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1. Introduction 

The scope of this review has been limited primarily to organosilicon 

heterocycles derived from organo, difunctional, silanes and organic dihydroxy 

compounds. 

R1, /O\ 

R21si\o/R 

(R1 = alkyl or aryl; R2 = alkyl, aryl or any other univalent 

atom or group; R = divalent organic group) 

Excluded therefore are spirosilicates, cyclfc siloxanes and the silatrsnes 

(for which a comprehensive review has recently been published [ 11). 

The beginning of interest in these compounds was undoubtedly heralded 

by the much-quoted work of Krieble and Burkhard in 1947 [ 21. Since then reports 

on their preparation and properties have appeared sporadically up until the 

present time, though there has been no comprehensive study of a wide range 

of compounds, particularly with regard to modern spectroscopic techniques. 

The literature over this period is here comprehensively reviewed. 

2. Methods of Preparation 

The two most widely used methods, involving reaction of dichloro- or 

dialkoxy-silsnes with dials, were established fn 1947 [2]. These, together 

with others reported prior to 1966 were reviewed and discussed in a compre- 

hensive paper by Voronkov and Romadan [31. They are listed below, together 

with all other methods of synthesis reported up to the present time, according 

to the type of silicon bond undergoing fission. Methods of preparation for 



individual compounds are given in Tables l-6. 

A. Dichlorosilane + diol 

The ready availability of certain diorganodichlorosilanes has meant 

that their direct reaction with diols bas been the most frequently used method 

for preparing these heterocycles. 

R1R2SiC1 2 + HoNR ___+ 
HO’ 

The reaction is facile, usually proceeding rapidly and relatively 

independently of conditions, although these may be important in determining 

the yields of monomeric products. Poor yields are normally attributable to 

polymerization which is usually all-too-obvious from the viscous and intractable 

nature of the crude products. 

Whilst neat reactants have been used [2], it is more common to employ 

a large volume of some suitable solvent (e.g. benzene or diethyl ether)[4,5,61, 

adding one reactant slowly to the other with stirring. The hydrogen chloride 

produced may be allowed to escape during reflw [ 2,7] or be taken up by 

activated charcoal [4] but is most commonly removed as it is formed, as the 

hydrochloride of a suitable tertiary base such as triethylamine or pyridine 

[9,6,91. The precipitate is filtered off when cold. We have found it preferable 

to use the calculated amount of base (usually pyridine in benzene solvent, 

giving a less flocculent precipitate than triethylamfne) rather than an excess 

which sometimes appeared to lead to greater retention of hydrochloride in 

solution, making subsequent purification of the product more difficult. 

After removal of solvent by distillation, the product is obtained by 
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distillation, at or below atmospheric pressure, or by recrystallization. 

The lead salt of catechol has been used successfully as an alternative 

to catechol itself in this method [lo]. 

Although one hydroxy group may be derived from the acid group of a 

hydroxycarboxylic acid, monomeric products are difficult to prepare by this 

method, except for those of the salicylic acids [ 111. 

B. Dichlorosilane + 2-hydroxyketoae, kdiketone or ketone 

Each method has only been singly reported. (Z-hydroxyphenyl)ketones 

react with diorganodichlorosilaes, according to a procedure essentially 

similar to that &scribed for method A, to give (styryl-a, 2-dioxy)silanes in 

excellent yield [ 121. 

R1R2SiC12 + 
Ilo ,-/ 

P 

+ 2C H N -R1R2SiNo 
0 

5 5 

CH2R3 
‘0 

+2C5H5N*HC1 4 

(R:R2 = alkyl, alkenyl or aryl; R3 = H or alkyl) 

A similar reaction takes place, under mild conditions, with /j-diketones 

Cl2al. 

R3 

R1R2SiC1 
0 

z 

solvent 
2+ 0 

R4 

+2Et NV 3 
temperature 

(R1R2 = Me2 or Ph2 ; R3 = Me ; R4 = alkyl or aryl) 

+ 2Et3NHCl 



When diorganodichlorosilanes are added slowly to a solution of hexafluoro- 

propsnone in tetrahydrofuran, containing lithium, at a temperature of‘-10 to 

+I5’C, the mixture finally affords 4,4,5,5-tetrakis(trifluoromethyl)-1,3,2- 

dioxasilacyclopentanes in varying yield (17-66’36) [ 131. 

R1R2SiC12 + Z(CF,),CO + 2 Li --*R 
I 2 /’ 
R Si , J (CF3)2 

(CF3)2 
+ 2LiCl 

(R1R2=Me , CH =CH* Me - 2 ’ 2s MePhi (CH2)5) 

C. Dialkoxysilane + diol 

Krieble and Burkhard [2] observed that the diol alcoholysis of dialkoxy- 

allanes was less likely to produce side reactions than the corresponding 

reaction with dichlorosilanes (method A) and the method has been widely used 

[3,14,15,16,17]. 

1 2 3 HO. R R Si(OR )2 + HO,R _ R1R2SiAoNR x0’ + 2R30H 

p3 is commonly Me or Et) 

The reactants are boiled together under reflux in equimolar amounts, 

with or without solvent, the displaced alcohol then being removed by distillation. 

It has been suggested that loss of dimethyldiethoxysilane in azeotropic admixture 

with ethanol means that a higher homologue, such as dimethyldi-n-butoxysilane, 

is preferable for the preparation of 2,2-dimethyl compounds [ 31. 

Whilst acid catalysts such as p -toluenesulphonic acid 12,161 snd acid- 

form cation-exchange resins [ 141 have been successfully employed it is claimed 

that the use of basic catalysts, such as sodium methoxide or the sodium salt of 
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the dial, are superior since polymer formation is less likely [ 33. 

In variations of this method, acetylated [ 193 and trimethylsilylated [ 201 

dials have been used. 

D. Dialkoxysilane + 1,3-dioxsne 

This novel synthesis was briefly reported for the first time in 1966 [ 211. 

The reaction between dimethyldimethoxysilane and 1,3-dioxaues apparently 

takes place with tin(IV)chlo as catalyst, affording yields between 29 and 

62% for three compounds. 

e.g. 

Me2Si(OMe)2 + + CH2(0Me)2 

Although it is claimed that the formation of secondary products were 

not observed, the reported proton NMR shifts given for 2,2-dlmethyl-1,3,2- 

dioxasilacyclohexane are not consistent either with other literature values or 

with our own results for the monomer and seem more likely to apply to 

dimer [73]. 

E. Diacetoxysilsne + dial 

This method has been little used but appears to be a viable alternative 

to the use of dichloro- or dialkoxy-silsnes. Hence derivatives of dials [ 221 

and pentaerythritol [ 23,241 were obtained in good yield by direct reaction at 

room temperature or above, products being separated by distillation. 

e.g. 

HO OH 
2 Me2Si(OCOMe)2 + X HO OH 

SiMe2 + 4CH3COOH[24] 



F. Polydialkylsiloxsne + diol 

Good yields of 2,2-dialkyl-l , 3,24ioxasilacycloalkanes have been 

obtained by the reaction of linear or cyclic polydialkylsiloxsnes with diols 

in the presence of alkali as catalyst, water being distilled off continuously 

in azeotropic admixture with the benzene solvent [ 31. 

e.g. 

HO 
&Me,SiO), + KOH , /O 

HO 
Me2SiNo + H20 

G. Mono- or bis(dialkylamino)silane + diol 

Reaction with bis(dialkylamino)silane takes place readily on heating 

the mixture without solvent, dialkylamine vapour being allowed to escape 

continuously to leave crude product as the only residue. 

HO\ 
R’R2Si(+), + HoNR F R1R2Si/O\ \ 

0 
,R + 2HNR32 

(R3 E Me or Et) 

This method was first reported in 1967 [25] but &es not appear to have 

been used subsequently, possibly because of the need to first prepare the 

extremely hydrolytic bis(dialkylamino)silanes. We have used it to obtain 

three 1,3,24ioxasilacycloalkanes (Tables 2 and 3). from either the bis- 

(dimethylamino)- or bis(diethylamino) silane, and have found the procedure to 

be simple and convenient once a stock of the starting material is available. 

A similar reaction takes place between dialkyl (diethylamino) silanes 

and dials, with the evolution of hydrogen and diethylamine [26]. 



e.g. 

HO 
Me2SiHNEt2 + 

/O 

HO - Me2siNo 3 
+ H2 + IWEt 

II. Hexamethylcyclotrisilazane + diol 

Birkofer and Stuhl have used this reaction to prepare a variety of 

1,3,2-dioxasilaheterocycles [2’7,28,29]. Reactants were heated under 

reflux in benzene or toluene for 8 hours. 

i(Me2SiNH)3 + 
HO\ 

,R - HO\ 

HO Me2Si10AR + NH3 

Use of the method has also been reported several times in the patent 

literature [18,30,31,32]. 

I. Dicyanosilane + /3-diketone or 2 -hydroxyketone 

In the course of their investigation of cyanosilylated derivatives of 

monosilylated /I-diketones Ryu et al. (1978) [ 331 found that reaction between 

dimethyldicyanosilane and /I-diketones led to the formation of a number of 

6-cyano-1,3,2-dioxasilacyclohex-4-enes 

0 
Me2Si(CN)2 + + HCN 

0 

(R’, R2 and R3 indicate various possible eubstituents) 

In a typical procedure, diketone (10 mmol) was added elowly to a 

solution of the dicyanosilane (12 mmol) in dichloromethane at -46’C. 

Removal of hydrogen cyanide and solvent, followed by distillation or re- 



crystallization, afforded the required product in high yield. 

In cases where the diketone was unsymmetrically substituted, the 

product was either an isomeric mixture or, if the orientation of enolization 

is determined by conjugation, a single isomer (see Table 2 for individual 

products). 

Whilst this novel synthesis may have important synthetic applications [ 331 

it has only limited scope as a general method of preparing 1,3,2-dioxasila 

heterocycles since the products contain a cyan0 substituent. However, it 

is noteworthy that similar derivatives were also obtained using /)-hydroxy- 

ketones in place of /I-diketones and that the major product from diacetone 

alcohol lacked a cyan0 substituent. 

CN 

tie Je 

7% 41% 

In the present context this may therefore be of more interest than the reaction 

of /3-diketones themselves, providing a possible route to 1,3,2-dioxasila- 

cycloalkenes. 

J. Bis@entafluorophenyl)silane + fi-diketone 

In a general study of reactions of @entafluorophenyl)silanes with carbonyl 

compounds, Gostevskii et al. [ 341 prepared 6-methylene-1,3,2-dioxasila- 

cyclohex-4-enes by reacting dimethylbis@entafluorophenyl)sils.ne with either 

acetylacetone or benzoylacetone in ethereal solution and with a potassium 

cyanide, l&crown-6 catalyst. 
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Me2W6F5)2 + + 2C6F5H 

CH2 

(R = Me or Ph) 

The method may be compared to that already described using dicyano- 

silanes (method I) but differs In that dehydrogenative silylation is more 

effective I. 341. 

K. From polysilanes via silylenes 

Ando and Ikeno first reported the formatbn of 4,5-dialkyl-l , 3,2-dioxa- 

silacyclopent-4-enes in 1979 [ 351. Synthesis involved the photolysis of an 

ethereal solution of dodecamethylcyclohexasilane (1 mmol) in the presence of 

ol-diketones (1 mmol) using a low-pressure mercury lamp. Products were 

isolated in over 50% yield by preparative g. 1. c. and were found to be extremely 

moisture sensitive. 

(Me2W6 hv B Me2Si: 

0 RI 
Me2Si: + 

0 R2 - 

(R1R2 = Me 2, Me% era, Dr2) 

The same authors subsequently prepared dimesitylsilsnone-epoxide 

adducts, In fairly low yield (g-24%), by photolysis of an ethereal solution of 

2,2-dimesitylhexamethyltrisilane in the presence of epoxides [ 361. 
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e 
- NJ Me\/ Si(SiMe3)2 + 2 0 

e 2 
aR& (Meq )2 Sic%, +@Vi)2 

+RCH=CH2 

QI= H, Me, Et or Ph) 

L. Silane + hydroxy- or keto-acid 

In the presence of colloidal nickel or palladium, aliphatic (Y - and /I- 

hydroxy acids react with diethylsilane to give 1,3,2-dioxasilacyclopentan-4- 

ones [ 371 and 1,3.2-dioxasilacyclohexan-4-ones [ 333 respectively, in high 

yield. 

Et2SiR2 + 

Et2SiH2 + 

/ 
- Et2Si, + 2H2 

2 

(R is alkyl or aryl) 

oc -Keto acids react similarly 1331 provided that R is not an aryl 

Et2SiH2 + + H 2 
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These would appear to be useful routes to such hydrq-acid derivatives 

as they are otherwise difficult to prepare. 

3. Structure and Physical Properties 

Formulae, methods of preparation and physical constants for all 

compounds, up to April 1983, are compiled in Tables l-5. The availability 

of other data from each quoted reference is also indicated. 

A representative number of spirosilicates are given for comparison in 

Table 6 and some compounds which are not strictly organosilicon, but which 

are of some relevance, are included in the main Tables. 

A. Structure 

i) Monomeric 1,3,2-dioxasilaheterocycles are silicon analogues of 

cyclic acetals and ketals 121. 

d_ -. a/“\R 
R26 Lo’ 

i-6 R2 = H, alkyl or aryl; R = divalent organic group) 

The only structural data available come from x-ray diffraction studies 

on 1,3,2-dioxasila-6-azacyclooctsnes [ 17,40,41] and are therefore not only 

limited in number hut are also unrepresentative of the majority of 1,3,2- 

dioxasilaheterocycles . However, whilst the interest in these particular 

compounds lay in the possibility of N-+Si co-ordination, bond angle data 

which may be extracted from the results could have wider application. The 

compounds were shown to have distorted trigonal-bipyramidal structures 

involving weak N+Si interactions and with both oxygen atoms in the equatorial 
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plane. 

OSiO bond angles are all close to the trigonal angle of 120’ (ill-122’), 

as would be expected from this structure, and cannot be translated to hetero- 

cycles containing a strictly 4-co-ordinate silicon atom. 

SiOC bond angles are surprisingly large however (124-133’) and 

significantly exceed even the trigonal angle. Since there does not appear to 

be any purely steric requirement for this (OCC and CCN angles for the same 

compounds are in the ranges 110-128’ and 107-118’ respectively), it is 

arguable that large SiOC bond angles might be expected in all 1,3,2-dioxasila- 

heterocycles. This is supported by sn x-ray diffraction study of a-naphthyl- 

phenylfluoromenthoxysilane which found a value of 128’ for the open-chin 

SiOC bond angle [42]. The tentative connection between silicon-29 Nh!lR 

shifts and ring strain [73] is also compatible with a requirement for large 

SiOC bond angles in these structures, as is the important chemical evidence 

that the 5-membered. monomeric 1,3,2-dioxasilacyclopentanes are often 

unobtainable [ 2,81. 

ii) The general assumption has been made in literature reports that 

dimeric products, as indicated by molecular mass determinations, have a 

macrocyclic structure [ 2,3,8 I. 

i.e. 
RlR2Si/O-R-O\SiR1R2 

‘O-R-O 
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The isolation of individually characterized monomeric and dimeric 

2,2-diphenyl-1,3,2-dioxasilacycloheptanes from the same reaction mixture 

is in strong support of this presupposition, as are their NMFf and mass 

spectra [ 43 1. The term ‘dimer’ ia therefore used throughout the review 

with this particular connotation. 

(Products of higher mass than dimer are referred to generally as 

polymers.) 

B. Conformation 

The earliest reported conformational study involving 1,3,2-dioxasila- 

cycloheterocycles appears to have been by Urbanski et al. (1963) [ 441. 

Dipole moment measurements on five 5-alkyl-2,2-dimethyl-5-nitro-1,3,2- 

dioxasilacyclohexanes were inconclusive, suggesting either a chair-chair 

equilibrium, with the nitro group axial or equatorial, or a boat form with the 

same group axial. 

In a brief communication by Hellier (1970) [45] on sfx 2,5_substituted 

1,3,2-dioxasilacyclohexanes, proton NMFt shift data were said to indicate 

conformationally mobile systems including contributions from flexible forms. 

Similar conclusions were reached by Voronkov et al. (1969) 1461 except that 

5-nitro-2,2,5-trimethyl-l,3,2-dioxasilacyclohexane was said to exist in a 

boat conformation due to interaction between the nitro group and silicon, 

although a later study of the same compound appears to suggest a chair form 

with the nitro group in an axial position [ 471. (There is therefore a need 

for the conflicting evidence on this particular compound to be resolved.) 

Albriktsen and Heggelund (1974) [48] undertook a full proton NMR 

analysis of six different 1,3,2-dioxasilacyclohexsnes of the type: 
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i 

“- “y- -,, 

(R1, R2 = Me or tBu; It3 = H, Me or tBu) 

They concluded that the barrier to ring inversion is less in these heterocyclee 

than in analogous 1,3-dioxanes. The compounds exist predomfnantly in 

either the chair form or a rapid chair-chair equilibrium, though twist and 

boat contributions to the equtlibria also have to be considered. There wa6 

no evidence for any axial substituent at carbon 5, the free energy difference 

between axial and equatorial substituente in this position apparently being 

larger than for 1,3-dioxanes. 

In a series of investigations (1978-9) into the stereochemitiry of 1,3,2- 

dioxasila-5-phosphorinanee [ 16,491 by proton NMR and the correspondfng 

5-sulphides [501 by dipole moment measurements the chair form was found 

to pretimfnate, the phosphorus lone-pair or sulphur atom lying in a preferred 

equatorial position. (An earlier report that these compounds exist in a boat 

conformation [51] was here refuted [16].) 

i.e. 

d =Me,EtoriPr; R2=Me,ProriPr) 
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Jf R1 is phenyl, a chair-chair equilibrium exists, with the phenyl group 

axial or equatorial [ 521. 

C. Vibrational Spectra 

The only systematic infra-red study of relevant heterocycles appears 

to have been that by Marchand and Valade (1968) [53] in which they investigated 

a total of seven 2,2-dialkyl-1,3,2-dioxasilacycloalkes (together with a 

number of dialkoxydialkysilanes), covering ring sizes of 5,6 ,‘I and 10 (dimer) 

-1 
atoms, in the region 4000-2600 and 1’700-350 cm . They were able to 

identify some characteristic vibrations associated with the cyclic structures 

and also of methyl and butyl groups bonded to silicon. 

Andrianov et al. [54] identified changes in the infra-red spectrum of 

dimethyl(l,2-phenylenedioxy)silane which are associated with its reversible 

dimerization . In particular, a band at 1020 cm-l was attributed solely to 

the monomer and one at 1375 cm -1 to the dimer. 

Specific IR bands have been assigned for some 5-[28], 6-[ 161, 7-[ 2’7,291, 

8- and 9-[29] membered rings. Raw IR data are given in several papers, 

the chief examples being indicated in the Tables. 

D. NMFt Spectra 

The number of NMR studies connected with orgsno-1,3,2-dioxasilahetero- 

cycles has been extremely limited and this has prompted our recent investigation 

of the carbon-13 and silicon-29 NMR spectra of these compounds. 

i) Proton 

Conformational studies based on proton NMR data have already been 

referredto [16,45-49,521. 

The technique has found application in investigations of the reversible 

dimerization of dimethyl-[ 55,561 and methylphenyl-[ 57 I (1,2-phenylenedioxy)- 

&lanes, since SiMe resonances differ for monomers and dimers. 
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References to proton NMR data for individual compounds are given in 

the Tables. 

ii) Carbon-13 

Shift assignments have been reported for dimeric dimethyl(l,2-phenylene- 

dioxy)silsne [ 561, a series of nine derivatives of salicylic (and related) acids 

[ 111, a comprehensive range of the title compounds [73] and five 2,2-dimethyl- 

1,3,2-dioxasilad-phosphorinanes [49]. The last reference also contains 

phosphorus-31 NMR shifts together with ‘H-lH, 31P-1H and 31P-13C coupling 

constants. 

iii) Silicon-29 

We have previously reported silicon-29 NMR shifts for nine derivatives 

of salicylic, and related, acids [ 111 and for monomeric and dimeric forms of 

three 2,2-dfphenyl-1,3,2dioxasilacycloheptanes [ 431. We have recently 

recorded the silicon-29 NMR shifts for over fifty compounds covering ring 

sizes from 5-14 atoms as indicated in the Tables. 

As far as it is known, the only other reported shift is one assigned to 

a proposed 1,3,2-dioxasilacyclopentane [ 581. 

E. Mass Spectra 

Reports of mass spectral studies for these systems have also been 

scanty. 

Monomeric (1,2-phenylenedioxy)silanes have been the subject of two 

investigations [ 59,601. Gemfnal cleavage of silicon substituents from the 

parent ion was remarked on in both of these and was attributed to low Sf-C 

and Si-H bond energies [59]. 



(AZ2 = HMe, Me2 [59]; MePh, Ph2 [SO]) 

The preferred sequence of cleavage was I-I >Me >Ph [60]. Other silicon- 

containing, and hydrocarbon, rearrangement ions were identified for the 

phenyl-substituted compounds. 

Lageot and Guillemonat [ 611 recorded spectra for five 4,4,5, C-tetra- 

methyl-l, 3,2-dioxasilacyclopentanes and concluded that the presence of two 

oxygen atoms simplified noticeably the number of fragmentations, as compared 

to those of silacyclopentanes themselves. Various fragmentations were 

proposed. 

Based on the spectra of sixteen 2-phenyl-1,3,2-dioxasilacyclohexanes, 

loss of a benzene molecule from the parent ion (m/e, M-78) has been established 

as an important common fragmentation process for these heterocycles [ 621. 

The elimination is believed to involve hydride migration from the ring. 

Ph\ /O 
1: 

/silo - 3 -s/J + CgH6 

Principal ions and proposed fragmentation patterns for derivatives of 

2-hydroxybensyl alcohol [ 631 and salicylic acids [ 111 have been reported. 

0 

R1R2SiY0 %Y Y 
‘x / - 

(R1R2 = Me2, Ph2) &t2=MeorPh; X=O,SorNMe; Y = H,Me,OMe 
or Cl) 
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Also, principal ions in the mass spectra of some 2,2,5-triorgano- 

1,3,2-dioxasila-5-phosphorinane-5-sulphides [ 641. 

./O7 /” 
Me2sr\oJp\s 

(R = Me, Et, iPr or Ph) 

4. Chemical Properties 

A. Nature of Products 

i) The majority of monomeric products which have been reported are 6- and 

?-membered (Tables 2 and 3). aable B-membered rings cannot be obtained 

from many 1,2-dials [2,3,8,14.15,65] and those consisting of 8-10 atoms 

are decreasingly few in number. The claim of Krieble and Burkhard [ 23 

that ring sizes of up to 11 atoms are easy to prepare must be qualified by 

emphasizing that their heterocyclea of 8 or more ring atoms contained more 

than two oxygen8 and an attempted synthesis of 2,2-dimethyl-1,3,2-dioxasila- 

cyclononane yielded linear polymer only. 

Nearly all the large rings, of 8 or more atoms, reported since then 

have contained other heteroatoms or large ring-substituents (Tables 4 and 5). 

It is noteworthy that only two, simple, 1.3,2-dioxasilacycloalkanes of more 

than 7 ring atoms have appeared in the literature; 

i.e. 

Voronkov and Romadan [3] stated that ring sizes of 8 or more atoms could 
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only successfully be obtained by the base-catalysed thermal depolymerization 

of initially formed, polymeric product. Our own, very limited, attempts to 

prepare these larger rings have failed and it must be concluded at this time 

that the stability of 1,3,2-dioxasilacycloalkanes decreases markedly above 

a ring size of 7 atoms. Stability appears to be conferred by the introduction 

of oxygen [ 21 or nitrogen as heteroatoms and by the incorporation of aromatic 

substituents into the ring itself (Tables 4 and 5). 

ii) Five-membered rings have received by far the most attention with respect 

to both the nature of the products and factors determining their formation. 

Krieble and Burkhard [2] first noted that ethylene glycol could not be made 

to form monomeric 2,2-dimethyl-1,3,2-dioxasilacyclopentane. Instead the 

dimer was obtained which polymerized further on standing, although depoly- 

merization was easily effected at 130-150°C to yield the dimer once more. 

Calas and Nicou (1959) [ 81 reacted methyl- and dimethyl-dichlorosilanes 

with a number of substituted 1,2-diols in order to investigate the effect of 

steric interactions on the nature of products. Their results indicated that 

dimer formation was to be expected unless both the silicon and functional- 

carbon atoms were fully substituted, as in the reaction between dimethyldi- 

chlorosilane and different pinacols, when monomers were obtained. 

i.e. 

Ii2 

Me&Cl2 + 
HO 

H3 @ Monomer 

HO R3 NI R2 
8 

3 > Dimer 
OrR SH 

These findings were rationalized on the assumption that dimer would be the 

preferred product, owing to ring strain in the monomer, and that monomeric 
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products could only be expected when steric interactions between substituents 

prevented dimer formation (shown to be likely by space-filltng, molecular 

models). This view was later reiterated by Voronkov and Romadan [ 31 

who also pointed out that geminal substitution should, according to the 

Thorpe-Jr&d hypothesis, cause ring compression thus stabilizing the monomer. 

Other work, in addition to our own,has broadly supported these 

conclusions though it is clear that no hard-and-fast rule csn be applied when 

the dial is only partially substituted. Hence Sprung [ 141 and Voronkov and 

Romadsn [3] both obtained monomeric 2,2,4,4-tetramethyl-1,3,2-dioxasila- 

cyclopentane when freshly distilled, the former noting that the product poly- 

merized on standing. When dialkyl- and dtphenyl- dichlorosilanes were 

reacted with butsn-2,3-diol [ 31 monomeric products, which dimerized 

rapidly after distillation, were obtained in each case. These examples 

illustrate sn important aspect of the nature of 1,3,2-dioxasilacyclopentanes 

and it should be realized that physical constants given in the literature for an 

ostensibly monomeric product cannot necessarily be taken to imply that the 

monomer is stable, particularly when the diol fragment is only mono- or di- 

substituted. 

Frye [15] has shown that similar considerations apply to spirosilicates 

derived from 1,2-diols. Hence ethau-1,2-diol and 2-methylpropan-1.2-diol 

gave undistillable polymeric products whilst the pinacol derivative was 

obtained as monomer, by recrystallization. He also makes the important 

general point that these reaction mixtures can involve an equilibrium (in the 

presence of catalysts at least) and that the position of equilibrium will be 

shifted as monomer is removed by distillation. Applied to the discussion 

above this explains the isolation of unstable, monomeric products by 
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distillation. It is also worth stating that, for the same reason, 1,3,2- 

dioxasilacyclopentanes in general cannot be unambiguously characterized 

by mass spectrometry. 

Recent reports of monomeric 1,3,2-dioxasilacyclopentanes containing 

one [28] or no [58] ring-carbon substituents must therefore be viewed with 

some scepticism, though it may be that the relatively large, single, substi- 

tuents at ring-carbon or silicon atoms stabilized the monomer in these cases. 

1,3,2-Dioxasilacyclopentan-4-ones, prepared by the reaction of 

01 -hydroxy acids with diethylsilane in the presence of a nickel catalyst, 

appear to be exceptionally stable as monomers [37]. 

In a different approach to the problem of predicting the nature of 

products formed in reactions between dichlorosilanes and diols, Pommier , 

Calas and Valade (1968) [ 651 related the degree of polymerization of product 

to the mtra-molecular bonding between hydroxyl groups in the parent diol, 

as assessed by an i&a-red absorption technique. If the bonding was strong 

a monomeric, and if weak a dimeric (or polymeric), product was indicated. 

Whilst the findings were generally consistent with this rule, the method does 

not appear to offer any particular advantage over considerations already 

discussed above. 

iii) A special case of I-membered heterocycles are the (1,2_phenylenedioxy)- 

silanes and these have received considerable attention. Products have some- 

times been reported as being either monomeric [3,4,10,66] or dimeric [I, 66, 

671 but it has been realized by several workers that a reversible dissociation 

of dimer into monomer takes place at elevated temperatures [ 8,54-571. 
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Freshly distilled samples are therefore likely to be characterized as 

monomers whereas recrystallization affords dimers. Our own results 

are fully consistent with such sn equilibrium and indicate that timer 

stability is also affected by substitution at silicon. The dimers show no 

signs of polymerizmg further. 

iv) The possibility of dimeric products being formed in the case of 6- and 

‘I-membered rings seems to have been largely ignored. Presumably it 

has been assumed that since these should be relatively strain-free systems 

products should, as a matter of course, be monomeric (as is usually the 

case). However we have recently reported the preparation and properties 

of some dimeric 2,2-diphenyl-1,3,2-doxasilacycloheptsnes [43]. We have 

also observed that dimerization occurs In certain 1,3,2-dioxasilacyclohexanes, 

e.g. methylphenyl-1,3,2+lioxasilacyclohexane [73]. For the latter, 

stability is conferred on the monomer by substituents on ring-carbons, those 

at the 4- and 6- positions being more effective than at the 5- position. Hence, 

of the following compounds I was difficult to prepare in good yield and 

gradually polymerized on standing, II was readily prepared but dimerized on 

standing and III was readily prepared as a stable monomer. 

I II In 

A corresponding stabilizing effect of alkyl substituents in spirosilicates 

derived from diols has been investigated [ 151 and it was similarly shown that 

substituents on the functional carbons of the dial produced the greatest effect. 
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v) Some cyclic derivatives of polyols have been reported. The spire 

compound IV has been made from pentaerythritol [ 3,19,24]. 

.A0 
Me2SKo X 

o\SiMe 
0’ 2 

IV 

Glycerol can be made to form the cyclic monomer V which readily 

polymerizes [ 3,661 and a compound which could either have the structure 

Via or VIb [24]. 

/ 
Me2Sko 03 

OH 

V 

1 0 0 

O-)2SiEt2 
I I I 

Et2Si Et2Si 

I I 
0 0 

Via VIb 

The (hydroxyall@)-substituted compounds VII [161 and VIII [321 

have been prepared from their respective triols. 

(R = Me, Et or pentyl) 

VII VIII 
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B. Thermal and Hydrolytic Stability 

Monomers have generally high thermal stabilities, as evidenced by 

boiling points of up to 300°C (see Tables). 

It is well known that these compounds hydrolyse, even on exposum to 

moist air, though the apparent rate can vary considerably and, for example, 

2.2’ -dihydroxybiphenyl derivatives required reflwing with alcoholic potas- 

sium hydroxide [ 661. No quantitative studies appear to have been undertaken. 

We have found that, typically, a residual liquid product left in a pipette will 

hydrolyse completely in a matter of hours to leave a white, solid residue. 

Hydrolysis regenerates the parent diol [ 65,661, hydroxyketone [ 121 

or hydroxy acid [37,38]. The configuration of a diol fragment should be 

retained during hydrolysis [ 21 and Pommier et al. [ 651 were able to separate 

cis- and trans- isomers of cyclohexan-1,3-dbl in this way by first preparing 

the respective monomeric and polymeric products from the mixed diol. 

C. Kinetic Studies 

i) He (1972) [ 51 carried out a detailed investigation into the mechanism of 

the acid-catalysed propanolysis of 4,4,5,5-tetramethyl-1,3,2-dioxasilacyclo- 

pentanes. propanol being in large excess. 

HlH2Si00 Me2 1 
H+ 

‘0 Me2 
+ 2PrOH C R1R2Si(OPr), + (HOCMe2)2 

(&I2 = Me2, Et2, Pr2, MePh) 

The reactions were found to obey a first-order rate law, the rate also being 

proportional to concentration of acid catalyst. 
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Ring opening is fast, followed by a rate-determining step for which a 

bimolecular mechanism was proposed. 

Rate constants decreased with the size of alkyl groups in the order 

Me >Et >Pr. 

Semi-quantitative data for the propanolysis of 
,0 Me 

Me2Si, 
0 I Me 

showed it to be considerably more reactive than 

,0 Me2 
Me2SLo Me 1 demonstrating that tertiary carbons /3 to silicon greatly 

2 

reduce the rate of alcoholysis. 

Rate constants for the acid-catalysed propanolysis of 

00 Me2 
@-XC6H4)MeSi,o Me 1 (X= F, Cl, Rr, H, Me, MeO) followed the 

2 

Hammett equation (log ‘/ko = -0.41 u”) , showing the rate to be slightly 

increased by electron-donatmg para-substituents. 

ii) The reversible dimerization of (1,2-phenylenedioxy)silanes has been the 

subject of three studies: 

(R = Me [55,56]; R= Ph [57]) 

The kinetics for the dimethyl compound could be described by a 

bimolecular dimerization and monomolecular backreaction [ 561. A low 

activation energy for the dimer formation was remarked on ; Ati (-9.6 kJ 

mol-‘) and A H”(-43 kJmo1”) and other kinetic parameters were given. 
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Possible transition states and lo-membered heterocyclic structures were 

proposed. 

For the methylphenyl compound it was established that monomer and 

dimer (2 isomers) were in equilibrium in solution, the extent of dimerization 

being dependent both on concentration and temperature. LIH’ for the 

dimerisation appears to be given as -31.4 kJmol-‘. 

5. Application 

The following examples of possible uses of 1,3,2-dioxasilaheterocycles 

have appeared in the literature: as heat transfer media [ 13.691, hydraulic 

fluids [13,15,69,701, lubricants [13,701, Insect repellants 1701, antichole- 

steremics and antihypercholesteremfcs [ 30, 321, release agents [ 18,68], 

for dispersibility improvement of titanium dioxide pigments [II] and as 

intermediates in organic synthesis [ 331. 

6. Tables of Compounds 

m 

i) Within each Table, compounds are ordered according to the following 

priorities : 

a) Increasing size of the smallest substituent at silicon Involving 

a Si-C bond. Examples of compounds with no Si-C bonds are 

placed at the end. 

b) Increasing size of second substituent at silicon. 

c) Increasing number and size of ring-carbon substituents. 

d) Increasing number of unsaturated bonds in the ring. 

e) Increasing number of ring heteroatoms. 

ii) Dimers are entered in the Table of the corresponding monomers and 

are signified by ID’ after the formulae. 
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iii) Symbols and Abbreviations 

Me 

Et 

Pr 

Bu 

Ph 

n 

i 

t 

P 
d 

11 

IR 

w 

DM 

MS 

methyl 

ethyl 

propyl 
butyl 

phenyl 

normal 

iSO 

tertiary 

para 

density (e unless stated) 

20 refractive index (nD unless stated) 

lnfra-red spectroscopy 

Ultra-violet spectroscopy 

Dipole moment 

Nuclear magnetic resonsnce spectroscopy 

Mass spectroscopy 
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Table 1 5-membered monomers, 8- and lo-membered dfmers. 

Compound 

Me2Si ( Z>CC?, 

MeHSi 
,C Me2 1 ‘0 Me2 

MeHSi’ 
o lCH2)4 

1 ‘0 (CH2)4 

MeHsi/o (CH2)5 1 ‘0 VH2)5 

0 
Me2Sico 1 

,t 

I 

I 

I 

D 

D 

D 

D 

D 

D 

D 

D 
t 

D 

D 

D 

detho 

A 

A 

A 

A 

A 

A 

A,C 

C 

E 

C 

G 

A 

E 

A 

G 

A 

b.p. (‘C/mm) 

(m.p., OC) 

(124-40) 

122-a/O.001 

103/15 

175/0.5 
(approx 50) 

(104) 

178 
(55) 

[53-4) 

78-80/10 
(56) 

181/770 
34-6/10 

177-8 
L54) 

L60-2.5/761.5 

160/‘765 

162-3 

150-6O/atm 

Other data 

MS 

d, 1.0585 
II, 1.4388 

n, 1.4379 

JR 

d, 1.0067 
11, 1.4300 

n, 1.4323 

n, 1.4310 

3c ,2gsiNMR;MS 

Ref. 

72 

72 

8 

8 

8 

59 

2 

14 

22 

3 

26 

53 

22 

3 

i,26 

73 
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Table 1 (cont’d) 

Compound hfethoc 

/O R 
MeZsi\o ZT 
R= CH2Cl 

CH2Br 

CH21 

CH2OMe 

CH2OEt 

CH2OnPr 

CH2OnBu 

CH2OiBu 

CH2OCH2Ph 

CH2OPh 

D 74 

/O Me2 
Me2Si\o 1 

Me 

Pr 

0 
Me 

Me2Si’ BU 

\o 

H 

b.p. (‘C/mm) 

(mop. ,OC) 

96-6/11 (25) 

106-a/14 

117/13 

93-4/13 

105/16 

110-l/13 

118-20/14 

117-a/14 

104/0.04 

164-7/12 

(98) 

n, 1.4674 

1.4858 

1.5270 

1.4440 

1.4412 

1.4425 

1.4445 

1.4415 

1.5113 

1.5190 

125.5-7.0/755 n, 1.4285 14 

127/762 n, 1.4265 3 

200 78 

32-3/10 78 

61.5-2.5/63 3 

120-6/atm 

n, 1.4272 

13c, 2gsiNMR ;Ms 73 

140 78 

Other data Ref. 

IR, ‘HNMR 28 



Table 1 (cont’d) 

Compound [ethod 

I 
COOEt 

COOEt 

/O 
Me2Yo 

~ 

trans D 

CiS 

./o Me2 

Me2s’\o Me 1 
2 

*t 

I, 

Jo (CF3)2 
Me2& ~ 1 0 W312 

0 (CH2)4 
Me2Si( 

3 
0 (CR214 

,O (CR215 
Me2Si, 1 0 W215 

,o RI 
Me2Si‘o R2 I 

R1 R2=Me Et n.Pr or ipr I I I 

H 

A 

A 

A,0 

A 

A 

G 

A 

B 

b.p. ( oC/mm) 

(m.p. I Oc> 

54-6/O. 005 28 

(110) 

46-‘I/1.3 d, 1.0298 
11, 1.4560 

8 

65 

152/560 n, 1.4220 3 

14%52/atm 

152-3 

157-s 

151/?62 

L3c ) 2ssiNMR *$m 

n$ 1.4207 

#, 1.4219 

IR 

Ms 

‘13 

75 

76 

77 

53 

61 

148-9 g, 1.3342 13 

14/20 

14/20 ; 194-5 

I#, 1.4341 18 

79 

(53) 8 

(61) 8 

I& %iNMR 35 

Other data 
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Table 1 (cont’d) 

Compound Metho 

MePhSi D 

MePhSi 

MePhSi 
/C Me2 1 ‘0 Me2 

11 

K 

A 108-lo/17 

A 

AsC 

A 

A 

A 

108/15 

71/3; 211/754 

A 

A 

A 

A 

A 

A 

C 

A 

(96) 

120/12 

(93) 

97-100/5-7 

W-2) 

82/0.5 
(84-8) 

113.5-15/5-6 

(74) 

196-7/5-6 

(90) 

104-48/atm 

80-go/o.2 

14/o. 2 

122-4/13 

b.p. (‘C/mm) 

(m-p., ‘(2 
Other data 

n, 1.5325 

MS 

'HNMR , dimeriza- 
Lion kinetics 

13c ,29siNMR ;Ms 

lR 

13c ,2gsiNMB ;Ms 

,l 

1, 

Ref. 

35 

10 

4 

3 

59 

8 

55,5( 

67 

73 

54 

67 

67 

73 

73 

73 

78 
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Table 1 (cont’d) 

Compound tethoc 

MePhSIP (CF3)2 
1 ‘0 (CF3J2 

MePbSi 
/O 
‘0 

/C Me2 
@-XC6H4)Mea,C Me 1 

2 

X= F,Cl,Br 

X= F,Cl,Br,Me,MeO 

F -$i- Ph 

&u 

Me o Me2 
‘Si’ 

Etd ‘o 7 Me2 

*Fluorosilyl-substituted dieila 

A 

B 

A 

A 

* 

ie + (( 

3.~. (‘C/mm) 

(m.p., ‘Cl 

207 

(103.5) MS 80 

152/l 

123-5/l-2 

(109) 

7 

67 

cis (105) 
tram (121) 
mixed (100-10) 

Ill, lHNMR, 
Dimerkation 
kinetic8 

57 

110-20/o. 1 
(109-15) 

1% ,29siNMR ;Ms 73 

92/0.01 

180-4 n, 1.4185 78 

Other data 

Mechanism of 
propanolysie 

MS 

Ig 1.4007 

MS 

Mechanism of 
propauolysis 

Ref. 

5 

81 

13 

61 

5 

58 
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Table 1 (cont’d) 

Compound tietho 

R = pentyl 

hexyl 

heptyl 

octyl 

nonyl 

t-pentyl 

I-methylpentyl 

ph-wl 

p-tolyl 

A 

A,C 

A 

A 

A 

A 

L 

b.p. (‘C/mm) 

(m.p., OC) 

140/0.4 
(38-40) 

240/N 

204.5/762 

178-9 

172-3/758 

194-6/760 

L33-4/6 

134-5/2 

139-42/2 

144-5/2 

149-50/2 

x-3/4 

.34-5/a 

r52-5fi 

L70-2/10 

Other data -T 

n, 1.4481 

n, 1.430 

n, 1.4412 

II, 1.4350 

Mechsnfsm of 
propanolysis 

Ref. 

78 

10 

3 

3 

3 

3 

5 

37 
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Table 1 (cont’d) 

Compound 

o-tolyl 160-2/8 

2 ) L-xylyl 175-7/5 

mesityl 180-3/s 

/C 
0 

Et2% J 
O R2 

R = o-to1y1 218-20/5 

/O 1 
Et2Si\o 

0 ‘/ 

,O W312 

1 '0 W3J2 

,C Me2 
Pr2Si\o Me 1 

2 

,0 Me 

%“\ 0 II- 

BUp 
/o 
b 0 
,O (CH2J4 

B%si\ 7 0 (CH2J4 

D 

D 

cis D 

Eetlxlc 

L 

A 

B 

A 

A 

A 

A 

A 

b.p. (°C/‘mm) 

(mop., ‘Cl 

128-30/6 

99-102/5-6 

S5-6/O. 18 

77-8Q/o.7 

113/o. 5 

135-7/30 

113/0.4 

Other data 

d, 1.1223 
11, 1.5286 

$)T 1.3706 13 

Mechanism of 
propanolysis 

d, 0.9315 
n, 1.4490 

d, 0.9692 
n, 1.4670 

d, 0.9006 
11, 1.4395 

d, 0.9656 
II, 1.4732 

Ref. 

37 

39 

67 

5 

65 

65 

65 

65 
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Table 1 (cont’d) 

Compound lethoc 

/O 
phzsi,o 1 

Ph2Si< 
0 

0 J 

Me 

II 

.,C Me2 
Ph2% 1 0 Me2 

./ 
0 

Ph2S1,0 

/O 
Ph2Si, 

0 

Ph2Si\o ’ 1; 

m 

11 

1, D 

11 D 

Ph, ,0 
Si 

Me2 

MeO’ ‘0 1 Me2 

/O 
(W2~,o 1 

D 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

C 

A 

b.p. (‘C/mm) 

(m.p., ‘(2 

210-5/10 3 

186-8/6 

(130-44) 13c, 2gsi NMR gai 

3 

73 

171-4/6.5 

L3c,2gsi NMR;Ms 

3 

73 

160/0.2 
(172-85) 

73 

150-6/O. 3 2gsi NMR;Ms 73 

150/0.3 73 

(162.2-3.5) 66 

(170.7) 

203-8/l-2 

(126-30) 

MS 

13c ) 2gsi NMR ;Ms 

60 

67 

73 

85/O. 15 g, 1.4890; 

‘H NMR 

15 

235-40/O. 1 80 

Other data Ref. 
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T&k? I (cant *d) 

hp. (‘C/mm) 

(m.p., ‘Cl 

lize/a .2 80 
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Table 2 6-membered monomers 

Compound 

,o Me 

Me2sib 7 
tt 
1) 

/* 

Me2sixo Me St 
/* 

Me2sib 3 iBtl 

P 
Me2sib OH I- 

ffethoc 

C 

b,C,F 

D 

A,C 

c 

A 

C,F 

G 

AS 

A 

c 

C 

H 

A 

b,p. (OC/mm) 

(m.p., OC) 

121.7 

122f763 

123/752 

122/‘?60 ; 35122 

114/z&m 

39/‘7 ;llS-211758 

l22-3/atm 

150/783 

29/s 

69-w9.5 

6?-8/7 

147/18 

112-29/4 

Other data 

d, 0.9703 
n, 1.4120 

n, 1.4130 

d, 0.9701 
n, 1.4118 
1H NMR 

n, 1.4132; %NM 

13c ,29Sf HMR ;Ms 

lH NMR 

1H NMR;DM 

JR 

n, 1.4107 

13C ,29si NMR $&Is 

n, 1.4172 

Lx, 1.468; lR NMR 

a, 1.4373, %I NM 

II, 1.434 

n, 1.4554 

di5, 1.117-L 11: 

nz, 1.4387- 
1.4452 

2 

3 

21 

48 

73 

5,46 

47 

63 

3 

73 

77 

46 

46 

48 

3 

68 

71 
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Table 2 (cont’d) 

Compound 

Me 

,0 Pr 

Me2si\o Et > 

/O 
Me2Si, x O\ 

0 0' 
SiMe2 

D 

C 

A 

A 

C 

A 

A 

A 

A 

C 

A 

C 

E 

C 

C 

b.p. (oC/mm) 

(m.p., OC) 

139/754 d, 0.9421 
n, 1.4213 

21 

144-5/762 

24-5/5 

142-5/atm 

140 

n, 1.4272 

n, 1.417 

L3c ,29si NMR$fS 

%-I NMR 

1H NMR 

IR 

3 

9 

73 

78 

45 

46 

53 

37-9/2 11, 1.429 9 

45/3 n, 1.434 9 

203 n, 1.4325 78 

72-3.5/4 n, 1.438 9 

126-36/10 78 

(64) 23 

244-5/751 

230-4O/atm 

(135) 

3 

19 

Other data Ref. 
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Table 2 (cont’d) 

Compound lrletbol 

(R=Me , Et, pentyl) 

/O 3 PW2OH 
MeZSko R 

(R=Me , Et) 

0 ./ 
Me2S1 LO 

Me 

NO2 

11 

(R=Me,Et,nPr,nBu,n-pentyl) 

./ 
0 

Me2sI\o (cW 

Me 

E 

C 

A 

A 

C 

E 

A 

D 

A 

b.p. (oC/mm) 

(m.p.. ‘Cl 

243-5/749 

(136) 

67-9/9 

tog-10/12 

16-7/l. 3 

146/‘749 

L36-40/atm 

d, 0.9363 
II, 1.4263 

3c,2gsi NMR;Ms 73 

142-4 xl, 1.4110 78 

Other data 

‘H NXR 

1H NMR;DM 

1H NMEX 

DM, 
stereochemistry 

d, 1.0298 
II, 1.4566 

Ref. 

24 

3 

46 

47 

18 

71 

3 

46 

44 

65 

21 
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Table 2 (cont’d) 

Compound 

Me 

Me 

Me 

Me 

mixture 

CN 

CN 

/O \ Ph 
Me2SI\o Ph T 

CN 

CN 

Lethod 
hp. (‘C/mm) 

(m.p., OC) 

i3-4/8 

i8-8/38 

v-90/20 

LOS-lo/23 

101-4/o. 3 

(88.5-70.0) 

lOl-3/26 

Other data 

II& NMR 

Rd. 



B 

J 

J 

A 

A 

A 

A 

x 

t4-&f50 

resfn 

?-8/O l 35 

Other &&a 
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Table 2 (cont’d) 

Compound 

CN 

,o / ’ 
Me2Si\o 

8 

/ \ 

CHR 
0 ./ 

Me2S1\0 73 / \ 
- 

R=H 

Me 

Et 

,O<cc13 

Me2Si\o<m 
cc13 

Me Si 
/O- 

2 \C-/ 
P-R 

R=Me 

Et 

tethod 
3.p. (“c/mm) 

(m.p.. OC) 

(132-4) 

(53.5-5) 

w/o.2 

so/o.2 

wo.5 

108-13/l 

j2/10 

5%9/11 

29.5-30/l. 5 

57-9/6 

Other data 

xl, 1.5371 

11, 1.5356 

II, 1.5296 

LH,13C,31P NMR 

d, 1.0544 
n, 1.4602 

d, 1.0540 
xl, 1.4600 

d, 1.0262 
n. 1.4733 

d, 1.0260 
n, 1.4732 

Ref. 

7 

12 

64 

49 

16 

16 

16 

16 
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Table 2 (cont’d) 

Pr 

iPr 

Ph 

If 

R=Me (93-5) 

Et (85-7) 

iPr (111-2) 

Ph (80-l) 

.,O- 8 
Me2SxO_%B 

(.R=Me, Pr , iPr) 

Me G 120/o. 1 IB,lH NMR 84a 

CHR 

Me\si/o 
CH,=CH’ \o 

R=H ‘9/0.4 n, 1.5461 

Me 18/0.9 II, 1.5454 

Et %7/0.5 n, 1.5362 

* 
Elementary sulphur + parent 

Metho 

71/6 d, 1.0354 
n, 1.4789 

16 

26.5-29/l d, 1.0018 
II, 1.4714 

16 

93-6/l. 5 

‘H NMB;DM 

uv 

16 

52 

83 

* 31p NMR;MS 64 

DM 50 

B 12 

eteroc le 

b.p. (OC/mm) 

(m.p.. OC) Other data Ref. 
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Table 2 (cont’d) 

Compound 

R=H 

Me 

0 
MePhSi’ 

‘0 

0 
MePhSi’ 

Me 

\o 

0 
MePhSi’ 

Me 

\o Me 

Me 

MePhSi 
/O 
Lo 

b 
/ \ 

0 
MePhSi’ 

NC 

Metho 

AorC 

A/C 

A 

A 

A 

A 

A 

A 

A 

A 

A 

b.p. (‘C/mm) 

(m.p., OC) 

38/30 

60-l/16 

70-5/0.25 

76-8/O. 1 

90/1.2 

92-4/O. 2 

86-93/l. 0 

90-4/0.2 

120-4/O. 2 

150-60/O. 1 

Other data 

‘H NMR 

13c ) 2gsi NIvm $vls 

1H NMR 

13c ,2gsi NMR ;Ms 

,t 

f, 

‘H NMR 

13c ,2gsi NMR;IMs 

13c ,2gsi NMR;Ms 

Ref. 

48 

73 

45 

73 

,t 

If 

45 

73 

11 

I, 

I,73 
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Table 2 (cont’d) 

Compound Methc 

0 
0 

MePhSi’ 
\o /’ 

?J 

0 
MePhSi’ 

‘0 

0 
0 

MePhSi’ 
‘0 OMe 

Me 

kt2Si<I>0 -)2 SiEt2 

(1 of 2 possible structures) 

A 

A 

A 

C 

E 

E 

A 

A 

A 

A 

b.p. (%/mm) 

(mop., ‘Cl 

169/O. 25 

160-5/O. 1 

160-70/o. 1 

170/o. 5 

(-50) 

53-53.7/7 

230-3/14 

46/5 

42-3/3 

64-6/4 

72-4/4 

I 

Other data 

d. 0.9350 
n, 1.4262 

d, 1.0521 
n, 1.4605 

n, 1.4333 

11, 1.433 

n, 1.440 

11, 1.444 

Ref. 

11,73 

11,73 

11,73 

15.70 

22 

24 



Table 2 (cont’d) 

Metboc 

0 

R=iPr 130-l/5 

iBu 134-5/5 

heptyl 163-5/10 

Ph 176-S/8 

0 

/O 
Et2Si\o 

6 

Ph 

./CT 

Et2s1\02 - Et 

* 
hydrolysis of compomd lmm 

L 

L 142-5/5 

L 188-91/8 

C 84-6/7 

C 114/10 

* 155/o. 5 

C 185/0.3 

(-63) 

lately move 

b.p. (‘C/mm) 

(m.p., OC) Other data 

d, 0.9992 
II, 1.430 

d, 0.9867 
n, 1.4440 

d, 0.9601 
n, 1.4475 

d, 1.0146 
n, 1.4778 

g-8, 1.4339 

rlg5*8, 1.4475 

nf, 1.4525 

41 

Ref. 

38 

38 

38 

16 

15 

15 

15.70 
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Table 2 (cont’d) 

Compound rlethoi 

,O Me 

Ph2Si, 
0 3 

0 
Ph2Si< 

Me 

0 Me 

11 

Me 

/O 
ph2sib /_\ b 

I, 

A 

A 

C 

A 

A 

A 

A 

A 

A 

A 

b.p. (‘C/mm) 

(mop., ‘Cl 

87/2 

160/0.05 

(-62) 

125/0.01 

(42-50) 

149~50.5/2.5 
(63-4) 

166-8/O. 05 xf, 1.6043 ;MS 63 

163-72/O. 3 13c ,2gsi NMR ;Ms 73 

Other data Rd. 

d, 0.9132 
n, 1.4451 

IR 

nTm4, 1.4550 

.3c,2gsi NMRgvIS 

‘H NMR 

3c ,2gsi NMR;Ms 

l, 

!3c 29si NMR;Ms , 

‘H NMR 

.3c ) 2gsi NMR gas 

65 

53 

15,70 

73 

45 

73 

73 

9 

73 

45 

73 

73 



Table 2 (cont’d) 

Compound Iethoc 

/O 
0 

Ph2si,o 3- Ph 

0 
0 

p$si:o b / \ 
0 

/O 
ph2si\ 0% / \ 

- 
Me 

/O 
H2 

P%si\o 3 / Me 

CHR 
0 

Ph2s<o 

?I 

/ \ 
- 

R=H 

Me 

Et 

,o ’ ’ 
Ph2si\o 

3 
/ \ 
- 

Ph \si/o Me 

Meo’ ‘0 Me 

*from compound of type lmmedz 

A (145-54) 

A 188-95/0.4 

A 198/0.2 

B 

B 

A (110-11) 

A 118-22/0.2 

* >5/0.05 

ely al: re + MeOH 

b.p. (OC/mm) 

(m.p., OC) Other data 

2gsi NMRgAs 

13c ,2gsi NMR$fs 

11, 1.8118 

n, 1.6926 

11. 1.5747 

% ,2gsi NMR 

73 

11,73 

11.73 

12a 

12 

7 

73 

73 
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Table 2 (cont’d) 

Compound 

Me 

ai& 

C 

E 

A 

b.p. (OC/mm) 

(m.p.. OC) 

108/O. 1 

250/0.01 

(-33) 

88-92/o. 4-O. 6 

188-90/10 

Other data 

13C, 2gSi NMR 

n$ 1.5022 

Ref. 

73 

15,70 

85 

80 



Table 3 ‘I-membered monomers, 14-membered dimers. 

Compound lethod 

‘I 
MeHSi 

/O ’ 

8 
‘0 0 

\’ 

/O 
Me2Si\0 I> 

1, 

Me 

/O 
Me2Si, 

0 
OiS 

tram 

No 
Me2Sko xa 

I 

C 

C 

E 

G 

G 

G 

C 

A 

C 

A 

G 

C 

H 

H 

H 

b.p. (°C/mm) 

(mop., OC) 

120-5/l 78 

142 

142-4/‘758 

145-7fi51 

II, 1.4218 

n, 1.4220 

d, 0.9622 
n, 1.4222 

Ii, 1.4220 

11, 1.4219 

.3c,2gsi NMRgMS 

dl,, 1.0059 

IR 

2 

3 

22 

142-3 

142-3 

104-24/atm 

143/734 

25 

26 

73 

86 

53 

145/746 IL, 1.4258 3 

26/1.0 .3C ,2gSi NMR;MS 13 

23/O. 1 73 

178 78 

48/O. 1 

51/0.1 

50/0.1 

I, 1.4627;IR; 

H NMR;MS 

I, 1.4586; IR; 

H NMR;MS 

,) 1.4335;IR; 

HNMR;MS 

29 

29 

29 

Other data 

51 

Ref. 
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Table 3 (cont’d) 

Compound fietboc 

/O 
Me2Si\0 

\ 33 0 

/C 
Me2SI\O 

\ 

IO ’ , 

Me2Si\0 “m 

‘I 
/O ’ 

Me2Si\0 , 

8 \’ 
,I 

./Cd 

cc13 

Me2Sl, 
%I 

O-cc13 

\ /C 

cH2=:lSio 

MePhSi’ 
0 

‘0 

/O 
MePhSi 

‘0 

Me 

* 
m.p. values for this and the 
from original paper since thr 

H 

H 

H 

A 

A 

C 

A 

A 

A 

b.p. (OC/mm) 

(m.p., OC) 

77-80/O. 1 

113/12 

155/o. 1 

(117) 

172.5-3.5/14.5 
(35.0-35.5) 

136/2.5 

(40) * 

168/12 ; 180/25 

(50) 

17 8/24 

(109-10) 

140-l/1.4 

82/6.0 

80-8/0.1 

my1 compound b 
!d inconeistent. 

Other data Ref. 

n, 1.4837; 

IR;%i NMR;Ms 

$4, 1.5120 

IFt;lH NMR 

IR;lH NMH;MS 29 

n22, 1.5843 66 

L3c,2gsi NMR#s 

3 been interchanged 

29 

27 

69 

88 

78 

84 

87 

73 

73 
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Table 3 (cont’d) 

Compound iletlml 

Me 

Me 

0 
‘I 

MePhSi’ 
‘0 

II 8 
‘I 

R= 

b.p. (‘C/mm) 

(m.p., OC) 

7%so/o.05 

75-e/0.02 

(101.0-101.2) 

168-16/O. 1 
(103.5) 

230/l. 25 

(58) 

108/0.05 

300/o. 35 

FO) 

(W 

(190-220) 

Other data 

L3c,2gsi NMR $fs 

Ref. 

73 

73 

66 

13 

78 

88 

88 
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Table 3 (cont’d) 

Compound bethoe 

decyl 

dodecyl 

hexadecyl 

Ph 

p-to1y1 

p-chlorophenyl 

/O 
Et2Si,o 

Bu2Si< 
0 

0 

11 

/O 
p!2si\ 

0 3 
I, D 

/O 
phzsi, 3 Me 

0 
11 D 

11 D 

A 

A,C 

A 

A 

A 

A 

A 

A 

A 

A 

b.p. (‘C/mm) 

(m.p., OC) 

203-4/l. 8 

197-200/1.2 

225-30/O. 7 

265-8/l. 0 

172-4/1.0 

192-5/l. 9 

185-7/0.7 

189/758 

78/l 

115-34/o. 1 

(176-84) 

148-70/O. 15 

(154-75) 

125-37/0.05 

130-40/o. 1 
(55-75) 

(155-70) 

Other data 

n, 1.4371 

11, 1.4451 

IR 

,3c ,2gsi NMRgMs 

Ref. 

87 

3 

65 

53 

73 

73 

73 

73 

73 

73 

73 



Table 3 (cont’d) 

0 
/O p%si\o , B .’ 

CiB 

Cil3 

tram 

D 

kfetboc 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

b.p. ( oc/mm, 
hp., ‘Cl 

174-82/O .2 

167/O. 05 

(48) 

152/0.04 

(54) 

168/O. 07 
(84) 

186/O. 1 

(130.6) 

(129-31) 

(245-50) 

(207) 

164-74/o. 5 13C ,2gSi NMR;MS 73 

188-90/O. 1 

(120.5-121.5) 

235-6/O. 5 

(124) 

(125-6) 

Other data 

n, 1.5624; 

IR;lHNMR;MS 

II, 1.5667; 

IR; 1HNMR;MS 

IR; ‘HNMR;MS 

n, 1.5872; 

DIR; 1HNMR;MS 

IR;lHNMR 

13c ,29si NMFI;Ms 

II 

11 

2gsi NMFtgvIs 

13c ,29si NMR ;Ms 

73 

29 

29 

29 

29 

27 

73 

73 

29 

73 

66 

69 

73 
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Table 3 (cont’d) 

Compound 

R = octyl 

decyl 

Z-methyl-4-t-hexylphenyl 

phenyl 

cyclododecyl 

1-methyl-4-ethylhexyl 

1,4-diethylhezgl 

1-methyl-4-ethyloctyl 

1,4-diethyloctyl 

1: 0 ‘I 

8 8 

>si- -0 L 

LO 
‘, 

1 
a3 

2-o 0 

A’ 
I’ ’ 

00 

H 

Methc 

A 

A 

A 

b.p. (OC/mm) 

(m-p.. OC) 

230-5/o. 8 

241-5/O. 8 

275-80/l. 5 

228-30/l. 5 

297-302/2.5 

210-8/0.2 

220-4/O. 3 

226-8/O. 3 

235-6/O. 6 

(SO) 

L54/6 

L74/16 ; 136/l 
48) 

176-7/18 

Other data 

n= 

1.5662 

1.5556 

$,‘, 1.5728 

1.5451 

I:, 1.5615 

1.5488 

1.5484 

1.5418 

1.5400 

Ref. 

69 

88 

88 

89 
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Table 3 (cont’d) 

Compound Jethoc 

Pr 

CH2=CH-CH2- 

(cP-12si::3 
I@-), Si<D 

10 compounds R=all@ or aryl 

e.g. Et 

cycMlexy1 

2-diphenyl 

155/2 

155/2 

93 

93 

A 148/l 80 

A 188-g/10 80 

A& 59,90 
31,92 

A L53-4/2.5 

A 126/3.5 

A 309-11/4 

d21 4 ) 1.170 89 

89 

89 

b.p. (‘C/mm) 

(mop., OC) 
Other data Ref. 
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Table 4 &membered monomere. 

Compound Netho 

,o /\ 

Me2Si\o - 23 \/ 
I\ / 

/O - 
Me2Si\0 

% 
\-1 \ 

- 

/OY 
Me2Si, N-R 

O\j 

R-H 

Me 

Et 

D 

CH2CH20H 

Ph 

CH2CH202CCHPh2 

CH2CH202CCMe20@ 

CHO 

COOtiMe 

b.p. (‘C/mm) 

(m.p., ‘(3 

163.5/764 11, 1.4330 3 

46-7/8 d, 0.96664 
n, 1.4308 

22 

148/O. 1 
(93) 

(154-5) 

93-4/30 

74-a/10 

200/755; 
77-B/10 

(102.5) 

102-3/3 

182-4/4 

Other data Ref. 

IR; lHNMR$XS 29 

11, 1.4547 3 

n, 1.4450 78 

n, 1.4496 3 

x-ray analysis 

n, 1.4700 

, 1.4450; lHNMR 

88 

32 

17 

31 

30 

20 

20 
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Table 4 (cont’d) 

Compound UIetboc 

cc13 

,O*N 

Me2Si\o > 0 

YN 

CC% 

O/\ 
MePhSi’ 

\OJ’ 

,OY 
Et2Si, N-R 

OLJ 

R=H 

Me 

A,C go/50 2 

166.5/761; 
89-90/54 

168 

168 

d, 1.0452 
n, 1.4331 

11, 1.4338 

n, 1.4335 

n, 1.4335 

3 

25 

26 

204.5/756; 
102-3/26 

II, 1.4858 3 

(127) 84 

C 137-41/10 n, 1.5156 78 

-ray diffraction 94 

C 100-3/o. 1 n, 1.4611 78 

78 

b.p. (‘C/mm) 

(m.p., OC) 
Other data Ref. 
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Table 4 (cont’d) 

,o 1’ 
Pl12Si, - 

0 
3 \ / 

/O-- Ph2Si, N-R 

Cd 
R=H 

H 

Me 

Me 

tBu 

Ph 

/\ 

@ 
/O/\ ,-I Si, NMe 

Od 

’ 07 02 < ’ ,Si' NMe 

‘Od 

Metho 

A 

A 

C 

C 

C 

C 

C 

A 

b.p. (OC/mm) 
(m.p., OC) 

we-so/? 
(69-70) 

(i86) IR, ‘HNMR;MS 29 

(120-3) 

(73) 

(65-8) 

(92) 

(86) 

SlS-28/O. 1 

Other data 

x-ray analysis 

x-ray analysis 

x-ray analysis 

x-ray analysis 

x-ray analysis 98 

x-ray analysis 

2gsi NMR 

Ref. 

95 

78 

41 

17 

78 

17 

17 

40 

73 
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Table 4 (cont’d) 

Rl= 
Me 

Ph 

kletbo 

A 

b.p. (oC/mm) 

(m-p., OC) 

(X36-60) 

(100) 

66 

66 

136-40/O. 2 80 

Other data Ref. 
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Table 5 9- to 11-membered monomers. 

Compound Metho 

R=Me, Rl=Me, R2=Et 

12 R=Me ,R R =(CH2)5 

R=Et , R1R2=(CIi ) 
25 

/O 
Ph2Si, 

0 
A 

b.p. (‘C/mm) 

(m.p., ‘(2 

183.5/784; 
52/4 

65-8/6 

128/O. 1 

183/O. 07 

(101) 

Other data 

II, 1.4398 

d, 0.9660 
n, 1.4402 

n, 1.5650 

IR; lH NMR;MS 

IR; ‘H NMR;MS 29 

Ref. 

3 

22 

29 

97 
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Table 5 (cont’d) 

Compound 

lo- - 

ll- - 

P-0 
Me2Sko 

UC 
3 

Iethoc 
b.p. (‘C/mm) 

(mop., Oc) Other data 

A 

(137-8) 

96/9 d, 1.0704 
n, 1.4487 

Ref. 

78 

2 
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Table 6 Representative Spirosilicates. 

Compouude 

-0 
Si ( ) ‘R 

-0’ 2 

R= 7 Me2 

Me2 

7 
(CH2)5 

GH215 

3 
Me 

Me 

f 

Me 

Et 

Et 

Pr 

3 Et 

* 
Sic14 + benzophenone/magner 

Metboc 

A 

C 

E 

115~8/15; 
238/758 

(112) 

(112) 

llO-15/1.5 

A (282) 

* (240-5) 

A 

A 

(116) 

E 

A 

118.5/15 

115/11.5 

II, 1.4412 
d, 1.1163 

C 67/2.4 ‘H NMR 

C 130-3/o. a 
(61-3) 

II~, 1.4633 

C 134-7/O. 8 r$5, 1.4536 

m 

b.p. (‘C/mm) 

(m.p., OC) Other data Ref. 

98 

15 

66 

98 

99 

100 

81 

22 

98 

15 

15 

15 
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Table 6 (cont’d) 

Compound Ilethoc 

Et 

Bu 

Bu 

$ 

Bu 

Me 

Me 

I\ a i-1 

3 
Me 

Me 
Bu 

Bu 

Me 

Me 

Me 

Me 

-GH212 

-m-L&j 
>O 

C 

C 

C 

E 

A 

A 

C 

C 

C 

C 

A 

A 

A 

b.p. ( oChnm) 

(m.p., OC) 

(73-7) 

66-7/0.3 

(46) 

110/4.5 

153/O. 6 

(81-3) 

(159.5) 

:313) 

109/3 
64-5) 

.00/3 
94-5) 

Other data 

e, 1.4631 

lH NMB 

Ig.5, 1.4430 

lB;lHNMB 

Ref. 

15 

15 

15 

66 

7 

98 

15 

15 

15 

27 

89 

81 

101 

99 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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