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Uniform-size polymers possessing reactive 
end groups are of a significant importance as 
macromolecular building blocks for the syn
thesis of precisely designed block and graft 
copolymers. In this context, we have synthe
sized a series of uniform-size poly(DMS)s, 
having various reactive end groups for the 
preparation of well-defined multi-component 
polymer materials containing poly(DMS) 
segment. 1 

We have recently developed a new initia
tor system,2 by which a bifunctional living 
poly(dimethylsiloxane), poly(DMS), can be 
produced through anionic ring-opening poly
merization ofhexamethylcyclotrisiloxane (D3). 

The use of a dilithium salt of bis(p-dimethyl
hydroxysilyl)phenyl ether as an initiator and 
the addition of an appropriate amount of 
N-methylpyrrolidine is the key of the living 
polymerization to occur. The subsequent end
capping reaction of living poly(DMS) with 
(3-dimethylchlorosilyl)butanoic acid trime
thylsilyl ester could provide a bifunctional, 
uniform-size poly(DMS) having carboxylic 
acid end groups (2). 3 

Since carboxylic acid end groups can be 
readily converted to carboxylate salt group by 
the treatment of alkaline reagent, telechelic 
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poly(DMS) having carboxylate salt end groups 
will be produced. It can be utilized sub
sequently for various polymer reactions, 
including macromolecular ion-coupling reac
tions4 by the enhancement of nucleophilic 
reactivity of carboxylate anion in organic 
medium as in the phase transfer catalyst 
systems. 5 •6 On the other hand, siloxane bond 
in poly(DMS) is known to be susceptible to be 
cleaved by the action of acid or alkali ca
talysts.7·8 Thus in the present study, we ex
amined the reactivity of a series of alkali metal 
carboxylate end groups introduced on tele
chelic poly(DMS). 

EXPERIMENT AL 

Materials 
Poly(DMS) having carboxylic acid end 

groups was prepared by the method detailed 
before. 2 · 3 Molecular weights of the poly(DMS) 
samples used in the present study were 4900 
(sample No. 1), 5500 (sample No. 2), and 4500 
(sample No. 3), respectively. 

Alkaline Treatment of Poly(DMS) Having 
Carboxypropyl End Groups (2) 
Into a 300 ml separatory funnel, 50 ml of I N 
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NaOH and 1.5 g of 2 (sample No. 1) dissolved 
in 15 ml of ethyl ether were mixed. The mixture 
was shaken for 30 min at ambient temperature, 
and allowed to stand for 24 h to separate 
the organic layer from aqueous phase. The 
aqueous layer was extracted three times with 
ethyl ether. The organic layer was collected and 
washed with saturated NaCl solution. After 
ethyl ether was removed by evacuation, the 
reaction product was isolated by precipitation 
into methanol, and finally freeze-dried from 
benzene solution. The yield was 1.4 g (93 % ). 
The acid treatment of 2 (sample No. 3, 0.5 g) 
was carried out by a similar manner with 50 ml 
of 1 N HCI. The yield was 0.43 g (86%). 

Reaction of Poly(DMS) Having Carboxypropyl 
End Groups (2) after Alkaline Treatment 
In a 30 ml round-bottom flask, 0.63 g of 2 

(sample No. 2) was dissolved in 10 ml of tetra
hydrofaran (THF). Thereupon an equimolar 
amount of aqueous NaOH (0.1 ml) was added 
and stirred for 5 h at ambient temperature. 
Then a 3-fold excess of chlorodimethylvinyl
silane and triethylamine were added to perform 
the end-capping reaction with stirring for 1 h 
at ambient temperature. The reaction mixture 
was first filtered with a G-5 glass filter and 
condensed by the evacuation, followed by the 
precipitation into methanol containing 0.1 N 

HCl (vol. ratio 9/1). The recovered product 
was purified by precipitation into methanol, 
and finally freeze-dried from benzene solution. 
The yield was 0.34g (54%). The end-capping 
reaction with methyl iodide was performed 
for 24 h at ambient temperature after the 
treatment with an equimolar amount of a series 
of aqueous alkaline solution (0.1 ml). 

Measurements 
270 MHz 1 H NMR spectra were recorded 

by means of a JEOL JNM-GX270 apparatus 
at 40°C in CDC13 • Chemical shift values were 
calibrated from the solvent signal of CDC13 

( <5 = 7 .30 ppm for 1 H). GPC measurements 
were carried out using a TOSOH Model CCPD 
High Liquid Chromatograph equipped with 
RI8000 and UV8000 (254 nm) as detectors, and 
with a TSK G3000HXL as a column. THF was 
used as eluent. IR spectra were taken on a 
Shimadzu FT-IR 8100 apparatus. 

RESULTS AND DISCUSSION 

Carboxylic acid end groups of poly(DMS) 
were converted to carboxylate salt end groups 
by the treatment of an excess amount of a series 
of alkaline reagents (Scheme 1). Telechelic 
poly(DMS)s having carboxylate salt end 
groups with enhanced nucleophilic reactivity 

THF / N-methylpyrrolidine so·c 

M: Li, Na, K, Rb, Cs 

Scheme 1. 
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Figure 1. 270 MHz 1 H NMR spectra of (A) poly(DMS) 
having carboxylic acid end groups, 2, (B) the product after 
the treatment with IN NaOH and (C) the product after 
the further treatment with IN HCI. (2: sample No. I, in 
CDCl 3 , 40°C). 

are expected to be utilized for various poly
mer reactions, including macromolecular ion
coupling reaction.4 

In the IR spectra of the product, the 
absorption at 1720 cm - 1 visible in the starting 
2, due to free carboxylic acid groups dis
appeared by the alkaline treatment and in
steadly that at around 1600 cm - 1 appeared 
with overlapping of phenyl group absorption. 
This is certainly indicative of the formation of 
carboxylate salt end groups. GPC inspection 
also showed that any noticeable broadening 
due to the random scission of siloxane linkage 
in poly(DMS) is absent in the product. 

However, an elimination reaction of car
boxypropyl end groups was indicated by 1 H 
NMR analysis of the product. In Figure 1, the 
spectrum of the original 2 having carboxylic 
acid end group and that of the product after 
the alkaline treatment are compared. Since 
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Figure 2. 270 MHz 1 H NMR spectra of (A) the reaction 
product after the treatment of 2 with NaOH, followed by 
the treatment with chlorodimethylvinylsilane, and (B) the 
reaction product after the treatment of 2 with CsOH, 
followed by the treatment with methyl iodide (A: sample 
No. 2, B: Run 5 in Table I, in CDCl3 , 40°C). 

carboxypropyl signals in carboxylate salt 
groups suffered notable broadening pre
sumably due to the aggregation of polar ionic 
end groups, the relative content of carboxylate 
salt end groups with reference to the initiator 
fragment was estimated after the further 
treatment with 1 N HCl solution to regenerate 
carboxylic acid groups. Although 2 itself was 
confirmed to be stable by 1 N HCl treatment, 
notable decrease of the content of carboxy
propyl end groups was observed by compar
ing the signal intensity of the end groups with 
that of the initiator fragment, i.e., diphenyl 
ether group at 7-8 ppm. This is indicative of 
an elimination reaction of end group to occur 
during the alkaline treatment. 

The further details on the elimination 
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reaction of the carboxypropyl end groups in 
poly(DMS), were then studied. Thus, 2 was 
treated first with an equimolar amount of 
NaOH, and subsequently with chlorodi
methylvinylsilane in the presence of triethyl
amine. 1 H NMR spectrum of the recovered 
product is shown in Figure 2(A). Signals due 
to vinyl silane groups were observed at 
5.8-6.3 ppm, which were introduced through 
the reaction of silanol ( or silanolate) end 
groups with chlorodimethylvinylsilane. Signals 
due to the residual carboxypropyl groups were 
also observed. By taking into account also for 
the GPC result, that the peak profile of the 
product remained unaffected during the 
alkaline treatment, the present elimination 
reaction is considered to take place through a 
back-biting mechanism via a conformationally 
favored 6-menbered ring transition state which 
may be formed specifically with carboxypropyl 
end groups, as shown in Scheme 2. 

To deal with the adversarial elimination 
reaction of carboxylate salt end groups on 
poly(DMS), we then studied esterification 
reaction with methyl iodide by using various 
types of alkaline reagents, namely a series of 
alkali(Li,Na,K,Rb,Cs)hydroxides or carbon
ates. The results are summarized in Table I. 
Although the elimination reaction was ob
served in most cases, the type of alkali metal 
employed in the reaction was found to influence 
significantly on the selectivity in the formation 
of the ester group. With caesium reagents, in 
particular, methyl ester end groups were 
produced in high selectivity. The 1H NMR 
spectrum of the reaction product in Figure 
2(B) shows a singlet signal at 3.70ppm due to 
methyl protons of methyl carboxylate end 
groups, and the comparison of the signal 
intensity with that of the initiator fragment 
indicates almost quantitative esterification 
reaction to occur with caesium hydroxide. IR 
analysis also confirmed the esterification 
reaction to occur. Thus the absorption at 
l 720 cm - 1 due to carboxylic acid groups 
disappeared and that at 1750 cm - t due to 
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Scheme 2. 

Table I. Reaction of poly(DMS) having carboxylate 
salt end groups with methyl iodide" 

Run 
Alkaline Recovered Degree of 
reagent yield/% esterification/% b 

1 LiOH 76 89 
2 NaOH 69 41 
3 KOH 70 40 
4 RbOH 75 92 
5 CsOH 81 100 
6 Li2C03 45 0 
7 Na2C03 65 10 
8 K 2C03 78 67 
9 Rb2C03 75 63 

10 Cs2C03 80 90 

• 2 (sample No. 2); 0.5 g, THF; 10 ml, H 20; 1 ml, methyl 
iodide; 0.08 g. For the detailed reaction procedure, 
see EXPERIMENTAL. 

b By 'H NMR. 

methyl ester groups was formed along with the 
reaction. In addition, no peak broadening was 
observed in GPC analysis. 

In conclusion, telechelic poly(DMS) having 
caesium carboxylate end groups was found to 
be useful prepolymer, which underwent a 
nucleophilic substitution reaction with methyl 
iodide to produce ester end groups. Thus this 
poly(DMS) prepolymer will be applicable to 
further reactions to produce functional poly
mers containing polysiloxane segment. 
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