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Abstract 

Block copolymers consisting of isobutyl vinylether (IBVE) and 2-( 1 -pyrrolidonyl)-ethylvinyl- 
ether (PEVE) were synthesized by the nucleophilic substitution of poly(2chloroethylvinyl- 
ether-b-isobutylvinylether) (poly(CEVE-b-IBVE)) by the anion of pyrrolidone. The 
poly(CEVE-b-IBVE) was obtained by sequential polymerization of CEVE and IBVE initiated 
by 1 -iodo- 1-(2-rnethylpropyloxy)ethane/tetrabutylammonium perchlorate. The molar mass 
and the composition of the block copolymer can be controlled, because the polymerization 
shows the characteristics of a living polymerization. 

Introduction 

From earlier studies we know that the polymerization of CEVE with the initiator system 
1 -iodo-l-(2-methylpropyloxy)lammonium perchlorate (TBAP) shows the 
characteristics of a living polymerbtion”. Furthermore, we have shown that the water 
soluble poly(24 1 -pyrrolidonyl)ethylvinylether) (PPEVE) is obtained by a complete nucleo- 
philic substitution of the chlorine in poly(2-chloroethylvinylether) (PCEVE) by the anion of 
pyrrolidone‘). It was our interest to synthesize an amphiphilic block copolymer via 
poly(1BVE-b-CEVE) as intermediate which can be converted into poly(IBVE-b-PEVE) by the 
nucleophilic substistution already successfully applied for PCEVE. Although several block 
copolymers of various vinylethers have been synthesized none of them has been 
prepared by 1 -iodo-l-(2-methylpropyloxy)~b~lammonium perchlorate (TBAP) 
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4t 0 NUYKEN ET AL. 

as initiator. Since this initiator system has several advantages over HI/12 and HI/Zn12 (no side 
re.3ctions, no discolouration, control of molar mass up to high value, ...) it may open an 
atiractive route to new block copolymers with controlled sequences. The ,,one step" 
ndeophilic substitution replacement would allow the synthesis of a great variety of polymers 
wruch are not obtainable by sequential addition of monomers . 

Result and Discussion 

P~~ly(2-chloroethylvinynylether-b-isobutylvinylether) (poly(CEVE-b-IBVE)) was synthesized 
ai cording to the following scheme. 
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The polymerization of IBVE was started with UTBAP. The monomer conversion was 
filllowed by GC with toluene as internal standard. After the conversion of IBVE the 
tcrnperature was raised and the second monomer (CEVE) was added. The rate of 
p,)lymerization of CEVE is lower compared to the rate of IBVE (see also')). 
T ib.1 shows that the calculated and observed molar masses are similar, indicating that both 
monomenreact in a living manner. It is interesting to mention that the GPC spectrum of the 
block copolymer shows only one peak. This is an additional prove for the existence of the 
b!ock copolymer. 
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POLY (24 1-PYRR0LIDONYL)-ETHY LVINYLETHER-bISOBUTY LVINYLETHER) 46 1 

Tab. 1 : Block copolymerization of IBVE and CEVE with l/TBAP 
Solvent: CH2C12; [IBVE] = 1 .O mol r'; [CEVE] = 0.8 mol I-' 

a) Conversion of IBVE after one hour (exp. 1) or after 2.5 hour (exp. 2) 
b) Addition of an extra portion of TBAP with the CEVE-solution 
c) Conversion of CEVE after 24 hour (exp. 1) or after 44 hour (exp. 2) 
d) calc. from ?& = MM, x W~ld[rl x CI + MW x [M21,/Crl x CZ+ M H ~   ME.^ 

C = conversion (C, = 100 %) 

The composition of the block copolymer can be determined by the 'H-NMR-spectra of 
poly(IBVE-b-CEVE) (Fig. 1). The spectrum contains an independent signal of one unit, the 
signal at 0.9 pprn corresponds with six protons of IBVE (i) and the area between 3.9-3.0 ppm 
corresponds with five protons of a CEVE-unit (a,b,c) and three protons of an IBVE-unit (d,e). 
Therefore it is possible to calculate the composition of the block copolymer on the basis of the 
following relation: 

ICEVE 
ICEVE + I ~ B V E  

%EVE = 

Ilem = i/6 ; i area of signal at 0.9 ppm 
I, = (A - I,BvE x 3)/5, A area of signal between 3.9-3.0 ppm 

n = number of repeating units of CEVE 
m = number of repeating units of IBVE 

= n/[n + (m f l)], mol hction CEVE 

(+1 due to the initiator unit) 

As one can see from table 2, the composition of the block copolymers based on 'H-NMR are 
nearly equal to the calculated composition based on the conversion data in table 1. 
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Fig. 1 : 'H-NMR-spectrum of poly(1BVE-b-CEVE) in CDC13 

Reaction of poly(1BVE-b-CEVE) with the anion of pyrrolidone 

Since the initiating systems which was used for the polymerization of IBVE and CEVE6' do 
riot polymerize 2-( 1-pyrrolidony1)ethylvinylether (PEVE), it was necessary to take a detour. 
'Therefore we synthesize poly(1BVE-b-PEVE) by reacting of poly(1BVE-b-CEVE) with the 
d o n  of pyrrolidone according to the following scheme. 

H H 

- t w - C w C b - C h r O C y  + n  KCI 
I I 

I I 
I(. 

H H 

4Cb-CWCHa-ChrOCb 
I I 

I I 0 0 
I I I I 0 0 

Figure 2 shows the 'H-NMR-spectrum of the resulting product. 
The signals at 2.0 ppm and 2.3 ppm are absent in the precursor (see Fig. 1). These signals 
belong to the protons of the pyrrolidone (g,h). The degree of the substitution can be calculated 
by the following quatation. 

5 .% I,,,, = I A  - (I&) x 7 - 3 x IlBm 

I,, = Integral of 
I, = Integral of the region 3.9 - 3 .O ppm; 

proton of CEVE 

corresponding with seven protons of a substituted unit (a-d) and five protons of the 
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Experiment XIBw(calca)) 

1 62.4 

2 56.1 

Xl,&'H-NMR) k ( c a l c b $  Gm('H-=) 

60.1 31.6 39.9 

54.2 43.9 45.8 

. T - - .  . . . . . . . . , , 7 - 7  I_.-_-r . 
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 

Ppm 

Fig. 2: 'H-NMR-~pectrum of poly(1BVE-b-PEVE) in CDC13 

unsubstituted CEVE-unit (if existing; a-c: see Fig. 1) and the three proton of the IBVE- 
unit (e,4 

Ip = Integral of two protons of the pyrrolidone (g or h) 
I,, = Integral of 
(Integral of 0.9 ppm devided by six) 

proton of IBVE 

The calculation shows that the degree of substitution of the chlorine was 100 %. The result is 
supported by elemental analysis which does not show any residual chlorine. 
The molar mass of poIy(IBVE-b-PEVE) measured by GPC was smaller instead of greater than 
the precursor (Mn(calc.) = 4930 g/mol, M n  (GPC) = 1240 g/mol Mn@wxmor) = 4150 
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46 4 NUYKEN ET AL. 

gimol). The reason for this result is the higher polarity of the product compared with the 
precursor, therefore the elution time of the GPC is extended. If one determines the molar mass 
via 'H-NMR, one gets a value of 5310 g/mol, which is close to the calculated value of 4930 
g/mol. 

Experimental Part 

Instruments 
IR.: Digilab FTS-40; 'H-NMR: Bruker AC 250 (250 MHz); "C-NMR: Bruker AC 250 (62,5 
M Hz); GPC: Waters 5 10, UV and RI detector; calibration with polystyrene standards, eluation 
wlth THF; GC: Varian GC 3700, column CP SIL 5CB, Chrompack 9000, Column CP SIL 
5( :B; Cryostate: Lauda UK 8 DN; Elemental analysis: Ilse Beetz, Kronach; 

C#iemicals 
Toluene was distilled over sodium before use. CH2C12 was refluxed over CaH2 and freshly 
distilled before each experiments. Isobutyl vinylether and 2-chloroethyl vinylether were dried 
ol'er CaH2 and fieshly distilled before use. Tetrabutylammonium perchlorate was dried for 24 
hl s under high vacuum conditions and stored under argon. l-Iodo-l-(2-methylpropyl- 
o>.y)ethane was synthesized as described in the literature". The other chemicals were used as 
received. 

PI )ly(IBVE-b-CEVE) 
The thermostated polymerization apparatus equipped with a thermostated dropping funnel, 
a 3-way tap, a thermometer, a septum and a stirring bar was carefully dried before use (heated 
tr 150°C for 12 hrs, cooled under dry argon). Then the apparatus was filled with IBVE, 
toluene as internal standard (for quant. determination of conversion by GC) and a solution of 
TBAP in CH2C12. The polymerization was started by the addition of prechilled solution o f 1  in 
hcxane. The reaction temperature was kept constant with a cryostate. Samples were taken 
through the septum during polymerization. After the conversion of IBVE (see table 1) the 
s! stem was heated and a certain amount of CEVE was added. The progress of polymerization 
was followed by GC. After the conversion of CEVE the polymerization was quenched with 
methanol/aqu. NH,. Diethylether was added to the polymer solution. Then the polymer 
solution was washed with Na2S203 (10 % solution in water) and with water. The solution was 
dried over sodium sulfate. After removal of the solvent in vacuum the polymer was dried and 
clmcterized. 

CI 

'II-NMR (CDCI,) G(ppm): 3.9-3.0 (H", Hb, Hc,Hd, p), 2.0-1.4 (d, Hg, Hh), 0.87 (Hi) 
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7 1 6 2  
4Cb-CHMCH,-CHh 

1 
0 

I 
0 

C-Nh4R (CDCl,) 6@pm): 75.5 (C'), 73.6 (C'), 68.8 (C3, (2'). 43.6 (C'), 42-39 (C', C'), 28.9 13 

(C'), 19.6 (C', 

Pol y(IBVE-b-PEVE) 
1,11 g (13 mmol) pyrrolidone, 0,05 g (0, I5 mmol) tetrabutylammoniumbromide and 1,35 g (1 2 
mmol) potassium t-butylate were dissolved in I5 ml dmethylfomamide @MF) and stirred at 
room temperature for one hour. Then 1 g of poly(1BVE-b-CEVE) (M, = 4380 g/mol; corn- 
position 47 mol % CEVE, 53 mol % IBVE) dissolved in 10 mI toluene was added slowly. 
This mixture was heated to 70°C and stirred for 16 hrs at this ternpemture. After cooling to 
mom temperature the mixture. was filtered. The precipitate was washed with toluene and 
DMF. Then the filtrate was reduced in vacuum. The oily product was redissolved in 
diethylether and washed with a saturated aqueous NaC1-solution and with water. After drying 
with Na2S04 the solvent was removed in vacuum. Then the polymer was redissolved in 
diethylether and cleared off by centrifugation. After removal of the solvent in vacuum the 
polymer was dried and characterized. 

Yield: 0.68 g (56 %) 

IR (film) cm-': 2953,2926,2878 (CH); 1689,1681 (CO); 11 11,1097 (COC) 
4cH,-caMcli,-ca,, i 

I 
0 

I 

I 

0 
c 4  I +! 

CHk\ 
'H&' CHf 'T 

d@ 

'H-NMR (CDC13)G(pprn): 3.9-3.0 (Hut Hb, HF,Hd, g, I-f), 2.33 (Hg),1.98 @I*), 1.9-1.4 (Hi, H', 
Hk), 0.87 (H') 

8 2 9 3  
4W--CHWC&-CH+, 

I 
0 

I 
0 
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166 NUYKEN ET AL. 

C-NMR (CDC1, Wpm): 174.8 (C’), 75.7 ( 0 ,  73.6 (C3, C‘), 66.1 ((23, 48.3 (C‘), 42.9 13 

(C’), 42-38 (C’, C$,30.7 (C’’), 28.9 (C”), 19.5 (C”), 18.0 (C”) 
Elemental analysis: (Mn = 4380 g/mol, 47 mol % PEVE, 53 mol % IBVE +endgroup) 

found: C: 66.75 H: 10.26 0:18.83 N: 4.16 C1: 0.0 
calc. (%): C: 66.97 H: 10.37 0:18.41 N: 4.24 c1: 0.0 
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