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of the mass of PUI50, but since they are expected to be
localized in regions of higher mass density (the ionic aggre-
gates), they should occupy a volume fraction smaller than
their weight fraction, However, to bring the numbers
above into perfect agreement would require the aggre-
gates to have a mass density of 3.6 g/cm3, which seems
" rather large. This point requires further investigation,
preferably using a contrast-matched sample to eliminate
the subtraction method used here.
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| Communications to the Editor

Novel Initiator Systems for the
End-Functionalization of Poly(vinyl ethers)

The extensive investigation of the living cationic poly-
merizationof vinyl ethers by Higashimura and
co-workers' and others®® has paved the way to the molec-
ular engineering of this type of polymer. Of particular
interest is the synthesis of end-functionalized and tele-
chelic poly(vinyl ethers) (PVE) as precursors of newer
materials such as multisegmented copolymers. '

w-Functional and «,w-functional PVEs. can be pre-
pared along different reaction pathways. ‘Oneof the
approaches involves essentially a preliminary synthesis
of the functionalized vinyl ether monomer and use of its
HI adduct as an initiator for vinyl ether polymerization
in the presence of a Lewis acid activator. Thus, for
instance, the HI adducts of 2-(vinyloxy)ethyl methacry-
late and diethyl 2-(vinyloxy)ethylmalonate have been suc-
cessfully used”8 to initiate the polymerization:of vinyl
ethers. Both of these have been prepared by reaction of
chloroethyl vinyl ether with sodium methacrylate and
sodium malonate, respectively.

A second pathway relies upon the reaction of the liv-
ing poly(vinyl ether) chains with a nucleophilic func-
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ure 1. Addition of HI to conventional vinyl monomers at
°( in CH,Cly monitored by 'H NMR spectroscopy in CDCly
0 °C: (A) styrene; (B) styrene + HIL o

solution) has been investigated in methylene chlo-
The 'H NMR analysis of the reaction products
eals a quantitative addition of HI to the double bond.
e characteristic: peaks of =CHjz and =CH, as seen
m Figure 1 (in the example of styrene), have com-
y disappeared upon HI addition. The 'H NMR spec-
of the addition products are consistent with the
ected:structures; i.e. L

CH,
| //0
ICH,CH cHieZ
c ~ ‘
0% “oR ?HgHs
R = CHy, tert-butyl I

. Ethyl Vinyl Ether (EVE) Polymerization Ini-
ed by the HI Adduct of Conventional Vinyl
nomers. All the adducts prepared and character-
by 'H NMR spectroscopy have been found to ini-
EVE polymerization in toluene at -40 °C. The con-
n is quantitative within 150 min of polymerization
and a very narrow-molecular weight distribution
) is obtained.
he living nature of the EVE polymerization has been
estigated in the particular case of the HI adduct of
-butyl methacrylate. This system is representative
he rest of the adducts. EVE has, thus, been polymer-
d at different monomer/initiator molar ratios in tol-
e at —40 °C. The results, plotted in Figure 2, indi-
& linear dependence of the molecular mass (as deter-
ﬁd by size-exclusion chromatography) on the monomer/
lator molar ratio at 100% conversion. This observation
ports the living nature of the EVE polymerization,
east in the investigated range of molecular mass. The
ydispersity of all these samples is very narrow (<1.1),
t has, however, been observed that the initiator effi-
Y Mn(SEC)/My(calc) in the different experiments
ge between 75 and 80%, on the basis of M, values

tional compound as a terminating agent. Butylamine o
the sodium salt of malonic esters®!! have been used ef!
tively as terminating agents with the formation of w-fu
tional polymers. A combination of the first and sec
pathways allows symmetric or asymmetric telechelic p
(vinyl ethers) to be prepared. ~

As an extension of the second pathway, a symme
telechelic polymer has also been obtained by using
bis(vinyloxy)butane as a bifunctional initiator folle
by the. termination of the living polymer by a nucl
philic functional reagent.

Presently, we are reporting briefly a new method
the end-functionalization of vinyl ethers by making
of the HI adducts of some conventional vinyl monom
to initiate the EVE polymerization in toluene at =40
This type of end-functionalization is in sharp: contr
to the reports by Nuyken and co-workers® or Higa
imura and co-workers”8 in that the vinyl monomers u
to prepare the initiator cannot be polymerized under
conditions used for the polymerization of vinyl ether

I. Addition of HI to Conventional Vinyl Mo
mers. The addition of a stoichiometric quantity of
(0.4 molar solution) to conventional vinyl monomers (0
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Figure 2. Plot of theoretical M, (i.e., grams of reacted EVE
per mole of HI adduct with tert-butyl methacrylate) vs exper-
imental values obtained from SEC {polystyrene calibration), at
100% conversion. Polymerization was carried out in toluene,
at —40 °C, for 120~150 min. [EVE]-= 0.6 mol L*1,

computed by the polystyrene calibration curve. This might
be due to:a difference in the hydrodynamic volume of
polystyrene and poly(ethyl vinyl ether) and will be the
subject of further investigation. It is. worth noting that
when the HI adduct of styrene is used as an initiator,
the tH NMR spectrum of the polymer (Figure 3B) shows
as many styrene units (PhCH at 2.23 ppm) as acetal (4.55
ppm) end groups (within the limits of experimental error).
However, the calculation of molecular mass of the poly-
mer based on a small concentration of the end groups is
not precise, and the overlapping of peaks further com-
plicates the problem. It is; therefore, proposed to syn-
thesize a series of low molecular weight polymers of this
type and then to compute their molecular mass from-the
end groups and compare the result with the molecular
mass obtained by other'techniques.

ITI. Analysis of End Groups. According to the mech-
anism proposed? for the cationic polymerization: of vinyl
ethers, the initiator is quantitatively attached to the grow-
ing chain. Accordingly, the substituent of each vinyl mono-
mer involved in the initiating system has to be a chain
end, the other end being the: acetal resulting.from-the
quenching of the terminal C-I bond by methanol. 1H
NMR analysis qualitatively supports this expectation as
shown in Figure 3 for two representative polymers.

IV. Ability of the Conventional Vinyl Monomers
To Be Polymerized by Their Parent Iodides. Since
styrene is known to be polymerizable cationically, it was
of interest to evaluate the polymerizability of these vinyl
monomers by their parent iodides in the presence of a
Lewis acid activator. The results are summarized in Table
I. It is evident that styrene and vinyl acetate cannot be
polymerized whatever the activator (I, or Znly) even in
a polar solvent such as methylene chloride.

On the other hand, methyl methacrylate (MMA) can
be partially polymerized in methylene chloride in the pres-
ence of iodine activator. However, the conversion is lim-
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) oligomerize when iodine is replaced by Znl; as an g¢
A vator. This is consistent with the selective coordinat;
of Znl; with the carbonyl of the monomer rather th

with the terminal carbon-iodine bond of the parent iod;

i.e., the initiator is no longer activated. ,

Thus, the vinyl monomers considered in this study for

well-defined iodides upon HI addition but do not the

. selves polymerize in the presence of the parent iod;
under the conditions reported here.

In conclusion, the ability of conventional vinyl mon

mers to initiate the EVE polymerization as HI addue
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CHy— CHHCH~ CHAHCH,~CH-OCH,

g HaCHy OCHCH, . -
o ¢ A ; (in .the presence of a Lewis acid activator) opens up inte
esting possibilities, currently investigated for prepari
& functionally end-capped poly(vinyl ethers), telomers, a
also di- or triblock copolymers depending on the initj
) ‘ ‘ , ‘ ‘ ‘ polymer functionality as well as on the use of multifun
70 60 50 4.0 30 20 10 ppm %ional initiator systems (for example: ethylene bj '
methacrylate)). i i . . . .
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a 25% conversion (gravimetry); bimodal distribution.

ited to 25%, and the molecular mass is at least 5 times
higher than expected on the basis of monomer/initiator
molar ratio; Furthermore, MMA is not polymérized in
toluene. Even in methylene chloride, MMA does tiot even

ning ester groups using MoCls- and WClg-based cata-

polymer was dissolved in chloroform followed by precipitation
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perimental Section

with a large excess of methanol. The polymer was filtered from
the solution and dried to a constant weight under vacuum at
40 °C for 24 h. The polymer yield was calculated by gravime-
try.

Preparation of DEDPM.? Diethyl malonate (27 g) was added PR i
dry ethanol (150 mL) containing sodium ethoxide (from sodium, Instruments for Characterization. 1H NMR and 13C NMR

spectra were recorded on a Varian FT-80A spectrometer and a

£). After 5 min, propargyl bromide (42 g) was slowly added
the stirred suspension, and the mixture heated under reflux
' 30 min, After removal of the alcohol in a vacuum, the res-
e was diluted with water, and the neutral fraction was iso-
ed and dissolved in hexane, DEDPM (33 g) slowly sepa-
ed in octahedra: yield 79%; mp 45.5 °C (lit.8 mp 45.5 °C).
Other Materials. Tungsten(VI) and molybdenum(V) chlo-
& (Aldrich Chemicals, resublimed, 99+%) were used with-
t further purification, Tetra-n-butyltin (Aldrich Chemicals,
%) and ethyl aluminum dichloride (Aldrich Chemicals, 26%

*‘,Department of Textile Engineering, Kyungpook Sanup Uni-
sity, Daegu 701-702, Korea.
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Bruker AM-200 spectrometer, respectively, An infrared spec-
trum was taken on a Perkin-Elmer 283B spectrometer with a
potassium bromide pellet. UV-visible spectra were obtained
with a Beckman DU-6 spectrometer. Thermogravimetric anal-
ysis (TGA) was performed in a nitrogen atmosphere at a heat-
ing rate of 20 °C/min with a Du Pont 951 TGA. Thermal tran-
sitions were measured with a Du Pont 910 differential scan-
ning calorimeter under nitrogen atmosphere at a heating rate
of 20 °C/min. Number average molecular weights (M) were
_determined in THF solution by Waters GPC-150C with a cali-
bration curve for polystyrene standards. - Tensile tests were car-
ried out at 20 °C at a strain rate of 86% /min by using Instron
1122; the specimen size was 35 X 10 X 0.2 mm, Electrical con-
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