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Abstract 

A study was carried out on the preparation of triethoxy-silyl derivatives of the allyl esters 
of several carboxylic acids. This has been achieved by the preparation of the allyl esters 
of carboxylic acids followed by the addition of triethoxy-silane, HSi( OCH2 CH3 h on the 
double bond of the allyl group. The new compounds were characterized by refractivity, 
density. boiling point. elemental analysis, lR and 1 H-:\:\IR spectroscopy methods. 
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1. Introduction 

The hydrosilylation of carboxylic acid allyl esters with trialkoxy-silanes 
has been studied extensively because of the potential application of these 
compounds as coupling agents. 

The allyl esters of CL .8-unsaturated acids. such as acrylic acid and 
methacrylic acid readily undergo hydrosilylation reaction with triethoxy
silane in the presence of H2[PtC16]PhCOO;\Ie [1]; H2[PtC16] [cyclohex
anonej, [CH2 = CH-Si(OEt)3]: Pt[CH2 = CH2][PPh3h [21, forming 3-
(triethoxy-silyl)-propyl-acrylate or in the case of only H2[PtC16] [3] or 
H2[PtC16](2-Pr-OH)+CH2 = CH-O-Bu [4] or PtCl2 [acetyl-acetonateh 
[5] the corresponding methacrylate derivative can be prepared in good yield. 

It is typical of these reactions that the addition of hydrosilane oc
curs on the allyl double bond resulting a /3-adduct. (Both the C=C bond 
in the acrylic and the C=O in the carbonyl group remain untouched.) 
3-(methacryloxy)-propyl-triethoxy-silane is a well-knovm product for surfa
ce-treatment of glass fibers reinforcing unsaturated polyester resins [6]. 

The hydrosilylation of the allyl esters of unsubstituted or substituted 
saturated carboxylic acids occurs with H2[PtCI6](2 - Pr - OH) also called 
Speier's catalyst or with ~(-AI203-supported Pt metal selectively at the 
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C=C double bond giving ,8-adduct in accordance with the Farmer's rule 
[7]. A great number of compounds of this class have been prepared, e.g. 
the hydrosilyl derivatives (HSiX3, where X -Cl, -OCH3, -OCH2CH3) 
of allyl chlorformate [8], allyl carbonate [9], allyl acetate [10,11] and the (1-

substituted form of the following compound [12]: 

'where 

These reactions are very often accompanied by several side-reactions [13]: 

1 Pt/AI20 3 or H2[PtCI5 j 
R COOCH2CH = CH2 + HSiRnCla-n------

R1COOCH2CH2CH2SiRnCla_n + CH3CH = CH2 + R1COO - SiRnCla-n 

main product by product by-product etc. 

where 

Our study is focused on the preparation of 3-( triethoxy-silyl)-propyl esters 
of acetic acid [11,14,15] and of acids of longer alkyl chains: pelargonic acid 
and stearic acid. The further aim of this \\lork was to use these su bstrates as 
coupling agents for CaC03 and other clay minerals as fillers of polyolefines. 
This part of the work is beyond the scope of this paper. 

2. Experimental 

2.1. Synthesis of 3-(Triethoxy-Silyl)-Propyl Acetate, 
Pelargonate and Stearate 

These products were synthesized according to the following reaction 
scheme: 
3-(triethoxy-silyl)-propyl acetate, TESPA 
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CH3COOCH2CH=CH2 + HSiOC2 H5h 
CH3 COO (CH2 hSiOC2 H5 h 
TESPA 

H2 [PtC1s]+2-PrOH 

3-(triethoxy-silyl)-pTopyl pelaTgonate, TESP P 

CH3(CH2hCOOH+ CH2=CHCH20H 
CH3 (CH2)tCOOCH2CH = CH2 

p-toluyl-sulphonic acid in benzene 

H2 [PtCls]+2-PrOH 
CH3 (CH2 hCOOCH2 CH=CH2 + HSi( OC2H5)3 -----
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(2) 

(3) 

CH3(CH2hCOO(CH2l3Si(OC2H5)a (4) 
TESPP 

3 -(tTiethoxy-silyl) -propyl stearate. T ESP S 

p-toluvl-sulphonic acid in benzene 
CH3( CH:! h6COOH+CH2=CHCH20H --.-------
CH3 (CH2h6COOCH2CH=CH2 (.)) 

112 [PtCI6]+2-PrOH 
CH3 (CR.!) 1(; COOCH:! CH=CH2 + HSi( OC 2H5) 3 

CH:;(CH2h6COO(CH2bSi(OC2H5l3 (6) 
TESPS 

2.1.1 PnparatiuTl uf the: Allyl Esters 

z'.1.1.1 Preparatloll of allyl acetate (Ei]. (1)) [16] 

Into a three-necked flask fitted "with a :YIarcuson attachment along" \\'ith a re
flux condenser, 3.67 moles offreshly distilled allyl alcohoL 10.·) moles of96% 
acetic acid and 5 ml cc. H2S04 were poured and brought to the boil. Reac
tion time: 16 hours. The reaction mixture was neutralised with .\"a2C03 • 

separated and the aqueous phase "was washed with diethyl ether. Both the 
ether and the organic phase were left over :\a2S04 (sicc) for t\vo days. The 
two phases were poured together and distilled at 104 °C/0.1 I\iPa. 
Yield: 76%. observecind2oo = 1.4025. 
Literature data: bp.: 104°C /0.1 :YIPa: ud Loo = 1.4045 [16]. 
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2.1.1.2 Preparation of allyl pelargonate (Eq. (3)) [17] 

Into a flask of the arrangement described in 2.1.1.1 3.72 moles of allyl 
alcohol, 2.33 moles of pelargonic acid, 22 g of p-toluyl-sulphonic acid and 
500 ml of benzene .. vere poured. The solution .. vas heated to the boiling 
point. The water formed during the reaction was azeotropically removed. 
Reaction time: 16 hours. The solution was distilled: 
149 °C/0.0066 ~vIPa. Yield: 84%, observed nd200 = 1.4300. 
Literature data [17J: bp. : 151 ° C /0.0066 ~IPa: nd 20

0 
= 1.4302, yield 85 %. 

2.1.1.3 Preparation of allyl stearate (Eg. (5)) [17] 

In a flask of the same arrangement described in 2.1.1.1 3.67 moles of allyl 
alcohol, 2.29 moles of stearic acid, 21.78 g of p-toluyl-sulphonic acid and 
500 ml of benzene were placed. The solution was refluxed for 16 hours and 
then left in the flask to cool down to room temperature. The content of 
the flask 'was filtered off and allowed to dry in air. The brownish material 
was recrystallised three times from acetone. Snow-white fatty-like crystals 
were gained. 
Yield: 612.8 g, 82%. mp.: 36.5 °C: observed nd400 = 1.4415. 
Literature data [17J: yield: 85%: mp.: 37.1 - 37.3 °C: nd400 = 1.4420. 

2.1.2 Hydrosilylation Reaction of A.llyl Esters with HSdOC2Hj):J 

0.1 mole/l hexachloro-platinic acid in 2-propyl alcohol. H2 [PtC16 ] ·6H20+2-
PrOH -\\"as used as a catalyst in the hydrosilylation reactions. The catalyst 
to triethoxy-silanE' molar ratio was as follows: 

2.1.2.1 Prepamtion of 3-(triethoxy-silyl}-propyl acetate, TESPA.. (Eg. (2)) 

_-1. mixture of 1.31 moles of allyl acetate, 1.31 moles of HSi( OC2H5 h was 
prepared. In a three-necked 1000 ml flask fitted with a reflux condenser 
connected with a CaC12 tube, a thermometer. a dropping funnel closed by 
a stopper and a magnetic stirrer. approx. 3% (11 g) of the above mentioned 
reaction solution 'was poured. The mixture 'was stirred intensiyely by a 
magnetic stirrer. 3.28· 10-5 mole, half of the total amount of H2[PtC16J . 
6H20+2-PrOH, was injected into the reaction solution. After an induction 
period of about 20 seconds the solution began to boil vigorously. The 
reaction temperature reached 120°C. A.ddition of the reaction mixture was 
started dropwise and the rest of the catalyst was added to the solution. 
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The mixture started to be heated to the boiling point and was refluxed at 
174 QC. Dropping time: 8 hours. Total refluxing time including dropping: 
11 hours. The reaction was carried out in a nitrogen atmosphere. The 
mixture was distilled at 100 - 103 QCj.59 Pa. Yield: 0.86 mole (227.2 g) 
65.6%. 
Observed nd

200 = 1.4129. Literature data [11]: 104 DC/60 Pa: 
nd

200 = 1.4130. 

2.1.2.2 Preparation of 3- (triethoxy-silyl)-propyl 
pelargonate, TESPP, (Eq. (4)) 

A mixture of 1. 74 moles of allyl pelargonate and 1. 74 moles of HSi(OC2Hsh 
'was prepared. Into the same arrangement described in 2.1.2.1 approx. 10% 
of the reaction solution (60 g) "\vas poured. The total amount of catalyst 
was added during intensive stirring to the reaction mixture. After an in
duction period of about 30 seconds the mixture began to boil, accompa
nied by foam formation and the reaction temperature attained 130 DC. The 
solution turned yellow, then brown and remained transparent. The start
ing period of the reaction, 20 seconds, "\vas not so vigorous as with TESPA. 
After quieting of the reaction the heating of the solution up to 184 DC 
was started along with the dropwise dosing of the reaction mixture. The 
time of dropping "\yas 8 hours, total refluxing time: 10 hours. The reac
tion ,vas carried out in a nitrogen atmosphere. The mixture \vas distilled: 
146 °C/39 Pa, yielding 1.09 moles (393.9 g), 62%. 

2.1.2.3 Preparation of 3-(triethoxy-silyl)-pTopyl 
stearate, TESPS, (Eq. (6)) 

A mixture of 0.82 mole of allyl stearate and 0.82 mole of HSi(OC2Hsh was 
prepared and heated to 50 QC to keep the mixture above the melting point 
of allyl stearate. 10% of the reaction mixture was poured into a three
necked flask of the arrangement given in 2.1.2.1 and was heated to 40 QC 
in order to keep the mixture in the liquid state. The total amount of the 
catalyst 'was added. After an induction period of approx. 30 seconds the 
reaction started and the temperature rose to 120 DC. The solution became 
light brown. The intensive foam formation stopped after 30 seconds and 
the dropwise addition of the rest of the reaction mixture was started and 
the whole solution \vas brought to 188 QC. Time of dropping: 8 hours, 
total reaction time: 10 hours. The reaction was carried out in a nitrogen 
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atmosphere. The solution was distilled at 210 - 215 °Cj26 Pa giving a 
yield of 0.46 mole (223.5 g), 56%. 

The physical properties of the compounds are summarized in Table 
la and lb. 

Table la 
Physical properties of the prepared compounds 

Compound Yield Molar Boiling point Density 
% mass kg/m 3 nd* 

3-( triethoxy-silyl)- 65.6 264 100 - 103/59 Pa 980.0 1.4129 
propyl acetate 

3-( triethoxy-silyl)- 62 362 146/39 Pa 943.3 1.4298 
propyl 

pelargonate 

3-( triethoxy-silyl)- .56 488 210-21.5/26 Pa 841.0% 1.4330' 
Eropvl stearate 

• 40 dC 

Table lb 
Elemental analysis of the prepared compounds 

Compound Elemental analysis 
CSk HSk OYc. Si Yc. % 

3-( triet hoxy-silyl )-
propyl acetate 

:3-( triethoxy-silyl)-
propyl 

pelargonate 

cale. 
.s0.00 

59.,0 

found cale. 
·50.:30 9.10 

60.00 10.50 

found cale. found calc. found 
9.00 30.:30 :30.20 10.60 10 . .50 

10.:30 22.10 2:2.20 1.,0 ,.·50 

3-(triethoxy-silyl)- 66.40 66.,0 11 . .50 11.·56 16.-lD HUO .5.,0 5.-1-1 
Eropvl stearate 

% the Si content 'found' was calculated from the found __ ·alues of C. Hand 0 

2.2. Characterisation of the Hydrosilylated Allyl Esters 
of Aliphatic Acids 

2.2.1 Infrared Spectroscopy 

The IR spectra of the investigated compounds were recorded \\"ith a .:vIatt
son L nicam 3000 FTIR instrument. E:Br plates were used for the liquids 
and KBr pellets for the solids. 

At 1740 cm -1 all the three spectra show an intense peak assigned 
to the carboxyl C=O stretching yibration. In the region 2852-2976 cm- 1 
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Table 2 
Infrared spectrum of TESPA, TESPP and TESPS 

TESPA TESPP TESPS 
·Wave Intensity Assignment Wave Intensity Assignment Vlave Intensity Assignment 

number number number 
[cm-l] [cm-l] [cm-l] 

2976 Vas CH3 29.56 Vas CH3 2972 VasCH3 

2927 ms Vas CH2 2927 Vas CH2 2922 s Vas CH 2 

2890 ms vsCH 3, CH2 2872 ms 2852 s vsCH3, CH2 

1743 v C=O 2857 Vs CH3, CH2 1742 s v C=O 

1486 w OCH2 1739 v s v C=O 1467 ms OCH2 

1443 m oasC - CH3 1466 m OC H2 1419 w v Si-C 
PsCH2 

1414 w BsCH2 1441 w oasC CH3 1391 m osC - CH3 
v Si-C Si-O-C 

1391 ms osC - CH3 1416 w .8sCHz 1357 w OsCH3 
Si-O-C v Si-C 

1366 ms OsCH3 1391 ms Os, C-CH3 1295 w 
Si-O-C 

1238 s /las C-O-C 1360 w OsCH3 1245 w 
Si-C 

1198 ill Vas C-O-C 1295 w 1168 Vas C-O-C 
Si-O-C Si-O-C 

1167 m Vas C-O-C 1250 w 1104 v C-O-C 
Si-O-C Si-O-C 

1104 s VS C-O-C 1195 ms /las C-O-C 1081 /Is C-O-C 
Si-O-C Si-O-C Si-O-C 

1082 s VS C-O-C 1167 Vas C-O-C 959 ms V Si-O-C 
Si-O-C Si-O-C 

959 V Si-O-C 1105 VS C-O-C 892 w 

Si-O-C 

880 w Si-C 1081 VS C-O-C 793 ms C=O 
Si-O-C 

840 w 8CH3 959 V Si-O-C 721 w 

790 illS C=O 886 w Si-C 643 w 

780 w 843 w 

635 w 794 ms C=O 
606 w 772 w 

Abbreviations: vs = very strong; s = strong; ms = medium strong; m medium; w = weak; 

three intense peaks of CH3 and CH2 can be seen. For TESPA the VCH3 
is stronger than vasCH2 and VsCH3, CH2. For both TESPP and TESPS 
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the lIasCH2 peaks, because of the higher number of CH2 groups, are signif
icantly stronger than lIasCH3 and lIsCH3, CH2. In each spectrum the typ
ical band of the double bond of the allyl group at 1650 cm- 1 has disap
peared indicating the addition of H-Si at the double bond. 

In comparison with the spectra of the corresponding allyl esters a very 
strong double peak appears for all the three compounds at 1082-1105 cm- 1 

which can be defined as the stretching vibration mode of Si-O-C and 
C-O-C. 

In general it can be stated that all the three spectra - especially 
those of TESPP and TESPS have similar shapes \vith almost the same 
number of peaks of naturally different 'wid ths and intensities and \vith 
some differences in the \vave numbers indicating that the three compounds 
belong to the same product group. 

2.2.2 Nuclear _Magnetic Resonance Spectroscopy 1 H-Nji;fR 

The measurements were carried out by a Bruker A\\- 80 instrument 
at 80 :\IHz measuring frequency in CDCb using T:\IS as standard. The 
chemical shifts are giwn in ppm on a scale, where DT:\IS = 0 ppm. The 
following abbrevations were used: s = singlet, d = doublet, t = triplet, qa 
= quartet, qu = quintet, m = multiplet. 

The expected structures of the prepared compounds could be identi
fied on the basis of the 1 H<'\":\IR investigations. 

o 
a 11 bed e f 

TESPA. CH3 - C - 0 - CH2 - CH2 - CH2 - Si(O - CH2 - CH3h 

Da = 2.03 ppm (s): Db = 3.97 ppm (t): Dc = 1.78 ppm (qu): Dd 
0.73 ppm (t): De = 3.63 ppm (qa): Dr= 1.28 ppm (t) 

TESPP 

o 
a bell d erg h 

CH3 - (CH2)6 - CH 2 - C - 0 - CH2 - CH2 - CH2 - Si(O - CH2 - CH3h 

Da = 1.25 ppm (t); Db = 1.64 ppm (m): Dc 
Dd 4.19 ppm (t): De 1.97 ppm (qu); Df 
Dg = 3.98 ppm (qa): Dh = 1.59 ppm (t) 

2.57 ppm (t); 
1.12 ppm (t) 
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TESPS 

o 
a bell d e f g h 

CH3 - (CH2h5 - CH2 - C - 0 - CH2 - CH2 - -CH2 - Si(O - CH2 - CH3h 

Da = 0.9 ppm (t); Db = 1.27 ppm (m): Dc = 2.3 ppm (t): Dd = 
4.02 ppm (t): De = 1.6 ppm (qu); Df = 0.9 ppm (t) Dg = 3.84 ppm (qa): 
Dh = 1.2 ppm (t) 

For all the three compounds the related D-values, the form and the inten
sity of the peaks are in good agreement v;ith the expected structure. In 
comparison with the spectra of the allyl esters the peaks of the aliphatic 
part are recognisable in both spectra: TESPP and TESPS have the peaks 
of a-CH3, b-CH2, C-CH2 in the same position as in the related allyl es
ters: Da = 0.9 ppm: Db = 1.28 ppm; Dc = 2.3 ppm, the hydrosilylation has 
practically no effect on this region of the :'\i\IR spectrum. It is also true 
for the a-CH3 of TESPA and the a-CH3 of allyl acetate, for both the shift 
is 2.03 ppm. For TESPS and TESPP the differentiation of the h-CH3 and 
b-CH2 is not so obvious, the triplet of h-CH3 coincides with the huge peak 
of b-CH2. The same problem arises for TESPS concerning the identifica
tion of a-CH3 and f-CH2: Dr = Da = 0.9 ppm. 

3. Conclusions 

The synthesis of the triethoxy-silyl derivatives of aliphatic carboxylic acid 
allyl esters, 3-(triethoxy-silyl)-propyl acetate, 3-(triethoxy-silyl)-propyl pe
largonate and 3-( triethoxy-silyl)-propyl stearate was successful and their 
analytical investigations were carried out. The results obtained for 3-
(triethoxy-silyl)-propyl acetate are in good agreement with literature 
data [11]. 

The most interesting question was the position of the addition of 
HSi(OC2H5). IR and lH-::\.\IR spectroscopy results indicated that the 
C=O, an attackable bond of the allyl esters remained untouched (strong 
and typical C=O vibration peak in the IR spectra). In all the 1 H-:\:\IR 
spectra the existence of the quintet assigned to the Q-CH 2 in the propyl 
group confirms the a-position of the triethoxy-silyl group. It means that 
all the three reactions result in .3-adducts corresponding to expectations 
when hexachloro-platinic acid is used as a catalyst. 

It is interesting to note that introducing the triethoxy-silyl group in 
allyl stearate, the melting point decreases from 36.·5 QC to room temper-
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ature, and vacuum distillation, though at high temperatures (215°C), IS 

also possible. 
The goal of the preparation of these compounds is to use them as 

coupling agents for CaC03 and other clay minerals in order to achieve 
better mechanical properties of the filler-polymer matrix system. 
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