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SIAMMARY

Carboxyester- ané carboxyemido-terminated polydimethylsileoxanes were
obtained through the reaction of cyclic anhydrides {succinic, maleic and
phthalic anhydride) with hydrexyprepyl- and aminocalkyl-terminated polydime-
thylsilexanes, respectively, The reactivity of the starting compounds and
the influence of the reaction conéitions on the characteristics of the final
products are discussed.

INTRCDOCTION

Organofunctional oligosilcranes heve received much attention due to
their specific vse as carmpatibilizing or modifying agents in pelymer blends,
surfactants, etc. At the same time, they are starting materials in the syn-
thesis of block andé graft copolvmers.

The main synthetic rcoutes leading to functional cligosiloxanes are the
caticnic or anionic equilibration of cvclic sileozanes in the presence of a
functional disilexane acting as an end-blocking agent [1] or the hydrcsila-
tion of unsaturated functional carpounds with polysiloxanes containing
$i-H active grocups [1-41.

Carboxy-terminated polysiloxanes were recently cbtained by hydrosila-
tion reaction [5). Other approaches consisted in the coupling of hydroxyhe-
xyl- [6] or amincbutyl-terminated polysiloxanes [7] with succinic and ma-—
leic anhycrides, respectively. However, the last two proposed methods were
not investigated in detail.

The present paper is concerned with the reaction of hydroxypropyl- and
amincalkyl-terminated polydimethylsiloxenes.cf Jdifferent molecular weights
with cyclic anbydrides, i.e., succinic {8}, maleic (MA) and phthalic anhy-
dride (Pht).

EXPFRIMENTAL

Hydrozypropyl-terminated polydimethylsiloxanes (HOPS) were synthesized
by hydrosilation of allyl alcohol with hydride—terminated prepolymers, ac-
cording to a procedure previously Cescribed [2]. R

rminoalkvl-terminated polydimethylsiloxane (Tegomer™ A-Si 2320, Gold-
schnidt BG) (H,NPS) was used as received.

Carbcxyes%er—terminateﬁ polysiloxanes (CEPS) were cobtained by reacting
HOPS prepclymers with cyclic anhydrides, in toluene/dioxane solvent mixture
containing 2 % water, in the presence of pyridine, at 100°C (Table 1). The
volume ratio of the twe solvents was toluene/dioxane 1:1 for HOPS ,HOPS?
and 5:1 for HOPS,. The concentration of HO functional groups was 6.16 ’
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mcle/100 g solvent mixture in the case of HOPS,, HOPE, and 0.05 mole/100 g
for BOPS,. P typical procefure is described as follows:

Intd a 50 ml, two-necked and round-bottamed flask fitted with a mctor-
driven stirrer and a reflux condensator, 0.72 g SA were intrcduced in 2,25
L toluene and 2.25 ml dioxane., The solvtion was heated at 1007 C under
stirring and 0.04 mlL pyridine, 0.08 ml water and 5 g HOPE, were addec. The
reaction mixture was kept at 100° C, under stirring, durifig 18 hours, then
it was cooled at room temperature. The excess anhydride was precipitated
with ethyl ether. After filtration and concentraticn of the filtrate, the
remainder anhydride was precipitated with petroleum ether. The cktained so-
lution was washed with diluted HCl and then repeatedly with water to re-
move pyridire, dried over NaZSO , and the solvent distilled cff under re-
cduced pressure. Yield: 5.0 g CEPS (93.3 2).

Carboxyamicdo~terminated polysiloxanes (CAPS) were synthesized by the
reaction of aminoalkyl-terminated prepclymer with cyclic anhyérides in CHC1
{total concentration, 25 %; anhvéride/NH,, 1:1 molar), at room temperature
for £A, MA, and at 50° C for PhA, The reacticn occured by contacting the
reagents under stirring for 18 hours. The vields were higher than %8 %,

[y spectra were recorded on a JECL-C60 HL spectroreter. GPC cata
were obtained on a Yaters Associated 440 instrument, in THF as eluent.
Stancdard pelystyrene was used for molecular weight calibration.

RESULTS ANP DISCUSSION

Carboxyester— (CEPS) and carboxyamido-terminated polydimethylsiloxanes
(CaPs) were obtained through the reaction cof cyclic -anhydrides {succinic,
maleic and phthalic anhydride) with hydroxypropyl- and aminoalkyl-silcxare
precursors, respectively (Table 1), according to the fcllowing scheme:

0
CHy CHy C,;: 0 0 CHy CHy 0 0
§ | N i I | I
X—R-(‘?—D‘)?‘ISI_R—X +A\ /0 —#= HO0—(C—A—(C-B — R—f?i—O‘)n—?l—R—B—C—A—C—OH
CHy  CH3 C‘\o CHy  CHy
HOPS : R=(CHp)y ; X=0H A=-(-CH2-)2— , CEPS: B=—0—
HNPS:R=(CHl, ; X=NHy  —CH=CH-, CAPS: B=—NH—
O_CGHI;—

1 The structures of the obtained carboxyfunctional polymers were proved
by B-MMR spectroscopy (Figs. 1, 2). Figure 1 presents the characteristic
absorptions of the low molecular weight (M = 254) HOPE mocel compound  and
of its reacticn products with the menticned anhydrides. As che can Sce,
the reaction is accompanied by secondary reactions, as revealed by the
presence of the signals at 3.5 ppm, attributed to —CH,-0-CH,- linkages
resulted by condersation of hydroxypropyl end groups. The s&ccndary reac-
tions also explain the increase of the molecular weights cf the final pro-
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ducte as compared to the starting cowpound. The polymwerization degrees of
the siloxare units in the carboxyester-terminated silozanes depicted in
Figure 1 were determined from the ratics of the inteqrals corresponding to
the -CH,;-CCC- anc -£i-Cli, signale.

R
NO—?}—R—O—C@C*OH
CHy

1
3170%4
I
~0-5i-R=0~C~CH=CH ~C —OH
CH3 1,
.
EHB S a Q n
~0~Si-R-0-C-CHyp—CHy~0—C—0H
CH3 é
%11—0123
CHy CH3
Ho—n+%a—o+1—ésii—R~oH
-~y Gy
—R-OH. —CHq=CHy~CHy—0OH ; cee boat o
°'c'H3 &n,-oH
2 Nl T
4 35 2 1 0
3, ppm

Figure 1. Charecteristic THom absorptions of HOPS (B = 294) model com-
pound and of its reacticn precducts with cyclic anhydrides (CDC13, room
texperature) .
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The 1‘!—1~1~13~1§¥ spectra of the TAPS products and of their TegcmerR precur-

sor are presentec in Iigure 2,
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Figure 2. Characrerietic 1H~NMR abgorpticrs of carbexyamido-terwinated
polysilexanes and of their Tegomer precurser ‘CGD6 + DMSO-GE, room tem-
perature).

The reaction conditions depend on the nature of the starting compouncds.
The hydroxypropyl-terminated polysiloxanes undergo chemical transformation
only at higher temperature (100° C), in the presence of a basic catalyst
(pyridine), due to the lower reactivity of the alirhatic hydroxyl groups.
The total consumption of -OH groups reguires an excess of cyclic anhydride.

The increase of the molar masses (Tsble I and Figure 3) of the finsl
products as compared to the starting cowpounds could be explained by the
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concensation of the hycroxyl uwroups as revealed by the wH—NN«R spectra of
the low molecular weight model compounds (Fig. 1; &= 2.5 pom). However,
this seconcary reacticn occurs tc a higher extent for the lcwer molecular
weight samples [HOPS1, HOPS. ). At the same time, a re-eguilibration reac-
tion of the siloxane chain ffust be considered as the polydispersities of
the final compounds present noticeable higher values.

As expected, the reaction of cyclic anhydrides with the mere reactive
amincalkyl compound requires mild conditions. Bccording to the deta in
Table T (H NPFS samples), arincalkyl-terminated polysiloxane urdergoes less
evident selendary reacticns as campared to hydroxypropyl-terminated homo-
loques. The re-equilibraticn of the silorane chain could be considered only

for the Fhi reaction product (CAPSPh).

Ficure 3. Typical GPC curves
for hydroxypropyl- and carboxy-
ester-terminated polysiloxanes.
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TORCLUSIONS

Carboxyester- and carboxyamido~-terminated polydimethylsiloxanes were
synthesized through the reaction of cyclic anhydrides (succinic, meleic
and phthalic arhydricde) with hydroxypropyl- and amincalkyl-terminated
rolydimethylsiloxares, respectively. The aminc-terminated precursor reacts
in mild conditions ané the final products preserve the molecular weight
characteristice of the starting prcduct in a hicher extent.

REFERENCES

1. Yilgor, I., McGrath, J.E., &dv. Polym. Sci. £6, 1 (1988)

sirionescu, C.I., Harabagiy, V., Comanita, E., Hamciuc, V., Giurgiu, D.,

Simionescu, B.C., Eur. Polym. J. 2€, 565 (199Q)

3. Simionescu, C.I., Harabagiu, V., Giurgiu, D., Hamciuc, V., Simicpescu,
£.C., Bull. Soc. Chim. Belg. 99, 991 (1950}

4, Yagci, Y., Onen, A., Harabsgiu, V., Pinteala, M., Cotzur, C.,
Simionescu, B.C., Fclym. Bull., submitted

5. Kawakemi, Y., Saibara, S., Suzuki, F., Abe, T., Yamashita, ¥.,
Polym. Bull. 25, 521 (1%%91)

6. Lefebvre, P.M., Jercme, R., Teyssie, Ph., J. Polym. Sci.: Pclym. Chem.
EQ. 21, 789 (1983)

7. Boutevin, B., Guida-Fietrasanta, F., Rebin, J3.J., Makromol. Chem. 190,
2437 (19839} .

Accepted November B, 1993 C



