexasiloxane (1)

was solved by direct method and refined by the full-matrix least- om A A solution of nickel/sodium-containing OPMS (A) (5.60
squares technigue agaifétwith the anisotropic temperature factors g, 2.4 mmol) in a benzene/ethanol (100:50 mL) mixture was added

for all non-hydrogen atoms. The analysis of the difference Fourier dropwise to the mixture of water and hydrochloric acid (concen-
synthesis revealed that two pheny! rings (C{20)15) and C(40) trated) (60:15 mL) at-5 °C. After 2—5 min of being stirred, the
C(45)) as well as two solvate acetone molecules were disordered, ganic |ayer was separated and added to 300 mL of water. The
by two positions. The refinement of the atom occupancies in all oqiting white crystalline product was filtered, washed with water
cases has shown that they were equal. The positions of the hydrogen | neutral reaction to Clion, and dried in a vacuum over CaCl
atoms were calculated from the geometrical point of view for the 4; oom temperature for a few days. Yield: 3.21 g (80.6%). Anal.
disordered groups, and the rest of the hydrogen atoms were locateg-)cq for [GHsSi(O)OHE; CagHacSicOr2: C, 52.14; H, 4.38; Si,
from the difference Fourier synthesis. The positions of the hydroxyl 54 33 Found: C, 52.23; H, 4.23: Si, 20.3H NMR (0 (ppm),
hydrogen atoms linked to the O(1) and O(7) atoms were not found

most probably because of statistical disorder. Data reduction and(l4) SMART V5.051 and SAINT V5.00. Area Detector Control and
further calculations were performed using SAM@&nd SHELXTL- Integration SoftwarpBruker AXS, Inc.: Madison, WI, 1998.
975 on IBM PC AT. (15) Sheldrick, G. MSHELXTL-97 V5.10; Bruker AXS, Inc.: Madison,

IR spectra in the region of 15083700 cnt! were recorded Wi, 1997,

! ' : _ (16) Bakeev, K. A.; Chugunov, S. A; Larina, T. V.; Macnight, V. G.; Zezin,
using a computerized Carl Zeiss M-82 spectrophotometer. Solid A. B.; Kabanov, V. A.Visokomol. Soedineniye994 36, 247—256.
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acetonedg): 7.588 (d, 2H,0-Ph), 7.312 (t, 1Hp-Ph), 7.146 (t,
2H, m-Ph), 6.470 (s, 1H, SIOH}Si NMR (0 (ppm), acetonek):
—70.55 (s).

Synthesis of Triscis-tris-trans-dodeca[(phenyl)(hydroxy)]cy-
clododecasiloxane (2)A toluene/ethanol (200:50 mL) solution of
8.4 g (3.77 mmol) of Cu/Na-containing OPMS )(@as added
dropwise under vigorous stirring to a mixture of 100 mL of water
and 30 mL of concentrated hydrochloric acid. The reaction mixture
was stirred for 223 min and filtered. The white crystalline product
obtained was washed with water until neutral reaction to iGh
and dried in a vacuum (1 mmHg) over Ca@t room temperature.

A white crystalline product was obtained (5.62 g, 90.0%). Anal.
Calcd for [GHsSi(O)OHYo; C7oH7,Si120.4 C, 52.14; H, 4.38; Si,
20.33. Found: C, 52.87; H, 4.58; Si, 19.951 NMR (6 (ppm),
acetoneds): 7.696 (d, 2H,0-Ph, cis-cisPh), 7.565 (d, 2Hp-Ph,
cis-transPh), 7.342 (m, 1Hp-Ph), 7.148 (m, 2Hm-Ph), 6.850 (s,
1H, cis-transOH), 6.798 (s, 1Hgis-cisOH). 2°Si NMR (6 (ppm),
acetoneds): —70.80 (s).

Synthesis of cis-Hexa[(phenyl)(trimethylsiloxy)]cyclohexa-
siloxane (Dsa). A total of 4.4 g (5.3 mmol) of [PhSi(O)OHwas
added to a mixture of toluene (70 mL), M&CI (17.3 g, 160 mmol),
and pyridine (12.59 g, 160 mmol). The reaction mixture was
refluxed for 30 min. After being cooled to room temperature, the
precipitate was filtered off. The toluene filtrate was washed chloride-
free with water and then dried over sodium sulfate. Toluene was
removed in a vacuum to afford 5.6 g (83.4%) of a white waxlike
product. Anal. Calcd for [gHsSi(O)OSi(CH)3]s; CsaHgsaSii2012:

C, 51.38; H, 6.71; Si, 26.70. Found: C, 51.28; H, 6.78; Si, 26.19.
IH NMR (6 (ppm), CDC}): 6.93-6.51 (m, 5H, Ph), 0.22 (s, 9H,
Me). 2°Si NMR (6 (ppm), CDC}): 9.59 (s, OSiMg), —81.60 (s,
OsSiPh).

Synthesis ofcis-Hexa[(phenyl)(dimethylvinylsiloxy)]cyclohexa-
siloxane (Dyb). A total of 4.9 g (81.7%) of the product was obtained
from 4 g (4.5 mmol) ofcis-hexol and 4.85 g (40 mmol) of Me
ViSiCl in toluene (60 mL) in the presence of 3.16 g (40 mmol) of
pyridine similar to the synthesis @isa. Anal. Calcd for [GHsSi-
(O)OSi(CH;)zCH=CH2]6; CeoHg4Si12010: C, 53.98; H, 6.34; Si,
25.27. Found: C, 54.49; H, 6.46; Si, 24.981 NMR (6 (ppm),
CDCly): 7.030-7.368 (m, 5H, Ph), 5.8836.382 (m, 3H, Vi), 0.397
(s, 6H, Me).2°Si NMR (6 (ppm), CDC}): —1.50 (s, OSiMgVi),
—80.448 (s, @SiPh).

Synthesis ofcis-Hexa[(phenyl)(dimethylchloromethylsiloxy)]-
cyclohexasiloxane (Igc). A total of 8.35 g (92.16%) of crude
product was obtained from 5.55 g (62 mmol)id-hexol and 13.31
g (93 mmol) of Mg(CH.CI)SIiCl in 70 mL of toluene in the
presence of pyridine (7.36 g, 98 mmol). Crystallization of the crude
solid from methanol gave 5.57 g (61.48%) of the product. Anal.
Calcd for [CGH5S|(O)OSI(C|'§)2CH2C|]6: CS4H7ssi12C|6012: C,
44.12; H, 5.35; Si, 22.94; Cl, 14.50. Found: C, 45.11; H, 5.80; Si,
22.33; Cl, 14.221H NMR (6 (ppm), CDC}): 6.995-7.297 (m,
5H, Ph), 2.840 (s, 2H, C¥l), 0.366 (s, 6H, Me)?°Si NMR (0
(ppm), CDCH): 4.95 (s, OSiMgCH.CI), —80.57 (s, @SiPh).

Synthesis of Triscis-tris-trans-dodeca[(phenyl)(trimethylsi-
loxy)]cyclododecasiloxane (a). A total of 5.7 g (3.4 mmol) of
[PhSi(O)OH}, was added at once to a mixture of 100 mL of
benzene, 22.42 g (210 mmol) of ¥&CI, and 16.31 g (210 mmol)
of pyridine. The reaction mixture was refluxed for 1 h, then cooled
to room temperature, filtered from a precipitate, and washed with
water until neutral reaction to Cion. After removal of the solvent,
the product was dried in a vacuum (1 mmHg at-80 °C for 1
h). A total of 5.7 g (66%) of white crystalline [PhSi(O)OSibg
was obtained. Anal. Calcd for [ElsSi (O)OSi(CH)3]12; CrodH16s
Si40,4 C, 51.38; H, 6.71; Si, 26.70. Found: C, 51.17; H, 6.44;

6896 Inorganic Chemistry, Vol. 41, No. 25, 2002

Shchegolikhina et al.

Si, 25.02.1H NMR (6 (ppm), CDC}): 7.097-7.505 (m, 5H, Ph),
—0.071 (s, 9H, CH cis-cis-OSiMe;), —0.292 (s, 9H, CHl cis-
transOSiMes). 2°Si NMR (0 (ppm), CDC}): 9.52 (s, cis-Cis
OSiMe;), 8.51 (s,cis-transOSiMe;), —81.19 (s, @SiPh).

Synthesis of Tris€is-tris-trans-dodeca[(phenyl)(dimethylvi-
nylsiloxy)]cyclododecasiloxane (b). A total of 2 g (14.5 mmol)
of [PhSi(O)OH]}. dissolved in 6.87 g (87 mmol) of pyridine was
added to 10.48 g (87 mmol) of VIMS8ICl at room temperature
and under vigorous stirring. The mixture was refluxed for 1 h, then
65 mL of toluene was added to the cooled mass, and the solution
was refluxed for another 1 h. Then the reacting mixture was cooled
to room temperature, washed with water to remove @Gtied over
NaSQO,, and the solvent was evaporated. A total of 2.85 g (87.6%)
of white solid [PhSi(O)OSiMgVi] 1> was obtained after drying in
a vacuum (1 mmHg/1506C/15 min) and recrystallized from hot
EtOH. Anal. Calcd for [GH5SI(O)OS|(C|‘§)2CH:CH2]121 CroHisg
SisO24: C, 53.98; H, 6.34; Si, 25.27. Found: C, 53.81; H, 6.38;
Si, 25.111H (6 (ppm), CDC}): 7.126-7.314 (m, 5H, Ph), 5.375
6.006 (m, 3H, Vi),—0.04 (s, 6H, CH, cis-cisOSiMe,Vi), —0.24
(s, 6H, CH, cis-transOSiMe,\Vi), —0.25 (s, 6H, CH, cis-trans
OSiMeVi). 2°Si (0 (ppm), CDCH): —1.73 (is-cisOSiMeVi),
—2.62 Cis-transOSiMe,)Vi), —80.93 ¢€is-cisO3SiPh),—80.98 €is-
trans-O3SiPh).

Synthesis of Triscis-tris-trans-dodeca[(phenyl)(dimethylchlo-
romethylsiloxy)]cyclododecasiloxane (B.c). Analogous to the
synthesis ofDyb, 2.66 g (75%) ofD;,c was obtained from 2 g
(14.5 mmol) of [PhSi(O)OH} and 12.43 g (87 mmol) of CICH
Me,SIiCl in the presence of 6.87 g (87 mmol) of pyridine and
recrystallized from hot EtOH. Anal. Calcd for §8sSi(O)OSi-
(CH3)2CH2C|]12; C108|-|156$i24024CI12: C,44.12; H, 5.35; Sl, 22.94;
Cl, 14.50. Found: C, 43.18; H, 5.71; Si, 22.71; Cl, 14.32.(6
(ppm), CDC}): 7.236-7.477 (m, 5H, Ph), 2.49 (s, 2H, GHI, cis-
cisOSiMeCH.CI), 2.01 (AB-system, 2H, CKLI, cistransOSiMe,-
CH,CI), 0.09 (s, 6H, CH, cis-cissOSiMe,CH,CI), —0.19 (s, 6H,
CHjs, cistransOSiMeCH.CI), —0.20 (s, 6H, CH, cistrans
OSiIMe,CH,CI). 2°Si NMR (0 (ppm), CDC}): 4.74 Cis-cisOSiMe-
CH.CI), 3.95 gistransOSiMe,CH,Cl), —80.26 €is-cis-OsSiPh),
—80.31 ¢is-transO3SiPh).

Synthesis ofcis-Tetra[(phenyl)(hydroxy)]cyclotetrasiloxane
(3). (& A mixture of 12.56 g (38.7 mmol) of PhSi(On-Byi)1.55
g (38.7 mmol) of NaOH, and 0.7 mL (38.7 mmol) of,® was
refluxed in 1-butanol (60 mL) for 1 h. White needlelike crystals
precipitated after the solution was cooled to room temperature and
overnight storage. A total of 10.9 g (8.52 Si%) of wet crystals of
SPS-4 was obtained upon filtration over a Schott filter. Yield:
85.4% based on Sibj A total of 9.5 g (0.0288 g-atom Si) of wet
SPS-4 (Si: 8.52%) was dissolved in a toluene/ethanol (60:35 mL)
mixture and added dropwise to a solution of 500 mL of water
containing 9 mL of hydrochloric acid at-3 °C under vigorous
stirring. After 2-3 min, the white precipitate formed during the
reaction was separated via filtration and washed with water until
neutral reaction to Clion. It was then washed with toluene and
dried in a vacuum over Caglor a few days. Yield: 3.2 g (80.4%).
Anal. Calcd for [GHsSi(O)OH),; Co4H24S140g: C, 52.14; H, 4.38;

Si, 20.33. Found: C, 52.29; H, 4.11; Si, 20.1d.NMR (3 (ppm),
acetoneds): 7.503 (d, 2H,0-Ph), 7.327 (t, 1Hp-Ph), 7.189 (t,
2H, mPh), 6.260 (s, 1H, SIOH}’Si NMR (0 (ppm), acetonels):

—69.68 (s).

Synthesis of cis-Tetra[(phenyl)(trimethylsiloxy)]cyclotetra-
siloxane (Dya). According to the procedure described Bya, 0.60
g (1.1 mmol) of tetrol was treated with 1.92 g (18 mmol) of Me
SiCl in the presence of pyridine (0.36 g, 4.6 mmol) in 15 mL of
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Scheme 3. General Scheme of the Synthesis of Metallasiloxanes (A, C, and SPS-4), Cyclosilan8)s &hd Their Triorganylsiloxy Derivativés
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26.70. Found: C, 50.93; H, 6.68; Si, 26.2H NMR (6 (ppm),

(0.65 g) yield after crystallization from hot ethanol. Anal. Calcd CgDg): 7.45-7.80 (m, 5H, Ph), 0.19 (s, 3H, Mej?Si NMR (6

for [CGHssl(O)OSI(CI'h);;]m C35H55088i8: C, 51.38; H, 6.71; Si,

(ppm), GDg): 10.49 (s, OSiMg), —79.02 (s, @SiPh).
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Figure 3. (a)H (top) and?°Si NMR spectra otis-[PhSi(O)OH} (1). Solvent: (CR).CO. (b)H (top) and?°Si NMR spectra of trisis-tris-trans-[PhSi-
(O)OHI12 (2). Solvent: (CR).CO. (c)H (top) and?°Si NMR spectra otis-[PhSi(O)OH}, (3). Solvent: (CR).CO.

Synthesis ofcis-Tetra[(phenyl)(dimethylvinylsiloxy)]cyclotetra- 7.00-7.40 (m, 5H, Ph), 5.756.30 (m, 3H, Vi), 0.26 (s, 6H, Me).
siloxane (DOyb). A total of 3.00 g (97%) ofcis-[PhSi(O)OSiMe- 29Si NMR (0 (ppm), GDg): —0.921 (s, OSiMgVi), —78.83 (s, &
Vi] 4 was obtained similarly from 2.07 g (3.5 mmol) of tetrol and  SiPh).

3.35 g (27.7 mmol) of Mg/iSiCl in the presence of pyridine (2.19 Synthesis oftis-Tetra[(phenyl)(dimethylchloromethylsiloxy)]-

g, 27.7 mmol) in 30 mL of toluene. Anal. Calcd for @sSi(O)- cyclotetrasiloxane (Dc). A total of 3.68 g (86%) ofcis-[PhSi-
OSi(CHs),CH=CHy]4; C40Hs605Sis: C, 53.98; H, 6.34; Si, 25.27. (O)OSIi(CH),CH,CI]} 4 was obtained from 2.60 g (4.4 mmol) of
Found: C, 54.35; H, 6.56; Si, 25.084 NMR (6 (ppm), GDe): tetrol and 7.48 g (52 mmol) of chloromethyldimethylchlorosilane
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Figure 4. General view ofl with numbering scheme. Thermal ellipsoids are drawn at the 50% probability level.

in 50 mL of benzene in the presence of pyridine (4.11 g, 52 mmol). atom. Their structures, stereoregularities, and compositions
The product was purified by sublimation (25@80°C, 1 mm Hg). were confirmed by'H and 2°Si NMR data, elemental
Anal. Calcd for [GHsSi(0)OSi(CH),CH.Cl]4; CseHs:Cl10gSie: C, analysis, and molecular weight determinations by VPO in

‘2‘3-%23 gl 51-252?851:_11 ﬁjsi(g'& 14-5)0-0 ':[;)(L:‘Bd:7% 94:57%22 2" 55?40? Si, acetone. Furthermore, the structureisf{PhSi(O)OH} was
9, L, 14.26: ppm), e ~3< (M, 5H, confirmed by single-crystal X-ray analysis.
Ph), 2.81 (s, 2H, CbCl), 0.33 (s, 6H, Me)2Si NMR (6 (ppm), y sihgie-cty y analy

CeDe): 5.940 (s, OMECH,CI), —78.13 (s, GSiPh). cis-Hexa[(phenyl)(hydroxy)]cyclohexasiloxanel) ( was
obtained from nickel/sodium-OPMS (A) (Scheme 3). The
Results and Discussion H and?*Si NMR data are summarized in Table 1 and Figure

3a and are consistent with the formudes-[PhSi(O)OHE.

Synthesis of Polysilanolslt is well-documented that the h lecul ot obtained i 10 800 [ wt caled
synthesis of hydroxyl-containing silanes and siloxanes is " gzn;)o ecularweight obtained 1s equal to (mol wt calc

experimentally complicated as these compounds undergo ~“%/*
self-condensation, especially in the presence of ionic agents.  11iS-cis-tris-trans-dodeca[(phenyl)(hydroxy)]cyclodode-
Experience has shown that great care must be exercised tgasiloxane &) was prepared by reaction of dilute aqueous
isolate pure compounds and to minimize the contact of HCIwith copper/sodium-containing OPMS (C) (Scheme 3).
silanols and ionic agents (acids or bases). High dilution The*H NMR spectrum of2 shows two OH signals at =
reaction conditions and low temperatures are required for 6-798 and 6.850 ppm of two nonequivalent protons with
these reactions. The presence of bulky substituents at thg©lative intensities of 1:2 (Table 1, Figure 3b). The magnetic
silicon centers also inhibits the condensation reactions. Thus,"onequivalence of OH protons is a result of their different
dilute solutions of hydrochloric acid were used to split the €nvironment because of the fact that one hydroxyl group has
cagelike metallasiloxanes, H#PhSiO)sNisNau(s-OH),- two other OH groups as neighbors in a-et@s-position,
(PhSiQ)g]}Ln (A), Nau{[PhSiO]1.Cus} Ly (C), and cis- Wheregs thgse others are surrounded by one OH gnd one Ph
{(Na")[PhSi(0)O 4} -(1-butanol) (SPS-4), at low temper-  9roup in a cis-transposition. The magnetic nonequivalence
atures and low concentrations. The parent compounds weréS &/S0 observed for protons of phenyl groups. In particular,
prepared via hydrolysis of phenylmi{putoxy)silane in the ~ there are two doublets akprotons a) = 7.696 and 7.565
presence of sodium and nickel or sodium and copper ionsPPM with the same rela_t|ve intensities of 1:2. The intensity
according to Scheme 3. This scheme presents a generaPf Phenyl protons relative to the OH protons is 5:1. The
method of the preparation of the initial metallasiloxanes Molecular weight determined by VPO was 1600 (mol wt
Nag{ [(PhSiQ)eNisNay (13-OH)(PhSiQ)e]}-Ln (A), Nas- cglcq= 1658). These_ data are consistent with the assigned
{[PhSiO]1.Cw} Ly, (C), andcis-{ (Na*)[PhSi(0)O]4} +(1- tris-cis-tris-trans[PhSi(O)OH], structure.

butanol) (SPS-4) as well as polysilanols and their triorga- ~ The reaction of dilute HCI solution with crystalline sodium
nylsiloxy-substituted derivatives. Besides metal chloride phenylsiloxanolatecis-{(Na")[PhSi(0)0]4} +(1-butanol)
formation, under these conditions we obtained high yields (SPS-4) (Scheme 3), givegis-tetra[(phenyl)(hydroxy)]-

of stereoregularly formed oligo(phenyl)(hydroxy)cyclosilox- cyclotetrasiloxaned) in more than 80% yield. The NMR

anes containing a hydroxyl group attached to each silicon data of3 are summarized in Table 1 and Figure 3c. The
VPO-determined molecular weight was equal to 540 (mol

17) éa)DLiclkiis,,lP- DAgv- Ig_:?rg- Cohem199§ 42, 147526[:2- (b)’\hiclkissl, wt calcd = 552.9). Earliercis-tetrol (3) was isolated by
. D. In Talor-maade oilicor-Oxygen Compounad: From olecules H . H :
to Materials Corriu. R., Jutzi, P., Eds.; Friedr. Vieweg & Son: Brown from the hydrolysis of phenyltrlchloros!lane in
Braunschweig/Wiesbaden, Germany, 1996:-89. aqueous acetori® Subsequently, Feher et al. confirmed its
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Figure 5. Crystal packing ofl.

structure by single-crystal X-ray analyé?sm (;ompar|son Table 3. Selected Bond Lengths (A) and Angles (deg)lin
to the published methods, the current reaction takes just a

few minutes and producess-tetrol with a higher yield. Si1)-0() 1_640?2)”‘1 Lengt2§4-)0(e) L602(4)

X-ray Analysis of cis-Hexa[(phenyl)(hydroxy)]cyclo- Si(1)-0(2) 1.616(4) Si(4y0(7) 1.633(3)
hexasiloxane (1).The X-ray analysis ol revealed that the Si(1)-0(12) 1.602(4) Si(4y0(8) 1.622(3)
conformation of the 12-membered cycle is best described g:gg:ggg) i:gfg’((i)) gi'((gg((‘é?) i:gf;’g))
as a boatlike structure, with a deviation of the Si(1) and Si-  sj2)-0(3) 1.619(4) Si(5)0(9) 1.630(3)
(4) atoms by approximately 1.5 A from the Si(2)Si(3)Si(5)- Si(2)-0(4) 1.616(3) Si(5y0(10) 1.624(3)
Si(6) plane (the mean deviation is 0.29 A) (Figure 4). 2:%:8((31?) iggé((g)) 2.'((?,;8(53)) i-gigg
Noteworthy, the hydroxyl groups linked to the Si(1) and Si-  sj3)-0(5) 1.608(4) Si(6yO(11) 1.619(4)
(4) atoms are located at the pseudoaxial positions of the boat Si(3)~0(6) 1.617(3) Si(6)0(12) 1.615(4)

while all other OH groups are pseudoequatorial. Si(3)-C(30) 1.857(5) Si(6)C(60) 1.854(5)

The geometry ofl (Table 3) is similar to its trimethylsi- Bond Angles

. ; ivati i ; O(12)-Si(1)-0(2)  111.7(2)  O(6)Si(4)—C(40) 109.7(2)
loxy-substituted derivative, [PhSi(O)(OSiN&, reported O(L2)-Si(1-0() 1081(2)  O(8rSi(d)-C(40) 107.3(2)

earlier!® The silicon atoms are characterized by an almost  52)"si1)~o(1) 108.6(2) O(7)Si(4)-C(40)  112.7(2)
undistorted tetrahedral coordination, with the-8i—0O and O(12)-Si(1)-C(10) ~ 107.0(2)  O(8)Si(5)-0(10) 107.3(2)
O—Si—C angles varying in the narrow ranges of 106.6(2)  9(2-Si(1)-C(10)  108.7(2)  O(8)Si(5}-0(9) 111.8(2)

. 0O(1)-Si(1)-C(10 112.92)  O(16¥Si(5)-0(9 106.0(2
1117(27 and 1073(2}1129(27, reSpeCtlver. In contrast, 0543—8:55—022)) 109_3((2)) O§8}O}S|(Ié)20(5(og 107.8%2))
the coordination geometry of the oxygen atoms is much more O(4)-Si(2)-0(3) 108.8(2)  O(LOySi(5)-C(50)  111.6(2)
flexible. The exo- as well as the endocyclic oxygen atoms Q(2)~Si(2-0(3) 109.4(2)  O(9)Si(5)-C(50)  112.3(2)

. . . O(4)-Si(2)-C(20 110.4(2)  O(1Si(6)-O(10)  107.7(2
in 1 are characterized by the-SD—Si bond angles (140.5- ogzgfszgzgfcgzog 108.4223 oglgszgagfogng 111_0223

(2)—165.5(2)) significantly exceeding the standard value O(3)-Si(2)-C(20) 110.5(2)  O(16)Si(6)-0O(11)  110.3(2)

e A ; ; 0(5)-Si(3)-0(6) 109.6(2) O(12)Si(6)-C(60)  107.7(2)
(120"). Such _beh?wor is quite usual for the sterically hindered O(5)-Si(3)-0(4) 1101(2)  O(LOYSi(6)-C(60)  110.3(2)
siloxane moiety. 0(6)-Si(3)-0(4) 107.1(2) O(11)Si(6)-C(60)  109.8(2)

The values of the SiO bonds inl (1.602(4)-1.640(5) O(5)—Si(3)—-C(30) 110.3(2)  Si(BrO(2)-Si(2) 146.5(2)

i i i 0(6)—Si(3)-C(30) 109.9(2)  Si(2yO(4)-Si(3) 144.2(2)
A) are in general slightly shortened as compared with the O4)-Si(3)-0(30) 1007(2)  SIAYO6)-Si(3) 161.4(2)

standard value for a SiO bond (1.631 A?O Remarkably, 0(6)-Si(4)-0(8) 111.6(2) Si(5)0(8)-Si(4) 140.5(2)
the most elongated SO bonds are observed for the  O(6)-Si(4)-O(7) 106.6(2)  Si(6)O(10)-Si(5) 144.4(2)
exocyclic Si-OH groups, which are located in the pseu- ©®=Si#)-0() 109.02)  Si(1yO(12)-Si(6) ~ 165.5(2)

doequatorial positions. The-SC(Ph) bonds (average 1.852 bridging H-bonds, most interest focused on the crystal
A), with exception of the disordered Ph groups, exhibit the packing of1. The analysis of the crystal structure revealed
normal values. that the single molecules in the unit cell are assembled by
Because of the presence of numerous active hydrogen angpe Si-OH-+-O(H)—Si H-bonds into the infinite hydrophobic
oxygen atoms, which can participate in the formation of coated (by the Ph groups) tubes, directed along the crystal-
lographic axes (Figure 5). Solvate acetone molecules are

(18) Brown, J. FJ. Am. Chem. S0d.965 87, 4317-4324.

(19) Feher, F. J.; Schwab, J. J.; Soulivong, D.; Ziller, J.Nf&in Group located in the cavities formed by the Ph groups and are linked
20) %ui{n-19932,E12?S:—t13%k Vo T ad . i to the tubes by the €0---HO—Si H-bonds.
over, V. E.; rucnkov, Yu. |I. pances In Organosilicon :
Chemistry Voronkov, M. G., Ed.; MIR Publishers: Mc?scow, 1985; The complgx S_yStem of H'bo_nds in the crystal structure
pp 11-53. of 1is shown in Figure 6. Each siloxane cycle forms H-bonds
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Figure 6. H-bonded tube formation ity; the Ph groups are omitted for clarity.

with two siloxane molecules and in addition with two solvate
molecules of acetone. Unfortunately, the possibility of
bifurcate H-bond formation between the-&)H groups as
well as the participation of the disordered solvate acetone
molecules prevents a clear description of the H-bondk in
Thus, the only available information concerning the H-bond
system is limited to the ©-O distances, which vary from
2.684(5) up to 2.964(5) A, indicating SOH:--O(H)—Si
bonds. The corresponding values for thee@---HO—Si
bonds are approximately 2.64 A (because of disorder). The
determination of intra- and intermolecular -SDH---Ph
distances in the acetone-containing crystal structurd of
revealed that H-bonds of the-SDH:--Ph type are absent.

IR Spectroscopy of Compounds +3. As expected, the
IR spectra ofl—3in the region of the OH groups’ stretching
vibrations did not exhibit any sharp narrow bands charac-
teristic of free silanol groups. In the spectra of the phenyl-
substituted silanols containing one OH group attached to Si,
vOH is expected to appear at 3688690 cnm 1172124 For
the silanol groups in solid—3, a broad intense band with
complicated contour is observed, whose center of gravity
lies in the region of about 3200 crh (Figure 7). This
indicates a strong intermolecular H-bond of the-©8 type;
the silanol groups in the solids are associated.

Reactivity of Polysilanols. According to Scheme 1, the
reactivity of the polysilanold—3 was investigated perform-
ing their reactions with triorganylchlorosilane, MR)SiCl
(R = Me, CH,CI, CH=CHy), in the presence of pyridine as
an acceptor of HCI. The corresponding triorganylsiloxy-
substituted derivatives were obtained in high yields. Ac-
cording to NMR and GPC data, the reaction of the silanols
with trimethylchlorosilane occurred without change of the
size and stereoregularity of the siloxane cycles.

(21) (a) Harris, G. IJ. Chem. Soc. B97Q 488-492. (b) Harris, G. IJ.
Chem. Soc. B97Q 492-496.

(22) Popowski, E.; Holst, N.; Kelling, HZ. Anorg. Allg. Cheml1982 494,
166—-178.

(23) Mioc, U. B.; Bogunovic, L. J.; Ribnikar, S. V.; Dragoevic, M. D.
Mol. Struct.1988 177, 379-383.

(24) West, R.; Baney, R. HI. Am. Chem. Sod.959 81, 6145-6148.
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Figure 7. IR spectra in the region 406500 cnt? of solids1—3. The

samples were prepared by spreading the substances between twulates-
with subsequent grinding by rotating the plates relative to each other.

However, it is necessary to note that the complete
replacement of all hydroxyl by triorganylsiloxy groups
requires a sufficient surplus of triorganylchlorosilane and
elevated temperatures. A similar result was reported earlier
describing the synthesis of [PhSi(O)(OSie from cis-
[PhSi(O)OH], that was obtained by hydrolysis of phenyl-
trichlorosilane®2®

According to differential scanning calorimetry, wide-angle
X-ray scattering, and optical polarizing microscopy data, all
stereoregular cycles described in this paper exhibited me-
somorphic behavior, some in a large temperature region. The
results of these investigations will be published elsewhere.

(25) Meladse, S. M.; Mukbaniani, O. V.; Makarova, N. N.; Khananashvili,
L. M. Zh. Obshch. Khim198Q 2493-2499.
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Conclusion molecules can be regarded as predetermined building blocks
In this paper we report a unique experimental approach for the preparatio_n of well-defined discrete §upramolecu|ar

to produce polyfunctional hydroxyl-containing cyclosilox- architectures, which we are currently pursuing.

anes. Using the metal template effect for the synthesis of

metallasiloxanes in a preliminary step, stereoregularly formed ~Acknowledgment. We thank Dow Corning Corporation

siloxane cycles are subsequently released under controlledor financial support. In addition, N.A. and Y.A.M. thank

conditions by the reaction with aqueous solutions of hydro- the Deutsche Forschungsgemeinschaft (DFG) for support.

chloric acid. In each case, this reaction gives only one

cyclosiloxane selectively and with high yields. Such discrete 1C020546H
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