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• -• INTRODUCTION AND REVIEW OF LITERATURE

Silicon esters, although not a new tiype compound, have not been extensively

studied. Silicon esters have been prepared by reactions of silicon tetra-

chloride with esters, anhydrides, p cids, and sodium salts of organic acids.

Silicon esters were first prepared by Friedel and Ladenberg (2) in 1867. They

prepared silicon tetraacetate from silicon tetrachloride and acetic anhydride.

In 1939 Volnov (14) prepared silicon tetraacetate ftom silicon tetrachloride

and organic acetates. Silicon tetraacetate was prepared in 1947 by Schuyten,

et al. (12) from silicon tetrachloride and sodium acetate usint anhydrous ben-

zene as a diluent. Petrov and ItkinaCs) prepared silicon tetrabutyrate fiDm

silicon tetrachloride and butyric acid in the same year. Silicon tetrapropio-

nate and silicon tetrabenaoate were prepared by Lanning (5, 6) in 1953 and

1954 respectively, from the organic salts and silicon tetrachloride. The

methods of Schuyten, et al. (12), and of Volnov (14) were unsatisfactory.

Lanning (5, 6) treated silicon tetrapropionate with ethylmatinesiumbro-

mide and silicon tetrabenaoate with phenylmagnesium bromide, which produced

3-ethyl-3-pentanol and triphenylcarbinol respectively. He noticed that a

silicone-like oil formed with 3-etlTyl-3-pentanol and with triphenylcarbinol.

Lanning (6) believed that the tertiary alcohols were formed by the Grignard

rea; ent reacting with silicon esters in the way it usually reacts with esters.

He also believed that other tertiary alcohols, including ones having different

alkyl radicals, might be prepared by this new method.

This investigation was initiated to prepare silicon tetrabutyrate from

sodium butyrate and silicon tetrachloride and to study its reactions with the

Grignard reagent to form tertiary alcohols and silicones. These reactions

were carried out at various concentrations of reactants and several tsnpera-

tures and the yields determined. ,



Die next immediate investigation was to prepare silicon tetrasalicylate

for comparison of its reaction yfith the Griynard reagent to that obtained with

silicon tetrabutjTate. We have made several unsuccessful attempts to prepare

silicon tetrasalicylate by the method of Schuyten, et al. (12).- It was believed

that steric hindrance was not the only factor preventing the formation of

silicon tetrasalicylate, because silicon tetrabenzoate had been prepared by

the same method. It seemed desirable to investigate some of the factors that

might prevent the formation of silicon esters by the method of Schuyten, et al.

(12). In order to carry out this investigation the following silicon esters

were prepared; silicon tetraacetate, silicon tetratrichloroacetate, silicon

tetrapropionate, silicon tetrabutyrate, silicon tetracrotonate, silicon tetra-

stearate, silicon tetra-o-chlorobenaoate, silicon tetra-p-hydroxybenzoate,

silicon tetracinnamate, silicon tetraphenylpropionate, and silicon tatra-B-

naphthonate*

Silicon tetraacetate, silicon tetrapropionate, and silicon tetrabutyrate,

were treated r.ith the Grignard rea^-ent at different concentrations and tempera-

tures for corrparison.

It was noted that at low concentrations of the Grignard reagent, a large

amount of ketone was formed. It was of interest to prepare a tertiary alcohol

having different radicals without isolating the ketone. This was done by

treating one half of the necessary amount of ethylmatnesium bromide with sili-

con tetrapropionate to form 5-pentanone and this was treated with phenylmaf^nesium

bromide to form S-phenyl-S-pentanol.

1 > .



EXPERIMENTAL

Preparation of Silicon Esters

The method and apparatus used in preparing these silicon esters from

silicon tetrachloride and sodium salts of organic acids were similar to that

of Schuyten, at al. (12) and to Lanning (S, 6). The silicon tetrachloride ivas

purified by distillation. The sodium salts of organic acids were prepared by

the reaction of the calculated amount of sodium bicarbonate with the pure

acids. The salts were dried by heating them to their melting points, i^hy-

drous benzene and anhydrous diethyl ether were used as solvents. The reaction

proceeded in both solvents, but diethyl ether only can be satisfactorily removed

from the product.

Silicon tetraacetiite, silicon tetrapropionate, and silicon t etrabut^rate

irere prepared by adding 7 ml. (10.38 g) of silicon tetrachloride dissolved in

50 ml. of ether dropwise into a slurry of 1.5 times the calculated amount of

the anhydrous sodium salts dispersed in 300 ml. of ether. The silicon tetra-

chloride lias added at such a rate that gentle refluxing was maintained. "Ihe

mixture was stirred mechanically during the addition of silicon tetrachloride

and for one and a half hours afterwards T*iile the mixture was kept at the

boiling point. When the ether solution gave no chlorine test, the sodium

chloride and excess sodium salt were removed by filtration usin^ diatomaceous

silica as a filter aid. The residue was wrashed with 100 to 300 ml. of anhy-

drous ethyl ether. Inmiediately after filtering, the filtrate as stored in a

cold room at 40C. The filtrate was concentrated under reduced pressure while

in an ice bath to produce nearly pure silicon esters. The esters were kept in

the cold room until analyzed. .
' .' ,



Silicon t«tr«crotonatef silicon t9U>88t«rate, silicon i«trA<-p-^>ytiro3qr)MnKMit«9

•ilieon t«tra-o-chlorobenzoatef eilicon tetrapbenylpropionat*, silicon tetra-

oinnaoutte, and silicon tetra-BHna|dithonate ware prepared by Uie above method^

at a°G*

Ihe sodiua salt of salicylic acid did not form silicon tetrasalicylate

with silicon tetrachloride, but forwod uallcylic ar^dride instead* Tha

|H*epar&tion of the anhydride from the sodium ealt oi salicylic acid was cazried

out in an ioa bath in the sane manner as the preparation of silicon esters*

The anhydride was identiiied by titration and aixad salting point.

QMntitative Analysis ol Silicon Esters

Hm aeid analysis was carried out by hydrolysis of the silicon eators and

titrating with 0*l-<> souiun hydroxide* The complete hydrolysis of the silicon

esters was slow in cold water and the method of ^atnode (7) for silicon halides

had to be atodified by heating the solution to boiling before titrating the acid

liber; tod*

Ihe silicon analysis was carried out by the Mrtlwd of Hyde and DeLong (5)*

In order to get an accurate silicon analysis by this method, it was necessary

to use 90 per cent iiNOj (funini^ nitric acid).

the molecular weights of the silicon et tare aare detendned by the BaotaMOfi

Method (1), using bcnscne as a solvent*

The Infrared spectra of silicon esters ware determined from bsnatna .'olu-

tiens or potassium bromida palleta with a Ferkln-glmer »odel 12C, lnfr.ired

Spaetr&metM' using a rock salt }ni.SB* Tha solutions or potassium bromide pallets,

contained & to 10 per cent by weight of the products* A background trace of

{mre solvent, or potassium bromide pelleta, waa run so that it was superijqposad

and a point by point measurement of per cent ahsor: tion waa made at intervals*



Reaction of Silicon Esters With 1116 Grignard ueagents

The reactions of silicon esters with Grignard rea ents were carried out

with silicon tetraacetate, silicon tetrapropionate, and silicon tetrabutyrate

with ethylmai^nesium bromide. These reactions of silicon esters, with the

Grignard rea£ent to form tertiary alcohols, ketones, and silicones were carried

out at various concentrations and temperatures.

The first set of reactions were carried out by adding dropwise dilute

diethyl ether solution of the silicon ester through a dropping funnel into 0.8

of the stoichiometric amount of Grignard reagofit prepared from ethyl bromide

in the usual manner. The mixture was stirred mechanically and maintained at

the boiling point for one hour after the addition was completed. The Grignard

complex was hydrolyzed in an ammonium chloride solution containing; some ice.

Some dilute sulfuric acid was added afterwards to dissolve the magnesium pre-

cipitate. The ether layer was separated and dried with CaS04. After evaporation

of the ether layer, a colorless oily liquid was obtained. This liquid was

separated by fractional distillation. Some ketone formed with the tertiary

alcohol.

The above re'-actions v.ere repeated with 3.5 times the stoichiometric amount

of Grignard reagent. The tertiary alcohol was still the major product, but a

very small amount of ketone was fonned, alon, with a less viscous silicone.

Yields of 67 to 71 per cent of the tertiary alcohols were obtained at 360C.

At 00(3 the relative amounts of alcohols, ketones, and silicones were in

the same ratio, but in 1 ower yields. Reactions using two and six times the

stoichiometric amount of Grignard reagent were carried out with silicon tetra-

butyrate at 36°G.



The products were distilled and then identified by boiling points, indices

of refraction, infrared spectra, derivatives, and analysis of silicon, carbon

and hydrogen. The ketones v;ere identified by 2-4 dinitrophenylhydrazone

derivatives, indices of refraction, and boiling points.

"Hie 2-4 dinitrophenylhydrazone derivatives were prepared by adding 2 na.

of tile ketones to freshly prepared 2-4 dinitrophenylhydrazone. It was puri-

fied by 'A-ashin^ several times with water and then with skellysolve. In some

cases the 2-4 dinitrophenylhydrazone was recrystallized by the method described

by Shriner, et al. (13).

The alcohols were identified by indices of refractions, allophanate deri-

vatives, and boiling points. The procedure employed in making the allophanates

was to depolymerize cyanuric acid in a slow stream of car^>on dioxide at 560-

4000G, and to pass the cyanic acid into a 25 ml. flask containing 2 ml. of the

alcohol. K_^.
':':'.

The 5-ethyl 4-he.^enol-5 was first dissolved in 10 ml. of anhydrous ethyl

ether. Sublimation of the bulk of the cyanuric acid required about 14 m.inutes.

Hie reccdvers were removed, stoppered and allowed to stand for 24 hours. Vnhen

the reactions were complete as evidenced by disappearance of the acrid odor

of cyanic acid, the allophanates were separatea by filtration. After tj shing

the allophanates in ether, they were recrystallized to constant melting points

from an ethanol solution previously treated vdth activated carbon to aid in

removal of traces of cyanuric acid.

The silicones were purified by treating hot benzene solutions with

activated carbon. The solutions were then Jiltered and the benzene evaporated.

They were identified by chemical analysis, (silicon, carbon, and hydro en)

and infrared spectra. In order to get an accurate silicon analysis by the



method of Hyde and DeLong (3) it was necessary to use 90 per cent pure liNOj

(fuming nitric acid). Also in order to ^et accurste carbon hydrogen analysis

on the silicones (ll) VgOs was used as a catalyst. The inaices of refraction

of the silicones i«ere nearly the same from all silicon esters idien treated with

the same amount of ethylmagnesium bromide. Ethyl silicones were produced.

Reaction of Silicon Tetrapropionate T.ith Ethylmagnesium

Bromide and Phenylmagnesium Bromide

Tti9 apparatus and method for preparation of 5-phenyl 3-pentanol was very

similar to that used by Lanning (5, 6) to prepare 3-ethyl 3-pentanol and tri-

phenylcarbincl. A dilute ether solution containing 16.5296 g. of silicon

tetrapropionate was added through a dropping funnel, drop by drop into 0.5

of the stoichiometric amount of Grignard reagent prepared from ethyl bromide

in the usual manner. The mixture was stirred mechanically for five minutes

and then 0.5 of the stoichiometric amount of a Grignard reagent, prepared

ftom bromobenzene in the usual manner, was added through a dropping funnel

into the mixture. The mixture was again stirred mechanically and maintained

at the boiling point for one hour after the addition was complete. The Grignard

complex was hydrolyzed in ammonium cliloride solution containing some ice. Some

dilute sulfuric acid was added afterwards to react with the ma^^nesium precipi-

tate.

The ether layer was separated and dried with CaS04. This anhydrous ether

solution was concentrated under reduced pressure. The concentration of the

anhj'^drous ether solution gave a colorless solid at the bottom of the flask

along with a light yellow oily liquid. The oily liquid was decanted and the

residue was crystallized from skellysolve* The purified white crystals of

diphenylethylcarbinol had a melting point ^f 93-40C. "Uie et^yl ether derivative

of diphenylethylcarbinol was prepared by making the sodium salt of diphenyl-
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ethylcarbinol and refluxin,; the sodium salt with ethylbromide in acetone solvent.

The melting point for this derivative was 158-90C. and the literature value

was 160°C.

The oily liquid was fractionated by distilling from a 25 ml. distilling

flask, heated in an oil bath, into test tubes on a fraction cutter. Two

fractions were collected by distilling at an oil bath temperature of 155°C.

Fraction I had a boiling point of 100-1°C., and an index of refraction of

Ng^« 1.5955. The literature values of 3-pentanone are respectively 102OC.

and N§5. 1,5905. Fraction I gave a derivative of 3-pentanone 2-4 dinitro-

phenylhydrozone with a melting point of 155-5°C (literature value of 1560C).

Fraction II boiled at 140-2°C. and had an index of refraction of

N^0» 1.4220. The literature values of 5-ethyl 3-pentanol axe respectively

1420c. and Ng^. 1.4266.

The higher boiling product was distilled under vacuum and another

fraction collected. This fraction (III) was put in an ice bath at QOc, and

the liquid decanted.

The solid had an index of refraction of Ng"- 1.5250 and gave propiophenone

2-4 dinitrophenylhydrazone with a melting point of 186-7. 50C. The literature

values were respectively 187-890c. and NgO. 1.5569. The liquid fraction IV,

5-phenyl 3-pentanol, had an index of refraction of NgO- 1.5150 and i^ve a

nitrosochloride derivative with a melting point of 114-150C. prepared by the

method of Klages (4). The literature values are respectively N^O- 1,51655

and 1170c,

The solid silicone was purified from benzene in the same manner as before

and contained 19.04 per cent silicon.
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Reaction of Silicon Tetracrotonate
Viith i;thylmafc,nesium Bromide

The 3-ethyl 4-hexenol and 2-hexenone-4 vere prepared bj, adding 16.2596 g.

of silicon tetracrotonate to 1.5 of the stoichiometric amount of ethylma^mesium

bromide in an ice bath prepared in the usual manner. The mixture was stirred

mechanically for five hours and kept in an ice bath until hydrolyzed. The

Grignard complex was hydrolyzed by a saturated solution of ammoniun chloride

and 400 g. of ice. 15 ml. of 6^^ Sulfuric acid was added and the mixture ima

stirred in the cold water.

The ether layer was separated and dried over CaS04 for two days. The

ether solution was concentrated and gave mostly light yellow flake-like

crystals idiich were washed witli skellysolve and then recrystallized from ethyl

alcohol by "salting out" with water. The dried crystals of 5-ethyl 4-hexenol-5

had & 'melting point of 68-9oc. The allophanate derivative was made from 3-ethyl

4-hffxenol-5 and recrystallized until it gave a constant melting point of 126-

7.500. 'Hie infrared spectrum of 3-ethyl 4-hexenol-5 was determined.

The skellysolve washings were evaporated and an oily liquid recovered.

A semicarbazone derivative of the product was prepared by the method in The

Systematic Identification of Organic Compounds by ShrJJier, at al. (15). The

liquid was shown to be 2-hexenone-4 since the melting- point of the derivative

was 156.5-7°C as compared to the literature value of 1570C.

RESULTS AND DISCUSSION

Nine silicon esters, such as silicon tetraacetate, have been prepared by

the Schuyten, Vileaver, and Reid method (12^. Tlrie yield and analysis of tiiese

esters are listed in Table 1.
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Loir tanperature mas necessary in the preparation of some of these silicon

esters. For example, at 360c. anhydrides were formed instead of silicon tetra-

cinnamate and silicon tetra-Bmaphtlrionate.

The sodium cinnamate could not be dried at its melting point because of

decomposition. •»

The synthesis of these nine silicon esters required rapid handlinc ^en

exposed to the air because they are very unstable in the presence of a small

amount of moisture and were kept below 80C,

Anhydrous benzene, petroleum ether, and diethyl ether T/ere used as sol-

vents for the preparation of the silicon esters. The reaction proceeded in

all Wiree solvents but diethyl ether vjaa the only one of the three that could

be satisfactorily removed from the products. These silicon esters being very

unstable to humidity, diatomaceous silica is necessary to obtain rapid

filtration. They react readily with water and alcohols and are somewhat

unstable to heat. The Si-O-Si-0 bonding being more stable than the Si-O-C-R

bonding accounts for the esters reactivity. .-. ,. v > '

Silicon tetracrotonate, silicon tetraacetate, and silicon tetratrichlcro-

acetate, silicon tetrastearate, silicon tetrecinnamate, silicon tetra-p-

hydroxybenzonate, silicon tetra-o-chlorobenzoate, and silicon tetra-B-Hiaphthonate

were vhite solids, while silicon tetrapropionate and silicon tetrabutyrate were

dense colorless liquids.
. ,

Petrov and Itkina (8) reported silicon tetrabutyrate to be a irtiite solid.

The T*iite solid th^ obtained was probably a polymer as they removed the HCl

by heatinc the products over a water bath.

The acid strengths of the raonocarboxylic acids do not appear to be an

important factor in the preparation of ttie silicon esters. Silicon t sters

were prepared from sodium salts of monocarboxylic acids with acid strengUis
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lower and higher than that of formic acid. The sodium salt of formic acid

would not form silicon tetraforraate by the Schuyten, et al. (12) method, nor

would it react directly with silicon tetrachloride.

The sodium salt of salicylic acid did not form silicon tetrasalicylate

with silicon tetrachloride, but formed salicylic anhydride in an 82 per cent

yield. The preparation of the anhydride was carried out in the same manner as

the preparation of silicon esters.

The melting, point of the product, salicylic anhydride, was 158-158. 5°C.

No reliable literature value is available. A mixed melting point with this

substance and salicylic acid (157-8°) was 154. 5-155. SOQ. The titration of

the salicylic anhydride in aqueous solution gave the correct neutral equiva-

lent (258).

A possible mechanism in the preparation of salicylic anhydride fi-ora

sodium salicylate and silicon tetrachloride is as follows and in Fig, 1,

Hydrogai bonding within salicylic acid is also taking place in the intermediate

product, silicon tetrasalicylate. The formation of a second ring which forma

in salicylic acid through the carbonyl group, breaks the silicon ester bond

then forms a salicyl carbonium ion and a salicylate ion. The salicyl carbonium

ion and the salicylate ion came together to form the anhydride.

Three compounds could be formed in the reaction. These three compounds

were silicon tetrasalicylate, salicylic acid, and salicylic anhydride. No

silicon was found in the product, therefore this compound is not a silicon

ester. .A depression in mixed melting [)oint of the product with salicylic acid

ruled out the idea of its being salicylic acid. Therefore the ..roduct was

salicylic anhydride.



13

r. 'i>

OH

\ce ba+Vv

nt'-'X^ * -

Fig. 1. Preparation of salicylic anhydride from sodiuir, salicylate

and silicon tetrachloride.

The preparation of silicon tetra-o-chlorobenzoate also ruled out the idea

that the anhydride could have been formed from the steric hindrance effect.

Since silicon tetrasterate can be prepared, it seemf orobable that all

silicon esters of the carboxylic acids up to 18 carbon atoms, can be prepared.

After preparing silicon tetra-B-naphthanate, it seems probable that a substi-

tuted two ring silicon ester connected to the silicon in the beta osition

could be prepared by the Schuyten, ^^eaver, and tteid method (12;. V.hen the

ortho position is occupied by a group that will cause hydrogen bondinc, then

probably the two ring silicon ester cannot be prepared.

Silicon tetraphenylpropionate and silicon tetrabenzoate are more stable

compounds than silicon tetracinnamate and silicon tetra-Bniaphthonate.
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Silicon tetratrichloroacetate, silicon tetracrotonate, silicon tetra-

stearate, silicon tetra-p-hydroxybenzoate, Filicon tetra-o-chlorobenzoate,

and silicon tetra-B-naphthonate are new compounds. The method for preparation

of anhydrides from silicon tetrachloride and the sodium salt of monocarboacylic

acids is also new*

Tlie infrared sp':Ctra of silicon esters were determined between 3 and IbM

The spectra for silicon tetratrichloroacefete, silicon tetrabutyrate, and

silicon tetracrotonate are shown in ^late I.

Significant stron^^ absorption bands were found in the spectra of the

silicon esters at 5.876, and between 9.040 and y»876/^ correspond to values

reported by Richard and Thompson (10) to be characteristic of the Si-0 bond.

No anhydride is present as no band occurs between 5.48 and 5.58/^ . Acetic

anhydride has a strong v.ide band between 5.48 and b,lZ M.» Benzoic anhydride

has a strong band at 5.584^. In each of the silicon esters prepared, the

spectra revealed band characteristics of the corresponding carbon compounds.

Uiese spectral studies along with the analysis indicated that nine silicon

esters have been prepared (Table l). '

Lanning (5) reported some of the sodium salts of organic acids would not

react with silicon tetrachloride according to the method of Schuyten, .weaver,

and Reid (12) . Ihese salts are sodium formate and the sodium salts of dicar-

boxylic acids such as sodium oxalate. Sodium carbonate has be«i added to this

group. fi'*''' '
'

These sodium salts would not react directly with silicon tetrachloride.

However, formic acid reacted with silicon tetrachloride probably to give

silicon tetraformate, but the dicarboxylic acids such as oxalic acid would

not react. Further study is needed before this can be explained.



1XPLW4ATL N OF PUTE I

The infrarod •peetrft of silicon esters

«

A* Silicon tetratrichloroaoetste

B. Silicon tetrebutyrate

C» Silicon tetracrotonate
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PLATE I

SILICON TF. TKAIRICHLOROACETATE

J L
6 8 10

M
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SILICON TETRACROTONATE
lOOi-

Abs.

SILICON TETRABUTYRATE

%

Abs.
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The two raelUnt: points for the allouhenates of S-ethyl 5-pentanol were

Ly due to the reaction of one or two rnolee of cyanic acid to j^ive

reapoctively an unsubstitvited urethane (II A) with the melting point of lii2°C.,

and the allophanate (11 B) with a raeltlne point of 175-4°. As

HOCN / C2H59-C2H -—^ NHa-C-s-y-CgHS

(11 A)

.9 i^5 9 9 9 92^5
NH2-C-^)-9-C2H5 / HOCN ^ m^.^H^^^-C^^

CgHs C2H5

(li B)

flf» 2« Reactione of Uie preparation of 5-etbyl 5-pentanol allo-

fdMuiate derivative.

fh« reawn for letting the allof^anates stand for 24 hours la tliat the

rate of reaction of cyanuric acid with alcohols Yaries* Phenylethanol requires

several days for completion while simple alcohols usually react so rapidly that

the mixture becomes hot*

A VgOg catalyst was necessary for accurate carbon s-d hydrofW MMAgrsis*

Using the sase ratio of ethylmsirnesium bromide to silicon esi«rs (silicon

tetrapropionate, silicon tetraacetate, and silicon tetrabutyrate) the saaie

silicones were produced, litis was shown by the silicon analysis, IndeK of

refraction, and I'frared spectra. Results of the carbon and hydrogen analysis

for tKo silicones obtained from silicon tetrabutyrate with 0.8 end S«5 tisuM

the stoichiometric amount of Grignard reagent are In Tables 2 to 7.

the analysis of siliconei 1 corrostionds to an CzHe/Si value of 1.S5.

Silicone 2 corresponds to an C^Hg/Sl value of 1.96.

tt9 silicones formed from the reaction of the three silicon esters with
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Table 2. Analysis of silicones obtained from the reaction of silicon esters

with 0.8 and 3.5 times the stoichiometric amount of ethyLna^nesium

bromide at 360C.

licones :

Compounds made frorri ethyl silicones

Analysis of Si silicon :

tetrabutvrate :

silicon :

tetrapropionate ;

silicon
tetraacetate

% yield 1

1
to

to

0.8
3.5

75

69

74
71

76
74

#8102 1

1

to

to

0.8
5.5

67.8
58.53

67.2
58.2

67.5
58,56

Index of 1 to 0.8 n19- 1.4460

Nl9- 1.4450

n28_ 1.4420

Nge. 1,4415

n28- 1.4425

refraction 1 to 3.5 n28_ 1.4412

25 carbon Found

Calcd.

1

1

to

to

0.8
0.8

40.35
47.06

% carbon Found
Calcd.

1
1

to

to

5.5

5.5

46.08
47.06

•
,.

% hydrogen Found 1

Calcd. 1

to

to

0.8
0.8

8.90
9.80

.*• '

% hydrogen Found 1

Calcd. 1

to

to

3.5

3.5

9.82
9.80

Table 3. The analysis of alcohols obtained from the reaction of silicon

esters Tdth 0.8 and 3.5 times the stoichiometric amount of ethyl-

ina|-;nesium bromide carried out at 560c.

Analysis of Alcohols

Alcohols obtained fro^ the above reactions

3-ethyl : 3-ethyl : 5-methyl

3-he3canol ; 3-pentanol ; 3-pentanol

% yield 1 to 0.8
1 to 3.5

4S
66

42
59

45
56

B.P. Found
Lit.

160-1
160.5

142-5
142

101-2
102

Index of refraction Found nJ5, 1.4322 nJVi.4246 n20- 1.4182

Lit. nIS- 1.4322 N22^51.4266 Np= 1.4180

Ailophanate Deriv. Found
Lit.

155-4 172-3
•' 172-3 and «

152

151-2
152
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Table 4» Analysis of ketones obtained from the reaction of silicon esters
with 0.8 and 5.5 times the stoichiometric amount of ethylma^jnesiura

, .
,. bromide carried out at 560c.

: Ketones obtained from the above reactions

Anal, sis of ketones : S-hexanone t 5-Dentanone * 2 Butanone

% yield of ketones 1 to 0.8
1 to 5.5

26

10
27

10

29

14

B,P. of ketones Found
Lit.

125-4
125-5.5

102-5
102

80-1
80

Index of refraction Pound n25s 1.5998 Ng5_ 1.5907 n25_ 1.3782

Lit. n22_ 1,3990 n25- 1.5905 N§0« 1.3791

2-4 dinitrophenylhydrazone
derivative found 129-50 . 150-2 115-4

2-4 dinitrophenylhydrazone
derivative Lit. 120 156 114

Table 5. Analysis of silicones obtained from the reaction of silicon esters
with 0.8 and 5.5 times the stoichiometric amount of ethylraagnesium
bromide at JOU

.

: Compounds made from ethvl sili

Analysis of Silicones : silicon : silicon
I tetrabutyrate : tetrapropionate

.cones
i silicon

: tetraacetate
% yield 1 to 0.8

1 to 5.5
68
66

71

67
72
66

% SiOg 1 to 0.8
1 to 5.5

67.32
58.45

67.54
58.57

67.61
58.41

Index of refraction
1 to 0.8

1 to 3.5

NgO_ 1.4457
NgO" 1.4455

Ng- 1.4455

Npl 1.4458
nJO- 1.4458

nJO, 1.4456
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Table 6. Analysis of alcohols obtained from the reaction of silicon esters

with 0.8 and 3.5 times the stoichiometric amount of ethylmagnesium

bromide carried out at QOC.

ols

•
«

:

:

Alcohols obtained from the above reaction

Analysis of Alcohi 3-ethyl :

5-hexanol :

3-ethyl •

3-Dentanol :

Snnethyl
3-0entanol

% yield 1 to 0,

1 to 3.

.8

,5

41
52

59

54

40
55

B.f>. ; : Found
Lit.

160-1
160.5

142-3
142

102-5
102

. • «

Index of refraction Found

Lit.

NgOs 1.4295

Wjj3, 1.4522

n20. 1.4275

N*2^5i.4266

n20, 1.4185

n|i_ 1.4180

Allophanate Deriv. found
Lit.

155-4 172-5
172-5 and 152

151-2
152

Table 7. Analysis of ketones obtained from the reaction of silicon esters

with 0.8 and 5.5 times the stoichiometric amount of ethylmajjnesium

bromide at 0°C.
; Ketones obtained from the above reactions

Analysis of Ketones ; 3-hexanone * 5-pentanone i 2 Butanone

% yield 1 to 0.8 23 J84 25

i-
, 1 to 5.5 8 7 ^: 11

B.P, Found 123-4 122-5 80-1
'

. Lit. 125-5.5 102 80

Index of refraction Found NgO. 1.5997 NgO. 1.3921 NgO- 1.3789

Ut. Ng2« 1.5990 n25= 1.5905 NgO* 1.3791

2-4 dinitrophenylhydrazone
Derivative found '-... 12S-30 153-4 112-5.5

2-4 dinitrophenylhydrazone
Derivative Lit. 130 156 114
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the Grit;nard reagent at the same concentration ^ave the same ethyl silicone

as shown by the silicon analysis and infrared spectra. Equations for the

reactions are shown in Plate II. '

Silicone 1 was obtained by the reaction of 0.8 of the stoichiometric

amount of Gri^nard reagent with the silicon ester. Silicora 2 was obtained

by using 5 1/2 times the stoichiometric amount of Grignard Teagent. The

infrared spectra of silicone 1 and silicone 2, obtained from ethylma.nesium

bromide with silicon tetrabutjTate, are shown in Plate III.

Significant absorption bends are found at 3.550 to 3.484, 6.782, 6.820,

6.040, 8.014, S.040 to 9.042, 9.B76, 10.252, and 13.4/^ . Young, ciervais.

Curie, and hunter (16) reported significant absorption bands in the spectra

of ethyl siloxanes at 3.58, 6.84, 7.08, 8.05, 9.22, 9.9, 10.4, 13.4, and 14.4/( .

Bands near 8.00>( are due to C-Si bonds and bands between 9.040 and 9.898

are due to Si-O bonds*

Silicon tetraacetate, silicon totrapropionate, and silicon tetrabutyrate

were treated with the same concentration of ethylmagnesium bromide at constant

temperature for comparison. From ttie reaction of silicon tetraacetate with

the Griinard reagent, 5-methyl 5-pentanol, 2-Futanone, and ethyl silicone were

formed. The reaction of silicon tetrapropionate with Grignard reagent formed

3-ethyl 3-pentanol, 5-pentanone, and ethyl silicone. From the reaction of

silicon tetrabutyrate with the Grignard reagent, 3-ethyl 2^exanol, 3-hexanone,

and ethyl silicone were formed.

The yield and analysis of the products from the reactions of the above

esters with the Grignard reagent are summarized in tables 2 to 7 and Plate III.

The reactions carried out at 0°C with 0.8 and 3.5 times the stoichiometric

amount of Grignard reagent produced the same compounds as when the reactions

were carried out at 360C., but the yields were sllhtly higher at 360C. Vthen



N EXPLANATION OF PLATE II

A. Reaction of silicon esters with S.5 times

the stoichiometric amount of Grignard

reagent.

B. Reaction of silicon esters with 0.8 times

the stoichiometric amount of Grii^nard

^ea^ent.
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0M5e>r,

OH

C^HsMgBr

St- 0-S'i-

R-C-OLSi + CzH* McjBr

QH5/3 C^Hs

H,0

*CM
R-C'C^Hs t C^HfiSi-OH t M^ trow

OH
OH

OH

» " ^ . .
Si I i CO Me wi-Vh



EXPLANATION OF PLATE III

Silicone 1 was obtained by the reaction of

0.8 the stoichiometric amount of ethyl-

mat^nesium bromide with silicon tetrabutyrate.

Silicone 2 was obtained by using 3.5 times the

stoichiometric amount of ethylmagnesiura bromide.

A. Silicone 1 .
.

B. Silicone 2
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SILICONE I

10 (

80

%
Abs .

°^

40

20

1^^ '

' '
/

10 12

Abs.

SILICONE 2
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six times the stoichiometric amount of Grit,nard reagent reacted vdth silicon

ester only a very small amount of the ketone was formed as only a trace of

the derivative Tras formed. The silicones were more viscous from the reactions

of 0.8 the stoichiometric amount of Grignard reagent than with 8 times the

amount with the silicon esters which was probably due to the cross linkage

as is shown in equation form in Plate II.

Wright and Hunter (15^ report absorption bands in the methyl siloxanes

between 11.6 and 1AM which they attribute to Si-C bonds. Both silicones 1

and 2 show a strong absorption band at 13.4 /CC , and this is due to the CgHs-Si

bond. In addition silicone 2 shows a band at 11.62 M' iVright and Hunter (15)

reported an absorption band near 11.7/K in straight chain methyl polysiloxanes.

These spectral studies along with chemical analysis indicated that

silicone 2 is an ethyl silicone with little cross linking and that silicone 1

nay be an ethyl silicone nlih considerable cross linking.

Ihe 5-phenyl 5-pentanol has been obtained from the reaction of silicon

tetrapropionate with ethyImagneslum bromide without isolation of the 5 penta-

none* The equations on '^ate IV may represent the reactions that took place

whei the silicon tetrapropionate was treated with etoylmagnesiura bromide and

phenylmagnesium bromide.

The separation of the products was fairly good. It was possible to

separate phenyl propiophenone (B.P, 218°C) from 3-phenyl 5-pentanol (B.P,

223-40G) in an ice bath because propiophenone melts at 19-20OC wtiereas the

other substances are liquids at that temperature. It was interesting to note

that the propiophenone could not be separated from 5-phenyl 5-pentanol by

crystallization of the 2-4 dinitrophenylhydrozones and extracting with an

organic solvent because both products are soluble in the four organic solvents-

benzene, ethyl alcohol, skelly F., and ethyl ether.



EXPLANATION OF PLATE IV

The equations for the reactions of ethylmagnesiura

bromide and phenylmagnesium bromide v.ith silicon

tetrapropionate.
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l't: IV

n

C^Hj-C-OLSi + C^HjMgB.'

OMgBr C^H* CzHs

CzH, Cz.H5 C^W,

iC^HjC-oLsi + (qH5C-o)^s;

OH

CcHs

CzHs-<^-CzH5 t SiO^

0«9Brt

QHiHS

SI

OH CzHs W<}5r CrHs C^Hs

CiHa-C-CaHstCi^Hs-Si-O-S-. - ^ ^^^
CzHs'f C^Hs "t C^Hs-Si-O-Sl-

OH CtHs aH« OM^Br CbHs C(;Hfc

CaH5-C-C,:H^ t CcHs-Sr0-Si--.il*O-.C2H5-<^-CjH5 t C^Hs-^i-O-Sl-

CcHs an.

CcHs
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The ethyl ether derivative of diphenylethylcarbinol could not be prepared

by the Williamson synthesis* This was believed to be because of the low acid

strength of 5-phenyl 5-pentanol. The analysis of the products from the reac-

tion of silicon tetrapropionate with ethyl magnesium bromide gave proof tiiat

the equations on Plate IV were correct.

The 3-ethyl 4-hexenol-5 was prepared from the concentrated ether solution

obtained from the reaction of silicon tetracrotonate with ettiylmaj-nesium

bromide. The liquid was decanted from the flake like crystals of 3-ethyl

4-hexenol-5 formed in the concentrated ether solution and the crystals puri-

fied from skelly F. and water ethyl alcohol mixture. On the other hand when

the concentrated ether solution was distilled, some of the 3-ethyl 4-hexenol-3

was dehydrated. 3-Ethyl 4-liexenol-3 was a colorless solid with a melting point

of 68-9°C. T^li8 tertiary alcohol is a new compound. The infrared spectrum is

shown in Plate V.

Significant absorption bands occi^o.' in the infrared spectrum of 3-ethyl

4^exenol-3 at 3.05 (m), 3.20 (m), 5.40 (m), 4.5 to 4.6 (w) b.86 (s), 6.07 (s),

6.95 to 7.10 (m), 7.35 (m), 7.60 to 7.70 (m), 8.40 to 8.50 (s), 9.00 to 9.50

(s), 9.90 (m), 10.35 (ra), 11.8 (w), and 13.4 {yf)M, Randall, Fuson, Fowler

and Dangl (9) report absorption peaks in ethyl alcohol at 5.00 (m), 5.40 (m),

4.69 (w), 6.06 (w), 7.25 (sJ, 7.59 (s), 7.76 (w), 7.88 (w) and 9.18 to 9.62

llie strong bands at 6.07 (s) and 8.50 (s) are due to double bond and

tertiary alcohol respectively.



EXPLANATION OF PLATE V

The infrared apectrum of 3-ethyl 4-haxenol-3.

.\ . ?
--

* ^
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pl't: IV

100

%

Abs.

3- ETHYL 4- HEXENOL-3
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SIMIARY

Silicon tetratrichloroacetate, silicon tetrabutyrate, silicon tetracro-

tonate, silicon tetrasterate, silicon tetraphenylpropionate, silicon tetra-B-

naphthonate, silicon tetracinnamate, silicon tetra-o-chlorobenzoate, and

silicon tetra-p-hydroxybenzoate have been prepared by the method of Schuyten,

et al. (12). All except possibly silicon tetrabutyrate are new compounds.

It appears that anhydrous ethyl ether may be a superior reaction :riedium.

Diatomaceous silica is necessary for rapid filtering of these silicon esters.

These silicon esters are unstable to heat and react readily with water and

alcohols. '
'

The acid strength of sodium salts of monocarboxylie acids appears to

have no effect on the silicon ester formation by the Schuyten, et al. (12)

meliiod. Silicon tetratrichloroacetate has been prepared from the sodium salt

of trichloroacetic acid, whose acid strength is 1.5 x 10"^. Steric hindrance

does not cause 'Uie anhydride to form when a group larj^^er than hydrogen is

placed in the ortho position of aromatic silicon esters.

FVom this investif;ption it was shown in one case that if the group in

the ortho position causes hydrogen bonding, the anhydride forms. Salicylic

anhydride was formed this iway. Its melting point was 158-8. SOq.

Silicon esters can ' e prepared by the Schuyten, et al. (12) method from

the sodium salts of monocarboxylic acids containing a chain from 2 to 18

carbons. Two ring silicon esters also can be prepared when the silicon ester

is connected in the beta position.

The infrared spectra of silicones were determined between 3 and 15 M

»

All of the silicon esters had significant strong absorption bands at 5.876

and 9.040-9.420 /^ . No anhydride is present as there was no band between

5^48 and 5»58/U. The band at 6.05A in silicon tetracrotonate is due to the
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double bond» Silicon tetratrichloroacetate had a strong band at 14.00/^

which is due to the C-CI3 group in the structure.

The Grignard reagent (ethylmagnesium bromide) reacts with different silicon

esters to t;ive the same ethyl silicone when the same ratio of silicon ester

with the Grit.nard reagent is used. The amount of cross linkage in the etl^l

silicone depends on the amount of Grignard reagent used. Etiiyl silicone

prepared from 0.8 the stoichiometric amount of ethylmagnesium bromide witti

silicon ester has a CgHg/Si value of 1.S5. Vihen 3.5 times the stoichiometric

amount of ethylma,:;ne8iu]& bromide is used with a silicon ester the etl:^l sill-

cone has a CgHs/Si value of 1.96.

Infrared spectra of the silicones were determined and agree with the

literature values.

The alcohols and ketones are the products to be expected when a Grignard

reagent reacts v.ith an ester. A fair yield of ketones was obtained only when

the concentration of Grignard reagent was 0.8 or less of the stoichiometric

amount. The high yield of alcohols were independent of the concentration of

Grignard reagent.

The alcohols and ketones produced from the reaction of silicon esters with

ethylmagnesium bromide are as follows: Snnethyl 5-pentariol and Z-intanone

from silicone tetraacetate; 5 pentanone from silicon tetrapropionatej 5-ethyl

5-hexanol and 5-hexanone from silicon tetrabutyrate} and S-ethyl 4-4iexenol-3

and 2-hexenone-4 from silicon tetracrotonate.

Significant absorption bands are found in the spectra-n of 3-ethyl 4-

hexenol-3 at 5.0b, 3.40, 6.07, 8.50 and y.65y^ . The 3-ethyl 4-hexenol-3 is

a new compound.

The reaction of silicon tetrapropionate with two Grignard reagents.
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ethylma^jnesium bromide and phenylraagnesium bromide, produced diphenyl ethyl

carbinol, 3-ethyl 3-pentanol, 3-phenyl 5-pentanol, 5-pentanone and propio-

phenone.

Ki ./
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Silicon esters, although not a new type compound, have not been exten-

sively studied because only silicon tetraacetate, silicon tetrapropionate,

silicon tetrabutyrate, and silicon benzoate have been prepared.

This investigation tos initiated to determine some of the factors that

might prevent the formation of silicon esters by the method of Schuyten,

Weaver and Reid. To establish these facts more silicon esters were prepared.

The next immediate investigation was to further study the reaction of

silicon esters with Grignard reagents and the mechanism by which these reac-

tions take place.

Silicon tetrata-ichloroacetate, silicon tetrabutyrate, silicon tetra-

crotonate, silicon tetrasterate, silicon tetraphenylpropionate, silicon tetra-

B-naphthonate, silicon tetracinnaraate, silicon tetra-o-chloro benzoate, and

silicon tetra-p-hydroxybenzoate have been prepared by the method of Schuyten,

V^eaver, and Reid. All except possibly silicon tetrabutyrate are new com-

pounds. ......
•J. . - -

It appears that anhydrous ethyl ether may be a superior reaction medium.

Diatomaceous silica is necessary for rapid filtering of these silicon esters.

These silicon esters are unstable to heat and react readily with water and

alcohols. , . . ;
'

The acid strength of sodium salts of monocarboxylic acids appears to have

no effect on the silicon ester formation by the Schuyten, VVeaver, and Reid

method. Silicon tetratrichloroacetate has been prepared from the sodium salt

of trichloroacetic acid, whose acid strength is 1.5 x 10-1. steric hindrance

does not cause the anhydride to form when a group larger than hydrogen is

placed in the ortho position of aroinatic silicon esters.



From this investigation it was shown in one case that if the group in

the ortho position causes hydrogen bonding, the anhydride forms. Salicylic

anhydride vas formed this way. Its melting point was 158. 8.5^0

.

Silicon esters can be prepared by the Schuyten, Weaver, and Reid method

from the sodium salts of monocarboxylic acids containing a chain from -2 to 18

carbons. Two ring silicon esters also can be prepared when the silicon ester

is connected in the beta position. , .

The infrared spectra of silicones were determined between 5 and Ibj/.*

All of the silicon esters had significant strong absorption bands at 5.876

and 9.040-9.420 y^ . No anhydride is present as there was no band between

5.48 and 5.56 /<( The band at 6.05y^in silicon tetracrotonate is due to the

double >x)nd. Silicon tetratrichloroacetate had a stron band at 14.00/t( which

is due to the C-CI5 group in the structure.

The Gri^nard reagent (ethylmagnesium bromide) reacts with different

silicon esters to give the same ethyl silicone when the same ratio of silicon

ester with the Gri_nard reagent is used. The amount of cross linkage in the

ethyl silicone depends on the amount of Grignard reagent used. Ethyl sili-

cone prepared from 0.8 the stoichiometric amount of ethylmagneslum bromide

with silicon ester has a CeHs/Si value of 1.55. When 3.5 times the stoi-

chiometric amount of ethylmaf;nesium bromide is used with a silicon ester the

ethyl silicone has a CgHs/Si value of 1#96.

Infrared spectra of the silicones were determined and agree with the

literature values.

The alcohols and ketones are the products to be expected viien a Grignard

reagent reacts with an ester. A fair yield 01 ketones was obtained only when

the concentration of Grignard reagent was 0.8 or less of the stoichiometric



amount. The high yield of alcohols were independent of the concentration

of Grignard reagent.

The alcohols and ketones produced from the reaction of silicon esters

with ethylmagnesium bromide are as follows: 3-fiiethyl 5-pentanol and 2-8uta-

none from silicon tetraacetate; 5 pentanone from silicon tetrapropionatej

3-ethyl 5-hexanol and 5-hexanone from silicon tetrabutyratej and 5-ethyl 4-

hexenol-3 and 2-*exenone-4 from silicon tetracrotonate.

Significant absorption bands are found in the spectrum of 3-etliyl 4-

hexenol-3 at 5.05, 5.40, 6.07, 8.50 and 9.66/^. The 3-ethyl 4-hexenol-3

is a new compound. , .

The reaction of silicon tetrapropionate with two Grignard reagents,

ettQrImagnesium bromide and phenylmagnesium bromide, produced diphenyl ethyl

carbinol, 5-ethyl 5-pentanol, 5-phe.iyl 3-pentanol, 5-pentanone and propio-

phenone. .•' { ' •

• A-iJ


