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ABSTRACT

New polyamides containing dibenzosulfone Units were prepared under mi-
crowave irradiation and their solubility, thermal behaviour, viscosity and
their nanostructures were evaluated. These polyamides showed good solu-
bility, viscosity and high thermal stability. Surface morphology of these

polymers showed nanoparticle structure.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Aromatic polyamides are high performance poly-
merswith good thermally stable, efficient mechanical
properties, low flammable, good processable, easy ap-
plicableand low density materid 4. Becauseof their
excellent properties, they are used asgood aternatives
for aseriesof conventiona materialssuch asmetals
and ceramicsin engineering applications®. The new
industry and technol ogy requires advanced materials
with severd propertiesand stablein unusual environ-
ments such aselevated temperatures, vigorousacidic
and basic mediaand humid regiong®. Polyamidesare
important candidatesfor theseadvanced materialshave
ability to changetheir propertiesand gain desired ap-
plication viachangein structuresand preparation con-
dition™. Wholly aromatic polyamides (aramides) have
afew disadvantages such as poor solubility, difficult
processability and high melting®. Severd procedures
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were examined for achievethese drawbacks contain-
ing the use of softening aiphatic chainsinthe polymer
main chain, insertion of three dimensiona and bulky
pendant groups (for example; alkyl, sulfone, thio and
ether groups) for avoid crystdlinity, close packing and
gainlow melting points, good solubleand processable
polymerg®y,

Microwaveirradiaion (MW) asanonconventiona
heetiong was used for the preparation of thelarge num-
ber of compounds?*2. In comparisonwith conventiona
heating thismethod of synthesishave anumber of ad-
vantages such ashighyields, short reactiontimes, the
useof small volume of solventsor thesynthesesin dry
mediawithout solvent, ecofriendly, environmentally be-
nign and the use of nontoxic materials especialy sol-
vents®, Firgt syntheseswere performed using domes-
ticovens, but industrial apparatus aremoreefficient;
especially; controlled temperature, pressureand asa
result higher safety, reliable and reproducible resultg 4.,
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Scheme2: Synthesisof polyamides(8-11).
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In polymer science, microwaveirradiationwasusedin
broad range from polymer synthesisto processing®.
A largenumber of polymer synthetic routeswerere-
ported using microwaveirradiationl*¥. Various poly-
meric materials such as polyamides, polyesters,
polyimides, polyethylene, polystyreneand polyureaand
polythioureawere prepared under microwaveirradia
tionusing different kindsof polymer synthesesroutes,
for example, step-growth and chain growth polymer-
ization*¢ 1, Theuse of thismethod of synthesis(MW)
for the preparation of polymersisan activeroutein
chemistry and material s science™®.

In thisresearch work new polyamides containing
dibenzosulfoneunitsinthemain chanweresynthesized
under microwaveirradiation. They aresolubleinase-
riesof organic solventsand showed thermal resistance.
SEM images of these polymers showed nanoparticle
sructures.

EXPERIMENTAL

Thereactionsfor the synthesis of monomer were
carried out in an efficient hood. All the materialswere
purchased from Merck, Fluka, Across Organicsand
Aldrich chemical companies. N-Methyl-2-
pyrrolidinone (NMP, Merck) and pyridine (Py, Merck)
werepurified by distillation under reduced pressureover
calcium hydrideand stored over 4A ° molecular sieves.
Triphenyl phosphite(TPP, Merck) waspurified by frac-
tiona didtillation under vacuum. Reegent gradearomatic
diamines (Aldrich) including 1,5-diaminonaphthalene
(DAN) and 3,3’ -diaminodiphenyle sulfone were recrys-
talized fromethanal. 4,4'-Oxydianiline (ODA) and p-
phenylenediamine (PPD) were purified by sublimation.
The mdting points (uncorrected) were measured with
aBarnstead El ectrotherma engineering LTD 9100 ap-
paratus. Elemental andysiswasperformed by aCHN-
O- Rapid Heraeus elemental anadyzer. FT-IR spectra
wererecordedin potassium bromide pdletson aBruker
apparatus. TheH NMR and *C NMR spectrawere
obtained using BRUKER AVANCE DRX 500 MHz
apparatus and mass spectra were obtained with
Shimadzu GC-MS-QP1100 EX modd. Scanning elec-
tron micrograph (SEM) imageswereobtained usinga
XL30 (Philips) apparatus. The MicroSY NTH system
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of Milestone which is a multi-mode platform and
equipped with amagnetic stirring plate was used for
the synthesis. Inherent viscosities(n, , = Innr/c ata
concentration of 0.5 g dL*) were measured with an
Ubbel ohde suspended-level viscometer at 30 °C using
DM SO assolvent. Thermogravimetricanaysis(TGA)
wererecorded onaV 5.1A DuPont 2000 system un-
der argon atmosphere at aheating rate of 10°C Min.?,
and differential scanning calorimetry (DSC) recorded
onaV 4.0B DuPont 2000 system under argon atmo-
sphere at aheating rate of 10°C Min. ™.

Synthesis of 2,2’-sulfoxobis(1-(1,4-dioxa-3-
oxopentoxy)-4-methylbenzene) (4,BDE) from 2
and 3

To formic acid (50 ml), were added diester (2,
1mmol, 0.408 g; or 3, 1mmol, 0.392 g) and hydrogen
peroxide (30%, for thereaction with 2, 1mmol, 0.09
ml andfor 3, 2mmol, 0.18 ml) a 0°C and the reaction
were stirred for 6h. After compl etion of the reaction
(monitored by TLC), water was added and the result-
ing preci pitatefiltered and washed withwater and dried.
The crude product wasrecrystallized in ethanol/THF
toafford 4in 93% yield and melting point of 122-123
°C; IR(KBr): 2934, 2541, 2219, 1736, 1610, 1483,
1243, 1093, 718 cm*; 'H NMR (500 MHz, DM SO-
d,) 6: 2.33(s, 6H), 3.61(s, 6H), 4.56 (s, 4H), 6.93 (d,
J=10Hz, 2H), 7.37 (dd, J=1.5, 8Hz, 2H), 7.86 (d,
J=1.5Hz, 2H) ppm; *CNMR (125 MHz, DMSO-d,)
5: 168.93, 153.78, 136.28, 131.64, 131.02, 129.45,
114.99, 66.39, 52.64, 20.78 ppm; MS(El) m/z (rela
tive intensity %): 422 [M]* (3%), 389 (100%), 347
(36%), 329 (79%), 286 (18%), 195 (28%), 151
(54%), 135 (27%), 91 (29%), 45 (100%); Anal.
C,,H.,,0,S(422.45): C, 56.86; H, 5.25 %; Found, C,
56.88; H, 5.26 %.

Synthesis of 2,2’-sulfoxobis(1-(1,4-dioxa-3-
oxobutoxy)-4-methylbenzene) (7, BDA)) from 4

To the mixture of 4 (BDE, 1mmol, 0.424 g) and
methanol (10 mL) wasadded KOH solution (10%, 50
ml) at room tempearture. The mixturewas stirred at
room temperaturefor 24h. After completion of there-
action (monitored by TLC), water wasadded and the
mixturewasnutraized usng HCl solution. Theresulting
precipitatewasfiltered, dried and recrystallized in etha:
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nol to afforddiacid (7, BDA) asawhite precipitaein
96% yield and melting point of 233-234°C; IR (KBr):
3567, 3441, 3329, 2928, 2557, 2216, 1777, 1745,
1495, 1249, 1157, 1091, 824, 819 cm?; H NMR
(500 MHz, DMSO-d,) 6: 2.18 (s, 6H), 4.56 (s, 4H),
7.11 (d, =10 Hz, 2H), 7.41 (dd, J=1.5, 8 Hz, 2H),
7.93 (d, J=1.5 Hz, 2H), 10.35-10.37 (b, 2H) ppm;
BCNMR (125MHz, DMSO-d)) 5: 171.15, 158.61,
136.34, 132.76, 132.42, 131.89, 115.78, 67.59, 53.23
ppm; MS (El) m/z (relativeintensity %): 396 [M+2]*
(7%), 362 (3%), 348 (2%), 317 (11%), 257 (53%),
228 (51%), 179 (36%), 151 (27%), 121 (100%), 105
(29%), 77 (67%); Anal. C H, O,S (394.40): C,
54.82; H, 4.60 %; Found, C, 54.85; H, 4.61 %.

Synthesis of 2,2’-sulfoxobis(1-(1,4-dioxa-3-
oxobutoxy)-4-methylbenzene) (7, BDA)) from 5
and 6

To formic acid (50 ml), were added diacid (5, 1
mmol, 0.364 g; or 6, 1mmol, 0380 g) and hydrogen
peroxide (30%, for thereaction with 5, Immol, 0.09
ml and for 6, 2mmol, 0.18 ml) at 0°C and the reaction
werestirred for 10h. After completion of thereaction
(monitored by TLC), water was added and theresult-
ing preci pitatefiltered and washed withwater and dried.
Thecrudeproduct wasrecrystallized in ethanol to af -
ford 4in 92% and 95% yields, respectively.

Synthesisof polyamides

Polyamides were synthesized by the Yamasaki
phosphorylationreaction of diacid (7, BDA) with vari-
ousdiaminesasshownin Scheme2. A typica example
for the preparation of polyamidesisgiven. A mixtureof
7 (2mmoal, 0.396 g), p-phenylenediamine(1 mmol, 0.11
9), 0.3gof CaCl., 0.6 mL of TPP, 0.5mL of pyridine,
and 4 mL of NM P were added to the microwave cell
and irradiated under microwavein 600W for 9 Min.
(3%3 Min.) and the rest time of 10 Min. After cooling at
room temperature, theresulting viscose reaction mix-
turewas poured into 300 mL of boiling methanol. The
resulting crude polymer was preci pitated and then fil -
tered. The polymer waswashed with hot methanol (50
mL), hot water (twice, 50 mL) and then hot methanol
(50mL.), respectivey; and dried under vacuum at 100
°C overnight. Theyiddsweredmost quantitative. Ther-
mal properties, viscosity and solubility of these polya-
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mideswerereportedinthefollowing TABLESand Fig-
ures.

RESULTSAND DISCUSSION

In thisresearch work, wewish to report the syn-
thesisand characterization of polyamidesobtained from
thereaction of anew monomer (7, BDA), containing
sulfone and benzo unitsand aromatic diaminesunder
microwaveirradiation. Diacid (7, BDA) were prepared
according to the Scheme 1, through three synthetic
routesfrom dibenzosulfonediester (4), dibenzosulfide

diacid (5) and dibenzosulfoxidediacid (6) (Scheme 1).
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Figurel: FT-IR spectrum of benzosulfonediacid (7, BDA)
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Figure2: FT-IR spectrum of polyamide(8, PBP).
TABLE 1: Inherent viscosity and theyieldsof polyamides.

Polymer Yield (%) N nn(g/dL)?
PBP (8) 97 0.48
PBE (9) 95 0.44
PBN (10) 98 0.56
PBS (11) %4 0.52

3Measured at a polymer concentration of 0.5 g/dL in DM SO
solvent at 30 °C.
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TABLE 2: Elemental analysesof polymers.

Elemental Analysis

Calculated (%) Found (%)

C H N C H N
61.79 475 6.00 61.84 471 6.07
6450 4.69 5.01 64.57 4.64 5.07
65.01 4.68 542 65.08 4.65 5.47
59.39 432 5.62 5943 4.39 10.68

Polymer Formula

PBP
PBE
PBN
PBS

CogH2N206S
CaoH26N207S
CogH24N206S
CaoH26N208S,

TABLE 3: Spectral dataof polymers

'H NMR (500 MHz, DM SO-
de): & (ppm)

Polymer IR (cm™)

2.15 (s, 6H), 4.62 (s, 4H), 7.09
(d, = 7.5Hz, 2H), 7.42 (d, = 7
Hz, 2H), 7.58-7-7.59 (m, 2H),
7.65-7.68 (m, 4H), 7.81 (d, J=
10Hz, 2H).
2.16 (s, 6H), 4.62 (s, 4H), 7.02
(d, J=8.5Hz, 4H), 7.09 (d,
J=8Hz, 2H), 7.43 (d, J=8Hz, 2H),
7.64 (d, J=8.5Hz, 4H), 7.80 (s,
2H), 9.74 (s, 2H).
2.15 (s, 6H), 4.64 (s, 4H), 7.11
(d, J= 8.1 Hz, 2H), 7.43-7.48 (m,
4H), 7.80 (s, 2H), 7.95-7.98 (m,
4H), 7.75 (s, 2H).
2.00 (s, 6H), 4.59 (s, 4H), 6.90-
6.93 (b, 2H), 7.27-7.30 (b, 2H),
7.60-7.67 (M, 4H), 7.73-7.92 (m,
1145, 1103, 4H), 8.30-8.34 (b, 2H), 10.17-
742, 10.20 (b, 2H).

Dibenzosulfidediester (3) was prepared previoudyi9.
Dibenzosulfoxide diester (2) was prepared from 119
and in thisresearch work anew route was performed
for thesynthesisof 2fromthereaction of dibenzosulfide
diester (3) and hydrogen peroxide. 5 and 6 were pre-
pared from basic hydrolysisof 2 and 3, respectively
(Scheme 1). Dibenzosulfonediester (4) was prepared
from the oxidation of 2 and 3 using hydrogen peroxide

3320, 299,
2491, 1692,
1492, 1301,
1043, 814.

3324, 2985,
2456, 1694,
1489, 1305,
1136, 1037,
8109.
3455, 3362,
2452, 1687,
1138, 1047,
822.
3305, 2978,
2453, 1684,
1583, 1322,

PBP (8)

PBE (9)

PBN
(10)

PBS
(11)
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TABLE 4: Thermal propertiesof polyamides.

a b ; 0
Polymer (;I'Cg) 2;8) ;I('%) Char vyi e!) ((1:sc (%)550
PBP (8) 216 276 438 22
PBE(9) 194 131 423 17
PBN
(10) 221 167 526 37
PBS(11) 230 144 54

aTemperature of 10% weight loss determined in argon atmo-
sphere; "Temperature of 50% weight loss determined in argon
atmosphere; Char yield calculated as the percentage of solid
residue after heating from room temperature to 550 °C under
argon.

TABLE5: Thesolubility of polyamides(8-11).
Polymer® NMP DMAc DMF DMSO m-Cresol THF

PBP (8) ++ ++ ++ ++ + +
PBE (9) ++ ++ ++ ++ + +
PBN (10) ++ ++ ++ ++ + +
PBS(11) ++ ++ ++ ++ + +

(++) Soluble at room temperature; (+) soluble upon heating;
(+) partially soluble; 2Solubility measured at a polymer con-
centration of 0.05 g/ml.
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Figure4: SEM imageof polyamide8 (PBP).
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Figure5: SEM imageof polyamide 9 (PBE).

(1 equivaent and 2 equiva ents, respectively) informic
acid, and then was hydrolyzed to dibenzosulfone di-
acid (7). The IR spectrum of diacid (7, BDA) is ap-
pearedin Fgure 1. Polymerizationwereperformed using
Yamasaki phosphorilation reaction of diacid (7) and
diaminesinthe presence of triphenylphosphite (TPP),
pyridine (Py), N-methylpyrolidinone (NMP) and cal-
cium chloride(CaCl.) under microwaveirradiation and
four new polyamides were prepared (8-11, Scheme
2). Polymerswere precipitated in boiling methanol (300
ml) and washed with hot water and methanol respec-
tively, and then dried under vacuum. Theinherent vis-
cositiesand theisolated yields of polyamideswerere-
ported in TABLE 1. The elemental analyses of poly-
mersarereportedin TABLE 2. ThelR and *H NMR
spectraof polyamides showed the correct structures
(TABLE 3). ThelR spectraof polyamide 8 (PBP) is
appeared in Figure 2; and showed the corresponding
structure according to the mgjor functional groups.
Thesolubility behavior of polyamideswasinvesti-
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gated qudlitatively in aseriesof organic solventssuch
as N-methylpyrrolidinone (NMP), N, N-
dimethylformamide (DMF), tetrahydrofuran (THF),
dimethylsulfoxide (DM SO), N,N-dimethylacetamide
(DMACc) and m-cresol, and theresultsare summarized
inTABLEDS5. All the polymers showed excellent solu-
bility in polar organic solvents. Thismight beduetothe
presence of polarized and tetrahedral SO2 (sulfone)
groupswiththreedimensond structureandrigid which,
increased intramol ecul ar hydrogen bonding and reduced
the close packing and crystallinity. Onthe other hand,
because of the presence of very flexible CH, groupsin
themain chain and CH, asside chain groupsof polya-
midessolubility ishigh. Theviscositiesof polyamides
weremeasuredin DM SO at 30°C and are in the range
of 0.44-0.56 (TABLE1).

Thetherma stability of polyamideswas evaluated
by thermogravimetric andysis(TGA) and differential
scanning calorimetry (DSC). Theentirepolymersshowed
good thermal stability, the results are summarizedin
TABLE4andfor 8 (PBP) isshowedin Figure3. Glass
trangtiontemperatures (Tg) of polyamideswereevau-
ated by differentid scanning calorimetry (DSC) and are
intherangeof 194-230°C. The results are summarized
inTABLE 4. According to thestructureof diamine, in-
sertion of theether group inthediaminestructureisin-
creased theoverdl flexibility of thepolymer chainsand
decreasedtheTgvdue Thepolymerscontainingdiamines
without other flexible groups (such asnagphthaene and
metaand parabenzene derivatives) havehigh T o be-
causeof thelower flexibility of theoveradl polymer chains,
increased crystd|linity and closepaking.

Thethermd stability of these polymerswasstudied
by thermogravimetricandysis(TGA). All thepolymers
showed good thermal stability, their decomposition at
argon aimospherefor temperature of 10% weight loss
T (10) wasin therange of 131-276 °C and the tem-
perature of 50% weight loss T (50) wasin therange of
423-526 °C which indicates excellent thermal stability
inthe prepared polymers. For onepolymer (11, PBS)
T (50) ishigher than 550°C. The polymer decomposi-
tion temperaturefor various percent of decomposition
and char yield (in therange of 22-54%) at 550 °C for
al polymersare summarized in TABLE 4 and accord-
ing to theobtained datafor therma stability, the poly-
mer with diamine containing theether linkage show the
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lower thermal stability in comparisonwiththe polymers
containing diamineswithout thesegroupsand moresym-
metric structures. Theincorporation of ngphthaeneand
benzene unitsinto the polymers backbone enhanced
thethermal stability.

The surface morphology of polymerswere studied
using scanning € ectron microscopy (SEM) images, and
showed the nanopartid esand nanostructuresasthemain
aggregates (Figures4, 5,6 and 7).

CONCLUSIONS

A series of new polyamides based on the
dibenzosulfone structure were successfully obtained
through the direct polycondensation reaction of a
dibenzosulfone diacid with various diamines via
Yamazaki method under microwaveirradiation (MW).
The polymersshowed enhanced solubility and high ther-
mal stability. Thisisdueto the presence of tetrahedral
sulfone group. The presence of ether group inthedi-
amine decreased thermal stabiliy and polymerswith
higher symmetric and rigid structures (such as nagphtha
leneand sulfone) inthediamineand asaresultinthe
overdl polymer chains showed the higher therma sta-
bility. Thus, weafforded polyamideswhichlead toim-
proved solubility and higher heat resistance. Surface
study of these polymers has been showed the
nanoparticleand nanostructures.
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