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Summary 

Starting from tertiary amine polymers the re- 
action can be written in two steps I) quaternization 
of the amine group by acid halide 2) addition of an 
electrophylic ethylenic reagent on the quaternary am- 
monium salt : 

~N + - H + CH 2 = CH -Z -~ -~N - CH 2 - CH 2 - Z ~- 4- + 

X- X- 

X- is CI- or Br-.~N is the tertiary amine supported 
by the polymers. T~rtiary amine group tested are : 
pyridine, pyrazine, quinoleine, quinoxaline and N di- 
methyl phenyl. Z is an attracting group as : 

- C - CH3,- C - OH, - C - 0 - CH3, - C - NH 2 and -C~N 
II II II IO 
O O O O 

Introduction 

Quaternary ammonium polymers have many indu~ 
trial applications. These type of polymers are gene- 
rally obtained by quaternization of a tertiary amine 
group by an alkyl halogenated derivative (MORCELLET- 
SAUVAGE and LOUCHEUX 1975). We proposed a new way of 
obtaining such compounds. This method is the applica- 
tion to polymeric reagents (GHESQUIERE et al 1975, 
TAGHIZADEH et al 1979) of the reaction between an 
electrophilic ethylenic group and a protonated tertia- 
ry amine (LE BERRE and DELACROIX 1973, DOWENKO 1960). 

Experimental 

Starting form tertiary amine polymers the re- 
action can be written in two steps : 
1 ~ Quaternization of the tertiary amine polymer with 
an acid halide : 

N + HX--~ ~ N + - H (i) 
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2 ~ ) Addition of the electrophilic ethylenic reagent 
on the quaternary ammonium salt : 

~--- N - H + CH 2 = CH - Z-@ ~N + - CH 2 - CH 2 - Z (2) 
f + I 

X- X ~ S 

The two steps were carried out successively 
in a solvent of the protonated polyamine (without any 
separation of the protonated polyamine). The second 
step was carried out at 70~ during variable times (i 
to 24 hours) with an excess of the ethylenic reagent. 
Modified polymers were twice precipitated then charac- 
terized by IH NMR (Varian T60) and IR (Perkin Elmer 
257). NMR spectra were recorded from D20, CD3OD or 
CDCI 3 solutions using dioxane or TMS as internal stan- 
dard . IR spectra were recorded from films. Generally 
we could note in the IH NMR spectra the characteris- 
tic resonance of the e and 8 - CH2 - group (as defined 
in equation 2), and in the IR spectra the absorption 
band characteristic of the Z function. Quantitative 
analysis of modified polymers was made by a potentio- 
metric determination of the X- content and a conduct~ 
metric determination of free amino groups (TAMIKADO 
1960). 

Tertiary ami/qepolymers tested were : poly(4 vinyl 
pyridine) (P4VP), poly(2 vinyl pyridine) (P2VP), poly(2 
methyl 5 vinyl pyridine) (P2M5VP), poly(2 vinyl pyra- 
zine) (P2VPY), poly(2 vinyl quinoleine) (P2VQ), poly 
~henyl quinoxaline) (PPQ), poly(dimethyl amino styren~ 
(PDMAS). All polymers were obtained by conventional 
radical polymerization except PPQ and PDMAS which we- 
re commercial products. 

Ethylenic reagents were : vinyl methyl cetone 
(VMC), acrylic acid (AA), methyl acrylate (MA), acryl 
amide (AM) and acrylonitrile (AN). All these products 
were commercial. 

Results and Discussion 

In a first time we examine the possibility 
of addition of the different ethylenicson P4VP. Re- 
sults are summarized in Table I. 

A quantitative addition is easy for VMC and 
AM but we note a partial addition in the case of MA 
and AA, and no reaction at all with AN. 

In a second time we studied the addition of 
VMC to a series of polymers containing different ter- 
tiary amine groups. In this case the first step of 
the reaction was arbitrarily limited to 50 %, 25 % in 
the case of P2VPY and PPQ (experimentally we note that 
the rate of the second step decreases at high percen- 
tage of protonated amine). The second step of the 
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reaction was performed in different solvents : metha- 
nol (MeOH), dimethyl formamide (DMF), tetramethylsul- 
fone (TMS) and chloroform, depending on the polymer 
studied. The results obtained are reported in Table 2 
(the percentage of addition refers to the protonated 
amine). 

TABLE I 

Modification of P4VPH + CI- by some ethylenic reagents 
in methanol 

Ethylenic VMC AM AA MA AN 

% of addition 95 95 42 40 0 

IR absorption 
band of the Z 1710 1670 1710 1725 - 
group in cm -I (a) 

(b) ~ 3.4-3.7 3.4-3.8 -0.93 - 1 

6.1 6.0 2.3 2.6 

a) absorption of the ~ C = 0 group fixed on polymer 

b) IH resonance of a and B - CH 2 - group as defined 
in scheme (2) in the case of VMC and AM:solvent ~ D  
reference TMS. in the case of AA and MA:solvent D 10 
reference dioxane. 

TABLE II 

Reactions of some polymers with VMC 

Polymer Solvent % of addition IR absorption (a) 
o f the ~ C=O ~oup 8 

in cm-~ 

P2M5VP MeOH 58 1710 (b) 3.3 

P2VPY MeOH 90 1720 (b) 3.5 

P2VP DMF 82 1710 (c)-0.9 

P2VQ DMF 30 1720 (b) 3.9 

PPQ CHCI 3 63 1710 (d) 3.4 

PDMAS TMS 98 1730 (c)-i 

(a) IH NMR resonance of the B - CH2 - group as defined 
in scheme (2) (the ~ resonance is generally masked) 

(b) solvent : CD30D reference TMS 
(c) solvent : D20 reference dioxane 
(d) solvent : CDCI3 reference TMS 
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Conclusion 

We have shown that the obtention of N substi- 
tued quaternary ammonium salts is possible by direct 
addition of an electroph• ethylenic on a protonated 
polyamine. 
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