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Synthesis and Characterization of Poly(arylene ether)s Containing
Benzoxazole Pendants from Novel Aromatic Difluoride Monomer
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A study was done on the synthesis of new polyv(aryvlene ether)s and poly (arylene sulfide) with rigid benzoxazole
pendants using nucleophilic aromatic substitution reaction. As a new aromatic monomer, 1.-4-bis(2-benzox-
azoly1)-2.5-difluorobenzene |1) was synthesized in three steps starting from 1.4-dibromo-2.3-difluorobenzene.
A model reaction of diflnoro monomer |1| with twvo equivalents of m-cresol or thiophenol in a typical ether con-
densation reaction conditions gave very high vields ( > 93%) of the desired disubstituted product. suggesting
the feasibility of polvmer formation in these reaction system. Monomer |I] was polymerized with bisphenols
and bisbenzenethiol in NMP using K~COa. as base. The molecular weight of the resulting polymers. however.
seemed relatively low according to their solution viscosity values (B = 0.13-0.29 dL/g). The poly(aryvlene
ether)s were soluble in several common organic solvents including chloroform, pyridine and v, A'-dimethy Ifor-
mainide. The poly(arvlene sulfide) was, however. only soluble in strong acids like sulfuric acid and trifluoro-
acetic acid. The glass transition temperatures were found to be 175-215 °C. These polymers were stable up to
380-420 °C in both nitrogen and air, as determiined by the temperature that a significant weight loss began to
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appear on TGA.

Introduction

A large numbcer of poly(arvlene ciher)s and poly(arviene
sullide)s has been reported and studicd during the past fow
dccades as heat resistant. high performance polymers.'
Also 1t is well known (hat poly (benzoxazole)s and poly(ben-
zothiazole)s arc among the most thermally stable polymers
containing highly rigid heterocyeles in the backbone. The
most clficient means of introducing an aryl cther linkage in
aromatic polymer system is through nuclcophilic aromatic
substitution mcchanism. which involves the nuclcophilic
displacement of an activaled aromalic dihalides by alkali
mctal bisphenoxides in a polar aprotic medium. Other meth-
ods of poly(arvl ether) synthesis include oxidative coupling.
Ullmann condensation. and so on.™* As the activating group
of the dihalide monomer. a variety of functionality has been
emploved so far. including sulfone. ketone. many different
heterocycles. fluoroalkyl. etc.'*™ The activating group not
only serves as an electron withdrawing group but also stabi-
lizes the negative charge developed through a formation of
Meisenheimer complex. the reaction intermediate. Many dif-
ferent heterocycles such as oxadiazole. triazoles. and benza-
zoles have been emploved as the activating groups so far to
produce a variety of polvaromatic heterocyelics. ™" Among
them benzazole-activation of arv] fluorides has been shown
to be a general route to aryl ether substituted poly(benzox-
azoles) and poly(benzthiazoles). Also aryl fluoride ortho to
the benzazole ring has been shown to be activated towards
nucleophilic aromatic substitution analogous to conventional
halopheny! ketones and sulfones for which both the ortho
and para positions are activated.''=

In our previous report.” a new arvl dibromide monomer
with two benzoxazole pendants. je. 1.4-bis(2-benzoxazolv1)-

2. 3-dibromobenzene |BOBr|. was svnthesized and the poly-
mcrization rcaction has been studied. The BOBr monomer
did not cxhibil high cnough rcactivity toward phenolate
(ArQ"). presumably resulting from the lower reactivity of
bromide compared to chloride or fluoride in a typical nuclco-
philic aromatic substitution (SnAr) rcaction. The same mono-
mer did show. however. high reactivity in an Ullmann
condensation reaction catalvzed by CuCl-pyridine. where
the casc of halogen displaccment was known to be the
reverse of that obscrved in the usual activated halide svs-
tcms. ie. [~Br > Cl >> F' The synthesis of aromatic
poly(aryl cther)s from BOBr monomer under the Ullmann
rcaction condition was reported previously.

In this study. a new analogous difluoride monomer bila-
terally substituted with rigid benzoxazole groups was syvnthe-
sized efficiently. The benzoxazole activated difluoride mono-
mer was expected to exhibit much higher reactivity toward
usual nucleophilic displacement reaction. The reactivity and
model reactions as well as the subsequent polymerization
with bisphenols and thiobisbenzenethiol to afford novel
poly(arvlene ether)s are discussed in the present article.

Experimental Section

All materials and solvents were purchased in highest
purity available and used as-received unless othenwise indi-
cated. 1-Methyl-2-pyrollidinone(NMP). N N-dimethy| acet-
amide. and toluene were dried over CaH:and distilled before
use. Bisphenol A. 4 4'-dihydroxvdipheny! ether. and 4.4'-
thiobisbenzenethiol were purified by recrvstallization and
sublimation.

IR spectra were obtained on a Unicam 1000 FT-IR spec-
trometer. NMR spectra were taken on a Varian Unity [nova
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300 MHz Spectrometer at room temperature. Thermal anal-
vsis (DSC/TGA) was carried out on a Perkin Elmer 7 Serics
thermal analysis system. Mass spectra (MS) were obtained
on a Kratos Concept-S (double-focusing type) spectrometer.
Solution viscosity was mcasurcd by Ubbelohde capillary
viscometer using chloroform or triflucroacetic acid as the
solvent,

1,4-Bis(2-benzoxazolyl)-2,5-difluorobenzene |[BOF] |1
was svnthesized with high yicld by well-known poly phos-
phoric acid (PPA) cataly zcd condensation reaction between
2-aminophenol and 2.5-difluoroterephthalic acid which was
preparcd by acid hydroly sis of 2. 3-diflluoroterephthalonitrile.
2.5-Difluorotcrephthalonitrile was prepared by bromine sub-
stitution of 1. 4-dibromo-2.3-dilluorobenzene using CuCN in
DMFE M.p. (DSC): 316 °C. IR (KBr pellct): 3088. 1610
(oxazole). 1449, 1374, 1276, 1243, 1171 (Ar-F). 807. 751
cm™': '"H NMR (trifluoroacetic acid-f): 8.39 (2H. ). 7.90
(4H. dd). 7.55 (4H. tf) ppm: “C NMR (trifluoroacetic acid-
dy, 1389, 1367, 1499, 131.8. 1304, 130.3. 119.8. 1174,
117.0. 113.1 ppm: "F NMR(trifluoroacctic acid-): -111.3
ppm.

1,4-Bis(2-benzoxazoly])-2,5-bis(3-methylphenoxy)ben-
zene (Model Compound, IIA) was prepared [rom BOF
monomer ([) and m-cresol in a typical aryl cther synthesis
using DMAc and K-CO; as the solvent and basc. respec-
tively. [n a 3-neck reaction flask cquipped with a nitrogen
inlet and Dean-stlark trap fitied with a condenscr and a nitro-
gen outlet. .376 g (4.17 mmol) of K-COsand 0.410 g (3.79
mmol) of m-cresol in a mixture of DMA¢ (8 mL) and tolu-
ene (12 mL) were kept with stimng and the icmpcerature was
increased (o 130 °C 1o remove walcr vier an azcotrope with
tolucne. After 4-6 h. the system was dchydrated and the
reaction was cooled 1o about 60 °C. BOF monomer ([) (0.6
2. 1.72 mmol) in DMAc (8 mL) was added and stirred for 20
h at 135 °C. The reaction mixture was precipitated into 230
mL ol walcr containing 1 vol% ol acctic acid. The vellow
precipitate was [illered. washed and dricd 10 vacuum at 80
°C for 24 h. Above crude product was (lash column chro-
matographed (CH-Cls. silica gel) to remove impuritics to
obtain a light-vcllow crystalling product (vicld: 93%). M p.
(DSC): 274 °C: IR (KBr pellet): 3051, 1398, 1344, 1463,
1413, 1250 (Ar-O-Ar). 1196. 752 cm™: "H NMR (trilluoro-
acclic acid-&): 8.03 (2H. s). 7.86-7.75 (8H. m). 7.51 (ZH. t).
7.35 (2H. d). 7.09 (4H. ). 2.44 (6H. s) ppm: “C NMR (1rif-
luorcacclic acid~d): 160.9. 156.7. 154.7. 1511, 1435, 133 3,
1333132, 1. 131.6. 1304, 1235, 1198. 1197 118.2. L 18.1.
114.9. 22.0 ppm: MS (EI): 524 (M").

1,4-Bis(2-benzoxazolyl)-2,5-bis(thiophenoxy)benzene
{Modcl Compound, 11B) was prepared by similar proce-
durc from BOF(1) and thiophenol. (vicld: 93%). M.p. (DSC):
285 °C: IR (KBr): 3050, 1620, 1244, 810 cm™: '"H NMR
(trifluoroacclic acid-d): 8.24 (2H. s). R.0 and 7.94 (cach 2H.
d). 7.9 (4H. m). 74-7.6 (10H. m) ppm: *C NMR (trifluoro-
acclic acid-o): 162.2. 150.5. 1424, 136.0. 134.5. 1321,
131.8. 131.1. 1299, 1294, 1255, 117.2. 113.9 ppm: MS
(EI): 529 (M)

Synthesis of Poly(aryl ether)s (ITI-b) A typical example
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of polvmerization follows: In a 3-neck recaction [lask
cquipped with a nitrogen inlet and Dcan-stark trap fitted
with a condenser and nitrogen outlet. +.4'-dihy droxvdiphe-
nyl cther (0430 g, 2.127 mmol) was dissolved m 30 mL
NMP. and then K:CO; (0.388 g. 4.254 mmol) was added
under N purge. To the solution were added 20 mL toluene
portionwisc at the bath temperature of 130 °C o remose
water of bisphenolate lormation via an azcotrope with tolu-
cne. Afier 4-6 h. the system was dchyvdrated completely and
the reaction was cooled to 80 °C. BOF monomer (I) (0.74 .
2.127 mmol). in 8 mL of NMP were added subscequently and
stirred for 20 h at 180 °C. Then the reaction mixture was pre-
cipitated into 350 mL of water with | vol% of acetic acid.
The precipitate was liltered. washed and dricd in vacuum at
90 °C for 24 h. The product was dissolved in 23 mL CHCl;
and reprecipitated into methanol. which was filtered. washed.
and dricd in vacuum. {(yvicld 85%) IR (KBr): 3033, 2965.
1360, 1489. 1250 (Ar-0-Ar). 749 em™: 'H NMR (CDCl5):
7.5-8.3 (aromatic protons. 18H) ppm

Synthesis of Poly(arvlene sulfide) (V) Similar rcaction
conditions were emploved to prepare analogous poly (arylene
sullide) using +.4'-thiobisbenzencthiol as the counter nucleo-
philic monomer. The light-brown precipitate was filtered.
washed with water and toluene repeatedly. then dried in vac-
uum at 90 °C for 24 h (vicld 98%). [R (KBr): 3060, 1612,
1364, 1473, 1430, 1231, 1040, 801. 746 cm™: 'H NMR (tri-
Tuoroacctic acid-¢): 8.48 (2H. s). 8.2 (8H. benzo protons.
m). 7.7 (8H. dd) ppm.

Results and Discussion

| 4-Bis(2-benzoxaroly1)-2.5-difluorobenzene (BOF. [) was
prepared in three steps starting from | 4-dibromo-2.5-difluoro-
benzenc. as the reaction scheme shown below (Schemge 1),
First 1.4-dibromo-2.3-difluorobenzenc was treated with CuCN
in DMF (o preparc 2.5-difluorotcrephthalomirile (vield
70%). which was subscquently hyvdrolyzed to produce 2.5-
dilluoroterephthalic acid using phosphoric acid (vicld 85%).
[n the next siep. the prepared 2.5-difluoroterephthalic acid
was rcacted with two cquivalent 2-aminophenol (o oblain
|.4-bis(2-benzoxazoly1)-2.5-difluorobenzene monomer vier
well-known polyphosphoric acid catalyzed condensation
and heterocyvclization (vicld 83%). Figure | and 2 show the
FT-IR and 'H NMR spectrum ol monomer 1. respectively.
Two benzoxazolyl groups on the ortho position (o cach fuo-
rme substituent on the same benzene ning should exhibit

Br oN COOH  Ho NH, RN
F F F F
CuCN H;PO,
F or NaOH polyphosphoric ¢
acid
Br N H N o
[ BOF, 1]
Scheme 1
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strong clectron-withdrawing cflcet and arc expected to func-
tien as an activating group lor the nuclcophilic substitution
of fluorine atom via stabilization of Meisenhcimer complex
as the reaction intermediate. To demonstraie the reactivity of
BOF menomer for a typical NAS rcaction. model rcaction
with m-cresol was performed (Scheme 2).

The reaction scems 1o proceed quile clean at mild reaction
condition n DMAc. The desired disubstituted product (modcl
compound [IA) was oblaincd with high rcaction vicld (93%).
FT-IR showed a strong absorplion band at 1250 cm™. charac-
eristic of the aromatic cther linkage. 'H NMR specirum also
showed cach aromatic protons and mcthyl protons with cor-
recl integration ratios. MS(E]) also exhibited molecular ion
mass (M") of 5324 Da. comcident with the calculated valuc.

Transmittance

. . v
400 3000 2000 1000
Wavenumbers (cm™}

Figure 1. I'I-IR spectrum of BOI monomer |I].
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Figure 2. 'HNMR spectrun of BOF monomer [T].
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The model reaction demonstrated that both fluoro groups at
ortho positions is casily replaced by phenoxide as a result of
activation by the benzoxarole. suggesting the feasibility of
polvmer formation in this reaction syvstem,

BOF monomer was polymcerized with 2,2-bis(4'-hydroxy-
phenypropance (Bisphenol A) and 4.4'-dihydroxvdiphenyl-
cther (Bisphenol-O) to give the corresponding polymers, the
benzoxazole-substituted poly (arvlene cther)s. as the reaction
scheme is shown below (Scheme 3). Figure 3 shows the IR
spectra of these polyvmers with model compound 1A,

Tablc | shows the results of the inherent viscosity and
glass (ransition mcasurcments. The polymers posscssed
inherent viscosity of 0.13 ([11-a) and 0.29 dL/g (11[-b) mca-
surcd at 25 °C in chloroform and trifluorcacetic acid. respec-
tively, The glass transition (cmperatures were obscrved at
175 ([11-a) and 203 °C (111-b). respectively. as judged by the
midpoint of the heat capacity change in DSC. The polymers
were soluble in many common organic solvents including
chlorolorm. pyridinc. DMF and DMSO.

Thiophenoxide (ArS7) is another strong nucleophile com-
parcd 1o phenoxide (ArQO7) for the usual nuclcophilic aro-
matic substitution rcaction of activated aryl halide." So. it

Model comp. (1)

(In)-a
[}
o
(=
-]
E
w
c
&
Pt

(n)-b

T T T h T h T bl T Ll
4000 3500 3000 2500 2000 1500 1000 §00

Wavenumbers(cm")

Figure 3. IR spectra of model compound [IIA] and poly{arylene
cther)s [11-a] & [1II-b].
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Table 1. Characteristics of Poly(ary] ether)s Containing Benzoxa-
zole Pendants

Polymer Mo (dL/2) T (°C)
M-a 0.15° 175
II-b .29 203

v 017 213

*measured al o concentmtion of 0.5 ¢ dL. “in ¢hloroform. “in tnfluero-
acetic acid

O\C’J‘l H N s
O 0w 0,00
E DMAc, 155 s

o N o

[BOF] Model Compound
[B]

Scheme 4

was worlhwhile (o ry (luophenoxide to preparc analogous
modc] compound and polymer using the same monomgr.

The model reaction of monomer (1) with thiophenol under
usual "NAS" rcaction conditions using a basc. K-CO;. in
DMAc was carricd out under argon atmosphere (Scheme ).
The substitution reaction proceeded quite ¢lean (o give the
desired disubstituied product (model compound [[B) with
high reaction vicld (> 93%).

Characteristic oxavole absorption bands at 1620 and 1244
cm™'. and ary] sulfide C-S-C absorption band at 810 cm™'.
respectively. were observed (rom FT-IR. 'H NMR spectrum
shows protons of the central ring at chemical shift of 8.24
(2H. s). protons ol the benzo nng at 7.8-8.0 (8H. m). and
aromatic protons ol (hiophenol at 7.4-7.5 (10H. m). respee-
tively. with correct integration ratios. MS(E]) also cxhibited
molccular ion mass (M7) of 329 Da. coincident with the cal-
culated valuc. The polymerization with 4.4'-thiobisbenzenc-

[¢N yN
F
: : + HS—@S—@-SH
F
MC\
[BOF}
N
K:COy s@@s
——————
NMP, 180°C
N’?C\O n

@

Scheme 5
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Figure 4. TGA thermograms ot Polv(arvlene ethers [I11-a & II1-
b] and Polv(arvlene sultide) [TV].

thiol was carricd out in an analogous fashion to the polymer-
ization described above (Scheme 3).

The resulting polymer posscssed the inherent viscosity off
(.17 dL/g at 25 °C in trifluoroacctic acid. The polvmer was
msoluble in most organic solvents. [t showed solubility only
in strong acids such as concentrated sulfuric acid and trifluo-
roacctic acid. and partial solubility in DMF. NMP and 1.2-
dichlorobenzene. A weak glass transition at around 215 °C
was obscrved in DSC.

The thermal stability of polymer [ and 1V was ¢xamined
by thermogravimetry (TG). Typical traces (Figure 4) showed
dccomposition onsct temperature at about 440-470 °C in
nitrogen. as the data were summarized in Table 2.

[n conclusion. |.4-bis(2-benzoxazolyl)-2.5-difluorobenzcne
(I) was synthesized in three steps starting from 2.5-dibromo-
L. 4-dilluorobenzene with high reaction yvicld. A model reac-
tion of monomer () with two cquivalents of m-cresol or
thiophenol provided very high vicld of substitution product
in a typical aromatic substitution rcaction condition. sug-
gesting not only high rcactivity of this monomer for the
nucleophilic displacement reactions. but the feasibility of
polymer formation in this system. Monomer (I) was poly-
merized with two different bisphenols and +.4'-thiobisben-
zencthiol in NMP in the presence of potassium carbonate Lo
give the corresponding poly(arylene cther)s and poly(aryvlene
sulfide) bilaterally substituted with rigid benzoxazole group.
The molccular weight of the prepared polymers. however.
scemed relatively low according Lo their inherent viscosilics
of 0.15-0.29 dL/g. The prepared polymers showed excellent
thermal stability and T,'s comparable (o known poly(aryl

Table 2. Thermal Properties of Poly(aryl cther)s Containing Ben-
zoxazole Pendants

Ta (oneset, °C) Ty (3% wt. loss, °C)

Sample no. - -
N: Alr .N: Alr
M-a 438 441 390 402
1TI-b 443 437 394 308
v 470 486 433 408
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cther) analogues.
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