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Synthesis of 2,2,5,5-Tetrasubstituted 1,4-Dioxa-2,5-disilacyclohexanes via
Organotin(IV)-Catalyzed Transesterification of
(Acetoxymethyl)alkoxysilanes

Sascha A. Erhardt,”” Florian Hoffmann,"™ Jiirgen O. DaiB,™ Jiirgen Stohrer,™
Eberhardt Herdtweck,'' and Bernhard Rieger*!*!

Abstract: (Acetoxymethyl)silanes 2,
7a-¢, and 10a-c¢ with at least one
alkoxy group, of the general formula
(AcOCH,)Si(OR);_,(CH3), (R: Me,
Et, iPr; n=0, 1, 2), were synthesized
from the corresponding (chloro-
methyl)silanes 1, 6a—¢, and 9a-c by

tin(IV) catalysts such as dioctyltin
oxide. The reaction proceeds through
transesterification of the acetoxy and
alkoxy units followed by ring-closure
to form a dimeric six-membered ring.
The corresponding alkyl acetates are
formed as the reaction by-products.

overcomes the drawbacks of previously
reported synthetic routes to furnish
2,2,5,5-tetramethyl-1,4-dioxa-2,5-disila-
cyclohexane (3) and even allows the
synthesis of 1,4-dioxa-2,5-disilacyclo-
hexanes bearing hydrolytically labile
alkoxy substituents at the silicon atom

treatment with potassium acetate
under phase-transfer-catalysis condi-
tions. These compounds were found to
provide 2.2,5,5-organo-substituted 1,4-
dioxa-2,5-disilacyclohexanes 3, 8a-c,
and 1la—c if treated with organo-

Introduction

The synthesis of cyclic alkoxy silanes has received a lot of
interest due to the widespread applications of these com-
pounds.['! They are useful precursors for the organofunction-
alization of polysiloxanes,” as well as being monomers in
the field of ring-opening polymerization.”) 2,25 5-Substitut-
ed 1,4-dioxa-2,5-disilacyclohexanes are literature-known ex-
amples**! that attracted our attention. The most prominent
derivative is 2,2,5,5-tetramethyl-1,4-dioxa-2,5-disilacyclohex-
ane (3), which was first described by Speier et al.) Dehydra-
tion of 1,3-bis(hydroxymethyl)tetramethyldisiloxane was
caused by heating with lime (CaO) to afford silane 3 in
yields of 40-60% (Scheme 1). An alternative route was re-
ported by Simmler et al.:’! the reaction of (acetoxymeth-
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in good yields and high purity. These
new materials were fully characterized

phase- by NMR spectroscopy, elemental anal-

ysis, mass spectrometry, and X-ray
analysis (trans-8a).
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Scheme 1. Previously reported synthetic routes to 3. p-Ts: para-toluene-
sulfonyl.

yl)ethoxydimethylsilane with acidic methanol gave (hydrox-
ymethyl)ethoxydimethylsilane as an intermediate (exchange
of the alkoxy groups is likely but was not reported), which
was treated with potassium hydroxide followed by work-up
with para-toluenesulfonic acid to give 3 in 68% yield
(Scheme 1). Tacke etal. used hydroxymethyl-
(dimethyl)silane as the starting material, which underwent
cyclization in 31 % yield by reaction with catalytic amounts
of n-butyllithium and with the evolution of hydrogen
(Scheme 1).[57
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However, in all of these synthetic pathways, the non-neu-
tral reaction conditions, that is, acidic or basic catalysis, lead
to rapid rearrangement of the cyclic structure of 3 after dis-
tillation due to traces of the catalyst, to give oligomeric or
polymeric products.**) However, for applications as precur-
sors of functionalized polysiloxanes, stable monomeric com-
pounds are desirable. Additionally, if compounds with hy-
drolyzable alkoxy side groups are to be synthesized, anhy-
drous reaction conditions are required.

Organotin(IV) reagents are known to catalyze transesteri-
fications of alcohols and esters under mild and neutral con-
ditions.®! This methodology was also used to achieve ring
closures by which lactones were formed in the tin-promoted
reaction of a carboxyl group with a hydroxy group,” as well
as by the intramolecular reaction of a fert-butyl ester and a
hydroxy group.'” The methodology is also applicable to
(acetoxymethyl)alkoxysilanes and, surprisingly, yields dioxa-
disilacycles through tin-catalyzed transesterification of the
acetoxy and alkoxy units. Herein, we present a new route to
2,2,5,5-organo-substituted  1,4-dioxa-2,5-disilacyclohexanes,
which leads to a stable product under neutral, anhydrous
conditions.!]

Results and Discussion
(Acetoxymethyl)methoxydimethylsilane (2) was synthesized

from (chloromethyl)methoxydimethylsilane (1) by treatment
with potassium acetate (Scheme 2). Commonly, N,N-di-

KOACc (2 equiv) o
o PTC PR o
—_—
~=sil 110°C o s
/N — KCI (2 equiv) /N
1 (2 equiv) 2 (2 equiv)
/
[snl O si-
120 °C —Si‘o)
—MeOAc (2 equiv) /
3

Scheme 2. Synthesis of (acetoxymethyl)silane 2 followed by cyclization to
3. PTC: phase-transfer catalyst.

methylformamide (DMF) is used as the solvent at high tem-
peratures (reflux conditions) for the conversion of (chloro-
methyl)silanes into the corresponding (acetoxymethyl)si-
lanes in the presence of a large excess of sodium or potassi-
um acetate.'"” In order to increase yields and the reaction
speed, various phase-transfer catalysts were tested
(Table 1).1% In lieu of DMF, high-temperature-boiling sol-
vents (diphenyl ether and the hydrocarbon mixture Hydro-
seal G 400 H) were used to simplify the workup procedure.
Aliquat 336 or tetrabutylphosphonium bromide in Hydro-
seal G400 H afforded the highest conversions of 92 and
89 %, respectively (Table 1, entries 4 and 5). A slight excess
(1.18 equiv) of potassium acetate was sufficient.
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Table 1. Synthesis of 2 by using phase-transfer catalysis under different
conditions.

Entry Solvent pTCl ¢ [h]®

Yield [%]*

1 Hydroseal G 400 H Bu,NBr 8 72
2 Hydroseal G 400 H Bu,PCl 5 79
3 diphenyl ether Bu,PBr 4 78
4 Hydroseal G 400 H Aliquat 336 9 92
5 Hydroseal G 400 H Bu,PBr 5 89
6 diphenyl ether Aliquat 336 6 88

[a] 2mol% catalyst was used. Aliquat 336: trioctylmethylammonium
chloride. [b] Reactions were run until GC analysis showed a conversion
of at least 99 %. [c] Yields of isolated products after distillation.

The subsequent ring closure was promoted by tin(IV)
compounds. The catalyst (0.5 mol%) was suspended in
silane 2, and the reaction mixture was stirred at 120°C. The
evolving methyl acetate was distilled off at reduced pressure
over a period of 6 h to shift the equilibrium of the reaction
toward the desired product. After distillation, silane 3 was
obtained in high purity in 86 % yield. Various organotin(IV)
compounds were tested as catalysts, with yields ranging
from 72 to 86% (Table 2). Dioctyltin oxide and dibutyltin
oxide were the most efficient catalysts.

Table 2. Synthesis of dioxadisilacyclohexane 3 by using different cata-
lysts.

Entry Catalyst!*! ¢ [h]® Yield [%]"!
1 dibutyldimethoxy tin 7 72
2 dibutyltin dilaurate 8 79
3 dimethyltin oxide 6 80
4 dioctyltin oxide 6 86
5 dibutyltin oxide 6 86

[a] 0.5 mol % catalyst was used. [b] Reactions were run until GC analysis
showed a conversion of at least 98 %. [c] Yields of isolated products after
distillation.

The formation of silane 3 proceeds in two steps. Firstly,
silane 2 condenses by transesterification and removal of
methyl acetate into linear oligomers with [SiMe,—CH,—O]
repeating units and methoxy or acetyl end groups, respec-
tively (Scheme 3). These oligomers are in a dynamic thermal
equilibrium with cyclic compounds [SiMe,—~CH,—O],, (m>
2; the three-membered ring with m =1 is not stable towards
oligomerization under these conditions and was therefore

(0]

)ﬁo/\Si,IO\
/\
n

intermediate polymer

)OJ\ o R2SnO
.o —_—
o/\/s|\ ~ 7 Z(111) MeOAc

2 (n equiv)

o../
R,SnO (si—
—_— )
— MeOAc —/Sho)

3 (0.5n equiv)

Scheme 3. Tin(IV)-catalyzed synthesis of cyclic silane 3. R: n-butyl or n-
octyl.
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not observed). Analysis by GC and GC-MS showed linear
(n<9) and cyclic (m <12) homologues in the reaction mix-
ture.l'”) Upon completion of the polymer formation, the
average ratio of repeating units (linear and cyclic) to end
groups (methoxy and acetyl) was found to be in the range
15-30:1 (as determined by 'H NMR spectroscopy). From
this reaction mixture, the most volatile cyclic product 3 (m =
2) is then separated by distillation. The thermal equilibra-
tion of the reaction induces the formation of further quanti-
ties of 3 until nearly all of the [SiMe,~CH,—O] units are
converted into this stable ring structure.

It is noteworthy that the use of a long distillation column
was necessary to prevent contamination of 3 with the next
higher homologue, 2,2,5,5,8,8-hexamethyl-1,4,7-trioxa-2,5,8-
trisilacyclononane (4, m=3), in the distillate. However, for
most applications, this mixture can be used just as pure
silane 3.

From the brown liquid distillation residue, a white solid
precipitated upon cooling; this was identified as a cyclic
silastannoxane by NMR spectroscopy and FAB-MS. When
dibutyltin oxide was used as the catalyst, the compound
2,2,1,7-tetrabutyl-4,4,9,9-tetramethyl-1,3,6,8-tetraoxa-4,9-
disila-2,7-distannacyclodecane (5) was formed. Compound 5
could also be synthesized from silane 3 and dibutyltin oxide
by simply heating stoichiometric amounts in toluene
(Scheme 4). The respective silastannoxanes are the only tin

/ 7/ Bu
Bu (O\Si— toluene O’SI\/O‘Sﬁ—Bu
*+8Sn-0O+* + . ) —_—— ! .
i —Si. reflux Bu-Sn___~_...0
Bu n /O BU O~ si
/\
(2 equiv) 3 (n equiv) 5 (n equiv)

Scheme 4. Synthesis of silastannoxane 5 from silane 3 and dibutyltin
oxide.

compounds observed by '"’Sn NMR spectroscopy through-
out the reaction. After the reaction, they comprise up to
90% of the tin catalyst in the distillation residue (as judged
by 'HNMR spectroscopy). It is not clear if these com-
pounds are intermediates from the catalytic cycle or just by-
products formed from silane 3 and the catalyst. Indeed, as
silastannoxane S is a very effective catalyst for the formation
of 3 from 2, it is assumed that 5 is at least in a dynamic
equilibrium with the reactive species. Attempts to obtain
single crystals for X-ray structure determination were not
successful.

Notably, degradation of 3, especially by polymerization as
previously reported,** could not be detected when it was
stored at room temperature with exclusion of moisture. The
silane remained stable (as judged by NMR spectroscopy)
even after one year, due to the synthetic method that does
not contaminate the product with traces of acids or bases,
which can lead to decomposition. Inspired by these results,
we adapted the protocol outlined above for the synthesis of
dioxadisilacyclohexanes bearing labile alkoxy groups at the
silicon atom."®!
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Scheme 5. Synthesis of silanes 8a—¢ and 1la-c. a) ROH, imidazole,
DMAP, CH,Cl,, 0°C to room temperature, 12h; b) KOAc, Bu,PBr
(2mol %), 110°C; c) Oct,SnO (0.5 mol %), 120-125°C. DMAP: 4-(di-
methylamino)pyridine.

(Acetoxymethyl)silanes 7a-¢ and 10a-c¢ with methoxy,
ethoxy, and the sterically more demanding isopropoxy sub-
stituents were synthesized as precursors by using the opti-
mized protocol as previously described (Scheme 5). (Chloro-
methyl)silanes 6¢ and 9c¢ were synthesized by alcoholysis of
(chloromethyl)dichloromethylsilane and (chloromethyl)tri-
chlorosilane with isopropanol in 95 and 97 % yields, respec-
tively. Imidazole was used in excess as an HCIl scavenger
and DMAP was used as the catalyst.'”! Treatment of silanes
6a—c and 9a—c with potassium acetate and tetrabutylphos-
phonium bromide as the phase-transfer catalyst afforded the
corresponding (acetoxymethyl)silanes 7a—¢ and 10a-c in
high yields. Silanes with purities of at least 99.8 %, as veri-
fied by GC analysis, were used for the subsequent cycliza-
tion reactions. (Acetoxymethyl)silanes were stored over mo-
lecular sieves to prevent moisture-driven generation of alco-
hols because contamination of the cyclic silanes with alco-
hols would lead to slow polymerization by ring opening.

The mechanism of the cyclization reactions of silanes 7a—
¢ and 10a—c is assumed to be analogous to that outlined
above for silane 3. There is more than one reactive group at
the silicon atom, so the intermediate polymer can also be
branched or cross-linked, which would thus lead to the for-
mation of branched or cross-linked cyclic compounds. Di-
octyltin oxide was used throughout in the reactions. There-
by,  2,5-dialkoxy-2,5-dimethyl-1,4-dioxa-2,5-disilacyclohex-

Chem. Eur. J. 2013, 19, 4818 -4825
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Organotin(IV)-Catalyzed Synthesis of Functionalized Dioxadisilacyclohexanes

anes 8a—c could be obtained in yields of 83-85% by starting
from silanes 7a—c, respectively. The products were isolated
after distillation as a mixture of isomers, with the alkoxy
groups in cis or trans positions relative to each other on the
six-membered ring (8a: cis:trans ratio~1:1, as determined
by NMR spectroscopy). This can also be seen in the
»Si NMR spectra (INEPT experiment)!'® of 8a—c, which
clearly show two distinct peaks with similar chemical shifts
(A6=0.2-0.3 ppm; Figure 1). The trans isomer of 8a could
be separated by crystallization at —20°C. trans-2,5-Di-
methoxy-2,5-dimethyl-1,4-dioxa-2,5-disilacyclohexane (trans-
8a) crystallizes in a chair conformation (Figure 2). A mix-

--13.77
--13.98

e

116 120 -124 128 132 136 -140 -144 148 152 -156 -160 -16.4 -16.8
[ppm]

Figure 1. ”Si NMR spectrum of 8a showing signals for both isomeric
products.
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=
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O

Figure 2. ORTEP-style plot of compound trans-8a in the solid state. Ther-
mal ellipsoids are drawn at the 50% probability level. Selected bond
lengths [A] and bond angles [°]: Sil—O1 1.655(2), Si1—02 1.652(2), Sil—
C1 1.891(2), Si1—C2 1.851(3), O1—-C1' 1.467(3), O2—C3 1.445(3); O1—
Si1—02 110.7(1), O1-Si1—C1 107.8(1), O1-Sil—C2 106.9(1), O2—Sil—C1
104.9(1), 0O2-Sil—C2 112.9(1), C1-Sil—C2 113.6(1), Sil-O1-Cl’
120.5(1), Si1—O1—C3 122.5(2), Si1—C1—O1’ 111.8(2). Operator for gener-
ating equivalent atoms: —x, 1—y, —z.
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ture of isomers is formed because the alkoxy substituents
are relatively small. If bulky phenyl substituents are present,
only the trans isomer is formed, as in the case of 2,5-dimeth-
yl-2,5-diphenyl-1,4-dioxa-2,5-disilacyclohexane.® Significant-
ly, upon standing at room temperature, both isomers of 8a
(cis: enriched in the mother liquor; trans: melted crystals)
rearrange into the original ratio of isomers within several
weeks (Figure 3), with simultaneous polymerization being

cis-8a

concentration / % NMR intensity
cisltrans ratio

0 5 10 15 20 25 30 35 40
time /d
[[-=-cis  trans —-cis+trans

polymer -e-cis/trans ratio |

trans-8a
100 » 12

©
o

06

cisltrans ratio

0.4

concentration / % NMR intensity

02

T v 0.0
0 5 10 15 20 25 30 35

time /d
[[-=-cis ~ trans —-cis+trans

polymer -e-cis/trans ratio |

Figure 3. Kinetics of the equilibration of cis and trans isomers of 8a.

observed. Apparently, both isomers are in a dynamic equi-
librium. At —20°C, no rearrangement was observed within
the same period of time.

The synthetically challenging hydrolytically labile tetraal-
koxy-substituted cyclic silanes 11a—¢ were synthesized in an
analogous manner to 8a—c from (acetoxymethyl)trialkoxysi-
lanes 10a—c in good yields. In addition, it was found that
“mixed” ring structures could also be accessed by this syn-
thetic route, if mixtures of (acetoxymethyl)silanes are used.
Thus, commercially available 9a, which contains impurities
of 6a, leads through 10a and 7a to 11a with an impurity of
2,2,5-trimethoxy-5-methyl-1,4-dioxa-2,5-disilacyclohexane
(12). Admittedly, the synthetic usefulness of this reaction is
limited because poorly separable statistical mixtures of
cyclic compounds are formed if stoichiometric mixtures of
(acetoxymethyl)silanes are used.

— 4821
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If the hydrolytic stabilities of the different cyclic silanes
are compared, the (dialkoxy)dimethyl-substituted rings are
considerably more stable than those bearing four alkoxy
substituents. As expected,['] the methoxy derivatives are the
most labile, whereas the ethoxy and isopropoxy derivatives
are more stable towards hydrolysis. More precisely, if
handled under argon at —20°C, silanes 8a—c remain intact
for several months, whereas some oligomerization products
can be detected in 11b and 11¢ by NMR spectroscopy
within several weeks. The tetramethoxy-substituted silane
11a is the least stable and shows traces of oligomers after
several days.

Conclusion

2,2,5,5-Substituted 1,4-dioxa-2,5-disilacyclohexanes can be
synthesized in high yield and purity from (acetoxymethyl)al-
koxysilanes in a tin-catalyzed two-step transesterification re-
action of the acetoxy and alkoxy units through intermolecu-
lar condensation followed by ring closure. The (acetoxy-
methyl)alkoxysilanes are accessible from (chloromethyl)al-
koxysilanes in high-temperature-boiling solvents with phase-
transfer catalysis. Due to the mild, neutral, and anhydrous
reaction conditions, hydrolytically labile alkoxy substituents
at the silicon atom are tolerated and the obtained com-
pounds are much more stable than those obtained by alter-
native synthetic routes. These novel cyclic silanes are inter-
esting monomers and precursors. Investigations to explore
their chemistry are in progress.

Experimental Section

General methods: All reactions were performed under an atmosphere of
argon by using standard Schlenk techniques, unless otherwise stated. Sol-
vents were dried by employing standard methods. Chemicals were pur-
chased from commercial suppliers and used as received. Hydroseal
G 400 H was obtained from Total. (Chloromethyl)silanes 1, 6a, 6b, 9a,
and 9b were obtained from Wacker Chemie AG. 'H, "*C, #Si, and
"9Sn NMR spectra were recorded on a Bruker Avance 500 cryospectrom-
eter (‘H: 500 MHz; C: 126 MHz; *Si: 99 MHz), Bruker Avance 360
spectrometer ("H: 360 MHz; *Si: 72 MHz), or Bruker Avance 300 spec-
trometer (‘H: 300 MHz; *C: 75 MHz; ¥Si: 60 MHz; "“Sn: 112 MHz) at
ambient temperature. Chemical shifts are reported in 6 (ppm) and were
determined relative to internal [Ds]benzene (‘H NMR: 6 =7.16 ppm), in-
ternal [Dg]benzene (CNMR: 0=128.06 ppm), internal CHCI,
("HNMR: §=7.27 ppm), internal CDCI; (*C NMR: 6 =77.00 ppm), ex-
ternal tetramethylsilane (¥’Si NMR: 6 =0 ppm, in C,D,; or CDCL), or ex-
ternal tetramethylstannane (''*Sn NMR: 6 =0ppm, in C,Ds); coupling
constants are reported in Hz. *C NMR spectra were assigned with the
aid of DEPT 135 experiments. GC-MS analysis was measured on a
Varian CP-3800 GC unit coupled with a Varian Saturn 2100 T mass spec-
trometer. FAB-MS analysis was performed on a Finnigan MAT 90 mass
spectrometer. IR spectra were recorded on a Nicolet Avatar 370 FT-IR
spectrometer. Elemental analyses were performed by using the Vario EL
analyzer (Elementar) at the Department of Inorganic Chemistry, Techni-
sche Universitdt Miinchen.

Rearrangement of cis- and frans-8a: The rearrangement of cis- and
trans-8a was monitored by GC analysis and 'H NMR spectroscopy. The
absolute GC data turned out to be distorted by the polymerization of 8a
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(formation of nonvolatile compounds), but the cis/trans ratio was in good
agreement with the NMR data. The kinetic data shown in Figure 3 were
derived from the '"H NMR signals (in CDCI;) of the methoxy groups be-
cause they did not superimpose with the signals of the polymer like the
silicon-bound methyl groups did. The concentrations of cis- and trans-8a
are shown in relation to each other, that is, their sum is 100%. Their
ratio is derived from these data. The concentrations of the sum of the iso-
mers of 8a and the polymer are shown in relation to the theoretical
number of protons (6 or 10, respectively), that is, their sum may differ
slightly from 100 %.

Single-crystal X-ray structure determination of compound trans-8a:>"
Suitable single crystals for the X-ray diffraction study were grown by
cooling a mixture of cis- and trans-8a to —20°C. A clear colorless frag-
ment was fixed on the top of a glass fiber with perfluorinated ether and
transferred to the diffractometer. Preliminary examination and data col-
lection was carried out on an area-detecting system with graphite-mono-
chromated Moy, radiation (1=0.71073 A, Bruker AXS, APEX II, rotat-
ing anode, FR591). The unit cell parameters were obtained by full-matrix
least-squares refinements during the scaling procedure. Data collection
was performed at low temperature (7=123 K, Oxford Cryosystems cool-
ing device). The crystal was measured with eleven/nine data sets in rota-
tion scan mode (A¢/Aw=0.50°; dx=>55/35). Intensities were integrated
and the raw data were corrected for Lorentz, polarization, and, arising
from the scaling procedure, latent decay and absorption effects. The
structure was solved by a combination of direct methods and difference
Fourier syntheses. All non-hydrogen atoms were refined with anisotropic
displacement parameters. All hydrogen atoms were placed in ideal posi-
tions and refined by using a riding model. Full-matrix least-squares re-
finements were carried out by minimizing Sw(F,’—F>2) with the
SHELXL-97 weighting scheme and stopped at shift/err <0.001. The final
residual-electron-density maps showed no remarkable features. Neutral
atom scattering factors for all atoms and anomalous dispersion correc-
tions for the non-hydrogen atoms were taken from the International
Tables for Crystallography.”” CCDC-866726 (trans-8a) contains the sup-
plementary crystallographic data for this paper. These data can be ob-
tained free of charge from the Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif. Crystallographic data for trans-
8a: Formula: C,H;,0,Si,; M,=208.37; colorless fragment; crystal size:
0.17x0.18x0.23 mm; monoclinic; space group: C2/c (no.15); a=
12.1313(17), b=6.8248(7), c¢=17.0453) A; p=130.098(9)°; V=
1079.5(3) A*; Z=4; u(Moy,)=0.307 mm'; pq=1.282 gcm™>; 6 range =
3.12-25.36°; 11940 data collected; independent data [I,>20([,)/all data/
R, ]: 857/965/0.061; data/restraints/parameters: 965/0/57; R1 [I,>20(1,)/
all data]: 0.0416/0.0465; wR2 [I,>20(l,)/all data]: 0.1082/0.1097; GOF =
1.157; APmaymin: 0.48/—0.21 ¢ A7,

General procedure A for the synthesis of (acetoxymethyl)silanes: Potassi-
um acetate (1.18 equiv) and tetrabutylphosphonium bromide (0.02 equiv)
were suspended in the appropriate (chloromethyl)silane (1 equiv) and
heated at 110°C with vigorous stirring for 4-8 h, until GC-MS analysis
showed full conversion. After cooling of the mixture to room tempera-
ture, anhydrous dichloromethane was added and the mixture was filtered.
The solvent was removed by distillation at ambient pressure. The residue
was then purified by distillation under reduced pressure to afford the
pure product.

General procedure B for the synthesis of (acetoxymethyl)silanes: Potassi-
um acetate (1.18 equiv) and tetrabutylphosphonium bromide (0.02 equiv)
were suspended in the appropriate (chloromethyl)silane (1 equiv). A
high-temperature-boiling solvent was added (diphenyl ether or Hydroseal
G 400 H), and the reaction mixture was heated at 110°C with vigorous
stirring for 4-8 h, until GC-MS analysis showed full conversion. The (ace-
toxymethyl)silanes were purified by distillation under reduced pressure.

General procedure C for the synthesis of (acetoxymethyl)silanes: Potassi-
um acetate (1.18 equiv) and tetrabutylphosphonium bromide (0.02 equiv)
were suspended in the appropriate (chloromethyl)silane (1 equiv) and
heated at 110°C with vigorous stirring for 4-8 h, until GC-MS analysis
showed full conversion. After being cooled to room temperature, the
mixture was diluted with dichloromethane and poured into water. The or-
ganic phase was separated, the aqueous layer was extracted with di-
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chloromethane, and the combined organic extracts were washed with
water and saturated NaCl solution. After drying over MgSO,, the di-
chloromethane was removed by distillation at ambient pressure. For puri-
fication, the crude silanes were distilled under reduced pressure.

General procedure D for the synthesis of 2,2,5,5-functionalized 1,4-dioxa-
2,5-disilacyclohexanes: (Acetoxymethyl)silanes were distilled prior to
cyclization reactions, to purities of at least 99.8% (as determined by GC
analysis) and stored over molecular sieves (4 A). Dioctyltin oxide
(0.5 mol %) was suspended in the appropriate silane, and the mixture was
heated at 120-125°C. Evolving alkyl esters were removed by distillation
under vacuum. The pressure was continuously decreased over a period of
approximately 6 h. After complete removal of the alkyl esters, the dioxa-
disilacyclohexanes were distilled from the reaction mixture.

(Acetoxymethyl)methoxydimethylsilane (2): General procedure B, silane
1 (101 g, 731 mmol), potassium acetate (84.6 g, 862 mmol), tetrabutyl-
phosphonium bromide (4.96 g, 14.6 mmol), Hydroseal G 400 H (100 mL),
110°C, 5h. Distillation at 92°C (100 mbar) afforded 2 as a colorless
liquid (105 g, 648 mmol, 89%); '"H NMR (500 MHz, C,Ds): 6=3.80 (s,
2H; Si—CH,—0), 3.24 (s, 3H; OCH,), 1.68 (s, 3H; Ac CHj;), 0.07 ppm (s,
6H; Si—-CH;); "CNMR (126 MHz, C,Dy): 6=170.7 (C=0), 56.3 (Si—
CH,~0), 50.4 (OCHj;), 20.3 (Ac CH;), —3.7 ppm (Si—CH;); ’Si NMR
(99 MHz, C,Dy): 6=—12.4 ppm; MS (70 eV): m/z (%): 146.9 [M*—CHj]
(38.4); elemental analysis: caled (%) for CH,,05S1 (162.07): C 4441, H
8.70, Si 17.31; found: C 44.95, H 8.77, Si 17.23.
2,2,5,5-Tetramethyl-1,4-dioxa-2,5-disilacyclohexane (3): General proce-
dure D, dioctyltin oxide (965 mg, 2.67 mmol), silane 2 (86.7 g, 534 mmol),
120°C (pressure was decreased from 650 to 100 mbar). Silane 3 (40.6 g,
230 mmol, 86 %) was obtained as a colorless liquid by distillation at 42°C
(12 mbar); m.p. 19-21°C; '"H NMR (500 MHz, C¢Dy): 0=3.51 (s, 4H; Si—
CH,~0), 0.10 ppm (s, 12H; Si—CH;); *CNMR (126 MHz, C¢Dy): 6=
56.8 (Si—CH,~0), —3.1 ppm (Si—CH,); ¥Si NMR (99 MHz, C¢Dy): 0=
9.1 ppm; MS (70 eV): m/z (%): 1762 [M™*] (92.9); elemental analysis:
caled (%) for CsH 40,81, (176.07): C 40.86, H 9.14, Si 31.85; found: C
40.61, H 9.12, Si 31.56.

NMR data for the intermediate polymer in the formation of 3: 'H NMR
(300/500 MHz, C¢Dy): 6=4.1-3.9 (Si—~CH,—OAc), 3.6-3.0 ([Si-CH,—O],,
OCHj;), 1.86-1.82 ppm (Ac CH;); '"HNMR (300/500 MHz, CDCLy): 6=
3.77-3.67 (Si—CH,—OAc), 3.46-3.37 (OCHs;), 3.37-3.16 ([Si—~CH,—O],),
2.03 ppm (Ac CHy).
2,2,5,5,8,8-Hexamethyl-1,4,7-trioxa-2,5,8-trisilacyclononane (4): Occasion-
ally contained as an “impurity” in silane 3 (see text); 'HNMR
(300 MHz, C(Dy): 0=3.34 (s, 18H; Si—CH,—O), 0.15ppm (s, 6H; Si—
CH;); MS (70 eV): miz (%): 264.1 [M*] (2.3).
2,2,7,7-Tetrabutyl-4,4,9,9-tetramethyl-1,3,6,8-tetraoxa-4,9-disila-2,7-distan-
nacyclodecane (5): Dibutyltin oxide (9.8 g, 39.4 mmol), silane 3 (3.5¢,
19.8 mmol), and toluene (5 mL) were heated to reflux (120-125°C, com-
plete dissolution) for some hours until "H NMR monitoring showed that
the signals of the starting materials had disappeared and only product
signals were present. The mixture was first cooled to room temperature
and then in a refrigerator overnight. The white precipitate was separated,
washed with pentane, and dried in vacuo. Compound 5 (9.7 g, 14.4 mmol,
73 %) was obtained as a white microcrystalline powder, which was mod-
erately soluble in tetrahydrofuran or toluene. From the mother liquor, no
further product could be obtained; m.p.: 98-100°C; 'H NMR (300 MHz,
CeDy): 0=3.13 (s, 'J(H,C)=132.5, *J(H,Sn)=35.7 Hz, 4H; Si—~CH,~0),
1.91 (m, *J(H,Sn)=95.4 Hz, 8H; nBu CH,), 1.55 (m, 8H; nBu CH,), 1.45
(t, 3J(H,H)=7.6, 2J(H,Sn) =70 Hz, 8H; Sn—CH,), 1.08 (t, *J(H,H)=7.3,
J(H,C)=125.8 Hz, 12H; nBu CH,), 0.37 ppm (s, J(H,C)=118.0, J-
(H,Si)=6.4 Hz, 12H; Si—CH;); *CNMR (75 MHz, C,Dg): 6=55.2 (Si—
CH,—0), 28.1 ()J(C,Sn)=34 Hz; nBu CH,), 27.5 (J(C,Sn)=79 ('"'Sn)
and 82 Hz ('¥Sn); nBu CH,), 21.1 ("J(C,Sn)=598 ('Sn) and 623 Hz
(*¥Sn); Sn—CH,), 14.3 (nBu CH,), 1.8 ppm ('J(C,Si)=58.3 Hz; Si—CH,);
¥Si NMR (60 MHz, C¢D;): 0=0.01 ppm (3/(Si,Sn)=20 Hz); 'Sn NMR
(112 MHz, C¢Dg): 6=—141.8 ppm (br (Av,,=70 Hz), 'J(Sn,C) =616, *J-
(C,Sn) =385, *J(Sn,Si) =172 Hz); IR (KBr): #=2955 (s), 2926 (s), 2895 (W,
sh), 2870 (m), 2857 (s), 2798 (m), 2725 (vw), 1464 (m), 1456 (m), 1423
(w), 1375 (w), 1341 (vw), 1285 (vw), 1261 (vw, sh), 1244 (s), 1207 (w),
1194 (vw), 1155 (w), 1075 (w), 982 (s), 926 (s), 883 (m), 869 (m), 824 (s),
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803 (m), 741 (m), 690 (m), 673 (m), 634 (W), 619 (w), 595 cm™" (w); FAB-
MS: miz (%): 675.2 [M+H"] (16.4); elemental analysis: caled (%) for
C,,H5,0,S81,8n, (674.25): C 39.19, H 7.77, Si 8.33, Sn 35.21; found: C
38.91, H 7.58, Si 8.29, Sn 35.3.

(Chloromethyl)(diisopropoxy)methylsilane  (6¢): Dry isopropanol
(32.0mL, 422 mmol) was added to a solution of imidazole (30.7 g,
452 mmol) and 4-(dimethylamino)pyridine (2.4 g, 20 mmol) in dry di-
chloromethane (350 mL). The solution was cooled to 0°C. At that tem-
perature, dichloro(chloromethyl)methylsilane (32.1 g, 196 mmol) was
added dropwise, which resulted in precipitation of imidazole hydrochlor-
ide. The suspension was allowed to warm to room temperature and stir-
red overnight (12 h). After filtration, ammonium chloride solution (10 %
in water, 200 mL) was slowly added. The organic phase was separated,
the aqueous layer was extracted with dichloromethane (2x75 mL), and
the combined organic extracts were washed with water (100 mL) and sat-
urated NaCl solution (100 mL), dried over MgSO,, and concentrated
under reduced pressure. Compound 6¢ (39.1 g, 186 mmol, 95 %) was ob-
tained as a colorless liquid by distillation under reduced pressure; b.p.
70°C (20 mbar); '"HNMR (500 MHz, C¢D): 6=4.03 (sept, J(H,H)=
6.1 Hz, 2H; iPr CH), 2.62 (s, 2H; Si—CH,~O0), 1.11 (d, *J(H,H)=6.1 Hz,
18H; iPr CH,), 0.23 ppm (s, 3H; Si—CH;); C NMR (126 MHz, C¢Dy):
0=65.74 (iPr CH), 279 (Si-CH,~0), 25.8 (iPr CH;), —5.2 ppm (Si—
CH;); ¥Si NMR (99 MHz, C¢Dg): 0=—19.0 ppm; MS (70 €V): miz (%):
209.0 [M*—H] (3.1); elemental analysis: calcd (%) for CgH;ClO,Si
(210.08): C 45.59, H 9.09, Si 13.32; found: C 45.25, H 9.29, Si 13.25.

(Acetoxymethyl)dimethoxymethylsilane (7a): General procedure B, po-
tassium acetate (64.4 g, 656 mmol), tetrabutylphosphonium bromide
(3.85g, 11.1 mmol), silane 6a (86.0g, 556 mmol), diphenyl ether
(100 mL), 110°C, 8 h. After distillation, silane 7a was obtained as a color-
less liquid (89.4 g, 501 mmol, 90%); b.p. 70°C (20 mbar); 'H NMR
(500 MHz, C,Dg): 6=3.85 (s, 2H; Si—CH,—0O), 3.33 (s, 6H; OCH,), 1.68
(s, 3H; Ac CHj;), 0.14 ppm (s, 3H; Si—CH3); "C NMR (126 MHz, C¢Dy):
0=170.7 (C=0), 53.7 (Si—CH,~0), 50.2 (OCHj;), 202 (Ac CH,),
—6.1 ppm (Si—CH;); ¥SiNMR (99 MHz, CcDg): 6=-11.2 ppm; MS
(70 eV): miz (%): 177.7 [M*] (1.2); elemental analysis: caled (%) for
CeH,,0,Si (178.07): C 40.43, H 7.92, Si 15.76; found: C 40.27, H 7.54, Si
15.63.

(Acetoxymethyl)diethoxymethylsilane (7b): General procedure A, potas-
sium acetate (56.7 g, 578 mmol), tetrabutylphosphonium bromide (3.32 g,
9.80 mmol), silane 6b (89.5 g, 490 mmol), 110°C, 8 h. Silane 7b (90.1 g,
437 mmol, 89 %) was obtained by distillation at 77°C (16 mbar) as a col-
orless liquid; '"HNMR (500 MHz, C¢D): 0=3.90 (s, 2H; Si—CH,~0),
3.66 (q, J(H,H)=7.0 Hz, 4H; Et CH,), 1.69 (s, 3H; Ac CHj), 1.10 (t, *J-
(H,H)=7.0Hz, 6H; Et CH;), 020 ppm (s, 3H; Si—CH,); “C NMR
(126 MHz, CsDg): 0=170.7 (C=0), 58.6 (Et CH,), 54.3 (Si—~CH,—0), 20.3
(Ac CHj), 18.6 (Et CH;), —S5.1ppm (Si—CH); *Si NMR (99 MHz,
C¢Dy): =—15.0 ppm; MS (70 eV): m/z (%): 206.1 [M*] (0.4); elemental
analysis: caled (%) for CgH;30,Si (206.10): C 46.57, H 8.79, Si 13.61;
found: C 46.43, H 8.90, Si 13.47.

(Acetoxymethyl)diisopropoxymethylsilane (7¢): General procedure C,
potassium acetate (22.0 g, 224 mmol), tetrabutylphosphonium bromide
(1.31 g, 3.80 mmol), silane 6¢ (40.0 g, 190 mmol), 110°C, 6 h. Purification
by distillation provided 7¢ (41.0 g, 175 mmol, 92%) as a colorless liquid;
b.p. 70°C (6 mbar); '"H NMR (500 MHz, C¢D): 0 =4.07 (sept, J(H,H)=
6.1 Hz, 2H; iPr CH), 3.90 (s, 2H; Si—~CH,—0), 1.71 (s, 3H; Ac CHj), 1.12
(d, *J(HH)=6.1Hz, 12H; iPr CH;), 0.22ppm (s, 3H; Si—CH;);
BCNMR (126 MHz, C,Dy): 6=170.6 (C=0), 65.5 (iPr CH), 54.9 (Si—
CH,—0), 25.8 (iPr CH,), 20.4 (Ac CH;), —4.1 ppm (Si—CH;); ¥Si NMR
(99 MHz, CDy): 6=—17.9 ppm; MS (70 eV): m/z (%): 234.0 [M*] (0.2);
elemental analysis: calcd (%) for C,,H,,0,Si (234.13): C 51.25, H 9.46, Si
11.98; found: C 51.40, H 9.26, Si 12.16.

2,5-Dimethoxy-2,5-dimethyl-1,4-dioxa-2,5-disilacyclohexane (8a): Gener-
al procedure D, dioctyltin oxide (200 mg, 0.553 mmol), silane 7a (19.7 g,
111 mmol), 120°C (pressure was decreased from 650 to 20 mbar). The
crude product was distilled at 36°C (2x 10~ mbar) to provide 8a (9.83 g,
47.2 mmol, 85%) as a colorless liquid; '"H NMR (500 MHz, C,Dy): 6=
3.69 (m, 4H; Si—CH,—O), 3.51 and 3.35 (s, 6H; OCH;), 0.08 and
0.00 ppm (s, 6H; Si—CHj;); "C NMR (126 MHz, C;Ds): 0=54.9 and 54.4
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(Si—-CH,—0), 50.4 and 50.3 (OCH;), —5.4 and —5.5ppm (Si—CHj;);
#Si NMR (99 MHz, C¢Dg): 6=-13.8 and —14.0 ppm; MS (70 eV): m/z
(%): 208.1 [M*] (44.2); elemental analysis: caled (%) for C¢H;0,Si,
(208.06): C 34.59, H 7.74, Si 26.96; found: C 34.55, H 7.59, Si 26.83.
Separation of isomers of 8a: rrans-8a crystallized upon storage of the iso-
meric mixture at —20°C for some days. The mother liquor (mainly cis-
8a) was removed with a syringe and the colorless crystals were washed
with cold pentane and dried in vacuo. An 11.2 g amount of 8a gave
3.85g (34%) of trans-8a and 4.97 g (44 %) of enriched cis-8a. Both iso-
mers should be stored under an inert atmosphere at low temperature to
retain their isomeric composition. cis-8a: '"H NMR (300 MHz, CDCl,):
0=3.83 (m, 0.8H; Si—-CH,—0), 3.78 (m, 1.2H; Si—CH,—0), 3.60 (s, 1.2H;
Si—CH,~0), 3.55 (s, 0.8H; Si—CH,~0), 3.52 (s, 'J(H,C)=143.1 Hz, 6H;
OCH;), 0.168 (s, J(H,C)=119.9, %/(H,Si)=7.4Hz, 3H; Si—CH,),
0.166 ppm (s, 'J(H,C)=119.7, *J(H,Si)=7.4 Hz, 3H; Si—CH;); “"C NMR
(75 MHz, CDCLy): 6=>54.3 (OCHs;), 50.4 (Si—CH,~O), —5.66 ppm (s, 'J-
(C.Si)=76.0 Hz, Si—CH,); *Si NMR (60 MHz, CDCL;): 6=—13.0 ppm (s,
J(Si,C)=76.5Hz). trans-8a: m.p.: 20-22°C; 'HNMR (300 MHz,
CDCl;): 6=3.694 (s, 2H; Si—CH,—0), 3.690 (s, 2H; Si—CH,—0), 3.56 (s,
J(H,C)=143.0 Hz, 6H; OCHj;), 0.12 ppm (s, 'J(H,C)=119.9, %J(H.Si)=
7.3 Hz, 6H; Si—CHj;); "C NMR (75 MHz, CDCl,): §=54.8 (OCHj,), 50.5
(Si-CH,~0), —5.75ppm (s, J(CSi)=75.6 Hz, Si—CH;); *Si NMR
(60 MHz, CDCl;): 6 =—13.1 ppm (s, 'J(Si,C) =75.4 Hz).
2,5-Diethoxy-2,5-dimethyl-1,4-dioxa-2,5-disilacyclohexane (8b): General
procedure D, dioctyltin oxide (198 mg, 547 umol), silane 7b (22.6 g,
109 mmol), 120°C, 6 h (pressure was continuously decreased from 600 to
10 mbar). Distillation at 46°C (1.4x10~" mbar) afforded the cyclic prod-
uct (11.0 g, 46.7 mmol, 85%) as a colorless liquid; '"H NMR (500 MHz,
CeDg): 0=3.72 (m, 8H; Et CH,, Si—CH,~0), 1.14 and 1.10 (t, *J(H,H) =
7.0Hz, 6H; Et CH;), 0.14 and 0.06 ppm (s, 6H; Si—CH;); “C NMR
(126 MHz, C¢Dg): 6 =58.8 and 58.7 (Et CH,), 55.2 and 54.7 (Si—CH,—O),
18.7 and 18.6 (Et CH;), —4.90 and —4.86 ppm (Si—CH;); *Si NMR
(99 MHz, CDy): 0=—15.5 and —15.2 ppm; MS (70 eV): m/z (%): 236.2
[M*] (26.8); elemental analysis: caled (%) for CgH,O,Si, (236.09): C
40.64, H 8.53, Si 23.76; found: C 40.69, H 8.80, Si 23.91.
2,5-Diisopropoxy-2,5-dimethyl-1,4-dioxa-2,5-disilacyclohexane (8c): Gen-
eral procedure D, dioctyltin oxide (92.2 mg, 255 pmol), silane 7¢ (12.0 g,
51.0 mmol), 125°C (pressure was continuously decreased from 600 to
5 mbar). Distillation at 36°C (1.6x10*>mbar) provided 8¢ (5.58 g,
21.1 mmol, 83%) as a colorless liquid; '"H NMR (500 MHz, C,Dg): 0=
4.18 and 4.09 (sept, *J(H,H)=6.1 Hz, 2H; iPr CH), 3.72 (m, 4H; Si—
CH,~0), 1.16 and 1.12 (dd, *J(H,H)=6.1 Hz, 12H; iPr CH,), 0.16 and
0.09 ppm (s, 6H; Si—CH,); *C NMR (126 MHz, C¢D;): 6=65.7 and 65.7
(iPr CH), 55.3 and 55.0 (Si-CH,—O), 25.9 and 25.9 (iPr CH;), —4.3 and
—44ppm (Si—CH;); ¥SiNMR (99 MHz, C¢D¢): 6=-16.7 and
—17.0 ppm; MS (70 eV): m/z (%): 264.2 [M*] (7.0); elemental analysis:
caled (%) for C,(H,,0,S1, (264.12): C 45.41, H 9.15, Si 21.24; found: C
45.40, H 9.26, Si 21.16.

(Chloromethyl)triisopropoxysilane (9¢): Dry isopropanol (48.0 mL,
627 mmol) was added to a solution of imidazole (43.4 g, 637 mmol) and
4-(dimethylamino)pyridine (3.7 g, 30 mmol) in dry dichloromethane
(350 mL). (Chloromethyl)trichlorosilane (36.6 g, 199 mmol) was added
dropwise at 0°C, which resulted in precipitation of imidazole hydrochlor-
ide. The suspension was allowed to warm to room temperature and stir-
red overnight (12 h). After filtration, ammonium chloride solution (10 %
in water, 200 mL) was slowly added. The organic phase was separated,
the aqueous layer was extracted with dichloromethane (2x75 mL), and
the combined organic layers were subsequently washed with water
(100 mL) and saturated NaCl solution (100 mL), dried over MgSO,, and
concentrated under reduced pressure. The crude product was distilled to
furnish 9¢ (49.0 g, 192 mmol, 97%) as a colorless liquid; b.p. 60°C
(5 mbar); "THNMR (500 MHz, C,Dg): 6=4.28 (sept, *J(H,H)=6.1 Hz,
3H; iPr CH), 2.69 (s, 2H; Si—CH,~0), 1.19 ppm (d, */(H,H)=6.1 Hz,
18H; iPr CH;); "CNMR (126 MHz, C¢D¢): 6=66.2 (iPr CH), 25.6 (iPr
CHj;), 25.2 ppm (Si—CH,~0); ¥Si NMR (99 MHz, C¢D;): 0 =—61.3 ppm;
MS (70 eV): miz (%): 253.0 [M*—H] (3.4); elemental analysis: caled (%)
for C,yH,;ClO;Si (254.11): C 47.13, H 9.10, Si 11.02; found: C 47.61, H
9.26, Si 11.07.
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(Acetoxymethyl)trimethoxysilane (10a): General procedure B, potassium
acetate (95.2 g, 558 mmol), tetrabutylphosphonium bromide (3.79 g,
11.2 mmol), silane 9a (86.0 g, 556 mmol), Hydroseal G 400 H (150 mL),
110°C, 4 h. After purification by distillation, silane 10a was obtained as a
colorless liquid (101 g, 520 mmol, 93%); b.p. 85°C (20 mbar); 'H NMR
(500 MHz, CiDy): 6=3.93 (s, 2H; Si—CH,—0O), 3.42 (s, 9H; OCH,),
1.66 ppm (s, 3H; Ac CH;); C NMR (126 MHz, C,Dg): 6 =170.5 (C=0),
50.8 (Si—CH,~0), 50.6 (OCHj;), 20.2 ppm (Ac CH;); *Si NMR (99 MHz,
C¢Dy): d=-53.3 ppm; MS (70 eV): m/z (%): 193.8 [M*] (0.1); elemental
analysis: caled (%) for C;H,,OsSi (194.06): C 40.43, H 7.92, Si 15.76;
found: C 37.45, H 7.42, Si 14.43.

(Acetoxymethyl)triethoxysilane (10b): General procedure A, potassium
acetate (52.5g, 535mmol), tetrabutylphosphonium bromide (3.08 g,
9.03 mmol), silane 9b (96.4 g, 453 mmol), 110°C, 7 h. Distillation at 84°C
(10 mbar) provided 10b (97.2 g, 411 mmol, 91%) as a colorless liquid;
'HNMR (500 MHz, C¢D¢): 0=3.99 (s, 2H; Si~CH,~0), 3.80 (q, *J-
(H,H)=7.0Hz, 6H; Et CH,), 1.69 (s, 3H; Ac CH;), 1.13 ppm (t, *J-
(H,H)=7.0 Hz, 9H; Et CH,); *C NMR (126 MHz, C,D,): 6=170.5 (C=
0), 59.0 (Et CH,), 51.7 (Si—CH,—0), 20.3 (Ac CH;), 18.5 ppm (Et CH,);
#Si NMR (99 MHz, C,Dy): 0=-56.5 ppm; MS (70 eV): m/z (%): 236.5
[M*] (0.5); elemental analysis: caled (%) for C,H,,OsSi (236.11): C
45.74, H 8.53, Si 11.88; found: C 46.12, H 8.74, Si 11.96.
(Acetoxymethyl)triisopropoxysilane (10¢): General procedure C, potassi-
um acetate (18.2 g, 185 mmol), tetrabutylphosphonium bromide (1.09 g,
3.14 mmol), silane 9¢ (40.0 g, 157 mmol), 110°C, 8 h. The crude product
was distilled (b.p. 80°C, 6 mbar) to provide 10¢ (39.6 g, 142 mmol, 91 %)
as a colorless liquid; '"H NMR (500 MHz, C;Dy): 0 =4.27 (sept, *J(H,H) =
6.1 Hz, 3H; iPr CH), 3.98 (s, 2H; Si—CH,—0O), 1.71 (s, 3H; Ac CH,),
118 ppm (d, *J(H,H)=6.1 Hz, 18H; iPr CH;); "CNMR (126 MHz,
CsDg): 6=170.5 (C=0), 65.8 (iPr CH), 52.4 (Si—CH,—O), 25.6 (iPr CH;),
204 ppm (Ac CH;); ¥SiNMR (99 MHz, C¢Dy): 6=-59.5ppm; MS
(70 eV): miz (%): 278.1 [M*] (0.5); elemental analysis: caled (%) for
C,H,60581 (278.15): C 51.77, H 9.41, Si 10.09; found: C 51.68, H 9.23, Si
10.40.

2,2,5,5-Tetramethoxy-1,4-dioxa-2,5-disilacyclohexane (11a): General pro-
cedure D, dioctyltin oxide (166 mg, 459 pmol), silane 10a (17.8 g,
91.8 mmol), 120°C (pressure was decreased from 650 to 10 mbar). Silane
11a (8.62 g, 35.8 mmol, 78 %) was obtained by distillation at 40°C (1.0x
10~ mbar) as a colorless liquid; '"H NMR (360 MHz, C;Dg): 6=3.80 (br,
4H; Si—CH,~0), 3.40ppm (br, 12H; OCH;); 'HNMR (300 MHz,
CDCly): 6=3.82 (s, J(H,Si)=4.5 Hz, 4H; Si—~CH,~0), 3.58 ppm (s, 12H;
OCH;); “"CNMR (75MHz, CiDy): 0=52.4 (Si-CH,~O), 50.5 ppm
(OCH;); ®C NMR (75 MHz, CDCl,): 6=51.8 (s, 'J(C,Si)=103.5 Hz; Si—
CH,—0), 50.2 ppm (OCH,); ¥Si NMR (72 MHz, C¢D¢): 6 =—53.3 ppm;
#Si NMR (60 MHz, CDCL,): 6=-53.8 ppm (s, 'J(Si,C)=103.2 Hz); MS
(70 eV): m/z (%): 240.2 [M*] (43.9); elemental analysis: caled (%) for
CsH,404S1, (240.05): C 29.98, H 6.71, Si 23.37; found: C 30.30, H 6.95, Si
23.57.

2,2,5-Trimethoxy-5-methyl-1,4-dioxa-2,5-disilacyclohexane (12): Occa-
sionally obtained as an “impurity” in silane 11a (see text); NMR signals
partially hidden by those of 11a; '"H NMR (300 MHz, CDCl,): 6 =3.60
(s), 3.57 (s), 3.56 (s), 0.16 ppm (s, 2/(H,Si)=7.2 Hz; Si—CH;); *C NMR
(75MHz, CDCl;): 6=553 (SiMe—OCH;), 51.0 (MeSi—CH,—O),
—63ppm (Si—CH;); *SiNMR (60 MHz, CDCL): 6=-13.5 (Si(-
Me)OMe), —53.6 ppm (Si(OMe),); MS (70 eV): mi/z (%): 224.1 [M™]
(18.6).

2,2,5,5-Tetraethoxy-1,4-dioxa-2,5-disilacyclohexane (11b): General proce-
dure D, dioctyltin oxide (131.4mg, 364 umol), silane 10b (17.2¢,
72.8 mmol), 120°C, 9 h (pressure was continuously decreased from 600 to
5 mbar). Distillation at 47°C (1.6x1072 mbar) gave the title compound
11b (8.52 g, 28.7 mmol, 79%) as a colorless liquid; '"H NMR (500 MHz,
CsDg): 0=3.80 (m, 12H; Et CH,, Si—CH,—O), 1.12 ppm (m, 12H; Et
CH;); "*CNMR (126 MHz, C,Dy): 6=59.1 (Et CH,), 53.3 (Si-CH,~0),
185ppm (Et CH;); ¥SiNMR (99 MHz, C¢D¢): 6=-55.3 ppm; MS
(70 eV): miz (%): 296.1 [M*] (25.9); elemental analysis: caled (%) for
CioH,40481; (296.11): C 40.51, H 8.16, Si 18.95; found: C 40.42, H 8.15, Si
18.97.
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2,2,5,5-Tetraisopropoxy-1,4-dioxa-2,5-disilacyclohexane (11c¢): General
procedure D, dioctyltin oxide (77.5mg, 215 umol), silane 10¢ (12.0 g,
42.9 mmol), 125°C, 8 h (pressure was continuously decreased from 600 to
5 mbar). Distillation at 52°C (1x 107> mbar) afforded silane 11¢ (6.78 g,
16.4 mmol, 76%) as a colorless liquid; '"H NMR (500 MHz, C¢Dy): 6=
443 (sept, *J(H,H)=6.1 Hz, 4H; iPr CH), 3.92 (m, 4H; Si—CH,~0),
1.19ppm (d, *J(H,H)=6.4 Hz, 24H; iPr CH;); "CNMR (126 MHz,
C¢Dg): 0=66.1 (iPr CH), 53.8 (Si-CH,~O), 25.7ppm (iPr CH;);
»Si NMR (99 MHz, C¢Dy): 0=—56.9 ppm; MS (70 eV): m/z (%): 352.2
[M*] (20.1); elemental analysis: caled (%) for C,H;,OSi, (352.17): C
47.69, H 9.15, Si 15.93; found: C 47.64, H 9.07, Si 15.82.
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