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SUMMARY

Macromonomers of polyvinylpyridine were obtained anionically, by reac
ting unsaturated electrophiles onto a "1iving" polyvinylpyridine solution.
The end-standing unsaturation is either a methacrylic ester function or
an x-methylstyrene group. Several experimental problems had to be solved
to get polymers of adequate and predetermined molecular weight and of
low polydispersity, and to have the molecules fitted quantitatively with
unsaturation at chain end. A careful characterization procedure was used
to check the ability of the method to yield well defined macromonomers.

INTRODUCTION

Ionic methods are known to be well suited for the synthesis of macromono-
mers, short polymer chains fitted quantitatively with a polymerizable
unsaturation at chain end. This unsaturation can be introduced either
upon initiation with an unsaturated initiator (MASSON, 1982), or upon
deactivation of the"living" sites by means of an unsaturated compound
(SIERRA-VARGAS, 1982).

The present note deals with the synthesis of polyvinylpyridine macromono-
mers, and with the characterization results on the samples obtained. The
interest of polyvinylpyridine arises from the easy quaternization (HOOVER
1970) whereby the polymer becomes water soluble, and behaves as a poly-
electrolyte. The final aim of the present work is to get access to various
types of graft copolymers (SELB,1980) fitted with randomly distributed
polyvinylpyridine grafts, to establish the effect of solvent and pH on
the conformations and on the overall dimensions of macromolecules (MARIE,
1976) and to investigate the ability of such species to give yield to
emulsions (MARIE,1976) or microemulsions.

EXPERIMENTAL

. Solvents and monomers were purified carefully and made free of proto-
nic impurities, according to classical procedures.

. The polymerizations were carried ow in tight reactors fitted with effi-
cient stirring and temperature control, under a slight overpressure
of dry oxygen-free argon.

. Initiators. Several metalorganic initiators were used:
diphenylmethyl potassium was obtained from diphenylmethane and
potassium naphtenidg,according to a method previously described
(NORMANT, 1960) .
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1.1-dipheny1-3 methyl pentyliithium resulted from the addition of sec.
butyllithium onto diphenylethylene, the reaction being carried out in
THF, at -30°C. This initiator is stable in THF solution, for 3 or

4 days, at least.

The initiator solution was titrated by means of acetanilide.
Deactivators and reagents

Ethylene oxide was kept for 4 hours over sodium wire, degassed and va-
cuum distilled.

Methacryloyl chloride was treated with calcium hydride, vacuum distil-
led and stored under argon, and in the dark.

p.bromomethyl et -methylstyrene was synthesized in the laboratory, star-
ting from p.bromoacetophenone. This four-step synthesis is schematized
below:

ch GHy cH,
C=0 H£ C-0H C=CH2
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Br Br Br
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The overall yield with respect to p.bromoacetophenone is of the order
of 40%. The pure p.bromomethyl- &-methylstyrene is a white crystalline
solid melting at 41°C. It was never described before, to our knowledge.

Characterization data

.Elementary analysis:

Calc. C % 56.89 H % 5.25 Br % 37.85
Fourd C % 56.70 H % 5.26 Br % 38,08
NMR L - CHy ... : 2.0 ppm
- CH2 co. 1 4.3 ppm
= CH2 ... : 4.9 and 5.2 ppm
ArH™ ... ¢ 7.1 ppm
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RESULTS AND DISCUSSION

It has been known for a long time that vinylpyridines are susceptible
to polymerize anionically, in aprotic solvents (THF), to yield "living"
polymers (CHAMPETIER, 1962). The rate constants of growth are very high,
and polymerization can be considered instantaneous. This is a disadvanta-
ge if polymers of Tow molecular weight and narrow molecular weight dis-
tribution {MWD) are wanted: in many cases a marked broadening of the MWD
is observed, and the first problem that had to be solved was to find expe-
rimental conditions such as to get defined polymers. The best results
were obtained with 1.7-diphenyl-3 methylpentyl Tithium as the initiator,
the reaction being carried out at very low temperature (-90°C) and the
monomer (diluted with twice its volume of solvent) being introduced slow-
ly into the reactor.

An additional difficulty arises with 4-vinylpyridine, as THF is a preci-
pitant for the polymer; as soon as molecular weights of the order
of 1000 are formed precipitation of the polymer occurs whereby no control
of the chain growth can be exerted anymore. However, 15% of DMF added
to the THF suffice to maintain the polymer in solution.

Once thepolymer is formed some of it is sampled out for characterization
purposes. The rest of the "living" polyvinylpyridine solution is used
for the synthesis of the macromonomer, by means of deactivation with an
unsaturated electrophile. Two pathways have been attempted:

. Methacryloyl chloride can be reacted onto the living sites of the poly-
vinylpyridine. However, a side reaction between the carbanionic sites
and the methacrylic double bond can be expected,and also detected by
size exclusion chromatography (GPC).

To prevent this side reaction to occur an intermediate addition
of ethylene oxide (MARIE,1982) was attempted. The nucleophilicity of the
site would be thus drastically reduced, but the resulting alcoholate
function should be still active enough to react quantitatively with the
methacryloyl chloride. The reaction should be carried out under conditions
such as- to avoid the polymerization of ethylene oxide, one single such
unit being introduced into the chain. It was found that the attack of poly -
vinylpyridine anion onto the ethylene oxide is rather slow even at 0°C.
Once the color of the polyvinylpyridine anion has vanished the metha-
cryloyl chloride is added and the macromonomer thus obtained can be re-
presented as follows:

0 CH
o3
CH3—CH2—l=3H —CH2—C - (CHZ‘CH)M— CH2—(;H —CH2*CH2—O -C—-C= CH2
%0 ¢

3 g @

p-bromomethyl- o -methytstyrene was reacted directly with the "living"
polyvinylpyridine in THF solution, at Tow tempetature (-80°C). In this
case it could be anticipated that no side reaction would take place
asthe sensitivity of a-methylstyrene type unsaturatiors to nucleophilic
attack is far less than that of vinylpyridine. The deactivation reaction
proceeds at once and the metal bromideprecipitates out. No change in
the GPC diagram can be detected upon deactivation; the macromonomer
exhibits exactly the same MWD as the polyvinylpyridine precursor. This
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indicates that no side reaction involving the double bond of the electro-
philic deactivator has takenplace. Thus thew (W -methylstyryl) poly-
vinylpyridine macromonomers can be represented as:

CHs~CH;~3H —~CH;=C — CHyCH) = CH;~CH — CH« )~-C=CH,
N

3 g 9 3

the macromonomers are carefully purified; the solution is first concen-
trated, and the salt is removed by filtration. Then the rest of the THF
is removed. The polymer is redissolved in dry benzene, and freeze-dried
after second filtration, or it is precipitated directly in cold heptane.
Table 1 shows the results of the characterization measurements carried
out on the various polyvinylpyridine macromonomers that have been prepa-
red. The yields are always close to quantitative. The molecular weights
measured are generally in good agreement with the values calculated from
the monomer to initiator mole ratio. The double bond titration gives
values of Mn (assuming one double bond per molecule) that are in fair

agreement with the values of Mn originating from size exclusion chromato-

graphy with polystyrene calibration (Fig.1). A series of light scattering
measurements confirmed the M, data arising from GPC. Finally it should

be pointed out that the NMR diagrams (Fig.2) show the two peaks of the
double bonded methylene groups, but integration leading to Mn values is

meaningsless owing to the accuracy of the measurements.

—
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CONCLUSION

It can be concluded that well defined macromonomers of polyvinylpyridine
can be obtained by deactivation of w -carbanionic polyvinylpyridine by
means of unsaturated electrophiles.
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The most efficient procedure includes use of low temperature and of a
1ithium initiator, to get sharp molecular weight distribution and to
ensure adequate control of Mn; direct reaction of the "Tiving" species

with p.bromomethyl- ® -methylstyrene was found very satisfactory as no
side reaction can be detected. The macromonomers thus obtained are fitted
with an of -methylstyrene type unsaturation. The other method involving
two steps (ethylene oxide and methacryloyl chloride} is equally satisfac-
tory; in both cases functionalization can be considered quantitative.

The use of these macromonomers for the synthesis of amphiphilic graft
copoymers will be described in a forthcoming paper.
Acknowledgements

One of the authors P.Ragunath Rao, wishes to acknowledge the French Govern-
ment for offering a postdoctoral fellowship under Indo-French Cultural
Exchange Program for the year 1982/83.

The authors want to express their appreciation to M.F. ISEL and M.J.P.LAMPS
for their efficient technical assistance.
REFERENCES

P. MASSON, G. BEINERT, E. FRANTA and P. REMPP,
Polym.Bull. 7, 17 (1982)

J. SIERRA-VARGAS, P. MASSON, G. BEINERT, P.REMPP and E. FRANTA
Polym.Bull. 7, 277 (1982)

M.F. HOOVER
J.Macromol.Sci.Chem. A-4, 1327 (1970)

J.SELB and Y. GALLOT
"Polymeric Amines and Ammonium Salts" E.J. Goethals Ed. Pergamon Press
Oxford, IUPAC 205 (1080)

P. MARIE, Y. HERRENSCHMIDT and Y. GALLOT
Makromol.Chem. 177, 2773 (1976)

N. NORMANT and B. ANGELO
Bull.Soc.Chim.Fr. 354 (1960)

G. CHAMPETIER, M. FONTANILLE, A.C. KORN and P. SIGWALT
J.Polym.Sci. 58, 911 (1962)

P. MARIE, J.P. LINGELSER and Y. GALLOT
Makromol.Chem. 183, 2961 (1982)

Accepted December 6, 1983



