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SUMMARY: The preparation of poly(amide thioether)s by addition of ethanedithiol to diallylamides in the
presence or absence of peroxide catalysts is reported for the first time. Diallylamide monomers N,N9-diallyl-
oxalamide, N,N9-diallylmalonamide and N,N9-diallylterephthalamide have been prepared by aminolysis of
the corresponding esters with allylamine. The structures of the resulting polymers have been elucidated by
elemental microanalysis and1H NMR and IR spectroscopy. The polymers obtained both as Markovnikov and
anti-Markovnikov types of addition are highly crystalline compounds.

ZUSAMMENFASSUNG: Poly(amid-thioether) wurden durch Addition von Ethandithiol an Diallylamide in
Gegenwart oder Abwesenheit von Peroxidkatalysatoren erstmalig hergestellt. Die Diallylamid-Monomeren
N,N9-Diallyloxalamid, N,N9-Diallylmalonamid und N,N9-Diallylterephthalamid wurden durch Aminolyse der
entsprechenden Ester mit Allylamin synthetisiert. Die Strukturen der erhaltenen Polymere wurden mittels
Mikroanalyse und1H NMR- sowie IR-Spektroskopie ermittelt. Die Polymeren, die sowohl als Markovnikov-
als auch anti-Markovnikov-Additionsprodukte gebildet werden, sind hochkristallin.

Introduction
Addition of dithiols to diethylenic compounds gives rise
to polythioethers. The first example of this type of poly-
merization, the self-polymerization of allylthiol, was
reported in 19261). Since then, many polymers have been
prepared based on this principle. The most prominent
study in obtaining high molecular weights as high as
60000 was the radical-catalysed addition of hexane-1,6-
dithiol to hexa-1,5-diene2). In the presence of radical cata-
lysts, addition of thiols to double bonds proceeds accord-
ing to the anti-Markovnikov addition mechanism. This
mechanism has been proved by the fact that the polymer
obtained by addition of hexanedithiol to hexa-1,5-diene
in the presence of a peroxide catalyst is identical to the
one obtained by condensation of 1,6-dibromohexane with
hexanedithiol3).

Aliphatic polythioethers are rubber-like materials with
low melting temperatures. These polymers have found
special interest during the Second World War, in prepar-
ing artificial rubbers. Polythioethers are known as sol-
vent- and oil-resistant materials. But these types of poly-
mers have not found widespread commercial acceptance
due to the disagreeable odor of these materials. The only
known commercialized polythioether is the condensation
product of bis(2-chloroethyl) ether with dithiols4).

On the other hand, activated double bonds are known
to add thiols much faster than simple ethylenic com-
pounds. Recently it has been reported that the condensa-
tion of 4,4-dimethylcyclohexa-2,5-diene-3-one with ben-

zene-1,3-dithiol proceeds rapidly to give high-molecular-
weight polymers without using a radical catalyst. Interest-
ingly, in the presence of chiral amines, polymerization
gives optically active poly(c-ketosulfide)s5). Another
interesting example of this type of polyaddition of
dithiols to bisoxazolines results in poly(amide thioether)s
of relatively low molecular weights6).

In the present study, we have described the synthesis of
new poly(amide thioether)s by addition of ethanedithiol to
diallylamides in the presence or absence of peroxide cata-
lysts. Up to now, only a limited number of reports in the
literature has dealt with poly(amide thioether)s. Probably
the first example of this type of polymers was obtained by
addition of H2S to N,N9-methylenediacrylamide7).

In a similar study, a poly(amide thioether) has been
obtained by the reaction of hydrogen sulfide with N,N-
dimethyl-N9,N9-dimethacryloylhydrazine. Upon hydroly-
sis the resulting polymer releases hydrazine8). In one of
the oldest references, a simple way to poly(amide
thioether)s has been reported by interfacial condensation
of thio-2,2-diacetyl dichloride with diamines9).

Also, in one of our previous papers, we have reported
that the condensation of formaldehyde with cyanoethy-
lated ethanedithiol in H2SO4 gives poly(amide thioether)s
in high yields10).

In this study, three diallylamides, viz. N,N9-diallyloxal-
amide (DAO), N,N9-diallylmalonamide (DAM) and N,N9-
diallylterephthalamide (DAT), have been polymerized by
addition of ethane-1,2-dithiol. The structures of the
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resulting polymers have beenelucidatedby elementary
microanalysisand1H NMR andIR spectroscopy.

Poly(amide thioether)sareconsidered to compriseboth
elasticpropertiesof polythioethersandcrystalline proper-
ties of polyamides.For this reason,thermal characteris-
tics andcrystallinity of the novel poly(amide thioether)s
havealsobeeninvestigated.

Experimental
All thereagentsandsolventswereanalyticalgradechemical
products(Fluka)andwereusedwithout any furtherpurifica-
tion.

1H NMR spectrawere recordedon a Varian Gemini 200
spectrometerat 200 MHz with TMS as internal reference.
The FT-IR spectrawere recordedon a Mattson1000FT-IR
spectrometer.

Synthesisof diallyloxalamide (DAO)

In a 250 mL flask, diethyl oxalate(5 g, 3.42mmol) anddi-
oxane(7 mL) wasplaced.Allylamine (5.13mL, 68.4mmol)
wasaddeddropwiseto themixtureunderstirring.Themixture
wasrefluxedfor 24h. After cooling,thereactioncontentwas
pouredinto 200mL of cold water. Thewhite precipitatewas
filtered off andrecrystallizedfrom ethanol(15mL). Thepro-
duct is solublein cold DMSO,ethanol,acetoneanddioxane,
insolublein waterandCCl4; yield 3.8g (33%),m.p.1578C.

FT-IR (KBr pellet,cm–1): 3300(N1H stretch.),3080(ole-
finic C1H stretch.),2950 (aliphatic C1H stretch.),1660
(broad,amideC2O and C2C stretch.),1540 (N1H plane
bending).

The1H NMR spectrumof DAO is givenin Fig. 3.

C8H12N2O2 (168.20) found C 58.47 H 7.67 N 17.48
calcd. C 57.13 H 7.19 N 16.66

Synthesisof diallylmalonamide (DAM)

DAM was preparedaccordingto the proceduredescribed
elsewhere11); yield 77.5%,m.p.145.58C. Theproductis solu-
ble in DMSO, acetone,ethanol,wateranddioxane,slightly
solublein methanolandinsolublein etherandtoluene.

FT-IR (KBr pellet,cm–1): 3350(N1H stretch.),3083(ole-
finic C1H stretch.),2980 (aliphatic, asym.C1H stretch.),
2800 (aliphatic sym. C1H stretch.), 1650 (broad, amide
C2O stretch.), 1630 (C2C stretch.), 1550 (N1H plane
bending).

The1H NMR spectrumof DAM is givenin Fig. 2.

C9H14N2O2 (182.22) found C 59.13 H 7.60 N 15.49
calcd. C 59.32 H 7.74 N 15.37

Synthesisof N,N9-diallylterephthalamide(DAT)

DAT was preparedfrom commercial poly(ethylene tere-
phatalate)(PET).For this purpose,a PETbottlewascut with
scissorsinto pieces (2 mm size). The pieces (10g) were

placedin a 250mL flask. Ethanol(50 mL) andtwo dropsof
concentratedH2SO4 wereaddedto the flask. Allyl amine(9
mL, 0.12mol) wasaddedslowly understirring. Stirring was
continuedat room temperaturefor 1 h and the mixture was
refluxedfor 48 h. After cooling,themixturewaspouredinto
500 mL of cold water. The white precipitatewasfiltered off
and recrystallized from ethanol (50 mL); yield 7.8g
(56.3%), m.p. 2278C. The product is soluble in DMSO,
slightly solublein ethanol,acetoneanddioxane,insolublein
waterandCCl4.

FT-IR (KBr pellet,cm–1): 3300(N1H stretch.),3080(aro-
maticC1H stretch.),3050(shoulder, olefinic C1H stretch.),
1693 (combination of C2C stretch. and amide C2O
stretch.),1550(N1H planebending).

The1H NMR spectrumof DAT is givenin Fig. 1.

C14H16N2O2 (244.29) found C 67.83 H 6.55 N 11.26
calcd. C 68.83 H 6.60 N 11.47

Polymerizationof diallyl monomerswith ethane-1,2-
dithiol

Polymerizations were carried out at room temperatureby
interaction of ethane-1,2-dithiolwith one of the diallyl
monomers(DAO, DAM, DAT) in dioxane. Due to the
unpleasantodorof ethane-1,2-dithiol, thereactionswereper-
formedin anefficient fumehood.

A representativeprocedurefor the polymerizationsis as
follows: N,N9-diallyloxalamide(1 g, 5.95mmol) is dissolved
in 20 mL of dioxane in a 250 mL three-neckedflask
equippedwith a reflux condenser, a thermometeranda drop-
ping funnel.Thesolutionis flushedwith nitrogento remove
the dissolved oxygen. Under stirring with a stirring bar,
ethane-1,2-dithiol (0.56mL, 6.66mmol) in 5 mL of dioxane
is addedthroughthe droppingfunnel.The mixture is stirred
for 8 h at room temperatureandaddedto 30 mL of ethanol.
Theprecipitateis filtered off, washedwith 10 mL of ethanol
and dried at 408C under vacuum for 24 h; yield 0.142g
(91.6%). To investigatetheperoxideeffect, thesameexperi-
ment was repeatedin the presenceof 0.1 mL of aqueous
H2O2 solution(10%).

Kinetic experiments

Thekinetic experimentswereperformedunderthesamecon-
ditionsexceptthatthereactionflaskwaskeptin anoil bathat
258C. To observereasonablemassdifferences,the reactions
werecarriedout in dilute conditionsusing0.5g of diallyla-
mide monomerin 50 mL dioxane.During the reactions,10
mL aliquotsweretakenout,precipitatedin 10mL of ethanol,
anddriedunderthesameconditionsasabove.Fromthecon-
version-time plotsobtained,theorderof thereactionkinetics
andtherateconstants(Tab.1) weredetermined.

Resultsand discussion
The diallyl monomerswere obtainedby classicalester
aminolysisof diethyl oxalate,diethyl malonate andpoly-
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(ethyleneterephthalate)in reasonable yields (Scheme1).
Thesemonomersare white crystalline compounds. Ele-
mentalmicroanalysisand 1H NMR spectraof the mono-
mersclearlyestablishtheir structures.

In the1H NMR spectraof themonomers (Fig. 1–3) the
N1H proton signals are observedin the range 7.6–
8.2ppm asbroadsinglets.The signals of the vinyl group
protons adjacentto allylic carbon are observedin the

range of 5.85–5.97ppm as multiplet peaks.The hydro-
genatomson allylic carbon representa triplet in the3.7–
4.1 ppmrange.

Terminalprotonsof thevinyl groups give multiple sig-
nalsbetween5.15and5.30ppm.The NMR spectralpat-
ternsareconsistentwith thoseobtainedby semiempirical
calculations based on the Shoolery constant.The 1H
NMR spectrarevealthatthediallylamidesareobtainedas
purecompounds.

Polymerizations

Addition of ethanedithiol to the diallylamide monomers
gives white polymers which are insoluble in common
organicsolvents.However, they canbedissolved in a m-
cresol/DMSO (1:1, v/v) mixture. Without peroxide cata-
lyst, the addition of ethanedithiol is believed to occur
according to the anti-Markovnikov-type addition
mechanism, which yields poly(amide thioether)s with
pendent methyl groups (Scheme2), whereasin the pre-
senceof a peroxidecatalyst the thiol additiontakesplace
at theb-carbon of theethylenic group.

Scheme1:

Fig. 1. 1H NMR spectrum of N,N9-diallylterephthalamide
monomerin CDCl3.

Fig. 2. 1H NMR spectrumof N,N9-diallylmalonamidemono-
merin DMSO-d6.

Fig. 3. 1H NMR spectrumof N,N9-diallyloxalamidemonomer
in CDCl3.

Scheme2:
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The polymerization yields vary between92 and 99%.
The yields given in Tab.1 arepractical yieldsanddo not
include methanol-soluble oligomers, since the polymers
were washedwith methanol to remove the unreacted
allylamides.

But the yield, when precipitatedin water, for the poly-
mer obtainedfrom water-soluble DAM is 99.1%. Based
on the simple Carothers equation, the number-average
molecular weightof this polymer mustbeabout20000.

Owing to the insolubility of thepolymersin deuterated
solvents,the NMR spectraof the polymerscould not be
taken.In order to seethe disappearanceof vinyl groups
during polymerization, the addition of ethanedithiol to
DAM wascarriedout in the presenceof 100% excessof
dithiol. By this way an oligomer which is soluble in
DMSO was obtained and its 1H NMR spectrumwas
recorded(Fig. 4). In the spectrumit is clearly seenthat
the signals of the vinyl protons of DAM monomerin the
5–6 ppm rangedisappearalmost completely after oligo-
merization. However, it is difficult to assignmethyl pro-
tons formed by Markovnikov-type addition due to the
otheraliphaticprotonsignalsobservedat thesamerange,
2.9–3.7 ppm.

Thiol addition can also be followed by IR spectro-
scopy. C1H stretching vibrationsof thevinyli c groupsof
the monomers areobserved at about3040 cm–1 (Fig. 5).

In the FT-IR spectraof the polymers(Fig. 6) the disap-
pearanceof thesebonds implies that the thiol addition
took place. C2C stretching and N1H plane bending
vibrations of the monomers are shown as a combined
band at 1640 cm–1. After polymerization, the intensities
of thesebandsbecomesmaller dueto theconsumptionof
the double bonds. Theseevidencesestablish the forma-
tion of thepolymer.

In order to investigate the kinetics of the additions,
polymerizations havebeenperformed in dioxane, which
is a solventfor all the monomers studied.From the con-
version-time plots, the kinetics of thiol addition were
found to be secondorder. The rate constantsof the etha-
nedithiol addition arein the 1.92N 10–3–22 N 10–3 L mol–1

s–1 range (Tab.1). Apparently, the addition of a peroxide
catalysteffectshigherratesof polymerization.

Thermalandcrystallinepropertiesof thepolymers

No glass transitionsare observedin the DSC thermo-
gramsof the polymers.The melting temperaturesof the

Tab.1. Polymerizationcharacteristics of the diallyl monomers
with ethane-1,2-dithiol.

Monomer Without peroxidecatalyst With peroxidecatalyst
Yielda Rateconstant Yielda Rateconstant
(%) (L mol–1 s–1) (%) (L mol–1 s–1)

DAO 93.8 2.1 N 10–3 96.7 3.6 N 10–3

DAM 96.2 6.1 N 10–3 98.0 22.0N 10–3

(99.1)b

DAT 92.5 1.9 N 10–3 97.4 4.64N 10–3

a Polymerizationtime 8 h.
b Precipitatedin water.

Fig. 4. 1H NMR spectrum (in DMSO-d6) of the oligomer
obtained by reaction of N,N9-diallylmalonamide with 100%
excessof ethane-1,2-dithiol.

Fig. 5. FT-IR spectraof (a) N,N9-diallylmalonamide, (b) N,N9-
diallyloxalamide, (c) N,N9-diallylterephthalamide.
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polymersobtained in the presenceof a peroxide catalyst
aremarkedly higher thanthoseof the polymersprepared
without peroxide. With the exception of the polymer
obtainedfrom DAT in the presenceof peroxidecatalyst,
all thepolymersmelt withoutdecomposition.Thesemelt-
ing temperaturesare lower than those of the ordinary
polyamideswith thesamenumberof atomsin therepeat-
ing units. According to the thermogravimetric analyses,
thepolymerdegradation temperatures(PDT) of thepoly-
merslie between235 and3028C (Tab.2). In comparison
with their melting temperatures,the PDT’s of the poly-
mers are about 15–508C higher. Also, the polymers
which arepreparedin thepresenceof a peroxidecatalyst
showsomewhathigher decomposition temperaturesthan
thoseobtainedin theabsenceof peroxide.Althoughthere
exist no reports on thermal degradationof poly(amide
thioether)s, this resultcanbeascribedto the formation of
tertiary carbonatomsin the polymers obtained without

peroxide catalyst, becausethermalsplitting from tertiary
carbonsis expected to occurmore readily in comparison
to unbranchedcarbon-carbonbonds.

A roughestimation basedon the peakratios of the X-
ray diffraction patternsimplies that all the polymersare
highly crystalline compounds(Tab.2). The crystallinities
areashigh as95%(by neglectingtheLorentzianeffects).

Like polyamides,polysulfidesarealsocrystallinepoly-
mers12). So, in our case, the addition of ethanedithiol to
the diallylamides gives highly crystalline poly(amide
thioether)swith relatively low molecular weights.
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Fig. 6. FT-IR spectraof (a) N,N9-diallylmalonamide (DAM)
monomer, (b) polymer of DAM and ethane-1,2-dithiol without
peroxidecatalyst,(c) polymer of DAM and ethane-1,2-dithiol
with peroxidecatalyst.

Tab.2. Physical characteristicsof thepolymers.

Starting Peroxide Viscositya Tm Crystallinityb PDTc

monomer catalyst (cm3 g–1) ( 8C) (%) ( 8C)

DAO no 8 218 A95 235
DAO yes 11 240 A95 255
DAM no 9 226 A90 261
DAM yes 13 234 A85 295
DAT no 11 254 A95 274
DAT yes 18 A300d A95 302

a In m-cresol/DMSO (1:1,v/v) at 30l28C.
b Assignedfrom X-ray diffraction.
c Polymer degradation temperatureobserved from thermogra-

vimetric analysis (under10 mL min–1 N2 flow, heatingrate
10K min–1).

d With decomposition.


