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ABSTRACT: The reaction of monofunctional living poly(dimethylsiloxane), poly(DMS), with 
dimethylchlorosilane (2), followed by the hydrosilation of the polymer end SiH group with allyl 
alcohol was performed. The hydroxyl end group ofpoly(DMS) (4) thus obtained was subsequently 
converted to the tosylate ester group through treatment with tosyl chloride in the presence of 4-
dimethylaminopyridine (DMAP). The tosylate ester end group of poly(DMS) (5) was found to 
initiate the cationic ring opening polymerization of 2-methyl-2-oxazoline (OXZ) to produce the 
poly(DMS)/poly(OXZ) block copolymer (7). 
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Uniform size oligomers, i.e., those of the 
desired molecular weight with narrow molec
ular weight distribution, having reactive end 
group, are considered to be important as mac
romolecular building blocks for the synthesis 
of precisely designed block and graft copoly
mers. The control of molecular weight distri
bution as well as average molecular weight is 
strongly required in order to elucidate the 
molecular level structure-property relationship 
of these multiphase polymer materials, since 
their microphase separation morphology aris
ing from the incompatibility of polymer seg
ment components is markedly influenced by 
these parameters. 1 

The block and graft copolymers consisting 
of poly(dimethylsiloxane), poly(DMS), as one 
of the segment components have been attract
ing growing interest due to their unique prop
erties both in bulk and at surface,2 and an 
increasing number of attempts have been car-

* To whom correspondence should be addressed. 

ried out to develop a convenient and reliable 
reaction system to provide the poly(DMS) 
oligomer with various reactive end groups for 
the synthesis of desired multiphase polymers 
containing the well-defined poly(DMS) seg
ment. 3 Nevertheless, surprisingly little atten
tion has been paid to the control of the 
molecular weight distribution in the synthesis 
of poly(DMS) oligomers with reactive end 
groups. 

This paper describes the results on the syn
theses and reactions of novel uniform size 
poly(DMS)s with various reactive end groups 
by utilizing the unique reactivity of silicone 
compounds as well as by combining available 
synthetic techniques in organic chemistry. The 
selective and quantitative derivatization of the 
end standing group of the polymer is required 
due to the inherent difficulty in the separation 
of the polymer side product in this particular 
reaction system. Thus, the following reaction 
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processes were adopted as shown in the 
scheme, 

1) Poly(DMS) with SiH end group (3) was 
prepared through the reaction of the living 
poly(DMS) with dimethylchlorosilane (2). 

2) The hydrosilation reaction of the poly
mer end SiH function (3) with allyl alcohol in 
the presence of platinum catalyst provided the 
hydroxypropyl end poly(DMS) (4). 

(3) The hydroxyl end group of poly(DMS) 
(4) was then converted to the tosylate ester 
group by the reaction with tosyl chlorode in 
the presence of 4-dimethylaminopyridine 
(DMAP). 

4) The tosylate end poly(DMS) oligomer 
(5) was used as a macromolecular initiator to 
produce poly(DMS)/poly(oxazoline) block co
polymer (7). 

EXPERIMENTAL 

Reagents 
Hexamethylcyclotrisiloxane (D3 ) (1) and 

dimethylchlorosilane (2) (both from Toshiba 
Silicone Co.) were purified by the distillation 
over CaH2• n-Butyllithium (Nakarai Chemi
cals Ltd., 1.4M inn-hexane) was used after ti
tration according to Gilmam and Haubein.4 
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CH3 COCH3 
7 

Allyl alcohol was used after distillation. 
Pt/C (5%-Pt, Japan Engelhard Co.) was used 
as received. Tosyl chloride was recrystallized 
from diethyl ether. 4-Dimethylaminopyri
dine, D MAP, was twice recrystallized from 
ethyl acetate. 2-Methyl-2-oxazoline (OXZ) 
was purified by the distillation over CaH2• 

THF, benzene, toluene and n-hexane were 
distilled over sodium wire. Other reagents 
were purified by the usual method. 

Synthesis of the Uniform Size Poly(DMS) with 
SiH End Group (3) 
A living poly(DMS) was prepared by the 

polymerization of D3 (1) with the required 
amount of butyllithium in THF as reported 
before. 5 Excess dimethylchlorosilane (2) 
(molar ratio of (2)/butyllithium = 5) was then 
added and stirred for 2 h. After the solvent 
and (2) were evacuated under reduced pres
sure, the product was subjected to filtration 
in order to remove lithium chloride. The re
action product was finally purified by freeze
drying from benzene solution. 

Synthesis of the Uniform Size Poly(DMS) with 
Hydroxypropyl End Group (4) 
Twenty grams of poly(DMS) with SiH end 
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group (3) were dissolved in 80 ml of dry 
toluene in a 200ml flask and 0.34g (0.001 
moll- 1) of Pt/C was introduced under nit
rogen. There upon a large excess of allyl 
alcohol (molar ratio of 3/allyl alcohol= l/50-
l/150) was added by a syringe and stirred for a 
prescribed period in a thermostated bath. The 
reaction product was isolated and purified by 
the successive precipitation into methanol 
after the filtration of Pt/C, and finally freeze
dried from benzene solution. 

Synthesis of the Uniform Size Poly(DMS) with 
Tosylate End Group (5) 
Onto a dichloromethane solution of 

poly(DMS) with the hydroxypropyl end group 
(4), a weighed amount of tosyl chloride, 
DMAP and, in some cases, triethylamine were 
added rapidly under stirring and the reaction 
solution was continued with stirring for 22 h at 
20°C. The reaction product was extracted with 
60 ml of dry n-hexane and was purified by the 
repreated precipitation into methanol, and 
finally freeze-dried from benzene solution. 

Reaction of the Uniform Size Poly(DMS) with 
Tosylate End Group (5) 
A weighed amount of OXZ was mixed with 

the poly(DMS) with tosylate end group (5) in 
toluene/nitrobenzene solution. The reaction 
mixture was then heated at 80 to l00°C for 24 
to 48 h. A white powdery precipitate formed 
during the reacti9n. The reaction mixture was 
poured into diethyl ether and the precipitated 
product was recovered and washed with di
ethyl ether more than five times and dried in 
vacuo at room temperature. 

Measurements 
270 MHz 1 H NMR spectra were recorded 

by JEOL JNM-GX270 apparatus. The chemi
cal shift was calibrated using the CHC13 

(7.30ppm) signal as internal standard. IR spe
ctra were taken on Hitachi 260-l 0 Infrared 
Spectrophotometer. GPC measurements were 
carried out using a Toyo Soda Model 803C 
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High Speed Liquid Chlomatograph equipped 
with a TSK G3000 HXL as a column and 
chloroform or THF as eluent. VPO measure
ment was carried out in toluene solution with a 
CORONA model 114 apparatus. TLC 
measurements were carried out using an alum
inum oxide plate (Merck kieselgel 60F254) of 
2.5cm width and lOcm height with chlo
roform as a spotting solvent and with iodine as 
the indicator. 

RESULTS AND DISCUSSION 

Synthesis of the Uniform Size Poly(DMS) with 
SiH End Group (3) 
Hexamethylcyclotrisiloxane (D3 ) (1) is 

known to polymerize in a living character 
with lithium initiators like butyllithium ot 
lithium silanolate.6 The modification of the 
living SiOLi end group has been recently at
tempt so as to introduce the polymeriable 
group, namely styryt,7 methacryl,7 •8 and 
vinyl silanyl5 group, as "macromonomer" for 
the synthesis of precisely characterized graft 
copolymers. 

In the present study, the silane (SiH) group 
was introduced as the end function of 
poly(DMS) in the first step, since the SiH 
group can undergo the hydrosilation reaction 
to add to unsaturated vinyl or allyl com
pounds,9·10 to allow further derivatization re
action. Thus, the reaction of dimethylchloro
silane (2) with a living poly(DMS), prepared 
by the polymerization of (1) with n-butyl
lithium in THF solution, was carried out. The 
reaction product was subjected to 270 MHz 
1 H NMR spectroscopic analysis; this was 
found to be a versatile and reliable tech
nique to observe the reaction occurring at the 
end group of polymers with the molecular 
weight up to ten thousands. 

Figure 1 shows the 270 MHz 1 H NMR 
spectrum of the thus obtained poly(DMS) with 
SiH as the single end group. The signals due to 
both end groups, namely the butyl group 
derived from the initiator at 0.60, 0.95, and 
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d) 
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Figure 1. 270 MHz 1 H NMR spectrum of poly(DMS) with silane end group (3) (No. 2 in Table I) in 
CDC13 . 

Table I. Results of the synthesis of poly(DMS) with silane end group (3)• 

C4H9Li 2 
Yield Mn 

No. 
moll- 1 moll- 1 moll- 1 Calcdh Found' 

I 2.25 0.225 1.125 97.0 2300 2200 
2 2.25 0.135 0.675 93.5 3600 3600 
3 2.25 O.o70 0.350 93.0 6800 6800 

a In THF (80ml); t=3h; T=20oC. 
h _ 1 Yield 

M =-- · -- · 222 + 116 (molecular weight of -f-CH2hCH3 and -Si(CH3) 2H). 
" C4H9Li 100 

c By vapor pressure osmometry. 

1.35 ppm respectively, and the silane group 
from terminating reagent as a multiplet at 4. 77 
ppm, were clearly observed aside from the 
overflowed signal of the poly(DMS) main 
chain at around 0 ppm. The molar ratio be
tween the butyl group from the initiator and 
the silane group from the termination reagent 
was found to be unity, indicating that the 
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termination reaction took place quantitatively. 
A series of poly(D MS)s with SiH end group 

(3), possessing the desired molecular weight 
with the narrow molecular weight distribution, 
can be prepared by regulating the initiator
monomer ratio, as summarized in Table I. 
These poly(DMS) oligomers (3) were obtained 
in an almost quantitative yield and their poly-
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dispersities (M w! Mn) were found to be always 
less than 1.10, which was estimated from GPC 
analysis by comparison with those of standard 
polystyrene samples of known M w! Mn value. 
The observed molecular weight of the thus 
obtained poly(DMS) oligomer (3) was in good 
agreement with the calculated one in each case, 
confirming that the initiation is fast and quan
titative in this polymerization system. 

It should be noted that the isolation and 
purification of the present silane end 
poly(DMS) (3) should be carried out not by 
the usual technique, namely the precipitation 
into methanol, but by the evacuation of vol
atile reagents. The methoxy end poly(DMS) 
resulted by the usual treatment through the 
reaction of the silane end group with methanol 
due to an acidic condition caused by the 
reaction between dimethylchlorosilane (2) and 
methanol during the precipitation procedure. 

d) 

a) b) c) <fH3 yH3 c) e) f) g) 

CH3 CH3 

Table II. Results of the synthesis of poly(DMS) 
with hydroxypropyl end group (4)• 

Yield of 
Temp Time hydroxypropyl 

No. M. of3 end group (4)b 
oc h 

mol% 

A-1 2200 40 6 15 
A-2 2200 20 8 40 
A-3 2200 13 10 100 

-------------------------
B-1 3600 40 6 46 
B-2 3600 20 12 63 
B-3 3600 13 15 100 

-------------------------
C-1 6800 40 6 53 
C-2 6800 20 12 76 
C-3 6800 13 20 100 

• In toluene (80 ml); poly(DMS) with silane end group 
(3) (20.0 g), allyl alcohol (26.4 g), Pt/C (0.35 g). 

b Determined by 1 H NMR spectrum. 

d) 

a) 

f) b) 

c) 

g, e) 

PPM 

Figure 2. 270 MHz 1 H NMR spectrum of poly(DMS) with hydroxypropyl end group (4) (No. B-3 in 
Table II) in CDC13 • 
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Synthesis of the Uniform Size Poly(DMS) with 
Hydroxypropyl End Group (4) 
The hydrosilation reaction of the obtained 

poly(DMS) having silane end group (3) with 
various functional aJlyl compounds is expect
ed to provide new poly(DMS) oligomers with 
a variety of reactive end groups. 

In the present article, the hydrosilation re
action with allyl alcohol is discussed in detail. 
The selective and quantitative hydrosilation 
reaction of the SiH end group with allyl al
cohol was observed to take place at 13°C, 
regardless of the molecular weight of 
poly(DMS) oligomer, as summarized in Table 
II. 

Figure 2 shows 270 MHz 1 H NMR spec
trum of the reaction product between poly
(DMS) with silane end group (3) and allyl 
alcohol at 13°C. The signal of the hydroxy 
methylene group was observed at 3.64ppm 
with the complete consumption of the silane 
signal at 4. 77 ppm for the reaction product at 
13°C. The addition reaction was found to 
proceed in an anti-Markovnikov mode selec
tively. On the contrary, the higher reaction 
temperature caused the dehydrogenation re
action between the hydroxy group of allyl 

alcohol and the SiH group of the polymer 
chain end in the presence of platinum cata
lyst11 to form the allyloxy end group, as can 
be seen by the presence of a considerable 
amount of protons assignable to the allyloxy 
group signals at 4.25, 5.20, and 5.98 ppm in 1 H 
NMR. 

Synthesis of the Uniform Size Poly(DMS) with 
Tosylate End Group (5) 
The uniform size poly(DMS) with hydroxy 

end group (4) was then subjected to the re
action with tosyl chloride. The resulting 
poly(DMS) with tosylate end group (5) may be 
utilized as a convenient polymeric initiator for 
the synthesis of block and graft copolymers of 
the well defined structure, since the tosylate 
group is a good leaving group on the attack by 
various nucleophilic monomers. 

The tosylation reaction of the hydroxy end 
group of poly(DMS) with various molecular 
weights was found to proceed in a high yield, 
when a slightly excess of tosyl chloride to 
hydroxy group was employed in the presence 
of DMAP, 12 as summarized in Table III. 

The extent of the reaction was evaluated by 
measuring the appearance of the tosyl group in 

Table III. Results of the synthesis of poly(DMS) with tosylate end group (5)• 

No. 

A-1' 
A-2• 
A-3 

B-1 
B-2 
B-3 

C-1 
C-2 

4 

M. 

2200 

3600 

6800 

g 

7.5 
6.0 
6.0 

5.0 
2.5 

10.0 

10.0 
10.0 

TsClb 

mmol 

32.0 
6.0 
6.0 

2.8 
2.1 
5.8 

2.9 
2.9 

Feed 

NEt3' 

mmol 

64.0 

12.0 

4.2 
11.6 

5.8 

• t=22h; T=20°C. b Tosyl chloride. ' Triethylamine. 

DMAPd 

mmol 

12.0 
6.0 

5.6 
2.1 
5.8 

5.8 
2.9 

d 4-Dimethylaminopyridine. e Determined by 1H NMR spectrum. 
r t=48h; T=25°C. • t=20h; T=20°C. 
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CH2Cl2 

ml 

40.0 
40.0 
40.0 

30.0 
20.0 
40.0 

40.0 
40.0 

Yield of tosylate 
end group (5)' 

mol% 

10 
86 
89 

90 
97 
93 

93 
91 
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(A)--------/ 

0 5 
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270 MHz 1 H NMR with the consumption of 
the hydroxypropyl end group. 

During a series of modification and de
rivatization procedures of the end-standing 
functional group, the poly(DMS) oligomers 
retained its narrow molecular weight distri
bution intact as shown in Figure 3, where GPC 
traces of poly(DMS) with the tosylate end 
group (5) together with that of the starting 
poly(DMS) with silane end group (3) were 
present. 

Reactions of the Uniform Size Poly(DMS) 
with Tosylate End Group (5) 

Elution volume ( ml) 

The poly(DMS) with tosylate end group (5) 
thus obtained was utilized as a macromo
lecular initiator for the synthesis of a block 
copolymer through the nucleophilic reaction 
toward the tosylate ester function at the chain 
end by a monomer. Thus thereaction of the 
poly(DMS) having the tosylate end group with 
a nucleophilic monomer, namely 2-methyl-2-
oxazoline (OXZ) (6) was carried out to pro
duce the hydrophobic-hydrophilic, poly-

Figure 3. GPC trace of (A) poly(DMS) with silane end 
group (3) (No. 3 in Table I) and of (B) poly(DMS) with 
tosylated end group (5) (No. B-3 in Table III) (eluent, 
THF, 1.0 mlmin- 1). 

Table IV. Results of the synthesis of poly(DMS)/poly(OXZ) block copolymer (7) 

No. 5 

M. g 

EtOTs 0.06 

A-I 2200 1.3 
A-2 1.0 

B-1 3.0 
B-2 3600 1.0 
B-3 1.0 

Feed 

oxz· 

g 

2.6 

1.5 
1.2 

6.4 
1.3 
1.3 

Ph-NO/ 

ml 

10.0 

10.0 
10.0 

15.0 
10.0 
10.0 

Toluene 

ml 

20.0 

20.0 
20.0 

30.0 
20.0 
20.0 

Temp Time rtield 
------

oc h 

100 24 

80 48 
100 24 

80 38 
80 24 

100 24 

g 

1.9 

1.3 
1.3 

4.9 
1.0 
1.1 

OXZcontent 
in block 

copolymer• 

wt% 

77 
71 

77 
70 
77 

Conv. of 
oxzd 

0/ 
/0 

67 
78 

59 
54 
66 

Apparent 
initiator 

efficiency• 

0/ 
/0 

23 
37 

37 
30 
25 

---------------------------------------------------
C-l 6800 l.O 
C-2 1.0 

1.2 
1.2 

10.0 
15.0 

20.0 
15.0 

100 24 
100 24 

1.0 
1.6 

70 
63 

a 2-Methyl-2-oxazoline. b Nitrobenzene. c Determined by I H NMR spectrum. 

(Yield)·(OXZ content in block copolymer sample) 
d Conversion of OXZ= . See also text. 

• Apparent initiator efficiency 
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OXZ feed 

(Yield)·(DMS content in block copolymer sample) 

poly(DMS) feed 

58 
84 

30 
59 
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8 

a) c) 

CH3 O=C-CH3 
I l 

n-Bu-t Si07j;-··+ N-CH2CH:l+rn 
I 
CH3 b) 

CHCl3 

l 
7 6 5 

1 
a) 

b) 
c) 

PPM 
4 3 2 0 

Figure 4. 270 MHz 1 H NMR spectrum ofpoly(DMS)/poly(OXZ) block copolymer (7) (No. B-3 in Table 
IV) in CDCI3 . 

(DMS)/poly(OXZ) block copolymer (7), 
since the sulfonate ester can initiate the ring
opening polymerization of oxazolines. 13 - 15 

The block copolymerization of OXZ was 
found to proceed in toluene/nitrobenzene mix
ture at either 80 or l00°C, as summarized in 
Table IV. The reaction product was then anal
yzed by 1 H NMR, GPC, and TLC technique. 

Figure 4 shows the 270 MHz 1 H NMR 
spectrum of the obtained poly(DMS)/ 
poly(OXZ) block copolymer (7). The presence 
of the overlapping signals due to both 
poly(DMS) and poly(OXZ) sequence indicates 
the formation of a block copolymer consisting 
of both segments. 

The formation of the poly(DMS)/poly
(OXZ) block copolymer (7) was also con
firmed by the shift of GPC trace toward the 
higher molecular weight region for the block 
copolymer sample compared to that for the 
starting poly(DMS) with tosylate end group 
(5). (Figure 5) Nevertheless, the broadening of 
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Table V. TLC" analysis of poly(DMS)/poly(OXZ) 
block copolymer (7) 

Polymer sample 

Poly(DMS) 
Poly(OXZ) 
Block copolymer (7)c 

Inn-hexane 

I 
0 
0 

• Aluminumoxide. b Vol. ratio I: 9. 
c Table 4, No. B-1. d Two spots. 

In methanol/ 
waterb 

0 

0, and Jd 

the molecular weight distribution accom
panied by the lower molecular weight region 
was observed for the resulting block copoly
mer sample. This might be ascribed to the 
chain transfer reaction in the polymerization 
of OXZ (6) by the tosylate ester end group of 
poly(DMS). This chain transfer reaction, 
which is considered to produce poly(OXZ) 
homopolymer together with the block copoly-

Polymer J., Vol. 19, No.9, 1987 



Uniform Size Poly(DMS) with Reactive End Groups 

0 5 10 

Elution volume (ml) 

Figure 5. GPC trace of (A) poly(DMS)/poly(OXZ) block copolymer (7) (No. A-2 in Table IV) and of (B) 
poly(DMS) with tosylate end group (5) (No. A-2 in Table III) (eluent, CHC13 , 1.0 mlmin- 1). 

mer, was confirmed by TLC analysis of the 
block copolymer samples. As summarized in 
Table V, the poly(DMS) homopolymer was 
developed by a good solvent, n-hexane, but 
remained at the starting point due to the poor 
solvent, methanol/water (vol. ratio 1 : 9) mix
ture, whereas poly(OXZ) showed opposite be
havior due to its solubility toward the re
spective solvent. The examined block copoly
mer sample exhibited a minor spot assigned 
to the poly(OXZ) homopolymer together with 
a major spot at the starting point due to the 
block copolymer component. An attempt to 
separate the minor portion of poly(OXZ) 
homopolymer from the block copolymer 
sample by the usual reprecipitation technique 

Polymer J., Vol. 19, No.9, 1987 

was not successful due to the surface active 
nature of the block copolymer. 

The poly(DMS)/poly(OXZ) block copoly
mer with a relatively short poly(OXZ) seg
ment, thus produced in this chain transfer 
reaction, was found to be washed out together 
with poly(DMS) homopolymer during the pu
rification procedures, which was confirmed 
from IR analysis of the wash out residue, 
showing characteristic absorption for poly
(OXZ) segment. Consequently, the appa
rent low initiator efficiency given in Table 
IV is ascribed to the slow initiation process in 
OXZ polymerization by tosylate esters16 and 
also to the loss of a portion of poly(DMS)/ 
poly(OXZ) block copolymer during the purifi-
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cation procedures. 
The poly(DMS)/poly(OXZ) block copoly

mers (7) obtained in the present study were 
found to be surface active as expected and able 
to emulsify the water/n-hexane mixture quite 
effectively. 
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