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The reaction of hydride addition of a,w-bis(trimethylsiloxy)methylhydridesiloxanes
with allyl glycidyl ether in the presence of platinum chlorohydric acid and Pt/C at the
1: 30 ratio of initial compounds has been studied. It was established that when the reac-
tion proceeds without solvent, three-dimensional systems are obtained.

The optimal condition of hydride addition reaction, concentration of the solution, the
reaction temperature have been determined. The reaction order, activation energy and
hydride addition rate constants were found. In the case of platinum chlorohydric acid
hydride addition proceeds with inductive period, and faster than in the case of the cata-
lyst platinum on the carbon Pt/C.

The reactions of primary and secondary amines with epoxy groups containing
organosiloxanes were carried out and comb-type organosiloxanes with aminohydroxy
groups in the side chain have been obtained. After protonation of amino nitrogen groups
in the side chain water soluble organosiloxane oligomers were obtained.

The structure of all synthesized comb-type organosiloxanes were determined by IR,
'H and "*C NMR spectra data.

Keywords: Epoxy organosiloxane; Hydride addition; Platinum chlorohydric acid
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INTRODUCTION

Epoxy containing organosiloxane may be obtained by hydride
addition of mono- and dihydride containing linear organosilanes
and siloxanes to allyl glycidyl ether [1-4} in the presence of plat-
inium chlorohydric acid in anhydrous isopropanol. During the hydro-
sililation of allyl glycidyl ether with 1,4-bis(dimethylsilyl) benzene,
or diphenylsilane in isothermic condition by calorimetric method
at various concentrations of initial compounds and catalyst the
hydrosililation rate constants and reaction order have been calcu-
lated [5]. -

Epoxy containing organosiloxanes (with Si—C bonds) are obtained
by oxidative epoxidation of a,w-divinylorganosiloxanes. In this case
the yield of synthesised diepoxyorganosiloxanes is about ~85% in
tetrachlorocarbon [6].

Epoxy organosiloxanes with various chain lengths may be obtained
by anionic cooligomarization of organocyclosiloxanes with 1,3-bis(3-
glycidoxypropyl)tetramethyldisiloxane [7).

The epoxy ring-opening reaction with organic amines [8] and
organic acids {8,9] showed that it proceeds with the formation of
B and a-aducts. The epoxy ring-opening reactions with primary
and secondary amines, showed that in case of primary amines the
reaction proceeds completely and has a macromolecular character
[10].

Another side increases the probability of some modification
reactions of methyl(ethyl)hydrogensiloxanes [11].

EXPERIMENTAL PART

The starting materials for the synthesis of comb-type organosiloxanes
with epoxy groups in the side chain were «,w-bis(trimethylsiloxy)-
methylhydridesiloxanes with various degrees of polymerization n=
30,53, and allylglycidyl ether.

The organic solvents were purified by drying and distillation.
The purity of the starting compounds was controlled by gas-liquid
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chromatography “JIXM-8 M]I”, phase SKTF-100(10%), the NAW
chromosorb, carrier gas He, the 2M column.

IR spectra of all samples have been taken on an UR-20 instrument,
while the '"H NMR spectra on a Perkin — Elmer instrument operating
at frequency of 250 MHz. All spectra were obtained with the use of
CDCl; or D50 as solvent and internal standard.

Gel permeation chromatography was carried out using a Waters
Model 6000A chromatograph with an R-401 differential refracto-
meter detector. The column set comprised 10° and 10°A Ultrastyragel
columns. Sample concentrations were approximately 3% by weight
in toluene, and typical injection volume for the siloxane was SuL.
Standardization of the GPC was accomplished by the use of styrene
or PDMS standards with known molecular weight.

Hydride Addition of Methylhydridesiloxane
to Allyl Glycidyl Ether

The hydrosilylation reaction was carried out in a three-necked flask
equipped with stirrer and reflux condenser, and calcium chloride
drying tube. The initial reagents were placed in the flask and ther-
mostated in an oil bath until constant temperature was achieved.
0,1 M solution of platinum chlorohydric acid in tetrahydrofurane
(5+10x1075g per 1g of the starting substance) was used as a
catalyst. The reaction was performed in an argon atmosphere in the
presence of toluene at temperature region of 85-+95°C. Then the
reaction mixture was connected to the vacuum and the toluene and
unreacted allyl glycidyl ether were removed. The oligomers I-II were
isolated after the solvent was removed in vacuum at 70-80°C. They
are clear transparent oils. The other epoxy-organosiloxane II was
obtained by the same method.

Addition of Butylamine
to Epoxyorganosiloxane

The reaction was carried out in a three-necked flask equipped with
a reflux condenser and calcium chloride tube, dropping funnel
and mechanical stirrer. A solution of 2,1370g (0,3969 mmole) of
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epoxyorganosiloxane in 15mL of anhydrous toluene and 2,6076g
(0,03572 mole) butylamine was refluxed under argon, until all epoxide
resonances at §=2,7 and 6§=3,1 ppm disappeared from the '"H NMR
spectrum. Then the solvent and excess amine were removed in vacuum
at 80°C to give 2,9 g (96°%) of the product V.

Addition of Diethylamine
to Epoxyorganosiloxane

The reaction was carried out in a three-necked flask equipped with a
reflux condenser and chlorocalcium tube, dropping funnel and me-
chanical stirrer. A solution of 2,5825 g (4,796 mmole) of epoxyorgano-
siloxane in 17mL of anhydrous toluene and 3,1509g (0,043 mole)
diethylamine were refluxed under argon, until the disappearance of
epoxide resonances at §=2,7 and §=3,1 ppm in the '"H NMR spec-
trum. Then the solvent and excess amine were removed in vacuum at
80°C to give 3,5g (97%) of the product X.

The synthesis of other hydroxyaminosiloxanes were carried out
using the same method.

Reaction of Hydrogen Bromide
with Diethylaminohydroxyorganosiloxane

The reaction was carried out in a three-necked flask equipped with a
reflux condenser and chlorocalcium tube, dropping funnel and me-
chanical stirrer. To a solution of 0,9828 g (0,1297 mmole) of diethyl-
aminohydroxyepoxysiloxane in 10ml anhydrous toluene 0,3145g
(3,89 mmole) (48%) HBr was added in 3 ml water at 0°C temperature
range. From water solution 1,2 g (93%) transparent vitreous product
XIIT was received.

Reaction of Acetic Acid
with Diethylaminohydroxyorganosiloxane

The reaction was carried out in a three-necked flask equipped with a
reflux condenser and calcium chloride tube, dropping funnel and me-
chanical stirrer. To a solution of 1,7662g (0,233 mmole) of diethyl-
aminohydroxyepoxysiloxane in 10ml dry CH,Cl, there were added
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0,4199¢g (6,993 mmole) acetic acid (99,8%) in 15ml water at 0°C
temperature range. After that the solution clouded. After workup of
the water solution 2,1 g (95,5%) of the compound XV was obtained
as a transparent oil.

RESULTS AND DISCUSSION

In the literature there is some information about the synthesis of
polyfunctional organosiloxanes containing glycidoxypropyl groups
in the side dimethylsiloxane chain [12]. The present paper deals with
synthesis and studies of the properties of comb-type organosiloxanes
containing epoxy groups in the side chain.

For the purpose of synthesis of organosiloxanes with epoxy group
in the side chain the reaction of hydride addition of a,w-bis(tri-
methylsiloxy)methythydridesiloxanes (n=30,53) to allyl glycidyl
ether at 1:30 or 1:53 ratio of initial compounds, in the presence
of platinum chlorohydric acid or. Pt/C as a catalyst has been
investigated.

The reaction of hydrosilylation was investigated without solvent in
the presense of catalysts at temperature range 80-90°C. In both
cases the hydrosilylation proceeds with an inductive period, after that
the reaction proceeds autocatalitically with the formation of three-
dimensional systems.

For the purpose of synthesis of soluble, epoxy group containing
comb-type organosiloxanes, hydrosilylation reactions were investi-
gated in dilute solutions of anhydrous toluene. The optimal con-
centration is about 0,1 mole/l. At concentrations lower than this, the
processes do not take place. The hydrosilylation was carried out at
various temperatures 80 =-90°C. The course of the reaction was
observed by the decrease of amount of active Si—H groups. As it is
clear from Figure 1 with the rise of the temperature the rate of. hy-
dride addition increases. At a fixed temperature the rate of hydrosily-
lation in the presence of platinum chlorohydric acid is higher than
in case of platinum on carbon. As it is obvious from Figure 1 the
reaction proceeds vigorously mainly during the first hours. After 2h
the conversion slowly changes.
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FIGURE | Dependence of changes of active Si—H% groups on time upon hydride
addition of allyl glycidyl ether to a,w-bis(trimethylsiloxy)methylhydridesiloxane, where
curve | is at 90°C, curve 2 is at 85°C and curve 3 is at 80°C.

From Figure 1 we can see that the conversion of active Si—H
groups is not complete and decreases from 98% (1=90°C) to 92%
(1=280°C).

The synthesised oligomers with epoxy groups in the side chain, af-
ter removal of solvents are colourless (or light yellow) liquid trans-
parent products well soluble in ordinary organic solvents, with 7,,~
0,04 +-0,08. , _

The IR spectra of the oligomers revealed that the absorption bands
characteristic of Si—H bonds in the range 2160-2170cm™! do not
vanish completely. In the IR spectra one can see the absorption
bands at 850, 920 and 4545-4550cm™' characteristic for epoxy
groups, the absorption bands at 1020—1100 and 1150cm™' corre-
sponds to asymmetric valence oscillation for the linear Si—O—Si
and C—O—C simple ether bonds, as well as absorption bands
in the range 2900-2950cm™!, typical for valence oscillations of
the CH bonds in the CH; groups in the ethylenic bridges and ab-
sorption bands at 1270cm™! characteristic for Si-—Me bonds.
Hydrosilylation reaction proceeds according to the following
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scheme:

Me

| K
Me;SiO ?iO SiMe; + ||CH2=CH—CH20CHZ—C<I—/CH2 —_—

H n
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FIGURE 2 'H NMR spectra of oligomer IIIL
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where:

(a+b)x=n n=30,53

n =30, 1—(80°C); Il — (85°C); III — (90°C); —H,PtClg
n =53, IV — (85°C); —H,PtClg
n =30, II' - (85°C); —Pt/C

In the '"H NMR spectra of oligomer III, Figure 2, one can observe
the singlet signals for methyl protons in trimethylsiloxy group with

T —r | v T 1T v oy

T
100 .75 50 25 0

FIGURE 3 '*C NMR spectra of oligomer III
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FIGURE 4 Dependence of reverse concentration on the time, where curve 1 is at
80°C, curve 2 at 85°C and curve 3 is at 90°C.
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FIGURE 5 Dependence of reverse temperature on the rate constants of upon hydride
addition of allyl glycidy! ether to a,w-bis(trimethylsiloxy)methylhydridesiloxane.

chemical shift 6=0,05ppm, for methyl group at §=0,01ppm,
0,47 ppm (s-C°H,), 1,50 ppm (s-C°H,), 3,20; 3,30; 3,45; 3,50 ppm (m-
C*H,, C*H,); 3,0 ppm (s-C?H) and 2,41 and 2,65 ppm (d-C'H,).
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Some physical—chemical properties of methylhydridesiloxanes with organic branching side groups
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FIGURE 6 'H NMR spectra of oligomer VI.

In the ')C NMR spectrum of oligomer III, Figure 3, one can
observe the signals at 1,85 ppm (C"); 13,9 ppm (C®); 23,56 ppm (C°);
71,86 ppm (C*); 74,43 ppm (C?); 51,29 ppm (C?) and 44,70 ppm (C).

Figure 4 shows the time dependence of the reverse concentration,
from which it is evident, that at the beginning stages the hydrosily-
lation reaction is of second order. This result is in opposition with
literature data [5], where the authors proved that depending on the
original concentration of reacting compounds the hydrosilylation
reaction may be of first order at low value of concentration, or zero
order at higher concentration.

From Figure 4 the hydrosilylation rate constants at various
temperatures were calculated: Kgs-c=0,6878, Kgg-c=0,9325 and
Kosoc=1,2571. There was found that for each increase in tempera-
ture of 10°C the reaction rate constants increase approximately 1,35
times.
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Figure 5 shows the dependence of logarithm of hydrosilylation
rate constants on the reverse temperature, from which the activa-
tion energy was calculated E,q;y = 30,6 kJ/mole. Comb-type organo-
siloxanes with epoxy groups in the side chain reacted with primary
amines. During the epoxy ring-opening reaction in the melt, the reac-
tion proceeds with the formation of three-dimensional systems, this
fact may be explained by the ring-opening reaction in the presence
of reactionable secondary (—NH—) groups, which enter the ring-
opening intra- and intermolecular condensation. In order to receive
soluble comb-type hydrophilic hydroxy and amino groups pendant to
the hydrophobic methylsiloxane chain, the reaction of epoxyorgano-
siloxanes with primary amines were carried out in 10% solution of
anhydrous toluene. The reaction products were heated up to the
boiling point of toluene for 12 hours. The completeness of the reac-
tion was confirmed by '"H NMR spectra by the disappearance of the
resonance signals characteristic for epoxy groups. As is seen from
Table T aminochydroxysiloxanes were obtained in good yields. The
reaction proceeds according to the following scheme:

M
8 3 | TC
Me;SiO ~1Si0 ?iO SiMe; + 30RNH,———»
H

Ja L ijx

6 5 4 3 2 1
CHZ_CHz_CH ZOCH Z—C!{—/CHZ

Me
— MeJS|O SiMe;

HO
2

where (a+b)x=30 R=C4H9 (V), C6H5CH2 (VI), 2,3-M62C6H3
(VID), 1,4-HOCgH, (VIII), o-HSC¢H, (IX).
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The synthesized secondary aminohydroxysiloxanes (V, VI, VII and
IX) are colorless or slightly yellow compounds soluble in ordinary
organic solvents. Unfortunately, all attempts to obtain the soluble
product VIII failed. It is possible that during the reaction of p-
aminophenol with epoxymethylhydridesiloxanes secondary intra- and
intermolecular reactions take place. The composition and structure
of the synthesized compounds were determined by element analysis,
by finding the molecular masses, and by IR and NMR spectra data.

In the 'H NMR spectra of all secondary aminohydroxymethyl-
hydridesiloxanes one can observe the singlet signals with chemical
shifts at 0,1-0,15ppm for methyl protons at silicon (7 and 8
position), 6=0,5ppm (C®H,); =1,5ppm (C°H,); §=1,9+2,1 ppm

} A

o

t-2

T oLl

®

I I Y

ey
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FIGURE 7 COSY NMR spectra of oligomer VI
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FIGURE 8 'H NMR spectra of oligomer X.

(NH); 6= 29+30ppm (C*H,); 6=3,2ppm (C°H,); 6=3,3ppm
(C*H); 6= 3,6 ppm (C'H,); 6=3,7—3,8ppm (OH) (see Fig. 6 for
compound VI).

In the '"H NMR spectra of compound IX one can see broadened
singlet signal which may correspond to labile protons linked to
electronegative nitrogen and sulfur groups. By integral intensity this
signal corresponds approximately to two proton absorption intensity,
but this does not exclude the existence of SiH groups, because a pro-
ton exchange reaction is possible which may be seen from broadened
singlet signals. That is why in compound IX the existence of NH; or
NH and SH groups is possible.

Full identification of amino-hydroxymethylsiloxanes was achieved
for example from benzylaminohydroxysiloxane VI by using COSY
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6 4 3 2 0

FIGURE9 'H NMR spectra of oligomer XI.

NMR spectra. In Figure 7 one can see the resonance signals in two
dimensions. Where the resonance signals at §=0,1 corresponds to
methyl groups at 7 and 8 positions. The resonance signals with
chemical shift at § 0,5; 1,5 and 2,2 correspond to methylene groups
in 7,8; 6 and 5 positions and resonance signal with chemical shift in
the range 6 ~7,0 + 7,4 ppm corresponds to phenyl protons.

In the IR spectra of all aminohydroxymethylsiloxanes one can see
the absence of absorption bands characteristic for epoxy bonds at
910cm ™" and absorption bands characteristic for —NH— and —OH
bonds at 3400—3600cm™! (those absorption bands appear on top of
each other). Hence it follows that all epoxy groups take place in
ring-opening reaction. There the absorption bands for trimethyisiloxy
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are observed, Si—Me, SiOSi and COC bonds at 840, 1275, 1000—
1130cm™! respectively.

Comb-type organosiloxanes with epoxy groups in the side chain
were reacted with secondary amines. The reaction was carried out in
10% solution of anhydrous toluene. The reaction products were
heated up to the boiling point of toluene for 12 hours. The completion
of the reaction was confirmed from 'H NMR spectra by the disap-
pearance of the resonance signals characteristic for epoxy groups. As
is seen from Table I the yields of comb-type aminohydroxysiloxanes
are higher because this reaction proceeds without any complication,
according to the following scheme:

Me
Me,SIO{[ H HSIM:, 30RR'NH —»
CH

2—CH1“CH20CH I_CH_CHI

Me I\I’le
—- MCJSIO ?|O SIM01
H

—CHZ-CH LOCH z—CH—CHzNRR
OH
2

where (a+b)x=30. R=R'=C;Hs (X), R=Me, R'=C¢H;s (XI),
R=R’=C4Hy (XII).

The composition and structure of tertiary aminohydroxysiloxanes
was established by means of element analysis, by finding the molecu-
lar masses, and by IR and NMR spectra data. In '"H NMR spectra of
compounds X + XII one can observe resonance signals with chemi-
cal shifts 0,1-0,15ppm for methyl protons at silicon (in 7 and
8 position), 6=0,5+0,6ppm (C°H,); additionally complicated
signals with chemical shift §=0,9+1,1 ppm for methyl protons in
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alkaline fragment (compounds X and XII); §6=1,5+ 1,6 ppm (C°H,);
6=2,3+27ppm (NC'H2 and NCH,); §=2,9+3,0ppm (C"Hz); b=
3,2ppm (C*H,); 6=3,3ppm (C*H); 6§=3,6 ppm (C'H,); §=3,7ppm
(OH) and 6=4,2ppm (Si—H) (see Figs. 8 and 9 for compound
X = XII). Full identification of tertiary aminohydroxymethylsil-
oxanes was achieved for example of benzylaminohydroxysiloxane X
by using COSY NMR spectra. In the '*C NMR spectra of com-
pound X, Figure 10, one can see the signals for carbon attached to
hydroxyl groups at 6=67,13 ppm and signals for carbon attached to
nitrogen at é 47,57 and 4§ 56,50 ppm. Figure 11 one can see the
resonance signals in two dimensions. Where the resonance 1 at ~0,1

LA B e LANNALE R N BN S S SN S AR R BN S SN R S S R |

77
) 125 100 75 50 25 0

FIGURE 10 '3C NMR spectra of oligomer X.
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FIGURE Il COSY NMR spectra of oligomer X.

corresponds to methyl groups at 7 and 8 positions. The resonance
signal at § 0,5; 1,5 and 3,4 corresponds to methylene groups in 6, 5
and 4 positions. The triplet signal in the range §=09+ 1,1 ppm
corresponds to methyl groups in ethyl fragment. In the IR spec-
tra of tertiary aminohydroxysiloxanes X = XII one can see narrow
absorbtion bands characteristic for secondary hydroxy group at
3600cm~!, from which it is evident that the reaction of amines
with epoxyorganosiloxanes mainly proceeds with the formmation of
a-aduct. The tertiary amines did not react with epoxy containing
comb-type organosiloxanes because the tertiary amines did not
have the active hydrogen groups which may enter the ring-opening
reaction.
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For the purpose of synthesis of siliconorganic quartenary ammo-
nium salts, the reaction of hydrogen bromide or acetic acid with
aminohydroxyorganosiloxanes has been investigated. It was very
interesting to test the stability of siloxane chain and to determine that
such strong acid as hydrogen bromide (or acetic acid) can break the
linear siloxane chain. The reaction was carried out at 0°C tempera-
ture to prevent the break of SiOSi backbone. Hydrogen bromide in
equimolar amount was added and stirred for 4hours. The reaction
proceeds according to the following scheme:

7
Me Me 0
s | | 0°C
Me;SIOISIOf—-SI0[—1—SiMe, +30 HX ————
a {H Jbv|

X

6 £ 4 3 2 H
CHI—CHE-CHIOCH]‘_(':"'-CH’,NRR'
OH

{4
0 SiMCJ
b jx

z—u—X

7

.

—— Me,SiO~-5i0
a

6 s 4 3 2 | o
CHZ_CHZ-CHZOCHZ.—.?P]__CHITH X
OH R’

where (a+ b)x=30; X=Br; R=Me, R’'=C¢H; (XIII); R=R'=C,H;
(XIV). X=CH;C00, R=R'=C;H;s (XV).

The synthesized salts are vitreous transparent colorless products.
Compounds XIV and XV are soluble in water and compound XIII in
organic solvents such as CH,Cl,, chloroform, ezc., by GPC analysis
it was shown that during the reaction of aminohydroxysiloxanes
with the above-mentioned acids SiOSi backbone breakdown reac-
tions do not take place (see Tab. I). The compounds XIII-XV were
characterized by 'H, '3C NMR and IR spectra data. As is seen from
'"H NMR spectra of the protonated compounds XIII-XV, Figures
12~15, one can see resonance singlet signals for methyl protons at
silicon atom §=0,1 —0,13ppm (for hydrogen protons at 8 and 7
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FIGURE 12 'H NMR spectra of oligomer XIII.

position respectively), for protons in methylene groups with chemical
shifts at 6=0,5; 1,5ppm; in the range 2,9+ 3,6 ppm (6,5,4 and 3
position). A comparison of chemical shifts for N—CH; — groups in
tertiary and quaternary aminohydroxysiloxanes shows a significant
shift to low field for quaternary compounds.

Full identification of protonated aminohydroxymethylhydride-
siloxanes by COSY NMR spectra was received for compound XIV
(Fig. 16). In 2-dimensional COSY NMR spectra, Figure 16, the
resonance signals at §=0,1 and §=0,13 ppm correspond to methyl
protons at 7 and 8 positions. The resonance broadened signals with
chemical shift and with center at §=0,5; 1,3; 1,7; 3,2 and 3,5ppm
correspond to protons of methylene groups in 6 + 1 positions and in
ethyl fragment.



10: 29 19 January 2011

Downl oaded At:

288 O. MUKBANIANI et al.

W
JJu _

4 2 0

FIGURE 13 'H NMR spectra of oligomer XIV.

The large IR absorption band in the region 3200—3600cm™"

corresponds to the associated hydroxyl and cationic nitrogen groups.
The absorption bands in the region 1590-1650cm™' correspond to
NHj group.

For some synthesized aminohydroxymethyl(hydride)siloxanes X-
ray diffraction studies have been carried out. As is seen from Figure
17 the synthesized methylhydridesiloxane with amino and hydroxy
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FIGURE 14 'H NMR spectra of oligomer XV.

groups in the side chain as well as protonated corresponding
compounds are amorphous systems. On the diffractograms one can
observe two maxima at 26°=12,5° and 26=18,0° = 22,0°. The main
maximum 26°=12,5° which corresponds to interchain distance,
changes from d,=694A (for compounds X and XI) up to d;=
7,08 A, these increasing values of interchain distances correspond to
protonated aminohydroxymethylhydridesiloxane XIV.
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FIGURE 16 COSY NMR spectra of oligomer XIV.
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A thermogravimetric investigation of some synthesized com-
pounds in isothermic condition (200°C) was carried out. As is seen
from Figure 18 (curves 1 and 2), for aminohydroxysiloxanes X and
XI mass losses for 10h do not exceed 21-24%, while for the pro-
tonated compound XIV for first 3h the mass losses reach about
74% (Fig. 18, curve 3), after which the destruction process proceeds

slowly.

So, methylhydridesiloxanes with hydroxy and amino functional
groups in the side chain were synthesized by us for the first time,
and by protonation of aminohydroxysiloxanes the protonated amino-

hydroxysiloxanes were obtained.
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FIGURE 17 Diffractograms of comb-type organosiloxanes with aminohydroxy
groups in the side chain. Where curve I corresponds to oligomer XIV, curve 2-XI
and curve 3-X.
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FIGURE 18 Themmogravimetric curves in isothermal conditions. Where curve 1 corre-
sponds to oligomer XI, curve 2-X and curve 3-XIV.
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