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ABSTRACT

New polyamides containing 1,1’-thiodi (2-methoxy-3-naphthoyl) structure
were prepared under microwaveirradiation using Yamasaki phosphorilation
method and their solubility, thermal behavior and viscosity were evalu-
ated. The structures of polymers were characterized using IR, *H NMR
spectroscopy and elemental analysis. These polyamides showed good
solubility, viscosity, high thermal stability and glass transition tempera-
tures. Their viscositiesare in therange of 0.69-0.85. Their glasstransition
temperatures are in the range of 189-237 °C. Thermal stabilities for 10%
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weight loss (T, ) are 187-218 °C and for 50% weight loss (T ) arein the
range of 476-512 °C. The study of surface morphology showed nanoparticles

and nanostructures.

INTRODUCTION

Arométic polyamides (aramides) explorehigh ther-
mal stability, good chemical resistance, and excellent
mechanical propertiesthat have broad applicationsin
many areas of research and engeenering*3. However,
all of these polymershavethemain problem of being
difficult to process and fabrication because of their in-
fusbility and low solubility in organic solvents. Theree-
sonsarestronginterchain forcesand interactions, in-
herent macromolecular rigidity, or crystdlinity.

Therehashbeen, anincreased attentioninthe prepa
ration of polyamideswith different substituentsor struc-
turd irregularitiestoimprovether processability with-
out loweringtheir other desired properties. These stud-
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iesinclude entering flexible adductsinto the polymer
main chain“*l, replacing symmetrical aromaticrings
by unsymmetrical ones” 8, introducing bulky and reli-
able pendant groupsto minimize crystallizationl®13,
and forming anon-coplanar and nonsymmetrica struc-
turel4 19,

Sincethefirst published reports on the use of mi-
crowaveirradiationtoimprove chemical transforma-
tions by the research groups of Gedye and Giguere/
Majetich in 1986/¢, alarge number of articles have
been published inthisactivefield, today referredto as
microwave-assi sted organic synthesis (MAQS)17 18,
Inalarge number of these published articles, micro-
wave heating has been shown to reducereaction times,
increase product yields, and enhance product purities
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by reducing byproducts compared to conventiond heet-
ing procedures. The advantagesof thisstrong and won-
dering technology havemorein recent yearsaso been
explored inthe context of multistep total synthesig,
medicind chemistry and drug discovery!®. Also, these
methodswas used in aseries of fieldssuch as polymer
synthesig?Y, material sciences?, nanotechnol ogy!®,
and biochemical processes?d. The use of microwave
irradiation in polymer chemistry hasthusbecomesuch
apopular techniquein the scientific community that it
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Scheme2: Synthesisof polyamides (5-8).
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might be assumed that, in afew years, most chemists
will probably use microwave energy to heat chemical
reactionson alaboratory scaeto preparealarge num-
ber of polymerd®. Thisefficent method of organic syn-
thesishasbeen used in alarge number of polymer re-
actions such as, step-growth polymerization for the
preparation and synthesis of polyamides?®,
polyimides?, poly(amide-imide)s®!, polyesters?)
polyureaand polythioured®. Also, chain growth poly-
merization under microwave (MW) irradiation asan
important polymer synthesi sprocedure, has been ap-
plied for the synthesis of alarge number of polymers
and macromol ecules®Y,

In thisresearch work new polyamides containing
1,2’-thiodi (2-methoxy-3-naphthoyl) units in the main
chainweresynthesized under microwaveirradiaionand
characterized. They are solublein aseriesof organic
solvents and showed thermal resistance. SEM images
of these polymers showed nanoparticles and
nanostructures.

EXPERIMENTAL SECTION

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
ca cium hydrideand stored over 4A° molecular sieves.
Triphenyl phosphite(TPP, Merck) waspurified by frac-
tiona didtillation under vacuum. Reagent gradearomatic
diamines (Aldrich) including 1,4-phenylenediamine
(PDA), 3,3’-diamino-diphenylsulfone and 4,4’-
diaminodiphenylsulfonewererecrystallized from etha
nol. 4,4-Oxydianiline(ODA) was purified by sublima-
tion. The melting points (uncorrected) were measured
withaBarnstead El ectrothermd engineering LTD 9100
goparaus. Elementd 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
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XL30 (Philips) apparatus. The MicroSY NTH system
of Milestone which is a multi-mode platform and
equipped with amagnetic stirring plate was used for
themicrowavesynthesis. Inherent viscosities (n, , =In
nr/c at a concentration of 0.5 g dL') were measured
with an Ubbe ohde suspended-level viscometer at 30°C
using DM SO assolvent. Thermogravimetric analysis
(TGA) wererecordedonaV 5.1A DuPont 2000 sys-
tem under argon atmosphere at aheating rate of 10°C
Min.?, and differentia scanning caorimetry (DSC) re-
corded on aV 4.0B DuPont 2000 system under ar-
gon atmosphere at aheating rate of 10 °C Min.™.

Synthesis of 1,1’-thiodi
methylnaphthoate) (3)

To DMF (30 mL) were added 1,1’-thiodi (2-hy-
droxy-3-naphthoic acid) (2*2, 1mmol, 0.406 g),
Na,CO, (4 mmoal, 0.40 g), Nal (catalytic) and methyl
iodide (4 mmol, 0.25 mL, Caution!) at room tempera:
ture. The reaction mixture was stirred at room tem-
peraturefor 24 hours. After completion of thereaction
(monitored by TLC), water was added and extracted
with chloroform (3x30 mL). The combined organic lay-
ersweredried (Na,SO,) and evaporated to afford a
whitesolidwhichwasrecrystdlizedin ethanol to obtain
diester (3) in94%yiedd and mdting point of 181-182°C.
IR (KBr) vem™: 2950, 1720 (C=0), 1488, 1442,
1285, 1230, 1008, 790. *H NMR (500 MHz, DM SO-
d)) 8: 2.74 (s, 3H), 2.91 (s, 3H), 3.67 (s, 6H), 7.46
(dd, 2H, J=5, 10 Hz), 7.57 (dd, 2H, J=5, 10 Hz),
8.04(d, 2H, J=10Hz), 8.29(s, 2H), 8.59 (d, 2H, J=
10 Hz) ppm. “C NMR (125 MHz, DMSO-d,) &:
168.66, 158.37, 136.54, 134.42, 131.47, 130.58,
129.73, 127.86, 126.95, 126.28, 125.54, 63.84,
37.54 ppm. MS (El) m/z (relative intensity %): 462
[M]*(100%), 415 (74%), 185 (14%), 357 (22%), 286
(21%), 258 (26%), 229 (27%), 187 (34%), 169
(28%), 145 (71%), 115 (77%), 59 (82%), 45 (83%).
Analytica calculated for C,H,,0.S(M=462.51): C,
67.52%; H, 4.79%; Found, C, 67.55%; H, 4.78%.

Synthesisof 1,1’-thiodi (2-methoxy-3-naphthoic
acid) (4, NDA)

Tothemixtureof 3 (1 mmoal, 0.46 g) and methanol
(20 mL) was added KOH solution (10%, 50 ml) at
roomtemperature. Themixturewasdtirred a roomtem-

(2-methoxy-3-
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peraturefor 2h and then wasrefluxed for 24h. After
completion of thereaction (monitored by TLC), water
was added and the mixturewasneutralized usng HCl
(10%) solution. Theresulting precipitateleft for 12h
and then filtered to afford the crude product that re-
crystalizedin ethanol to obtain diacid (4, NDA) asa
white precipitaein 95% yield and melting point of 286-
287°C. IR (KBr) vem™: 3500, 2933, 2362, 1685
(C=0), 1446, 1280, 1001, 754. *H NMR (500 MHz,
DMSO-d)) &: 3.64 (s, 6H), 7.52 (dd, 2H, J=5, 10
Hz), 7.62 (dd, 2H, J=5, 10 Hz), 8.02 (d, 2H, J= 10
Hz), 8.34 (s, 2H), 8.56 (d, 2H, J= 10 Hz), 13.09 (b,
2H) ppm. *CNMR (125MHz, DMSO-d,) 6: 167.76,
157.26, 136.43, 133.30, 130.44, 130.34, 129.62,
126.94, 126.72, 126.05, 125.93, 62.95 ppm. MS (El)
m/z (rddiveintensity %): 434[M]*(100%), 388 (51%),
343 (18%), 258 (26%), 202 (17%), 173 (23%), 145
(54%), 115 (68%), 63 (22%), 45 (51%). Analytical
calculated for C,,H,.OS (M=434.46). C, 66.35%;
H, 4.18%; Found, C, 66.31%; H, 4.19%.

Synthesisof polyamides

Polyami deswere synthes zed through the phospho-
rylationreactionof 1,1’-thiodi (2-methoxy-3-naphthoic
acid) (4, NDA) with various diamines as shown in
Scheme 2. A typical example for the preparation of
polyamidesisgiven. A mixtureof 4 (1 mmol, 0.4329),
p-phenylenediamine (1 mmol, 0.11 g), 0.3gof CaCl,,
0.6 mL of TPP, 0.5 mL of pyridine, and 4 mL of NMP
were added to the quartz tube and irradiated under
microwavein 600W for 9 Min. (3x3 Min.) and the rest
timeof 10 Min. (2x5 Min.). After cooling to room tem-
perature, the resulting viscose reaction mixture was
poured into 300 mL of boiling methanol. Theresulting
crude product was precipitated and thenfiltered. The
resulting polymer was washed with hot methanol (50
mL.), hot water (twice, 50 mL) and then hot methanol
(50mL.), respectivey; and dried under vacuum at 100
°C overnight. Theyied dswereamost quantitative. Spec-
tra data, thermal properties, viscosty and solubility of
these polyamides were reported in the following
TABLESandFigures.

RESULTSAND DISCUSSION

In thisresearch work, wewish to report the syn-
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Figurel: FT-IR spectrum of diacid (4, NDA).
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Figure2: FT-IR spectrum of polyamide (8, PM SO).
TABLE 1: Inherent viscosity and theyieldsof polyamides.

Polymer Yield (%) N inn(g/dL)?
PPD (5) 95 0.76
PODA (6) 93 0.69
PPSO (7) 97 0.81
PMSO (8) 9% 0.85

3Measured at a polymer concentration of 0.5 g/dL in DM SO
solvent at 30 °C.

thes sand characterization of polyamidesobtained from
thereaction of anew monomer (4, NDA), containing
1,1’-thiodi (2-methoxy-3-naphthoyl) units, and aro-
matic diaminesunder microwaveirradiation. 2waspre-
pared according to the reported procedurefrom the
reaction of 1 and sulfur dichloride(SCI.)i*. 3was pre-
pared from thereection of 2and methyl iodidein DMF
at room temperature. The corresponding diacid (4,
NDA) was synthesized through hydrolysis of diester
using MeOH/KOH (10%) at reflux conditions. ThelR
spectrum of diacid (4, NDA) isappearedin Figure 1.
Polymerization were performed using Yamasaki
phosphorilation reaction of diacid and diaminesinthe
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presence of triphenylphosphite (TPP), pyridine (Py),
N-methylpyrolidinone (NMP) and calcium chloride
(CaCl,) under microwaveirradiation amost in quanti-
tativeyields(TABLE 1). Polymerswereprecipitatedin
boiling methanol and washed with hot water and metha:
nol respectevidy. ThelR and *H NM R spectraof polya
mideswere showed the correct structures(TABLE 2).
ThelR spectraof polyamide8 (PMSO) isappearedin
Figure 2; and showed the corresponding structure ac-
cordingtothemain functiona groups. Theinherent vis-
cositiesand theyieldsof polyamideswerereportedin
TABLE 1.

The solubility behavior of polyamideswasinvesti-
gated quditatively 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
iINnTABLE 3. All the polymersshowed reliable sol ubil -

TABLE 2: Spectral dataof polymers.

Polymer

IR (vem™)

'H NMR (500 M Hz, DM SO-
de): 8 (ppm)

PPD (5)

3408 (NH),
3056, 2985,
1640 (C=0),
1514, 1103,
738

2.69 (s, 6H), 7.33 (s, 2H), 7.37
(dd, 2H, J= 8, 10 Hz), 7.48 (dd,
2H, J= 8, 10 Hz), 7.51 (b, 4H),
8.03 (d, 2H, J= 10 Hz), 8.44 (d,
2H, J= 10 Hz), 10.76 (s, 2H).

PODA
(6)

3388 (NH),
3055, 2465,
1687 (C=0),
1499, 1217,
1069

2.69 (s, 6H), 7.08 (d, 3H, J= 10
Hz), 7.33 (s, 2H), 7.36 (dd, 2H,
J= 8, 10 Hz), 7.51 (dd, 2H, k= 8,
10 Hz), 7.77 (t, 5H, J= 10 Hz),
7.92 (d, 5H, J= 10 Hz), 8.51 (s,
2H).

(")

3391 (NH),

3078, 2956,

2364, 1667

(C=0), 1591,

1548, 1247,

1146, 1095,
922

2.68 (s, 6H), 6.62 (d, 2H, J= 10
Hz), 7.32 (s, 2H), 7.35 (dd, 2H,
J= 9, 10 Hz), 7.50 (dd, 2H, J= 9,
10 Hz), 7.54 (d, 2H, J= 10 Hz),
7.75(d, 2H, = 10 Hz), 7.84 (d,
2H, E 9, 10 Hz), 7.91-8.02 (m,
4H), 8.40 (d, 2H, J= 6 Hz), 10.83
(s, 1H), 10.89 (s, 1H).

PMSO
(8)

3382 (NH),
3086, 2963
2361, 1656
(C=0), 1593,
1301, 1097
917, 751, 526

2.69 (s, 6H), 7.29 (s, 2H), 7.33
(dd, 2H, J= 8, 10 Hz), 7.38 (dd,
2H, J= 8, 10 Hz), 7.46 (dd, 2H,
J=8, 10 Hz), 7.54 (dd, 2H, =
1.5, 8 Hz), 7.69 (dd, 2H, J= 1.4,
9 Hz), 8.23 (s 2H), 8.41 (d, 2H,
J= 8 Hz), 10.79 (s, 2H).
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ity in polar organic solvents. Thismight bedueto the
presence of naphthal ene unitswhich decreased inter-
molecular and intramolecular hydrogen bonding but
methoxy groupsincreasestheintramol ecul ar hydrogen
bonding and flexibility and then decreasethecrystdlin-
ity and close paking. On the other hand, naphthalene
unitsreduced theflexibility and increased close pack-
ing and crystalinity. Also, the aromatic diaminestruc-
turevariesthesolubility. According to theabovedis-
cussionsthesolubility of polyamideswereaffected by
the several variablesand the sol ubility variesaccording
to the structure of diacid monomer (4) and aromatic
diamines. Theviscostiesof polyamideswere measured
in DM SO at 30 °C and are in the range of 0.69-0.85
(TABLEY).

Thetherma stability of polyamideswasevaluated
by thermogravimetric andysis(TGA) and differentia
scanning calorimetry (DSC). The entire polymers
showed good therma stability, theresultsare summa-
rized in TABLE 4 and for one sampleis showed in
Figure 3. Glasstransition temperatures (Tg) of polya
mideswereevauated by differential scanningcaorim-
etry (DSC) and arein the range of 189-237 °C. The
resultsaresummarized in TABLE 4. According to the
structureof diamine, insertion of theether group inthe
diaminestructureisincreased theoveral flexibility of
the polymer chains and decreased the T, value. The

TABLE 3: Elemental Analysisof polymers.

Elemental Analysis

Polymer Formula Calculated (%) Found (%)
C H N C H N
PPD CaoH2N,O,S 72.44 4.18 5.28 72.49 4.20 5.33
PODA  CgsHxsN,OsS 72.22 4.38 4.68 72.26 4.39 4.74
PPSO  CgH2N»OsS, 66.86 4.05 4.33 66.82 4.08 4.39
PMSO  CgsHasN2OsS, 66.86 4.05 4.33 66.79 4.07 4.37
120
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Figure3: TGA of polyamide (PODA, 6).
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TABLE 4: Thermal propertiesof polyamides.

Polymer (OT(%) (Tg) (Ts(c;; Char yielotcj:sc (9%)580
PPD(5) 216 204 512 47
(Pé))DA 189 187 507 43
PPSO(7) 231 211 476 31
PMSO ™ 237 218 405 37

(8)

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 580 °C under
argon.

TABLE5: Thesolubility of polyamides.

Polymer NMP DMAc DMF DMSO m-Cresol THF
PPD (5) ++ ++ ++ ++ + +
PODA (6) ++ ++ ++ ++ + +
PPSO (7) ++ ++ ++ ++ - -
PMSO (8) ++ ++ ++ ++ - -

(++) 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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Figure5: SEM imageof polyamide (6, PODA).
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Figure7: SEM imageof polyami.de(8, PM SO).

polymers containing diamineswithout other flexible
groups (such as naphthal ene and metaand para ben-
zene derivatives) havehigh T, because of thelower
flexibility of theoveral polymer chains.

Thethermal stability of these polymerswas stud-
ied by thermogravimetricanalyss(TGA). All thepoly-
mers showed good thermal stability, their decomposi-
tion at argon atmosphere for temperature of 10%
weight loss T (10) wasin the range of 187-218 °C
and thetemperature of 50% weight loss T (50) wasin
therange of 476-512 °C which indicates excellent
thermal stability inthe prepared polymers. The poly-
mer decomposition temperaturefor various percent
of decomposition and char yield at 580 °C for all poly-
mersare summarized in TABLE 4. According to the
obtained datafor thermal stability, theincorporation
of benzene unitsinto the polymersbackbone enhanced
thethermal stability.

The surface morphology of polymerswasevalu-
ated using their SEM images (Figures4, 5, 6 and 7).

flano Soienoe and flano Teohnology

According to theseimagestwo polyamides (5 and 8)

have shown particlestructures and on the other hand 6

and 7 have shown continues structure.
CONCLUSIONS

A series of new polyamides based on the
methoxynaphthoi c acid were successfully obtained
through the direct polycondensation reaction of a
thiodi (2-methoxy-3-naphthoic acid) with various di-
aminesviaYamazaki method under microwaveirradia-
tion (MW). Thepolymersshowed rdliablesolubility and
hightherma stability. Thisisdueto thepresenceof naph-
thaeneand methoxy groupsin the presence of tetrahe-
drd sulfidefunctiond group. Thepresenceof ether group
inthe diaminedecreased glasstransition temperature
and polymerswith higher symmetric and rigid struc-
turesinthediamineand asaresult intheoverall poly-
mer chainsshowed the higher thermal stability. Thus,
we afforded polyamideswith improved sol ubility and
high heat resistance. The study of surface morphology
of polyamides showed nanoparticlesand nanostructures.
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