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acrylic acid and acrylamide
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SUMMARY: N,N'-diallyimalonamide (DAM) has been prepared via classical aminolysis of diethyl malonate
with allylamine. Its structure was confirmed by elementary microanalysis as wéH &8VMR and FT-IR
spectroscopy. The new diallyl monomer is water-soluble and able to copolymerize radically with water-solu-
ble monomers, such as acrylamide and acrylic acid, to give transparent hydrogels by i8Mgds initiator.
Homopolymerization of DAM yields clear hydrogels with high swelling ability.

ZUSAMMENFASSUNG: N,N-Diallylmalonamid (DAM) wurde durch klassische Aminolyse von Diethyl-
malonat mit Allylamin hergestellt. Seine Mol&ktruktur wurde durch Elementaranalyse sotieNMR und
FT-IR-Spektroskopie bestgt. Das neue Diallymonomere ist wassatloh und mit wassetklichen Mono-
meren wie Acrylamid und Acrylsae radikalisch copolymerisierbar, wobei mit3Os als Initiator transpa-
rente Hydrogele erhalten werden. Die Homopolymerisation von DAM liefert klare Hydrogele mit hoher
Quellbarkeit.

Introduction permits post crosslinking when used as comonomer in
low concentrations. This has been reported to be very
The radically initiated addition polymerization of allylic useful in dental prosthests
monomers is known to give only low molecular weight One of the most important types of diallyl monomers
polymers with degrees of polymerization (DP) between 4re the monomers with two allyl groups attached to the
and 14, because of extensive chain transfer readtionsame carbon or nitrogen atom. These diallyl monomers
Easy of hydrogen abstraction from allylic carbon atom ofindergo cyclopolymerization yielding non-crosslinked
unreacted allyl monomer and resonance stabilization gblymers with average molecular weights around 1000.
the resulting radical contribute to an inhibition effect onOne of the first diallyl monomers of this type is diallyldi-
chain growing. This fact has been referred to as degradanethylammonium chloride, yielding water-soluble poly-
tive chain transfer. For this reason, with the exception ahers consisting of five-membered cyclic repeating thits
special applications, radical initiation of monoallyl mono-Similarly, diallyl diethylmalonate and N,N-diallylcyan-
mers has found little attention for commercial applicaamidé also undergo cyclopolymerization to give soluble,
tions. linear polymers.

In contrast, diallyl monomers, especially diallyl esters Recently, N,N,NN'-tetraallylpiperazinium dichloride,
and ethers, have found a wide variety of applications. Favhich is prepared from piperazine and allyl chloride, has
instance, homopolymers of diethylene glycol bis(allybeen demonstrated to be an efficient water-soluble cross-
carbonate) are produced commercially (CR-39, Pittsbutinker for polymers of acrylic acid and acrylamitie
Plate Glass Co., U.S.A)), for optical applications, because Although many papers dealing with polymers of allyl
of its excellent clarity and abrasion-resistance. Diallyksters or ethers have been published, as far as we know no
esters of phthalic acids are commercially important diareports have appeared about allylamide polymers, so far.
llyl monomers which, with radical initiators, give cross- In this paper we have described synthesis and polymer-
linked polymers. Homo- and copolymers of diallyl phtha4ization of N,N-diallylmalonamide (DAM). This mono-
lates are good insulators and they have mainly founeher is water-soluble and a useful crosslinker for prepar-
industrial interest in coatings for electronic devices anéhg hydrogels of poly(acrylic acid) and polyacrylamide.
computer systems. Moreover, triallylcyanurate and it&s a crosslinking agent, this monomer is expected to
isomer, triallylisocyanurate, are used as crosslinkingave advantages over the common crosslinker, i.e!-N,N
agents with common comonomérs methylenediacrylamide in preparation of hydrogels

Probably, allyl methacrylate is the most important combecause N,Nmethylenediacrylamide incorporated in a
pound having both allyl and vinyl-type double bondspolymer structure, even in presence of trace amounts of
The lower reactivity of the allyl group in the monomeracid, releases formaldehyde, which is tékic
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Experimental

Synthesi®f N,N'-diallylmaloramide(DAM)

15 g (0.31mol) of diethyl malonateand7 mL dioxanewere
placedin a 250 mL two-neckedround-bottomflask which
was equippedwith a reflux condenserWhile stirring, 6 mL
(0.63mol) allylaminewasaddedo the solution.The mixture
wasstirredfor 24 h at 55-60°C. After cooling, the mixture
was pouredinto 30 mL ether The precipitatedproductwas
filtered and recrystalized from 30 mL toluene.The colour
less, crystalline productwas dried at 40°C for 24 h, yield
4.15 g (78.0%), m.p. 145-146°C. It is soluble in water,
dioxane,DMSO, hot toluene,ethanoland methanol,partly
solublein acetoneandinsolublein ether n-hexaneandlight
petroleumether

found C59.13 H7.60 N 15.49

'H NMR (DMSO-d;, internal standardTMS, & in ppm):
8.15 (broads, 2H, NH), 5.9 (m, 2H, CH;~CH—), 5.15(m,
4H, CH~CH—), 3.7 (t, 4H, —NH—CH,), 3.3 (s, 2H,
—CO—CH,—CO—) (Fig. 1).

FT-IR (KBr, cnr?): 3350 (N—H str.), 3083 (olefinic C—H
str.), 2980 (aliphaticasym.C—H str.), 2800 (aliphatic sym.
C—H str), 1650 (C=0 str), 1630 (C=C str.), 1550 (N—H
planebending)(Fig. 2).
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Fig.1. H NMR spectum of N,N'-diallylmalonamide.
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Homopolymeeationof DAM

To a100mL round-bottonflask equippedwith areflux con-
densera nitrogeninlet and a magneticstirrer was addeda
solutionof 1 g (5.5mmol) DAM in 10 mL of distilled diox-
aneand 38.72mg (0.16 mmol) dibenzoylperoxidein 5 mL
dioxane. The systemwas purged with nitrogento remove
dissolvedair. Then the flask was immersedin an oil bath
thermostatedt 65°C. After stirring for about47 h, a trans-
parent,clear gel was obtained.The gel was washedseveral
timeswith wateranddecantedthensoakedn 30 mL of ace-
tone andleft in contactover night to removedioxaneresi-
dues. The acetonewas decantedand another 30 mL of
acetonewas addedto the flask and boiled for 1 h. After
decantatiorof the acetonethe crosslinkechomopolymergel
wasdriedat50°C for 72 h undervacuum,yield 0.88g.
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Fig.2. FT-IR spectraof (a) N,N-diallylmalonamide (DAM),
(b) homaoolymerof N,N’-diallylmalonamide.
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Copolymerizatiorof DAM with acrylamideandacrylic
acid

Copolymerizationswere carried out in aqueoussolutions,
underidentical conditions,usingdifferentDAM/comonomer
ratios andinitiator concentrationsA typical procedures as
follows:

In a 100 mL flask placedin an oil bath,1 g (13.9 mmol)
acrylamidemonomerand 0.26 g (1.43 mmol) DAM were
dissolvedin 15 mL water 0.12 g (0.45 mmol) K,S,0g in
15mL waterwasaddedto the solutionandthe systemwas
flushedwith nitrogen.Thetemperaturevaskeptat 65°C and
the mixture was stirred by a magneticstirrer until gelation
occurred.

This procedue was repeatedwith differentmonomerand
initiator concentrations.The correspondinggelation times
arelistedin Tab.1.

Theresultinghydratedgelsweredriedin a similar manner
asdescribedabove.

Swellingexperiments

Swelling of the gel sampleswas followed by weight-

increase,n contactingwith water asin the following: Dry

samplesvere weighed(approximately0.3g) and placedin a

sinteredglassfunnel which is in a 100 mL volume beaker
containirg 50 mL water The samplesvereallowedto stand
in contactwith water severalhours at room temperature.
Fromtime to time, the glassfunnelwastakenout, filtered by

suction and weighed. The swelling ratios (w-wgy/wo) found

wererecordedasa function of time (Fig. 3 andFig. 4).

Determinationof the unreactedallyl groups

The unreactedallyl groupsin the crosslinkedpolymerwere
estimatedby measuringareasof olefinic C—H stretching
vibration peaksat 3080 cnt™. For this purpose mixturesof
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Tab.1. Gelatontimesof DAM with different comonomemandinitiator concentrations.

Run Water DAM Comonomet  [C]/[DAM] ® Gelation [K2S,04/TMC¢ Unreactedallyl
(mL) (mmol) time (min) groups(%)
1 30 1.430 AAmM 9.850 9 1/35 4.90
2 30 1.430 AAmM 9.850 7 1/17.5 -
3 30 1.430 AAM 9.850 25 1/70 -
4 30 0.714 AAmM 19.73 12 1/33.3 3.46
5 30 0.357 AAmM 39.40 15 1/32.5 2.50
6 40 1.430 AAmM 9.850 25 1/35 -
7 12 1.430 AAmM 9.850 5 1/35 -
8 12 1.430 AA 9.710 3 1/35 -
9 30 1.430 AA 9.710 3 1/35 -
a  Aam:acrylamide,AA: acrylic acid.
b [C]: comonomeroncentration.
¢ TMC: total monomerconcentation.
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Fig.3. Swelling ratio vs. time plots of the homopolyme of
N,N'-diallylmalonamide.
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Fig.4. Swelling ratio vs. time plots of DAM/AAmM copoly-
mers;[DAM]/[AA m]: (a)1:40,(b) 1:20, (c) 1:10.

DAM monomerand linear polyacrylamidewere mixed in
differentcompositionsandIR spectraof their KBr pellets(1/
300) were taken. A calibration curve, plotted from peak
areasandmolar compositionsyaslinear. By usingthis cali-
brationcurve,correspondingnolar compositionof gel sam-
pleswereobtainedandlistedin Tab.1.

Resultsand discussion

A classi@al ester aminolyss of diethyl malonate with
equimolaramauntsof allyl aminein dioxanegivesriseto
N,N'-diallylmalonamidewith 78% of yield (Schemel).

with elementary analysis, 'H NMR (Fig. 1) and FT-IR
specta (Fig. 2). According to *H NMR, it is reasonabl
pure and doesnot contain impurities such as baseeata-
lysed isomeization prodwcts. Water solubility of this
compoundhasled usto useit asa crossinker for water
soluble polymersof acrlamideandacrylic acid.

Homopolymegelsof DAM

Compared with allyl estermonomes, DAM exhibits a
similar polymerization behaviou. In dioxane solution it
canbe homomlymerized with high yieldsin presenceof
dibenzoyl peroxide initiator to give a transpaent gel,
whereasin aqueous solutiors with K,S,0g initiator at
65°C the gelafon takes longer times, i.e. 75 h. FT-IR
specta of both prodicts have the same patterns, which
meansthattheseproductshave the samestructure.

Copolymemels

Copolymerizaton experimens (run 6) reveal that with
acnjamidecomonomer whenthe total monomerconcen-
tration is 0.38 M, gelationtime is 25 min for 11.1- 107
M K,S,0s. For monomer/cononamer ratios of about
1:10 (total monomerconcentation 0.52 M) the gelaion
time variesbetween7 and25 min, dependiig on initiator
corcentration(runsi, 2, 3). Apparently, increasimy initia-
tor concentration decreases the gelaion perod as
expected.When the total conentrationsare lower than
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0.3 M (with 11.1- 102 M K,S,0g) no gel is obtained
Under the same conditions, deceasedDAM concenta-
tions (runs4, 5) decreaethe gelaion times. This cleaty
revealsthat DAM actsascrossinker during the courseof
copolymeization (Scheme?).

In the FT-IR spectraof all the crossinked gels, weak
olefinic C—H stretchiry vibration peaksare obsened as
very weak bards, which indicates the existece of
unreactedallyl groups. We hawe searcheda suitable
methodfor deternining remaning carbon-cabon double
bonds.But asfar aswe know, the useof cumrent proce-
duresis limited andnot reasonald dueto slow diffusion
of any reagent into crosslinked polymers. Furthermae,
thereareadditionaldifficultiesin our case thatneitherthe
bromine nor the mercuricacetag method is suitablefor
this purpcse. The bromine addtion methodis expecedto
produce N-bromamie as a by-product. The mercuric
acetatemethod yields mercuic amidecompoundsas by-
product$.

For this reasonfor the deternination of allyl grougs in
gel polymers we have preferredto follow the IR band
intensitiesof the C—H stretding vibrationsat 3080cnT™.
This apgoachhasbeenusedfrequently in theliterature?.
This inspectionrevealsthat 2—5% of allyl groups remain
unreactedn the gelled polymers,dependig on the molar
ratio of DAM. Swelling ratios of the crosslinkel poly-
mersin waterarein accodancewith their DAM cortents.
Increasiy DAM conient deceasesthe swelling ratios
andof coursethe swelling rates, which is usualfor cross-

linked polymers.But, on the othe handswelling rate of
the hom@olymer of DAM is higher than that of the
copolymers This canbe asgibed to the lower reactivity
of allyl groups in homoplymerizaion, which resultsin
low crosslinkdensity Indeeda roughestimatian of allylic
unsdurationobtainedby theratio of the peakareasof the
homaolyme and DAM indicates presenceof 13% allyl
groupsin thehomoplymergel.

In corclusion, N,N'-diallylmalonamide is a useful
water-solubke crosslinkg for watersoluble monomes.
Being obtainedfrom readily accesible matrials, it is a
goad canddateto regdaceN,N’-methylerediacrybmideto
circumventthetoxicity of thelatter.
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