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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)melaminand

boron trichloride. Characterizabn of the polymers by

meansof GPC and *H NMR showedthat initiation was
rapid and quantitativeand that the initiator is hexafunc-
tional,leadingto six-armedstarshapegolymers.
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Intr oduction

For the synthesisof starshapedpolymers,two methoc
basedon living polymerizaion have beendescribeé:

end-capng of linear living polymerswith a multifunc-

tional endcapper(“arm-first” method), and initiation of

the polymerizationwith a multifunctionalinitiator system
(“core-first” method. In caseof living cationicpolymeri-
zation of vinyl ethers,starshapedpolymers have been
preparel by both method*®. The core-first method has
the advantag that, at the endof the polymerization, end-
capphg of theliving chainendsis still possithe, thuspro-

viding an elegant methodfor the synthesisof starshaed
multi-telechelicpolymers.

The classicalinitiation method for the controlled poly-
merizaton of vinyl etheas utilizes activated halides as
startingmateriat®”- The most usedonesarea-iodo- or a-
chlorodkyl etherswhich are transfamed into initiating
speciesy addtion of a Lewis acid. In the preset parer,
we wish to report on andher type of activated halide
which simultareously providesthe possibility to perform
a multifunctional initiation reaction. The new systemis
based on hexgchloromethyl)melanine (HCMM) in
which the chloridefunctionsareactivatedby the presence
of (non-basi¢ aminofunctionsin a-position.

Experimental part

Materials

Toluene,CH,Cl, andisobutyl vinyl ether(IBVE) weredried
over CaH, and distilled just before use. ZnCl, solution in

diethyl ether(1.0 M) and BCl; in hexane(1.0 m) were pur-
chasedfrom Aldrich and used without further treatment.
Hexa(methoxymethyl)melamingiMMM) (Cymel303)was
purchasedfrom American Cynamide and used without
further purification.

Synthesisf hexa(chloomethyl)melaminéHCMM)

A 250ml double-cockedlask providedwith rubberseptum
and magneticstirring bar containing4.0g of HMMM was
dried in vacuumat 40°C for 1 h and then filled with dry
argon. By meansof a hypodermakyringe,120ml of CH,Cl,
wasinjectedthroughthe septuminto theflask and64.5ml of
BCl; solutionin hexaneg(1.0 M) wasaddeddropwiseat room
temperatureunderstirring. After addition of the BCl; solu-
tion, the reactionmixture was stirred for 0.5h. The mixture
was washedwith a saturatedaqueoussolution of NaHCQ
andadilute solutionof NaSQ,. The organicphasewvasdried
over anhydros N&,SQ, overnight. After removing the sol-
vent under rotary evaporation, 2.88g of HCMM was
acquiredas a white powder(m.p. 176°C; yield: 72%). Ele-
mentalanalysisis asfollows:

CoH1:NeCls(416.9 calc. C25.93H2.88 N 20.16 Cl 51.02
found C26.80 H 3.31 N 20.08 Cl 46.87

Typical polymerizatiorprocedue

To a dry solutionof 0.05g of HCMM in 100ml of CH,Cl,,
cooled at —45°C, a suitable amountof IBVE was added
underdry argon. Then, 300ul of ZnCl, solutionin diethyl
ether (1.0m) was injected to initiate polymerization.After
2 h, the reactionwas terminatedwith methanol/ammoniar
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another functional terminating agent. The mixture was
washedwith water the organic phasewasdried over anhy-

drous N&SQ, overnight and the solvent was evaporated.

After dryingundervacuum poly(IBVE) wasacquiredascol-
orlesstransparenandviscousliquid.

Characterizatiormethods

H NMR spectrawvererecordedon a Bruker AC 500 FT. Gel
permeation chromatography(GPC) was performed on a
60cm Pol. Labor. column, 1000A porosity eluant CHCl;
and calibratedby polystyrenestandardsA combinationof
refractiveindex detection(Waters2410)andUV detectionat
254nm (KontronInstrumentdHPLC detector742)wasused.

Resultsand discussion

Synthesie®f HCMM

HCMM was preparedby reacton of hexa(methoxy
methyl)melamine (HMMM) with boron trichloride
(Schemel):

Schemel.:
CH,OCH; CH,Cl
N—CH,0CH; j’\“C“Zc‘
NZN BCk N ™N
s — <
< CICH,—N" N .
CH;0CH,—N" N7 “N—CH,0CH; ? N—CHC
HoCl CHyCI

H,OCH; CH,OCH;
The formation of HCMM was proven by comparing
the*H NMR spectrunof the startingmaterialwith that of
the end product. As shownin Fig. 1, singletsat 3.5 and
5.3 ppmcorresponihg to methyleneandmethoy groups
in HMMM have conpletely disappeagd in the end pro-
ductandarereplacedby onesingletat 5.7 ppm, a value
thatis in goad agreemenwith the structureof HCMM.

Preparationof starshapedoolymerswith HCMM
initiator

The polymerization of IBVE with HCMM was carried
out at —45°C in dichloromethane using zinc chloride as
activator The polymerizdion reactiors were stopped
after approximately 2 h by addition of a mixture of an
alcoholandammaia or triethylanmine which is expeced
to prodwce the corespondingacetal at each chain end
thatwasstill active at the momentof termination. Under
theseconditions, almost quanttative convesionsto poly-
mer were obtdaned. The polymers were analyzed by
meansof gel pemeationchromatography(GPC)usinga
combindion of refradive index andUV detecton. Fig. 2
showsa typical GPC analsis of a polymerthat waster-
minated with methanol/amnonia. This chromatogam
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Fig.1. 'H NMR spectaof HMMM andHCMM

denonstrats that the polymer showsabsorbane of UV
light (254 nm), andthatthe molecubr weightdistribution
of the polymer is unimodal and relatively narrow This
provesthat a relatively fast initiation reactiondid occur
andthatthe aromaic function originating from HCMM is
incorporatedinto the polymer chain

A H NMR spectrumof a polymer obtaned with ben
zyl alcobol asterminatirg agent(Fig. 3) shows that the
polymer contans bereylic end groups as evidencedby
the peaksat 7.4 (aromaticprotong and4.75 ppm (benzyl
ethe methykeneprotong. Theratio of the areaof the ben-
zyl peaksto the areaof the methyl peaks(isobuyyl groups
of the polymer)allows usto calcultethe aveiagelength
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Fig.2. GPCanalysisof starshapedoly(IBVE) with RI detec-
tor(1)andUV detector(2)

of eachpolymer arm, assumingthat all polymer chairs
werestill active atthe momern of termimation. If the thus
obtainedvalues arecompaedwith the valuesobtainedby
GPC.,it canbe condudedthateachpolymer formedmust
contan severd chain-emls, in otherwords, the polymers
musthavea starshapedstructure.

Basd on the above mentimed results, the following
reactionschemeis propose (Scheme2):

Variouspolymaerization reactiors havebeencarried out
using different conditions,and typical analytical results
aresummarizedn Tab.1.

If it is assunedthateachHCMM moleculehasformed
one(starshapedpolymer molecule the calculded mole-
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Tab.1. Charaterization of poly(IBVE) obtainel from

HCMM/ZnCl, asinitiating system

[MJ/[HC MM] M, IBVE/ M, M, M, MM,

(calc.P benzy (armp (starP (GPC)

68 7650 10.2 1127 6966 4530 1.28
135 14360 21.2 2227 13566 9870 1.32
174 18330 26.2 2727 16566 12910 1.31
286 29535 48.6 4967 30006 22400 1.28

a)

([MJ/[ In]) x 100 + 846 (molecula weight of hexa(benzyl-
oxymethylmelamine).
(IBVE]/[benzyl]) x 100+ 107.

M, (arm) x 6 + 204.

b)
)

cular weight of the end productis given by ([M]/[In]) x
100 + 846 (846 is the sum of six benzloxy end groups
and one hexametlglene melaminecental group. These
valuesaregivenin thesemndcolumn of Tab. 1. Thethird
columndisplaysthe ratio of benz! endgroupsto IBVE
unitsin the polymersasmeasued by *H NMR. This ratio
leadsto the corresponithg avelge degreesof polymeri-
zation(DP) of the armsand,after multiplication with 100
and addition of 107 (correspoding to one benzyloy
group)to the M, of the arms.Thesefiguresare shownin
column 4. M, of the star polymer, assuming6 arms, is
obtainedby multiplying the value of column 4 by 6 and
adding the massof the hexamehylene melamine core
(204). Thesevaluesare displayel in column5. Columrms
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'H NMR spectrumof starshapedpoly(IBVE) with benzylxy end
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Scheme2:

CH2Cl
6

ZnCly
-
-45°C

0OiBu
H st IBVE MWCHZj:H
(LR ROH
-
-45°C
6 6

6 and7 dispay the experimemal GPCresults.Calcuated
valuesof M, andthoseobtainedfrom endgroupanalysis
assumingsix armedstructures,are in reasmable agree-
ment. The experimemal values of M, obtainedby GPC
analysisincreasewith increasig [M]/[HC MM] ratio, as
expeced for a “living” system but are systenaticaly
somewhatlower than the calcdated values. This is in
agreemenwith the starshgedstructureof the polymers.
It hasbeenreported that starshged polymers elute at
higherelution volumes compaed to those of their linear
homologwesdueto their smallerhydrodyramicvolume.

Conclusion

Polymerization of IBVE with the initiating system
HCMM/ZnCl, at —45°C in dichloronethare leadsto six-
armed starshged poly(IBVE). The resulting polymers
are distingushed by controlled maecular weights and
relatively narow moleculr weight distributions, con
firming quantitative initiation and living polymerizaion
mechaiism. Combiration of this initiator systemwith an
approprige end-cappg reaction shouldprovidethe pos-

CHy-~Cl -~~~ 7aCl,

6

-45"Cli BVE

0OiBu

HzmeBVEmCHz(LH--—Cl - mZnCly

sibility to prepare starshapedendgroup functiondized
poly(vinyl ethers).
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