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ABSTRACT

Study of the tosylation of poly(vinyl alcohol) (PVA) using p-toluenesul
fonylchloride (TsCl) and p-toluenesulfonic acid (TSOH) in DM F/amine, was
undertaken. The degree of tosylation and the course of the reactions did
not differ from one tosylating reagent to another. Moderate to quantitative
degrees of tosylation were obtained under certain conditions. Surprisingly,
the system TsCIl/DMF/amine was found to promote a partial oxidation of
PVA.. Viscometric study and spectral analysesreveal ed adegradation of the
starting material, resulting from chains scission and formation of
unsaturations. The dissolving temperatures of the modified PVA in water,
DMF, and DM SO varied with the degree of substitution, andin some cases,
they decreased even to room temperature. The azidation of tosylated PVA
occurred with a concomitant elimination. The fullerenation of azided PVA
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was|ow and yielded amodified PVA with good solubility.
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INTRODUCTION

Of aparticular interest are polymersthat are con-
ceived asdevicesfor pharmaceutica purposesor com-
ponents of medi cations. Polymers have been employed
asdrug carriers, for their drug rel ease controlling prop-
erty, their reduced toxicity, and their improved patient
compliance. Modern polymeric carriersareincreasingly
presented in formsof nano and microparticles, which
secureanincreased efficiency of drug ddivery, enhanced
rel ease profilesand drug delivery!™. Tomimicthegood
membraneforming propertiesof poly-L-lysine (PLL),
Goosenet . grafted dkylaminesonto chitosan and poly
(vinyl alcohol) (PVA) through the reaction with N-
(bromodkyl phthaimide)Z.

That poly(vinyl alcohol) found widespread uses
owestoitsmany distinguished properties?. Indeed, its

water uptake capacity makesit auseful material for
hydrogel -making purposes*® and pharmaceutica and
biomedical applicationd®. Itsbiodegradability permits
itscongderation asaspecia subject of studiesinview
of preparing drug delivery systems; Peppas has pio-
neered such a wonderful area of researchi*57,
Crosslinked PVA hydrogel was claimed to possessa
drug rel ease capacity'®. Moreover, PVA hasbeen one
of themost chemically transformed polymers. To cite
but afew, therewerereactions of PVA with fatty acid
chlorides®, methylgdlate™”, dkylchlorophosphates,
diketene?, n-butyl isocyanate™, and reactions of
glycosidation*¥ and phosphorylation(*.

Also, it hasbeen elicited that fullerene C_ and its
derivativesexhibit arangeof interesting biological ac-
tivities such as photodynamic therapy, HIV,
neuroprotection, and apoptosi §'°. Besides, these bio-
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logical properties, the C,, derivativeswereclamedto
Subgtantidly improvemany propertiesof apolymer such
asphotoconducting and optical properties'™. However,
fullerene C,, suffersfromthepitfall of alimited hydro
solubility, which hamperssomewhat itsactivities. One
way to redlizeahydrosol ubleful lerene-containing sys-
tem isthecomplexation of fullerenewith 3-cyclodextrin
viaan inclusion mechanism®®. Also, andintheaim of
arcumventing theneer insolubility of fullereneC_, itwas
incorporated in polymer matricesin severd ways. main-
chain polymers, side-chain polymers, star-shaped poly-
mers, dentritic full erenes, and fullerene en-capped poly-
mers. Variousformsof full erenated-polymerswere sat-
isfactorily surveyedinthereview paper of Wang et 9,

Our work, herein presented, wasto fullerenatethe
poly(vinyl alcohol) (PVA) by mild means, that is, tosyl
ation, azidation, and finally full erenation. PVA matrix
would impart adegree of solubility to thefullerenated
system, asol ubility that hasbeen frequently sought for.
The synergism of thebiological activity of C_[** and
themedica and pharmaceutical usesof PVA® jsvery
incentiveto synthesizeafullerenated PVA.

EXPERIMENTAL

Materials

The chemicalsand solventswere purchased from
Huka, Panreac, Reiddl-deHaén, Prolabo and Aldrich.
Poly(vinyl dcohol) (PVA) was Rhodoviol 4/20 (Rhodia,
ex-Rohn-Poulenc; Hydrolysis extent, %Hy, 98.2%;
Ester value, EV, 11.13 mg KOH/g; the molecular
weight, M , 25 000). DMF, DMSO, and chlorobenzene
were used without further purification. Pyridine, THF,
ethanol, methanol, and acetone were purified by
digtillation beforeuse.

Infrared spectrawererecorded using aSchimadzu
type FTIR 8900 fitted with Hyper program; the samples
wereintheform of either cast filmsor KBr pellets, and
BIO-RED IR SearchMaster program was employed
for spectraanalyses.

UV-Visible spectrawererecorded usingasingle
beam UV-Visible spectrophotometer Technicomp
8500, using bidistilled water asasolvent.

Theviscometric measurementswereperformedin
bidistilled water at 30°C with a Cannon Ubbelohde
capillary viscometer 532 10/1, Schott-Gerate CT 1650.
The average-viscosity molecular weights M| were
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estimated by therel ation of Mark-Houwink-Sakurada,
[n] =KM 2where[n] istheintrinsc viscosity, K and a
arethe Mark-Houwink constants; thelatter oneswere
taken as 4.28.10* dL*g and 0.64, respectively, for
these conditionsg?Y. [n] was deduced from the plot of
N, =[Nl + K, [n]*Cwheren_, isthereduced viscosity,
K., istheHuggins constant, Cisthe concentration of
thepolymer solutioningdL™.

Theester vdueinmg K OH/g, EV, andthehydrolyss
extent, %Hy, of PVA and the modified PVAs were
estimated asreported earlier?.

Tosylation of poly(vinyl alcohol) with p-toluene
sulfonylchloride (TsCl) in the presenceof triethy-
lamine(TEA), TSPVA

Into @250 mL round-bottomed flask fitted witha
condenser and amagnetic bar, werecharged 19 (0.0227
mole) of PVA and 24 mL of DMF. The system was
then heated at 135°C under stirring until acomplete
dissolution of the polymer. The solutionwasthen cooled
down to room temperatureand 11.4 mL (0,0819 mole)
of TEA and 7.8 mL of DMF wereadded. The mixture
wasthen stirred for 2 h before adropwise addition of
the solution of TsCl in DMF was made, and the
temperature was maintained at arange of 15-20°C.
Upon adding thefirst dropsof thissolution, theclear
mixturethickened and turned out to ye low, then orange,
and finally brick red. The temperature rose to 30°C
and | asted for about 10 min beforeit dropped downto
room temperature. The polymeric productswerethen
isolated by precipitating the mixturein acetone. The
filtered productswereintensvely washed with distilled
water followed by acetone (until theAgNO, test of the
filtrate is negative, indicating the absence of TsCl).
Purification by sequentid dissolutior/ precipitationcydes
was performed. The productswerethen filtered and
finaly driedinvacuo at 40°C until constant weights.

Theexperimentswith pyridineinstead of TEA were
performed under identical conditions. However, an
instantaneous red col or was noticed upon addition of
TsCl solution, and the temperature rose beyond 30°C
andlasted for amost 10 min.

The experiments with p-toluenesulfonic acid
(TSOH), astosylaing agent, followed the same protocol
aswith TsCI/TEA. Inthiscase, neither atemperature
rise nor acolor change was noticed.

Resultsof thedifferent andysesof theproductsfrom
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theaboveexperimentsare gathered in TABLES 1-5.
Thedegreeof tosylation, DT, wasca culated from eq.
(1) asreported earlier?24 providingaUV-visible
calibration curveof TSOH inbidistilled water at A =
222 nm:

n
___VTs 1)
Nyts+Nya

Wheren, , can becomputed fromeg. (2):

DT (%)=

m-n M
nVA _ VTs VTs (2)
M VA
Wheren,, and n, . are the number of moles of vinyl alcohol
(VA) and vinyltosylate (VTs) units, respectively; M, and M
are the molar masses of VA and VTs, respectively; m is the
weight of the tosylated PVA (TsPVA) in the solution used for

UV-visibleanalysis.
Azidation of tosylated poly(vinyl alcohol), AZPVA

Into @250 mL round-bottomed flask fitted with a
condenser and amagnetic bar, were charged 0.68 g of
TsPVA (DT, 67.07%; EV, 70.12) and 80 mL of distilled
water. The mixturewas heated at the temperature of
dissolution of the TSPVA, 80°C, for one hour under
gtirring. Oncethe mixture becamehomogeneous, it was
cooled down to 20°C in order to add dropwise an
agueous solution of sodium azide (0.475 g, i.e.7.15
mmoles, in5mL of distilled water). The systemwas
allowed to react for 72 h at 20°C. The product was
isolated by precipitation into acetone, filtered and
washed with a plenty of methanol and acetone. The
product wasthen dried in vacuo at 40°C to aconstant
weight (2 days).

The experiment was remade in DMF under the
following conditions. temperatureof dissolution, 95°C;
temperature of reaction, 90°C; reactiontime, 24h. The
product wasisolated following the same procedure as
above.

Fullerenation of azided poly(vinyl alcohal), C, PVA

Into 2100 mL round-bottomed flask fitted with a
condenser and amagnetic bar, were charged 0.04 g of
AzPVA and 20 mL of DMF. The mixture was then
heated until complete dissolution of the polymer. The
system was cooled down to room temperature, and
wasthen flushed with astream of argonfor 5-10 min.
Under argon atmosphere, a solution of 0.02 g of
fullereneC_,in2mL of chlorobenzenewas added, and
the mixturewasthen heated at 130°C for 30 hunder an
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intensivestirring. Thereaction mixturewasbrown and
aminuteamount of black precipitatewasnoticed a the
bottom of theflask. After 30 h of reaction, the system
was cooled down to room temperature, and the | atter
precipitate was filtered off. After concentrating the
filtrate, 50 mL of THF wasadded inorder to precipitate
thenonreacted fullerene. After afiltration, the product
wasisolated by precipitationinto chloroform. A sticky
brown paste was obtained, which wasdried in vacuo
at 40°C to aconstant weight (2 days).

Thedegree of fullerenation was estimated by the
sameequationsas Equations 1 and 2, substituting the
subscript VTsby VNF_ (vinyl aminofullereneC, ), and
providingaUV-visiblecdibration curveof fullereneC_,
inchlorobenzeneat A= 330 nm.

RESULTSAND DISCUSSION

Tosylation of poly(vinyl alcohol), TsPVA

As far as we know and from a survey of the
literature, acopolymer of vinyl alcohol (VA) and vinyl
tosylate (VTs) hasnot beenreported yet. Thehydrolysis
of poly(vinyl acetate-co-vinyl tosylate), one of its
conceivable copolymer precursors, would entail the
elimination of not only theacetyl group but dsothetosyl
group, leading merdly to poly(vinyl acohol). Thus, the
only plausible path to makethiscopolymer isviaadirect
tosylation of PVA. Heinze successfully tosylated soluble
cdllulose, apolyhydroxylated polymeric materia>27,
The tosylated cellulose products were applied as
membranesin pervaporation technique®!. A survey of
literature reveal s that there has been only one work
dealing with tosylation of PVA®!; the authors of this
work aimed only at providing unsaturationswithin PVA
by detosylation, which wasused ascross-linking agent
for poly(acrylic acid) to make super-absorbent
materids.

Poly(vinyl acohol) with a molecular weight of
25 000 was subjected to a chemical reaction with p-
toluenesulfonylchloride (TSCl) or p-toluenesulfonicacid
(TsOH) in DMF and in the presence of an amine, to
yield tosylated poly(vinyl cohal), TSPVA, asshownin
SCHEME 1.

Itisworthnoting that PVA did not undergo scission-
inducing degradation upon the dissolutionwork-upin
DMF at 135°C, which was complete within one hour.
Indeed, theintrinsic viscosities, before and after the
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Figurel: UV-Visblespectrain bidigtilled water: (a) PVA,
(b) TsSPVA by TSOH,(c) TsPVA by TsCl, (d) TSOH inH,O

dissolution work-up, were measured and found to be
equal to 0.2777 dL.g*. Besides, the possible
degradation by adehydration process of PVA did not
occur under these conditions, astheunsaturationsbands
wereabsent inthe FTIR spectrum of thetreated PVA.

Tosylation with TsClI

Thereactionswerefirst carried out inthe presence
of triethylamineat different [ TsCI/ [VA] molar ratios
and at atimeof 48 h. All the soluble products produced
werefeatured by ahigh film-forming ability, affording
resstant and flexibleorangefilms. Infigure 1c, UV-Vis
bands at 193, 222 and 262 nm are the characteristic
bands of tosyl group, for t—=r and t—n* transitions
of p-toluenechromophore®27, FT-IR spectrum (Figure
2b) of the TsPVAsreveal ed two bands, 1364 and 1180
cn?, attributabl e to the asymmetric and symmetric
vibrationsof thesulfonyl group, SO,,, respectivelyi®*#.
Unexpectedly, a conspicuous and sharp band of
ggnificantintengty in FT-IR spectrum appeared a 1716
cm?; thisbandexigedinthevirginPVA inaninggnificant
intengty, but becamelarger upontosylation. Weassgned
it to aketone group. Thus, aconcomitant oxidation

—— 304
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Figure2: FT-IR spectra: (a) PVA, (b) TsPVA by TsCl, (¢)
TsPVA by TSOH

JGW

TABLE 1: Analysesresultsof thetosylated PVAsasafunc-
tion of [TSCI] /[VA] molarratio. Tosylating agent, TsCl; sol-
vent, DMF; amine, TEA; time: 48h.

Run  LTSCV/ EV (7] M, DT

[VA]* (mgKOH/g) (dL"g) (g.mol™) (%)
0 0 11.13 02777 25000 O
1 1 64.51 0.3663 38000 17.59
2 1.5 58.90 0.2652 23000 16.09
3 2 67.32 05955 81600 27.75
4 25 69.40 0.4160 46600 32.25
5 3 / / / /
6 4 / / / /
7 5 / / / /

*

—

VA] = vinyl alcohol unit of PVA
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Figure 3: Variationsof degreeof tosylation, DT (%) and
intrinsic viscosity, [n] 107, (dL* g), asafunction of time.

[TSCI]/[VA], 2.5; solvent, DM F; amine, TEA

TABLE 2: Dissolvingtemperature, T, _(°C), of the tosylated
PVAs. Tosylating agent, TsCl; solvent, DM F; amine, TEA,;
time: 48h

Run Tis(HO) T4 (DMF) T (DM SO)
0 85 135 45
1 100 swollen RT**
2 60 115 RT
3 75 105 RT
4-a* 95 100 RT
4-p* 80 95 RT
4-c* 95 95 RT
5 insoluble swollen insoluble
6 insoluble insoluble insoluble
7 insoluble insoluble insoluble

*[TSCI] / [VA]= 2.5 4-a, t = 8h; 4-b; t = 24h; 4-c, t = 48h; **RT =
room temperature

TABLE 3: Reaultsof thetosylated PVAsasafunction of [ TSCI]
/[VA] molar ratio and time. Tosylating agent, TsCl; solvent,
DMF; amine, pyridine

[TsCI]/ Reaction (%] M, Tg4s(H.O) DT
[VA] time(h) (dL"g) (gmol™) (°C) (%)
1 24 0,2706 23800 55 1822
2 24 0,2137 16500 64 4391
3 65 0,1615 10600 118  77.8

might have occurred and accounted for the gppearance
of thisband.
TheremainingresultsarecompiledinTABLE 1
and shown in figure 3. It can be noted that up to a
molar ratio of 2.5, the TSPVAsobtained were soluble,
and beyondthisratio, they weresparingly water-soluble
and insoluble in organic solvents. Their degrees of
tosylation, DT, did not exceed 32% and thetrend in
thelr intringc viscositiesisnot in paralel with that of
their DTs. Theintrinsc viscosity of theproduct of run
(2) wasdlightly lower than that of the pristine PVA,
probably dueto adegradation viaadetosylation of the

Onganic CHEMISTRY — commmm

tosylated PVA, giving riseto unsaturationsformation.
Thisdegradation would have substantialy occurred for
the product of therun (4). Thebandinthe UV-Visible
gpectrum (Fgure 1c) at about 300 nmcould beéttributed
toaset of generated trienes. That intrinsic viscosity did
not vary systematically with DT owesto the possible
concomitant detosylation by anucl eophilic substitution
mechanism. However, their ester values, EV, and their
DTsvariedlikewise. From Figure 3, thereactiontime
of 24 hfavored an appreciable substitution (67%) at
theexpense of amolecular weight lowering.

Generally, the tosylation of PVA enhanced its
dissolving temperature in DMF and markedly in
DMSO, as given in TABLE 2. In fact, most of the
tosylated productswerereadily solublein DM SO at
room temperature. However, no appreciable
improvement of the dissol ution temperaturein water
was noticed upontosylation.

The TsPVASs produced using pyridineinstead of
TEA werehoney-colored. The same pattern bands of
UV-Visibleand FT-IR spectrawereidentical to those
obtained using TEA. The occurrence of theplausible
oxidation mentioned above was confirmed by the
sharpnessand intensity of theband at 1716 cm™. Itis
worth mentioning that the TsCIl/Py/DMF system has
beenwidely employed asan effective condensing agent
in some pol ycondensations such as pol yesterification,
where DMF acted asa catal yst(®334,

TABLE 3 compilesresultsof thetosylationinthe
presence of pyridine, asafunction of timeand [ TsCl]/
[VA] ratio. It can be seen that aDT as high as 78%
was reached but after 65 h for a[TsC]/ [VA] of 3.
However, theintrins ¢ viscosity wasfound to decrease
dragticdly, particularly for thelatter molar ratioandtime.
The rationale for this phenomenon would be the
degradation discussed above; a severe degradation
(~50%) would have taken place. The dissolving
temperature of themodified PVA, obtained for these
conditions, was unexpectedly high, whereasfor molar
ratios of 1 and 2 and the reaction time of 24 h, this
temperature wasinterestingly lower.

Theexperimentsinthepresenceof TEA or pyridine
werereplicated under argon atmosphere, to unveil the
cause of the oxidation of PVA: wasthe oxygen of the
air or the TsSCI/DMF/TEA system responsiblefor the
oxidation? Theresultswere however identical tothose
under aerobic conditions, implying that oxygen of the

A Tudéan Journal
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ar wasprecluded asbeing the oxidizing source. Thus,
itisclear that the oxidation was dueto the TSCI/DMF
TEA system.

For akinetic study of the oxidation, the product
during the reaction course ([TsCl]/ [VA] = 2.5) was
analyzed by UV-visibleand FT-IR for every half hour
for athree-hour period of time. ThelR analysisresults
showed that the optimal oxidation wasachieved at the
first half hour of the reaction (the absorption of theband
at 1716 cm remained unchanged beyond thistime),
but thetosylation increased with time. From thisstudy,
it seemed that the concomitant oxidation took place
more rapidly than the tosylation. The degree of
tosylation withinthefirst 3 h did not exceed 15%.

Inthetosylation of caluloseby Heinzeet d ¢ with
TsCI/DMAC/TEA/LICI, the reaction was not
accompanied with an oxidation. Thus, we havethought
of adding LiCl to our system, hoping for an oxidation
inhibition. Infact, the oxidation of PVA inthe presence
of lithium chloride was prevented but the tosylation
extent wasreduced.

Asto themechanism of the oxidation occurrence,
theauthorsarestill working out to elucidateit; yet, a

IO EV =22.14 . %
g N e
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Figure4: Variationsof degreeof tosylation, DT (%), and
[n] (dL*g), asafunction of time. [TSOH] /[VA], 4; solvent,
DMF; amine TEA

TABLE 4. Results of the tosylated PVAs as a function of
[TsOH]/[VA] malar ratio. Tosylating agent, TSOH; solvent,
DMF; amine, TEA; time: 48h.

Run [TSOHI EV (7] M, DT
[[VA] (mgKOH/g) (dL'g) (g.mol®) (%)
0 0 11.13 0,2777 25000 0
8 1 12.13 02234 17600 13.94
9 2 16.87 02125 16300 14.37
10 3 21.09 02071 15700 30.13
11 4 27.42 0,1683 11300 34.40
12 5 20.65 0,1763 12200 27.25

—= Pyl Peper

plausible mechanism may be similar to that of Swern
oxidation.

Tosylation with TSOH

Tosylation of molecular hydroxyl-containing
moleculeswith p-toluenesulfonic acid (TSOH) canbe
achieved only in the presence of catalysts such as
CoCl,-6H,01*%, Silica chloride®®, ZrCl %4, Fe**-
montmorillonite®. Also, other necessary reegentswere
employed such astrialkyl orthoformates, akylethers,
esters, 2-alkoxybenzothiazolium salt, aryl sulfonyl
methylimidazolium sdlts, 1-phenylsulfonyl benzotriazole,
and 1-(benzenesulfonyl)-and 1-(p-toluenesulfonyl)-3-
methylimidazoliumtriflated™.

The tosylation system TSOH/DMF/TEA was
attempted for PVA, where p-toluenesulfonic acid
(TsOH) wasthetosylating agent. In theabsence of a
catalyst, the tosylation reaction was surprisingly
successful, as confirmed by UV and IR analyses
(Figures1and 2); theresultsaregathered in TABLES
4 and 5 and shown infigure 4. The TSPVAswerein
form of transparent gels. The UV-Visible spectrum
(Figure 1) revealed bands at 193 and 222 nm,
respectively for n—n and n—n* transitions of p-
toluene chromophore of the tosyl group. FT-IR
spectrum (Figure 2) showed the characteristic bands
of thetosyl groupsat 1364 and 1180 cm'. Interesting
wasthat no oxidation with thissystem occurred asthe
intensity of IR band at 1716 cm'* remai ned unchanged.

Although thetosylated PVAswered| solubleeven
for higher [TSOH]/[VA] molar ratios, the degrees of
tosylation were not substantial; thegreatest DT was
about 35% (TABLE 4). It can be noticed that the higher
the subgtitution, thelower theintrinsic viscosity (the
molecul ar weight). Again, thereason for theintrinsic
viscosity lowering could be the degradation by
detosylation. Asshowninfigure 4, the DTswerein
tunewith the EV sandincreased with time, but they did
not attain higher valuesasfound in the case of TsCl.
Theintringcviscosity generdly declined withtime Also,
thissystem of tosylation seemed tofavor thedissolving
temperaturesin solventstested. Infact, thedissolving
temperatures (TABLE 5) in water werein therange of
45 and 75°C values lower than 85°C, that of the un-
modified PVA.And, aswith TsCl, the dissolving tem-
peraturesin DM SO decreased to room temperature.
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Azidation of tosylated poly(vinyl alcohol), AZPVA

Azidation of starch, anaturally polyhydroxylated
polymer, waslately studied®” and found to beasuit-
ableway for cross-linking the starch upon heating, to
end up with interesting uses such as absorbent, paste
thickener and flocculent. Azidation of poly(vinyl aco-
hol) was performed through the reaction of tosylated
PVA with sodium azide as shownin SCHEME 2, in-
volvingacassca nucleophilic substitution.

Thereaction of TSPVA (TsOH; DT, 34.40%; EV,
27.42) in water at 20°C and atime of 72 h gave a
quantitative azidation as confirmed by aFTIR spectra
characterization; thetosylate band at 1188 cm* disap-
peared completely and anew band clearly appeared at
TABLE5: Dissolvingtemperature, T, (°C), of the tosylated

PVAs. Tosylating agent, TSOH; solvent, DM F; amine, TEA,;
time: 48h.

Run Tais (H20) Tais (DM SO)
0 85 45
8 45 40
9 55 RT**
10 60 RT
11-a* 55 RT
11-b* 55 RT
11-c* 60 RT
11-d* 60 RT
11-e* 65 RT
12 75 RT

*[TsOH] / [VA]= 4: 11-a, t = 4h; 11-b; t = 8h; 11-c, t = 16h ; 11-d,
t=24; 11-e, t = 48. **RT = room temperature

Absor bance

Eom

wiod

S

Lk 2o

Wavenumber

o)

Figure5: FT-IR spectrum of AzPVA; solvent, water ; reac-
tiontime, 24 h

2038 cmr* which was assigned to theazide group (N,).
Theintrinsic viscosities[n] in DM SO of the product
AzPVA and the pristine PVA were 0.6882 and 0.507
dL.g?, respectively.

However, the on-water reaction of TSPVA (TsCl;
DT, 67.07 %,; EV, 70,12), atosylated PVA with ke-
tone groups, was carried out for 24 and 72 h, respec-
tively. Thedisplacement of thetosyl group by azideion
wasrdatively low for 24 hbut substantia for 72 h (Fig-
ure5). Ascan be seeninthisfigure, the nucleophilic
substitution seemed to occur with aconcomitant €imi-
nation reaction, leading to theformation of unsaturations
as suggested by thetwo bands present at 1596.95 and
1654.81cm'* (conjugated and non-conjugated double
bonds, respectively), particularly for 72 h. Thedimina
tion processdid not extensively take placeinthe case
of TSPVA, atosylated PVA exempt of ketone groups.
Theintringc viscosities[n] of theproductsAzPVAin
DM SO werefoundtobe0.5371 and 0.89 dL.g*, for
24and 72 h, respectively.

Theazidationin DMF proceeded at 90°C for 24 h.
Themodificationwasdsgnificant for TSPVA (TSOH; DT,
34.40%; EV, 27.42) and less substantial for TsPVA
(TsClI; DT, 67.07 %; EV, 70.12). In both cases, the
elimination reaction did occur, but moreimportantly for
thelatter case. Theintrinsic viscosities[n] of there-
spective productsAzPVA in DM SO were0.4982 and
0.89dL.g*, vaueshigher than that of PVA.

Fullerenation of azided PVA, C_PVA

After aseriesof solubility tests, a1:10 (V:V) DMF
chlorobenzene system proved to be the appropriate
medium for the fullerenation of theAzPVA (theone
obtainedinwater for 72 h) , SCHEME 3. Thefullerena
ted PVA wasabrown sticky material.

A higher temperature coupled with alonger time
led to aquantitative eimination of azidegroupsasthe
band at 2038 cm™* compl etely disappeared from the
FTIR spectrum (Figure6). Thedegreeof fullerenation
wasestimated usingacdibration curvefor fullereneC,
at A . =330 nmin chlorobenzene and was found,

H,0, 20°C, 72 h

m(-CHz - CH-yoe (-CHa - Chiojo + Nas
OH OTs
TsPVA
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or
DMF, 90°C, 24 h

SCHEME?2

= (CHz - CHior (-CHy - Ch-pro
OH N3
Azided PVA, AzPVA

A Tudéan Journal



OCAIlJ, 4(12) December 2008

Saad Moulay and Ouzena Goucem

525

—= Fyl/ Paper

Ceo

Saan (-CH2 - C"I")'WWV(-CHZ - CH'}
OH N3
AzPVA
I Chag ok
{0 = - I N
8 [\ R CE R -
5 | S
Q. / ! | 1T "'|II|F Vi
§ '.lll | | Wl 1A Fon:
0 f Vol | IMI [
< [ I L] Yy
h_d'l“l ! E _|' \
r R ||
\ | |
Ly /
R NS |
!. .:ul.z. w8 ot ; ..".l.-: : 50 ; -.-il..
Wavenumber (cm®)
Figure6: FT-IR spectrum of C, PVA
4
20 L&
o) 2 [
% 15 / I.' |
g \
B 1.0-
Qo
< L) . Az e
-E R i “ e aj
co b
200 250 100 350 400

Wavenumber (nm)
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however, not to exceed 2%. It isenlighteningtoindicate
that Martinez et . recently anchored fullerene C_ on

130°,30h

s (-CHZ - C"I")W"W‘(-CHZ - CT')""’W"‘
OH

N
Fullerenated PVA, Cgy-PVA @
SCHEME3

PV C samplesof different degreesof isotacticity viaa
homolytic pathway, taking advantage of thewell-known
C-ClI labile bonds, and the optimal degree of
fullerenation was only 7.4% in weight®®, FTIR
spectrum of thefullerenated PVA (Figure6) revealed
thecharacteristicbandsof thefullerene: 1421.4, 1186,2,
576, and 526,5 cm™*%. Two new bands appeared at
2337 and 2362 cnt which can be attributed to ortho-
bonding of thebenzene moiety of thefullerenewiththe
nitrogen atom of theamino group; thesetwo bandsare
usually observed for chelated benzene-containing
molecules®. Interesting wastheincreased intensity of
the band at 1654.81 cm®, which would hint at an
additional elimination under the conditions of
fullerenation, probably asaresult of heating. Thelow
degree of fullerenation obtained would giveaninsight
into the prevalence of elimination process over
fullerenation. ItsUV-Visiblespectrumin THF (Figure
7) showed characteristic bands of C, at 212, 257,
and 330 nmi*I; other workers observed aband at 228
nminstead of 212 nminour case. Theabsenceof bands
around 430 nm would suggest that C_, is totally
monoattached, amono-adduct. A striking findingwas
that the curves of the experimental n_, = f(C) of the
C,,PVAin DMSO and THF werefound asshownin
figure 8, suggesting a polyel ectrol yte behavior of the
polymer; thereduced viscosity decreased withincreasing
concentration of C_PVA. Thisbehavior may be the
result of aggregation of fullerenegroups.
TheC_PVAwassolubleinwater, DMSO and THF,
aresult that showed adramatic effect of theattachment
on PVA onthesolubility of highly hydrophobic C,..

CONCLUSION

The preparation of the copolymer of vinyl alcohol
(VA) and vinyl tosylate (VTs) was possible viathe
tosylation of poly(vinyl dcohoal). Theeffect of tosylation
on the properties of PVA was evident; a solubility
change of the polymer was noticed. Whilethereactiv-

ey, Onganic CHEMISTRY
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ity of p-toluenesulfonic acid (TSOH) amost equal sthat
of p-toluenesulfonylchloride (TsCl) asfar astheextent
of subdtitutionisconcerned, it seemsto bethetosylating
agent of choicefor hindering theoccurrence of oxida
tion of PVA. Theaddition of LiCl to thereaction mix-
ture may reducethe oxidation phenomenon. Azidation
of tosylated occurs with a parallel elimination. The
fullerenation of azided PVA afordsamodified PVA with
low C_, content but with good solubility.
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