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RESEARCHES ON ALKOXYSILANES

XVII. Cyclic Ethers from Dialkylsilanediols*

M. G. Voronkov and Yu. P. Romadan

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 2, No. 6, pp. 879-891, 1966

Reaction of 1,2-, 1,3-, 1,4-, 1,5-, and 1, 6-glycols, and of catechol, pentaerythritol, and glycerol with
dialkyldichlorosilanes (in the presence of tertiary amines) dialkyldialkoxysilanes, or polydialkylsiloxanesgives
30 ethers of dialkylsilanediols containing 5. 6, 7, 8,9, and 10-membered rings (16 being new). Among them
are 8-membered ring ethers containing along with Si, O, and C, N or 5, and 6-membered ring ethers con-
taining NH,, NO,, and OH groups. 2-Sila-1, 3-dioxolanes are obtained only when formation of the 1,3,6,8 -
tetraoxa -2, 7-disilacyclodecane ring is hindered or prevented by the presence of one or two substituents on
each carbon atom with two substituents on the silicon. 2,2-Dialkyl-1,3-dioxa-2-silacyclanes, which con-
tain 8 and 9-membered rings, can be obtained only by thermal depolymerization of originally formed
polymeric ethers of the type [—0O (CHy)n OSiRy—J ;. Many of the monomeric cyclic ethers prepared
dimerize or polymerize on keeping.

For a long time numerous attempts to prepare monomeric cyclic organosilicon ethers from bifunctional alcohols
or phenols, by reacting SiCl, with glycols [2, 3], catechol [4, 5], ethylene dinitrite [6], or transetherification of tetra-
alkoxysilanes with glycols {7-101, have been unsuccessful. Moreover, these compounds were not found when glycols
were reacted with alkylchloro- and alkylalkoxysilanes [11-17].

The first type I spirocyclic ether from orthosilicic acid was described by Kipping in a paper [18] which completed
his prolonged experimental research on organic compounds of silicon. Subsequently, a number of papers appeared
describing {19 - 58] silicon -containing cyclic ethers of various structures:

0 0 0 o
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where R is a divalent organic group, and R’ a monovalent one.

O> R 59 -68

The present paper describes* organosilicon analogs of cyclic ketals R’,C <O which are cyclic

ethers of dialkylsilanediols of type IV with R' = Me, Et, or Ph.

One of us previously showed [22~24], that type IV cyclic ethers of dialkylsilandiols with 6,7, 8, and 9-membered
rings, as well as type I spirocyclic ethers derived from orthosilicic acid and containing two 6-membered rings, could
be obtained by reacting the appropriate glycols with dialkyldiacetoxysilanes or tetraacetoxysilanes. Subsequently, a
study was made of the reaction of dialkylidiacetoxysilanes with polyfunctional alcohols [41].

Type IV compounds (CHs)2Si< 0 > (CH3z), with n= 8 or 4 were first synthesized as early as 1947 [36] by
transetherification of dimethyldiethoxysiTane with tri- and tetramethyleneglycols in the presence of 1% p-toluene-
sulfonic acid as catalyst** (yields not given). It was not possible, the authors found, to prepare these ethers by re-
acting the appropriate glycols with dimethyldichlorosilanes (cf. {31, however).

* For Part XVIsee [1]
* Data were previously published in 1958 [22].
= The analogous derivatives of di- and triethyleneglycol were prepared in the same way.
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Reaction of dimethyldiacetoxysilane [22, 24, 69], dimethyldiethoxysilane, or dimethyldichlorosilane {36, 53] with
ethylene glycol was always found to give 2, 2, 7, 7-tetramethyl-1,3, 6, 8-tetraoxa-2, 7 disilacyclodecane (VI, R = Me),
and not the expected 2, 2-dimethyl-2-sila-1,3-dioxalene* (VII, R = Me, Rl , RIL, RII | RIV = g);

OCH,CH,0 0—CR'R"
Rasi SSiR, RS |
OCH,CH,0 0—CR"R
VI Vil

Compounds with a 1-sila, 1, 3-dioxolane ring could not be obtained by other researchers [30] who studied the re-
action of ethylene glycol with dicyclohexoxy- and diphenoxydichlorosilane (in the latter case VI with R = CgHzO was
obtained).

However, at present, some type I compounds with the 2-sila -1, 3 -dioxolane ring are already known:

[R= (C¢Hs) sC—C (CsHs) '8, (CH3),C—C(CHj);and CeH;;CH—HCCeH ;'
. L
II [R=(CH;);C—C(CHs)s??] and IV [R=(CHj);C—C(CHj),?. 1.5,
ol |
CH; (CyH;5) C—C (C:Hs) CH3%andH,C—C (CHs) 2.

2, 2-Dimethyl-2-sila-1, 3-benzodioxol (VIII), obtained by the reaction of dimethyldichlorosilane with catechol,
or better, with its lead salt [37, 38, 53, 55], and 2, 2-dichloro-2-sila-1, 3 -benzodioxol (VIIIa) [38, 34], are described:

O~
(CH3)25i<OI© Cl28i<0 @
0

VHI Villa

We found it of interest to determine experimentally the structural factors affecting formation of 2, 2-dialkyl-2-
sila-1, 3-dioxolanes (VII). We attempted to synthesize these compounds by reacting aliphatic 1, 2-glycols with dialkyl-
dichlorosilanes (in the presence of tertiary amines)

HO—C< _9H 0—C<
R,SiCl,+ [ Z2HC L s (1)
HO-C< No—C<
or dialkyldialkoxysilanes
HO—c< RO~ 0—C<
R:Si(OR’),+ | == RSIC | +2ROH (2)
HO—C< 0—C<

to ascertain the effects of substituents at the carbon and silicon atoms on the courses of reactions 1 and 2, whether they
promoted formation of 2-sila-1,3 dioxolanes(VII), or of their type VI dimers.

Investigation of the reaction of dialkyldichlorosilanes with 1,2 glycols in the presence of tertiary amines (di-
methylaniline, triethylamine, or pyridine) showed that with ethylene and propylene glycol, reaction results in forma-
tion of type VI dimeric compounds (R = Me, Et, Ph). Similar dimeric compounds are also obtained by reacting methyl-
di-n-butoxysilane with ethylene and propylene glycols. Reaction of diethyldimethoxysilane with ethylene glycol in the
presence of the sodium derivative of the latter as catalyst, also gave a 10-membered ring compound (VI, R = Et).
However in the case of a glycol with only one hydroxyl at a tertiary carbon atom, the product is the correspondingly
substituted 2, 2-dimethyl-2-sila-1, 3 -dioxolane (VII). We obtained type VI compounds by reacting dimethyldibutoxy -
silane with 2-methylpropane -1, 2-diol' Rl ,RUL = CHy; RIL , RIV = H) and with 2, 3-dimethylbutane-2-3-diol (R ,

RI, RII, RIV o CHz). The reaction of dimethyl-, diethyl-, and diphenyldichlorosilane with the di-secondary glycol
butane -2, 3 -diol also gives 2, 2-dialkyl-2-sila~1, 3-dioxolanes {(VII). However here these compounds, even immediately
after vacuum -distillation, dimerize considerably(e. g., to 50%), this being complete after two days (Table 2). On

* This paper uses the oxa-aza (a)-nomenclature [70].
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repeated distillation, the dimers formed depolymerize, dimerizing again on keeping.

Yields of the compounds prepared, their physical constants, analyses, and experimental molecular weights are
given in Table 1.

The failure of all attempts to synthesize type VII monomers without substituents at the ring carbon atoms, or with
only one substituent, is to be ascribed to the strain in the 2-sila-1, 3-dioxolane ring, due to the atomic radius of the

0—C<
NO—C<

decrease in the usual tetrahedral valence angles of C— C—0, C—0—Si or 0-8i- 0, i.e., ring compression. Ac-
cording to the Thorpe-Ingold hypothesis [72], such compression takes place when there are gem substituents at the
carbon and silicon atoms in the §-membered ring formed. In contrast to this, 1,3-dioxolane and its 2 monosubstituted
derivatives, with their unstrained rings, are very readily formed, and are amply described in the literature [59-63, 71],
while 2,2-dialkyl-1, 8- dioxolanes are formed with difficulty.

silicon atom being greater than that of carbon. Formation of an unstrained 5 membered ring Si requires

Table 2

Changes in Molecular Weights and Refractive Indices of 4, 5-Dimethyl 2,2-diorganyl-2-
sila-1, 3 -dioxolanes

M M found np®
Cyclic ether "Immedi- | “limmedi- | Afier
y calculated | ately after After' ately afrer| After .
_ 1 |disilling | %eeping” [digifliing | keeping
_»O—CHCHj
(CHa)zsl\ | 146.26 2115 284.8(3) 1.4272 1.4317 (20)
O—CHCH; 278.2(4)
. O—CHCH,
(Csz)sz\ ) 17431 | 2887 346.3(2) 1.4412 1.4449(15)
O—CHCH;,4
: _/O—CHCHs
(CsHs)gsi\ ] 270.40 4147 530.5(3)
O—CHCH;
/O—C(CHs)z
(CHa)gsi\ 174.32 175.1 177.3(3) 1.4220 1.4223(60)
0—C(CHa) o

* Number of days for which kept given in brackets.

Study of Briegleb -Stuart molecular models confirms the strain in the 2-sila-1, 3 -dioxolane ring, and shows that
monomers containing this ring can be obtained when formation of the 1, 3, 6, 8-tetraoxa -2, 7-disilacyclodecane (VI)
ring is hindered or impossible because of the presence of one or two substituents at each carbon atom with two sub-
stituents at the silicon atom.

Thus all 1, 2-glycols of the type HOCH,CH,OH and HOCH,CHROH react with dialkyldichloro - or dialkyldialkoxy -
silanes to give only dimers, containingthe 10-membered heterocyclic ring (VI). But glycols of the type
HOCHRCHROH, HOCHRCR,0OH and HOCR,CR,OH give more or less stable monomers, contammg 5-membered hetero -
cyclic ring.

In all cases formation of dimeric cyclic ethers is to be expected from monomers of the type RSiHX,, and this is
confirmed by the results in the literature [46].

All cyclic ethets of type IV dialkylsilanediols, with six or more atoms in the heterocyclic ring, have an un-
strained configuration, and can readily be obtained monomeric. We consider that the most convenient method of
synthesizing them is transetherification of dialkyldialkoxysilanes with 1,3-, 1,4-, 1,5-, and 1, 6-glycols, the equa-
tion being

OR’ HO RO~ o
= : 3)
R;Si” S(CHy), == R8I >(CH,),-+2ROH, (
2 \OR HO/( 2) 2 \O/( 2)nt

where n = 3.
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The best catalysts for this reaction are the sodium or potassium alkoxides or glycolates. The previously recom -
mended acid catalysts (p-toluenesulfonic acid, camphorsulfonic acid, or amberlite [18, 41] ) are less effective, and in
a number of cases (penta - and hexamethylene glycols, etc.) do not enable the corresponding monomeric cyclic ethers
to he obtained.

To synthesize cyclic ethers of dimethylsilanediol, it is preferable to use dimerthyldi-n-butoxysilane, and not di -
methyldiethoxysilane, as described in the literature [18, 41], since the latter partly disappears from the reaction zone
as an azeotrope, boiling point, 77°C,n12)° 1.3663, with the ethanol formed by transetherification, the azeotrope's con-
tent of the latter being 81%.

We obtained a number of cyclic ethers of dimethylsilanediol containing 6, 7, 8, and 9-membered rings ("'able 1)
in good yields by reacting dimethyldi-n butoxysilane with 1,3-, 1,4-, 1,5-, and 1, 6-glycols.

Dimethyldi-n-butoxysilane reacted smoothly with catechol to give 2,2 -dimethyl-2-sila-1,3 benzodioxol (VIII),
and it reacved with pentaerythritol to give 3,3, 9,9 -tetramethyl 3, 9-disila-2,4 8,10-tetraoxa [5, 5]-spirocyclounde~
cane (IX)

OCH, CH,;0
cH),Si¢ N \Si(CH,
( 3)2 x\OCHQ/ \CH20 / ( )2

X

Transesterification of dimethyldiethoxysilane with 2-methyl-2-amino -propane 1,3-diol and 2 methyl-2-nitro-
propane 1,3-diol gave hitherto unknown crystalline cyclic ethers of dimethylsilanediol with a 6 -membered heterocyclic
ring linked to & functional group:

OCH,
N
(CHS)ZS!\OCHZ/ C{CHy)X,

where X = NH, (X) or NO, (XI).

We investigated the transetherification of dimethyl -n -butoxysilane with glycerol, with a view to obtaining 2, 2-
dimethyl-5-hydroxy-2-sila-1, 3~dioxane (XII) according to the equation

ocH;.
(CH,),SI(OR),+ (HOCH,),CHOH === (CH,),Si{ CHOH +2ROH (4)
NocH,””

Xi
However, the two compounds did not react together in the presence of sodium glycerolate. It was possible to bring
about reaction with an acid catalyst (AlClg, p-toluenesulfonic acid), and to obtain a 63% yield of XII which polymer-
izes very readily.

Transetherification of dimethyldi n-butoxysilane was also effected with thiodiglycol, diethanolamine, N-ethyl-
diethanolamine, and diethylene glycol, in the presence of alkaline catalyst, the equation for the reaction being

RO--
HOCH,CH OCH,CH
TN 2R0H+(CH3)2Si< UNK

, 1¢3))
HOCH,CH,” X1 OCH,CH,””

(CH;),Si{OR),+

where X =S, NH, NEt, O; R = n-C4H,. In that way, good yields of new heterocyclic compounds with oxygen and
silicon also sulfur or nitrogen, in addition to carbon atoms in the ring, are obtained for the first time (Table 1).

It should be mentioned that, unlike the transetherificarion of dimerhyldi-n-butoxysilane with N ethyldiethanoi-
amine (XIII, X = NEt) the similar reaction with diethanolamine gives a much lower yield, and the resultant 2, 2-di~
methyl 1,8-dioxa 2-sila-6-azacyclooctane (XIII, X = NH) is characterized by poor stability, and it decomposes
merely on keeping, or when distilled under ordinary pressure.

It was shown for the first time that 2, 2-diaikyl-1, 3 -dioxa-2-silacyclanes can be synthesized by splitting cyclic
or linear polydialkylsiloxanes with glycols in the presence of alkaline catalysts, the reaction being

OH— /0\
Y (R:SiO)pm+HO(CH,),.OH ——= RESi\O/(Cﬂz)n-%-HzO, (6)
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where m =3;n = 2.

The reaction is effected by continuously distilling off ffom the reaction mixture the water formed as an azeotrope,
the conditions used being those previously described by one of us [21, 78, 75] for scission of organosiloxanes by alcohols.
Thus, for example, reaction of octamethylcyclotetrasiloxane with butane-1,4 diol gives a 19% yield of 2,2 dimethyl-
1, 3-dioxa-2-silacycloheptane.

It should be mentioned that all methods of synthesis of 2,2-dialkyl-1,3-dioxa 2-silacyclanes, nominally formed
by a bimolecular reaction, give, along with these monomers, polymeric products formed by the polymolecular re-
action

mR,SiXg+mHO(CHz) ,OH — > [—O(CHy) ,OSiR;— ], +2mHX (7
X1V

mR,SiXy+ (m+1)HO(CHy) ,OH — > H[— O(CH,) ,OSiR,—1nO(CH;) nOH+2mHX . (7a)
' XV

2,2-Dialkyl-1, 3-dioxa-2 silacyclanes with m = 1 are the main products of reaction 7 only withy -, 8-, mono -
and di-tertiary, and di-secondary o -glycols, i.e., when n = 4,3, and sometimes 2. As has been stated, most other
o -glycols give cyclic ethers XIV with m = 2. Glycols with n = 5 form practically entirely high-molecular compounds
(m > 2).* Only subsequent thermal depolymerization of these polymers, catalyzed by bases and evidently inhibited by
acids, makes it possible to obtain monomeric 2, 2-dialkyl-1, 3-dioxa-2-silacyclanes:

[—O(CHy) nOSiR~m ==— RS O (CHy) (8)
XIV No/
o
H[— O(CH;) ,OSiR;—1,,O(CH;) nOH === mRSI{ >(CHy),+HO(CH,),OH (8a)
XV No”

For precisely that reason, the transetherification of dialkyldialkoxysilanes with glycols must be carried out in the
presence of alkaline catalysts, not acid ones, since the latter do not facilitate depolymerization of the polymers formed.
Therein lies the explanation of unsuccessful attempts [36, 42]to synthesize a number of cyclic ethers of dialkylsilane-
diols in the presence of acid catalysts.

The above reaction is an example of rearrangement of Si— O— C bonds according to the equation**
>8i-0-C<+>81-0-C< —> >si—0-C<+>8i-0-c<, (9)
previously described in the literature for the case of alkoxysilanes[21, 73]. The equilibrium nature of this rearrange -
ment is indicated by monomeric 1, 3-dioxa-2-silacyclanes dimerizing or polymerizing on keeping.
Experimental

Preparation and purification of the starting dimethyl-n-butoxysilane, dimethyldiethoxysilane [75], diethyldimeth-
oxysilane [74], dimethyldichlorosilane [76], and octamethylcyclotetrasiloxane {75, 73], have previously been describ-
ed.

Dimethylaniline, triethylamine, and pyridine were dried over KOH and distilled immediately before use.

Purification methods and physical constants for most of the glycols are given in a paper by one of us [71]. The
properties of the other glycols, catechol, glycerol, and pentaerythritol, which were purified similarly by distillation
or recrystallization, are given in Table 3.

Synthetic Methods

Reaction of glycols with dimethyldichlorosilane (I). This was carried out in a 250 ml 2-necked round -bottomed
flask, fitted with reflux condenser, CaCl, guard tube, dropping funnel, and mechanical stirrer. A solution of 0.5 mole
of the appropriate glycol in 50 mi dry ether and 1 mole of the appropriate tertiary amine were put in the flask, the
mixture cooled and stirred, and a solution of the dialkyldichlorosilane in 50 ml ether added dropwise. The reaction
mixture slowly heated up and a precipitate of amine hydrochloride formed. Then the mixture was stirred and heated
for 6 hr on a water -bath, the precipitate of amine hydrochloride filtered off, after which followed extraction with

* Along with other workers, [41] we have found it impossible to isolate type XV monomers with m = 1 and 2.

** The mechanism of this reaction is analogous to that given by one of us for rearrangement of Si— O-—C and
8i— O~ Si bonds [21, 73]
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ether. The solvent was distilled off from the bulked ether extracts, and the residue distilled under ordinary or reduced
pressure.

Reaction of glycols with dimethyl-n butoxysilane, dimethyldiethoxysilane, and diethyldimethoxysilane (2, 8, 5).
A flask was fitted with a 25 cm rod -and -disc fractionating column and into it added 0.21-0.25 mole of the appropriate
glycol, in which 0.05-0.1 g Na was dissolved and 0.2 mole dialkyldialkoxysilane. The reaction mixture was boiled
slowly until the theoretical quantity of the corresponding alcohol had distilled over, and then the residue was distilled
(preferably under vacuum). In a number of cases the residue was polymer, and distillation involved thermal depoly -
merization. A second distillation at ordinary or reduced pressure gave the pure cyclic ether.

Table 3

Properties of Starting Glycols

Bp, C .
ompoun , C ny®
Compound (5 mm) Mp D
CHy{CH,CH,0H), 126 1.4500
O(CH,CH;OH). 112 —104 1.4472
S(CH.CH,0OH), 149 1.5203
HN (CH,CH,OH), 141 28 1.47
CoHsN (CH,CH,OH), 121 — 1.4665
HOCIH{(CH;OH), 155 — 1.4743
HO{CH,)sOH 124 425 —
C(CH,OH), — 2605 —
1,2-(HO)CxH, — 105 —
HOCH,C (NHy) (Cl1,) CH;OH — 109—111 —
HOCH,C (NQy) (CH3) CH,OH — 147—149 -

Reaction of glycols with polydialkylsiloxanes (8). A flask was fitted with a ground-in condenser and a water-separ -
ating trap, and charged with 0.2 mole of the appropriate glycol, 0.05 mole polydialkylsiloxane, 0.1-0.2 g powdered
KOH, and 100 ml benzene or toluene. The reaction mixture was boiled until water ceased to separate in the trap, then
the solvent distilled off and the residue distilled, first of all at ordinary pressure, and then under vacuum over Na metal.

Table 1 gives the physical constants and molecular weights of all compounds synthesized, as found immediately
after preparation.

The above methods of preparing cyclic ethers of dialkylsilanediols are illustrated below with some examples.

Reaction of dimethyldichiorosilane with 2, 3-dimethylbutane 2,3-diol.5.2 g (0.4 mole) dimethyldichlorosilane
in 50 m1 ether was added dropwise to a mixture of 6.4 g (0. 42 mole) anhydrous piracol, 9.9 g (0. 82 mole) dimethyl-
aniline, and 50 ml dry ether. After heating for 5 hr on a water -bath, the precipitate of dimethylaniline hydrochloride
was filtered off, and extraction with ether performed. The ether was distilled off from the bulked ether extracts, and
the residue fractionally distilled. Yield of 2,2,4,4, 5, 5-hexamethyl-2-sila-1, 3-dioxolane bp 148°-151°C, “210) 1.4218,
10.6 g(61%). Table 1 gives its properties after a second distillation.

Transetherification of diethyldimethoxysilane with ethylene glycol. Slow distillation of a mixture of 13.0 g
(0.21 mole) ethylene glycol and 29.6 g (0.2 mole) diethyldimethoxysilane in which 0.1 g Na had been dissolved, gave
12.1 g (94%) MeOH bp 64°~65"C. Fractional distillation of the residue gave 21.9 g (75%) tetraethyl-1,3, 6, 8-tetra-
oxa-2, T-disilacyclodecane, bp 203°-205°C, whose constants after a second distillation are given in Table 1.

Reaction of dimethyldi -n-butoxysilane with thiodiglycol. 40.9 g (0.2 mole) dimethyldi-n-butoxysilane was add -
ed to a solution of 0.05 g Na in 28.1 g(0.23 mole) thiodiglycol. Distillation of the reaction mixture gave 27.5 g
(93%) n-BuOH bp 117-119° C. Further vacuum -distillation of the residue (distillation at ordinary pressure led to a de-
composition) gave 20. 7 g (58%) 2, 2-dimethyl-1, 3 -dioxa -6 -thia -2~silacyclooctane, bp 86°-92°C (10 mm); Table 1
gives its physical constants after a second distillation.

Reaction of octamethylcyclotetrasiloxane with butane-1,4-diol. A mixture of 15.3 g(0. 05 mole) octamethyl-
cyclotetrasiloxane, 17.6 g(0.2 mole) butane-1, 4-diol, 0.2 powdered KOH, and 100 ml benzene, was vigorously
boiled under a reflux condenser with a water trap, so that the water formed in the reaction was continuously removed
as its azeotrope with benzene (3.4 ml water separated, i.e., 94%). Fractional distillation of the reaction products
gave 23.2 g(79%) 2, 2-dimethyl-1, 3-dioxa -2 -silacycloheptane, bp 132°~145°C. After redistilling over Na it had
142°-144° C, n 1.4222.
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