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Intr oduction
For the synthesisof star-shapedpolymers,two methods
basedon liv ing polymerization have beendescribed1–3):
end-capping of linear living polymerswith a multifunc-
tional end-capper(“arm-first” method), and initiation of
thepolymerizationwith a multifunctional initiator system
(“core-first” method). In caseof liv ing cationicpolymeri-
zation of vinyl ethers,star-shapedpolymers have been
prepared by both methods4,5). The core-first method has
theadvantage that,at theendof thepolymerization, end-
capping of theliv ing chainendsis still possible, thuspro-
viding anelegant methodfor thesynthesisof star-shaped
multi-telechelicpolymers.

The classicalinitiation method for the controlled poly-
merization of vinyl ethers utilizes activated halides as
startingmaterials6,7). Themost usedonesarea-iodo- or a-
chloroalkyl etherswhich are transformed into initiating
speciesby addition of a Lewis acid. In the present paper,
we wish to report on another type of activated halide
which simultaneouslyprovidesthe possibility to perform
a multifunctional initiation reaction.The new systemis
based on hexa(chloromethyl)melamine (HCMM) in
which thechloridefunctionsareactivatedby thepresence
of (non-basic) aminofunctionsin a-position.

Experimental part

Materials

Toluene,CH2Cl2 andisobutyl vinyl ether(IBVE) weredried
over CaH2 and distilled just before use. ZnCl2 solution in

diethyl ether(1.0 M) and BCl3 in hexane(1.0 M) were pur-
chasedfrom Aldrich and used without further treatment.
Hexa(methoxymethyl)melamine(HMMM) (Cymel303)was
purchasedfrom American Cynamide and used without
furtherpurification.

Synthesisof hexa(chloromethyl)melamine(HCMM)

A 250ml double-cockedflask providedwith rubberseptum
and magneticstirring bar containing4.0g of HMMM was
dried in vacuumat 408C for 1 h and then filled with dry
argon.By meansof a hypodermalsyringe,120ml of CH2Cl2
wasinjectedthroughtheseptuminto theflask and64.5ml of
BCl3 solutionin hexane(1.0 M) wasaddeddropwiseat room
temperatureunderstirring. After addition of the BCl3 solu-
tion, the reactionmixture wasstirredfor 0.5h. The mixture
was washedwith a saturatedaqueoussolution of NaHCO3

anda dilute solutionof Na2SO4. Theorganicphasewasdried
over anhydrous Na2SO4 overnight.After removing the sol-
vent under rotary evaporation, 2.88g of HCMM was
acquiredasa white powder(m.p. 1768C; yield: 72%). Ele-
mentalanalysisis asfollows:

C9H12N6Cl6 (416.9) calc. C 25.93 H 2.88 N 20.16 Cl 51.02
found C 26.80 H 3.31 N 20.08 Cl 46.87

Typical polymerizationprocedure

To a dry solutionof 0.05g of HCMM in 100ml of CH2Cl2,
cooled at –458C, a suitable amount of IBVE was added
underdry argon. Then, 300ll of ZnCl2 solution in diethyl
ether (1.0M) was injected to initiate polymerization.After
2 h, the reactionwasterminatedwith methanol/ammoniaor

Communication: Combinationof hexa(chloromethyl)-
melamine(HCMM) and zinc chloride was found to be a
multifunctional initiator system for the living cationic
polymerizationof isobutylvinyl ether. HCMM wassynthe-
sized by reactionof hexa(methoxymethyl)melamineand
boron trichloride. Characterization of the polymers by
meansof GPC and 1H NMR showedthat initiation was
rapid and quantitativeand that the initiator is hexafunc-
tional,leadingto six-armedstar-shapedpolymers.
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another functional terminating agent. The mixture was
washedwith water, the organicphasewasdried over anhy-
drous Na2SO4 overnight and the solvent was evaporated.
After dryingundervacuum,poly(IBVE) wasacquiredascol-
orless,transparentandviscousliquid.

Characterizationmethods
1H NMR spectrawererecordedon a BrukerAC 500FT. Gel
permeationchromatography(GPC) was performed on a
60cm Pol. Labor. column, 1000Å porosity, eluant CHCl3
and calibratedby polystyrenestandards.A combinationof
refractiveindexdetection(Waters2410)andUV detectionat
254nm (KontronInstrumentsHPLCdetector742)wasused.

Resultsand discussion

Synthesisof HCMM

HCMM was prepared by reaction of hexa(methoxy-
methyl)melamine (HMMM) with boron trichloride
(Scheme1):

The formation of HCMM was proven by comparing
the1H NMR spectrumof thestartingmaterialwith thatof
the end product.As shownin Fig. 1, singletsat 3.5 and
5.3ppmcorresponding to methyleneandmethoxy groups
in HMMM havecompletely disappeared in the endpro-
duct andare replacedby onesingletat 5.7ppm, a value
that is in good agreement with thestructureof HCMM.

Preparationof star-shapedpolymerswith HCMM
initiator

The polymerization of IBVE with HCMM was carried
out at –458C in dichloromethane using zinc chloride as
activator. The polymerization reactions were stopped
after approximately 2 h by addition of a mixture of an
alcoholandammonia or triethylamine which is expected
to produce the correspondingacetal at each chain end
that wasstill activeat the momentof termination.Under
theseconditions,almostquantitativeconversionsto poly-
mer were obtained. The polymers were analyzed by
meansof gel permeationchromatography(GPC)usinga
combination of refractive index andUV detection. Fig. 2
showsa typical GPCanalysis of a polymer that waster-
minated with methanol/ammonia. This chromatogram

demonstrates that the polymer showsabsorbance of UV
light (254nm),andthat themolecular weightdistribution
of the polymer is unimodal and relatively narrow. This
provesthat a relatively fast initiation reactiondid occur
andthatthearomatic functionoriginating from HCMM is
incorporatedinto thepolymer chain.

A 1H NMR spectrumof a polymer obtained with ben-
zyl alcohol as terminating agent(Fig. 3) shows that the
polymer contains benzylic end groups as evidencedby
thepeaksat 7.4 (aromaticprotons) and4.75ppm(benzyl
ether methyleneprotons). Theratio of theareaof theben-
zyl peaksto theareaof themethylpeaks(isobutyl groups
of the polymer)allows us to calculatethe averagelength

Scheme1:

Fig. 1. 1H NMR spectraof HMMM andHCMM
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of eachpolymer arm, assumingthat all polymer chains
werestill active at themoment of termination. If the thus
obtainedvaluesarecomparedwith thevaluesobtainedby
GPC,it canbeconcludedthateachpolymer formedmust
contain several chain-ends, in otherwords,the polymers
musthavea star-shapedstructure.

Based on the abovementioned results,the following
reactionschemeis proposed (Scheme2):

Variouspolymerization reactions havebeencarried out
using different conditions,and typical analytical results
aresummarizedin Tab.1.

If it is assumedthateachHCMM moleculehasformed
one(star-shaped)polymermolecule, thecalculatedmole-

cular weight of the endproductis given by ([M]/[In ])6
100 + 846 (846 is the sum of six benzyloxy end groups
and one hexamethylene melaminecentral group). These
valuesaregivenin thesecondcolumnof Tab.1. Thethird
columndisplaysthe ratio of benzyl endgroupsto IBVE
units in thepolymersasmeasuredby 1H NMR. This ratio
leadsto the corresponding averagedegreesof polymeri-
zation(DP) of thearmsand,after multiplication with 100
and addition of 107 (corresponding to one benzyloxy
group)to the M

—
n of the arms.Thesefiguresareshownin

column 4. M
—

n of the star polymer, assuming6 arms, is
obtainedby multiplying the valueof column 4 by 6 and
adding the massof the hexamethylene melamine core
(204). Thesevaluesaredisplayed in column5. Columns

Fig. 2. GPCanalysisof star-shapedpoly(IBVE) with RI detec-
tor(1) andUV detector(2)

Fig. 3. 1H NMR spectrumof star-shapedpoly(IBVE) with benzyloxy end
groups

Tab.1. Characterization of poly(IBVE) obtained from
HCMM/ZnCl2 asinitiating system

[M]/[HC MM] M
—

n

(calc.)a)
IBVE/
benzyl

M
—

n

(arm)b)
M
—

n

(star)c)
M
—

n

(GPC)
M
—

w/M
—

n

68
135
174
286

7650
14360
18330
29535

10.2
21.2
26.2
48.6

1127
2227
2727
4967

6966
13566
16566
30006

4530
9870

12910
22400

1.28
1.32
1.31
1.28

a) ([M]/[ In])6100 + 846 (molecular weight of hexa(benzyl-
oxymethyl)melamine).

b) ([IBVE]/[benzyl])6100+ 107.
c) M

—
n (arm)66 + 204.
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6 and7 display theexperimental GPCresults.Calculated
valuesof M

—
n andthoseobtainedfrom endgroupanalysis,

assumingsix armedstructures,are in reasonable agree-
ment. The experimental values of M

—
n obtainedby GPC

analysisincreasewith increasing [M]/[HC MM] ratio, as
expected for a “living” system, but are systematically
somewhatlower than the calculated values. This is in
agreement with thestar-shapedstructureof thepolymers.
It hasbeenreported8) that star-shaped polymers elute at
higherelution volumescompared to thoseof their linear
homologuesdueto their smallerhydrodynamicvolume.

Conclusion
Polymerization of IBVE with the initiating system
HCMM/ZnCl2 at –458C in dichloromethane leadsto six-
armed star-shaped poly(IBVE). The resulting polymers
are distinguished by controlled molecular weights and
relatively narrow molecular weight distributions, con-
firming quantitative initiation and living polymerization
mechanism.Combination of this initiator systemwith an
appropriate end-capping reaction, shouldprovidethepos-

sibility to prepare star-shapedend-group functionalized
poly(vinyl ethers).
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