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SL~MARY 

Carboxyester- and carboxyamido-terminate4 polydimethylsiloxanes were 
obtain~ through the reaction of cyclic anhydrides (succinic, maleic and 
phthalJc anhydride) with hyOroxypropy]- and aminoalkyl-terminate~ polyOime- 
thylsiloxanes, respectively. The reactivity of the starting compounds and 
the influence of the reaction conditions on the characteristics of the final 
products are discussed. 

Organefunctional oligosiloxanes have receive~ much attention due to 
their specific use as cc~patibi]izing or modifying agents in polymer blends, 
surfactants, etc. At the same time, they are starting materials in the syn- 
thesis of block and graft copolymers. 

The main synthetic routes leading to functional oligosiloxanes are the 
cationic or anionic equilibration of cyclic siloxanes in the presence of a 
functional disiloxane acting as an end-blocking agent [I] or the hydrosila- 
tion of unsaturated functional ccm~poun~s with polysiloxanes containing 
Si-H active groups [I-4]. 

Carboxy-terminated polysilcxanes were recently obtained by hydrosila- 
tion reaction [5]. Other approaches consisted in the coupling of hy~roxyhe- 
xyl- [6] or aminobutyl-terminate~ polysiloxanes [7] with succinic and ma- 
leic anhydrides, respectively. However, the last two proposed, metheds were 
not investigated in ~etail. 

The present paper is concerned with the reaction of hydroxypropyl- and 
aminoalkyl-terminated polydimethylsiloxanes-of different molecular weights 
with cyclic anhydrides, i.e., succinic (SA), ma]eic (MA) and phthalic anhy- 
dride (Phi). 

EX~hRIMENTAL 

Hydroxypropyl-terminate~ polydimethylsJ loxanes (HOPS) were synthesized 
by hydros/]ation of allyl alcohol with hydride-termJnate~ prepolymers, ac- 
cording to a procedure previously describe~ [2]. 

Aminoalkyl-terminate~ polydimethylSiloxane (Tegomer R A-Si 2320, Gold- 
schmidt AG) (HgNPS) was used as rece/ve~. 

Carboxyes[er-terminated polysiloxanes (CEPS) were obtaine~ by reacting 
HOPS prepolymers with cyclic anhydrides, in toluene/dioxane solvent mixture 
containing 2 % water, in the presence of pyridine, at I00~ (Table I). The 
volume ratio of the two solvents was toluene/dioxane I : I for HOPS., HOPS^ 
and 5: I for HOPS 3. The concentration of HO functional groups was 6.16 z 
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mole/100 g solvent mixture Jn the case of HOPS 1, HOPSp and 0.05 mole/100 g 
for HOPS 3. ~ typical procedure is described as'fo]low~: 

Into a 50 mL two-necked and round-bottomed flask fitted with a motor- 
driven stirrer and a ref]ux condensator, 0.72 g SA were intrc~uced in 2.25 
mL toluene and 2.25 mL dioxane, q~e solution was heated at 100 ~ C under 
stirring and 0.04 mL pyridine, 0.08 mL water and 5 g HOPS 2 %~re adde~. The 
reaction mixture was kept at 100 ~ C, under stirring, during 18 hours, then 
it was cooled at room temperature. The excess anhydride was precipitated 
with ethyl ether. After filtration and concentration of the filtrate, the 
remainder anhydride was precipitated with petroleum ether. The obtained so- 
]ution was washed with diluted HC] and then repeatedly with water to re- 
.move pyridine, dried over Na~SO., and the solvent distilled off under re- 
duced pressure. Yield: 5.0 g-CE~S (93.3 %). 

Carboxyamido-terminatcw] pelysiloxanes (CAPS) were synthesized by the 
reaction of aminoalkyl-terminated prepolymer with cyclic anhydrides in CHC] 3 
(total concentration, 25 %; anhydride/h~9, 1:1 molar), at room temperature 
for SA, 5~, and at 50 ~ C for PhA. The reaction occured by contacting the 
reagents under stirring for 18 hours. The yields were higher than 98 %. 

IH-h~ spectra were recorded on a JEOL-C60 HL spectrometer. GPC data 
were obtained on a Waters Associated 440 instrument, in qHF as eluent. 
Standard polystyrene was used for molecular weight calibration. 

RESULTS ANDDISCUSSION 

Carboxyester- (CEPS) and carboxyamido-terminated polydimethylsi]oxanes 
(CAPS) were obtained th.rough the reaction of cyc]ic-anhydrides (succinic, 
maleic and phthalic anhydride) with hydroxypropyl- and aminoalkyl-siloxane 
precursors, respectively (Table ]), according to the follewing scheme: 

H3 ~ H3 C: ~O O O CH3 ~H3 O O 
X-R-+Si-O-):-. Si- I~-X + A  / kO II II I II II " - - - "  HO-C-A--C-B -- R-~S -0  .h -S i -  R-B-O-A--O-0H 

I " 1  N /  I " 
CH 3 CH 3 C%0 CH 3 CH 3 

HOPS: R=(CH2} 3 ;X=OH 

H2NPS: R=(CH2) m ; X=klH 2 

A='~CH22" ~ , CEPS: B = - O -  

--CH=CH-, CAPS: B=-I1H -- 

o--C6H k- 

I The structures of the obtained carboxyfunctional polymers were proved 
by H-NMR spectroscopy (Figs. I, 2). Figure I presents the characteristlc 
absorptions of the low molecular weight (M = 294) HOPS model compound and 
of its reaction products with the mentioned anhydrides. As one can see, 
the reaction is accompanied by secondary reactions, as revealed by the 
presence of the signals at 3.5 ppm, attributed to -CH?-O-CH?- linkages 
resulted by condensation of hydroxypropyl end aroups. The seconeary reac- 
tions also explain the increase of the molecular weights of the final pro- 
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ducts as comparew9 to the starting compound. The polymerization degrees of 
the silexane units in the carboxyester-terminated siloxanes depicted in 
Figure I were ~etermined from the ratios of the integrals corresponding to 
the -CH2-OCO- an~ -Si-~{ 3 signals. 

Cf~3 0 0 
I 11 ~ I| 

~o- 

CH3 l v 
+s,,-o%. I 

CH3 0 O 
I U II 

.-,. O-Si-R-O-C-CH= CH-C- OH 
I 

I CH3 -(" Si-O~.4 

0 

. /  
I 

~ B  

0 
11 

)~-- C-  0 
I( 

__ I ?~ i ~ ~_~ 
7 k.5 k 

0 
H., C / II 

C= -CH2-O-O- 

H .H A H 

- 

? ~ 7_J__ ~ -  t ? 
7 6 k5 ~ 3 

cH3 ~ a o 0 
! i| 

~0- Si- R-O-t-CH2-CH2- 0 -C-OH 
I 

 !i_o5. 
1 

CH3, C, H3~ 
HO -R- ( -  S i -O  .-~-= S i - R - O I ' I  

I 7.b i 
CH3_.. ,̂, ,̂, ~,,CH3 ; - 

Q b c 
~R~OH ~ - L'I'I2- L-n 2-- ~n2-- u n C+O' ~ b d+~ a 

a', c' j J ~ . . . . , . . ~  L 
m~a 

I __  I , i .~ ~_~ --CH2-OH ? 1, 3.5 , ~  1 0 
g, ppm 

~igure I. Characteristic IH-t~R absorptions of HOPS (b~ = 294) mo~e[ com- 
pound and of its reaction products with cyclic anhys (CDCI3, room 
temperature). 



The IH-k~4R spectra of the CAPS products and ef their Tegomer R 
sot are presenteJ in Figure 2. 
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Figure 2. Characteristic lH-b]w/~ absorptions of carboxyamido-termdnateO 
polysiloxanes and of their Tegomer precursor (C6D 6 + DMSO-O 6, room tem- 
perature). 

The reaction conditions depend on the nature of the starting comDounds. 
The hydroxypropyl-terminated po]ysiloxanes undergo chemical transformation 
only at higher temperature (100 ~ C), in the presence of a basic catalyst 
(pyridine), due to the lower reactivity of the aliphatic hydroxyl groups- 
The total consumption of -OH groups requires an excess of cyclic anhydride. 

The increase of the molar masses (Table I and Figure 3) of the final 
products as compared to the starting cmmpoun4s could be explained by the 
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condensation of the hydroxyl groups as revealed by the IH-h~ spectra of 
the low molecular weight model compounds (Fig. 1; ~ = 3.5 ppm). However, 
this secondary reaction occurs to a higher extent for the lower molecular 
weight samples (HOPSI, HOPSg). At the same time, a re-equi]ibraticn reac- 
tion of the siloxane'chain ~ust be considered as the polydispersities of 
the final compounds present noticeable higher values. 

As expected, the reaction of cyclic anhydrides with the mere reactive 
aminoalkyl ccr~pound requires mild conditions. According to the data in 
Table I (H2NPS samples), aminoalky]-terminated polysiloxane undergoes less 
evident secondary reactions as compared to hydroxypropyl-terminated homo- 
logues. The re-equilibration of the si]oxane chain could be considere6 only 
for the PbA reaction product (CAPSph). 

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

CEPS3Ph 

j j - -  cEPs3s 

3~ 32 31 30 29 2g 27 26 25 21,, 23 22 21 20 
elufion volume, mL 

CONCLUSIONS 

Carboxyester- and carboxye~Jdo-termjnated polydimethylsi]oxanes were 
synthesized through the reaction of cyclic anhydrides (succinic, maleic 
and phtbalic anhydride) with hydroxypropy]- and aminoalkyl-terminated 
poly~imethylsiloxanes, respectively. The amino-terminated precursor reacts 
in mild comditions and the final products preserve the molecular ~.~ight 
characteristics of the starting product in a higher extent. 
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