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ABSTRACT
Stuck, Rachael M.S., Department of Chemistry, Wrigfate University, 2017.
The Synthesis of 3,5-Difluorobenzophenone Deriettiand their Corresponding PEEK
Copolymers.

Poly(aryl ether ketone)$?AEK) are high performance thermoplastics, which are
chemically robust, semi-crystalline, and stablhigh temperatures. Of the family of
PAEKS, poly(ether ether ketonePEEK) is a well-known semi-crystalline thermoplastic
widely used for electronics, energy, industriall amedical applications due to its
resistance to solvents, radiation, heat, and @heironmental factors. The traditional
PEEK is prepared from 4,4’-difluorobenzopheno@gdnd disodium hydroquinone.
However, a challenge is processability, since duesthighly crystalline naturéEEK
possesses very limited solubility. An approachdivesthese issues is to pre-functionalize
PEEK polymers synthesized by nucleophilic aromatic stiign from 3,5-
difluorobenzophenond) and hydroquinone, which results in a pendant bgngroup.

By using varying ratios of 3,5-difluorobenzophendgibeand 4,4’-difluorobenzophenone
(2) the degree of crystallinity in the polymer cantaiored. Herein, a series of semi-
crystallinePEEK analogues bearing functional groups on the peraiamtoyl moiety,

were synthesized and characterized in order tcstigage the effects of structural

variances on the thermal and solubility behavior.
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INTRODUCTION

Polymers make up many aspects of our daily lifenftbe protein we eat to the
gas station coffee in a styrofoam cup. Polymensh@ve many advantages to natural
materials. Thermoplastics are lightweight compdoesteel or fire retardant compared to
wood. Engineered thermoplastics are designedue $ecific properties for
applications in our daily life. These materials arvaluable resource, and can be
produced cheaply. The various applications angipiisies for these materials are the
reason for the increased research and growthsrfigid.
Aromatic Polyethers

Thermoplastics are polymers, which soften at argteenperature to form a
homogenous liquid. After molding and cooling artheplastic returns to solid form.
Thermoplastics are employed in a variety of markatsarious applications such as
aerospace, automotive, and medical componentg/(dPgene ether)AEs, are a class
of high performance thermoplastics with excellemggical propertiesPAEs are
identifiable by aryl ether linkages in the “backlebdwf the polymer chain.
Poly(phenylene oxide), &?PO, is one of the first commercially us€d\Es. Other
commonPAEs are poly(aryl ether ketond)AEK, and poly(arylene ether sulfone),

PAES (Figure 1).1



n

PAES

{ 0
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Figure 1. Commercial Poly(arylene ether)s

Poly(phenylene oxide), PPO

One of the most widely used engineering plastié¥i®, also known as
poly(phenylene ether). Hayal. synthesize®PO in 1959 by oxidative polymerization
(Scheme 1 The linear, amorphous, thermoplastic is forrfrech 2,6-dimethylphenol

using a copper amine catalyst system.

R R

. OH CuCl, Pyridine > a ok + nHz()

O,

n

Scheme 10xidative Polymerization to PPO by Hatyal .
The mechanical and physical properties allowtféo be utilized in numerous
applications.PPO has a high glass transition temperaturg ¢f 212°C, low moisture
absorption, excellent electrical insulation, dimensstability, flame resistance, and is

utilized in applications for food packaging, constion materials, automotive panels,



and electronic componentsAnotherPAE that has excellent mechanical properties and
chemical resistance BAEK.
Poly(aryl ether ketone), PAEK

Poly(ether ketoneREK, Poly(ether ether ketond@EEK, and Poly(ether ketone
ketone),PEKK , arePAEKS, which contain 1,4-phenylene ether and 1,4-phemyle
ketone linkages.Higure 2) All of them are high performance thermoplasti¢chwood
thermal stability, chemical resistance, and exoeleechanical propertiés. The
changes in the ratio of ether/ketone linkages gses to differences ingl'and alter the

polymer chain conformation, which, in turn, inflees the level of crystallinity.

PE

O
O
n
PEEK

OO

PEKK

DO

Figure 2. CommonPAEKs



Unlike amorphous polymers, the crystalline natfrBAEKSs gives rise to
melting points (f), which are relatively high. The;Bnd T values, as well as the
commercial suppliers, of comm®&RAEKSs are listed infable 1. Due to the level of
crystallinity present in many PAEK systems, tharfation of high molecular weight

materials requires high temperatures or specialiyests.

Table 1. Commercially Availabld®’AEKs and Their Thermal Properties

Polymer Supplier Tg(°C) Tm (°C)
PEEK “Victrex” ICI 143 343
“Stilan”
PEK Raychem Corp, 163 361
PEKK Dupont 165 391

PAEK Synthesis Routes

Polycondensation reactions, by electrophilic orleohilic substitution, are the
two main routes for the synthesisRAEKs. Polymerization by Friedel-Crafts acylation
was proposed in 1962 by Bonner at DuPoin aromatic diacid chloride was reacted
with diphenyl ether, in the presence of a LewisdN8cheme 2. Based on the relatively
low inherent viscosity of 0.13dL/g, the polymer wassumed to have a low molecular

weight?
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Scheme 2Polymerizatiorto PEKK by Friedel-Crafts Acylatiof

Direct polycondensation to forPEEK, by Uedaet al., utilized phosphorus
pentoxide (POs), methanesulfonic acid, and aromatic acid to dfflEEK with an
inherent viscosity of ~1.1dLR).The molecular weight could be controlled by the
guantity of ROs, and gave increased molecular weights when cordgarsome other
synthetic routes. Several others have also repettztrophilic routes teEEK with

inherent viscosity values ranging from 0.04-1.5d1./g

ol OO,

Polyphosphoric acid
110 °C

[0

Scheme 3Synthesis of PEK by Direct Condensafion



The synthesis dPEK homopolymer was carried out by lwakwtaal., who
utilized p-phenoxybenzoic acid, with polyphosphonic acid (fPB&the solvent and
catalyst 6cheme3).® The PPA assisted the polymerization by preverttiegoolymer
system from crystallizing out of solution as thelecalar weight increased. In general,
thePAEKSs are soluble in strong acids, and some acids (metuwfonic acid,
polyphosphoric acid, and hydrogen fluoride) haverbemployed to aid
polycondensatioh. Other polycondensation routes utilize polar setsgsuch as
dimethylsulfoxide (DMSO)N-methyl-2-pyrrolidone (NMP), and diphenylsulfoneRB),
and nucleophilic conditions.

Scheme 4llustrates a nucleophilic aromatic substitutiodA® polycondensation
reaction of a difluoro-aromatic ketone with disadibisphenolate as reported in 1967 by
Johnsoret al.” A high polarity organic solvent, DMSO, and noatgst were reported for
the process, but the use of DMSO caused prematystaltization resulting in lower
molecular weight. The use of diphenyl sulfone (Dp&mitted higher reaction
temperatures during the synthesis and was utiligeose and Stanilarfd.
Commercialized by ICIPEEK, with the trade name Victrex, has a high molecular

weight and is robust with chemical resistance &wednal stability.



n HO—@—OH + FF

Na,CO,, DPS
150 to 340 °C

1O~

n

Scheme 4Nucleophilic Aromatic Substitution Polymerizatiog Roseet al. 8
Polymer Functionalization
Monomers are microscopic components of polym@itteration of these
components will affect the macroscopic propertiggdifications to monomers or
functional groups allow for slight changes to tlidymer system and customization of
thermal, mechanical, and chemical properties fectijg applications. Introduction of
functional groups is achieved through two routedpte polymerization or “pre” and

after polymerization or “post” as shown®theme 5
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~
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-
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Scheme 5Two Routes for Polymer Functionalization

Both routes for functionalization have advantaged disadvantages. In both
systems, the location of functional group attachincan be on the electron rich positions,
with electrophilic substitution, or electron poarstions with anionic synthesis routes.
Modifications of the monomer allow for the polyntercontain a select amount of
functional groups with a specific motif. Howeverpnomer functionalization is limited
to groups that are inert to the polymerization pesc Polymer modification often
requires harsh reaction conditions, lacks funclignaup attachment selectivity and
control, but the range of functional groups is g@kpansive given that they do not need

to survive the reaction conditions.



Another approach to modification combines the lbhatacteristics of each route,
functionalized monomers and further modificatioteathe polymerization. The
approach provides specific sites for further fumadilization, and affords better synthetic
utility. The sites would be present in specifi@qgtities at specific locations, and would
allow for a wider variety of functional groups te htilized. Initial monomer
functionalization would contain a potentially insttbstituent, such as a nitro, methoxy,
or halide group. After polymerization, the suhstitt could be altered to a more
beneficial functional group, such as an amine,tatacarboxylic acid, etc.

Nucleophilic Aromatic Substitution (NAS)

The most common pathway to polymers IK&Es is by way of NAS
polycondensation reactions. The general proce¥AS is the displacement of a
leaving group, such as an aryl halide by a nucl@eg8cheme §. An electron-
withdrawing group, normally locatemttho or para to the halide, assists the reaction.
Initially, the nucleophile attacks the electropw&iipso carbon in the rate-determining
step, at which point an intermediate known as asktgieimer complex is formed. The
ortho or para electron withdrawing substituent stabilizes thielimediate by resonance
and inductive effect and also activates the eletiitw site. Loss of the halide, and
rearomatization of the benzene ring, completesdhetion.

Kaiti et al. demonstrated that, with a strong enough electribnewawing group,
meta-activated NAS polycondensation reactions also ntddeta substitution was
demonstrated with phenolate ions and activatedhrafydlesmeta to a sulfone, ketone, or

phosphing?t
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Scheme 6General NAS Reaction with Electron Withdrawing GrdgWG)
Electrophilic Aromatic Substitution (EAS)

As previously shown, EAS is utilized for PAE polynzation and is also a route
to functionalized monomers and polymers. The gdmaechanism for EAS is shown in
Scheme 7 In the rate-determining step, thelectrons attack the electrophile, which
results in the destabilization of the benzene and the formation of a carbocation,
known as a Wheland intermediate. A Lewis base #istracts the proton on the carbon

atom to which the electrophile is attached, refoigrthe aromatic structure.

H o H E E

- + -H

Wheland
Intermediate

Scheme 7General EAS Reaction
Common EAS reactions include nitration, halogematsulfonation and Friedel

Crafts acylation. Nitration requires sulfuric atadform the nitronium ion, and the Lewis

10



base for this reaction is water. Bromination WNiHBS and sulfuric acid allows for EAS
to occur on a deactivated system. Brominationrexted to themeta position with

respect to an EWG, as showndoheme 8

H. Br Br

EWG EWG EWG

EWG: Electron Withdrawing

Scheme 8General EAS Reaction witineta Directing EWG
Halogen groups will direct acylation primarily teetpara position. The
mechanism for acylation is similar 8&cheme 8but slightly more complex, as depicted
in Scheme 9 A Lewis acid, commonly aluminum chloride, is d¢e form the necessary
electrophile. The acylium ion is then attackedtsyarene and a chloride ion
deprotonates the arenium ion to form hydrochlocid deaving behind the substituted
aromatic ring. Some functional groups unaffectedbylation are halogens, ethers,

thioethers, and tertiary amines.

0 + Alc —_— i — t O - + R
a3 3 - B — e — . +
R)L Cl: R)LCI—AIClg R 0. R—=0": AlCly
e "
H__COR H__COR — R
+ \
m: [ | \t —» (I +  Gdalc T > R / (0]
| - 2 X - 3
R R' R’

R: Akkyl, Aryl
R': Hydrogen, Alkyl, Aryl,Ether, Thioether, Halogen

Scheme 9General Acylation Reaction
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EAS is a route to initially functionalize as wedl aynthesize the monomers. The
functional groups previously mentioned can be frrfianctionalized with Suzuki
coupling, Sonogashira Cross coupling, reductiothefmitro group, and further reactions
with a methyl group.Schemel0 shows some functionalization routes, which cowd b

employed in either pre or post polymerization reute

Ay =
/

Cl

Y =31

‘2" Br \ O
E O F Q‘@ 5
o R: Alkyl or Aryl 0

O COOH

R—\|

F F

)
0O
J

CHgBl'

Scheme 10Synthetic Route for ‘pre’ and ‘post’ Functionaliwat of Benzophenones

Suzuki Coupling

The cross coupling of organic boronic acids wittjamic halides is catalyzed by
palladium and known as Suzuki-Miyaura couplticheme 1ishows a slightly
modified procedure that was demonstrated by Wadoal. and was employed in the

current work!?
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Scheme 11Modified Suzuki-Miyaura Coupling Reaction with Radlum Cycle

For the coupling to occur, the catalyst must catgh redox cycle. The
palladium cycle is a multistep process. The organanic acid and halide cross coupling
with the palladium catalyst begin with an oxidatagdition between palladium and the
aryl halide. The intermediate undergoes transitagitah with base and the boron-ate
complex. The desired product is then obtainedeblyctive elimination which intern

reestablishes the palladium catalyst.
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Modified PEEK with a Functionalized Monomer and/or Preformed Polymer

Modifications of the monomer or preformed polymes &awo general routes to
functionalize polymers. A functionalized monomethe polymer synthesis can later be
used for further modification. Due to the chemiesistance odPEEK, modification is
limited. PEEK is soluble in strong protic acids, such as sutfagid, which will result in
sulfonation of the preformed polymEr.Another approach to modification was
demonstrated by Pramarekal. where initial acylation was conducted for further
functionalization to pendant acetyl groups, whiagrevthen be converted to pendant
carboxylic acids, amides, and/or amif&sThe modification kept the ether/ketone
linkages intact, while other modifications utilizéte carbonyl group to form soluble
derivatives. An example by Colquhoeral. demonstrated post modification at the
carbonyl to form poly(ether dithioketa)s.

An example of a functionalizd@EEK, which uses both approaches of ‘pre’ and
‘post’ modification was published by Waegal.®1” Toluhydroquinone replaced
hydroquinone to form methyl-substituted poly(ariex ether ketoneMePEEK. The
resulting polymer had one pendant methyl groupr@eeat unit, which caused only
minor disruption in backbone conformation. In camgon, Mohantyt al. has
synthesizedPEEK with t-butyl substituents, and the resulting amorphougrper
showed a higher glass transition;:(T75 °C) and better solubility in common organic
solvents, but lacked crystallinit§. MePEEK, while less soluble, had a double melting
endotherm between 200 to 250 °C, and low molecwaght polymer was predisposed
to crystallize in chlorinated hydrocarbongePEEK fractions had Jvalues ranging

from 124 to 154 °C, and were directly proportionedhe molecular weight. The
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polymerization was similar to that of Roateal. with slight variations as shown in

Scheme 12

(0]
KCO
oo + (A s o~ O
NMP Toluene

Scheme 12.Synthetic route foMePEEK

Further functionalization dflePEEK by Wanget al. transformed the polymer to
a dibromomethyl substituted version, which was eoted, through hydrolysis and
oxidation, to other functional groupS¢heme 131® The aldehyde and carboxylic acid
PEEK displayed § values of 175 and 210 °C, respectively. The d&ighass transition
temperatures were ascribed to interactions of & groups amongst polymer chains.
The polymers exhibited lower decomposition tempeest (Te), and the findings
suggested that it was due to the loss of the cgtlgpaup (Tee 445 °C ) and the

carboxylate (§¢ 312 °C)*®

{Q

O O {k HT
COOH

Scheme 13.Functionalization of PreformedePEEK
PEEK Modifications with Constitutional Isomers
Without functionalization, traditionapéra) PEEK has been modified
structurally to alter physical and thermal propestwith constitutional isomers. An

amorphous analog 6fEEK prepared with 4,4’-difluorobenzophenone and caikalas
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reported by Ben-Haide al. to formortho-PEEK (0-PEEK).® The step-growth
polymerization ob-PEEK was synthesized at 145 °C with a suspension oEpntam
carbonate (KCQs) in a mixture of dimethylacetamide (DMAc) and tehe. The isolated
cyclic o-PEEK oligomer underwent ring-opening polymerization biaon block
copolymers oPEEK to o-PEEK, which contained 30 to 50 ®%PEEK. A semi-
crystalline polymer, which contained 3084°EEK, had a T of 131 °C and i of 273
°C.18

With 3,5-difluorobenzophenone and 4,4'-dihydroypydinyl ethermeta-PEEEK
(m-PEEEK) was synthesized by van Beek and Fos&um.later variation of the
bisphenol was made by Fortney and Fossum utilizingethoxyphenol to formrmeta-
PEEK (m-PEEK). To overcome cyclization and oxidative issuegrger bisphenol
oligomer was formed with the benzophenone and foxgphenol, and the subsequent
product underwent demethylation and protonatioobtain a bisphenol for later
polymerization. The thermal data for the amorphous polymer were°@for Tg and
428 °C for Tasw, n2)*° Further exploration ah-PEEK, with varying ratios oPEEK,
was later conducted by Fortney and Fos$timAn alternatingpara to meta
benzophenone system was formed by initial reastitim 4-methoxyphenol, and later
deprotected to form a larger diol monomé): (Various molar ratios of the two
difluorobenzophenones were then utilized to taiherthermal properties of the polymer
system. Copolymers ¢fEEK to m-PEEK were obtained with ratios 50:50, 75:25,
80:20, 85:15, and 90:10, respectively. Molar matd> 80% of the 4,4'-
difluorobenzophenone showed crystallinity by DS@ ZrRay diffraction as well as the

75% having a potential for annealing. The levetmyktallinity directly affected the
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solubility, and the more crystalline materials hiadted solubility. Figure 3 illustrates

the copolymers with some corresponding thermal.data

F
e — O = = \
H D—<Lf>—o—<\;f>—“—<a ﬁ(@—@f{}—o-{%—f Nyn
L _

3 O
y=X 4 \>
z=1-X Ny
X T. T
0.8 138 284
0.85 143 307
0.9 147 316

Figure 3. Semi-CrystallindPEEK:m-PEEK Copolymer
Structure with Thermal Data (°€)

Current Work

Similar to Fortney and Fossum, the current re$eams to focus on varying
ratios of them-PEEK to PEEK.'® However, the goal was to use functionalized
monomers for the polymerization. Also the prefodnpelymers with pendant functional
groups were to be utilized for further functionalibn. The objective was to tailor the
thermal and physical properties of the polymerawst Initially, the constitutional
isomer 3,5-difluorobenzophenonB (vas substituted to obtain a functional grouphia t
meta position on the pendant phenyl ring. The substitwas less sterically hindered
than the substitution on the 4,4’-difluorobenzopren @) and this is further illustrated

by Scheme 14
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Functionalization of 4,4'-difluorobenzophenone

O O
X
2

Functionalization of 3,5-difluorobenzophenone

F!F
O

\j

O
l X

Scheme 14Functionalization Differences betwegmand2

The substitution is an EAS with bromination or iwation of1 utilizing N-
bromosuccinimide (NBS) d¥-iodosuccinimide (NIS), respectively. The halogeda
monomer could then be further modified after polyizagtion to incorporate additional
functional groups. Another EAS system would udiliatric acid for the nitration df.

The synthesis df is achieved via Friedel-Crafts acylation, and akso be
utilized for placement of functional groups in tbea position. Scheme 15hows the
formation of functionalized derivatives df via acylation. Functional groups available

via this methodology include halogens, alkyl, aegher, and thioether groups.
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Scheme 15General Acylation foll and Functionalized Monomers

The aryl halide can then be further functionalingth a variety of other
conversions of the bromo or iodo groups (eitheoimebr after the polymerization) as
illustrated inScheme 16using 4’-bromo-3,5-difluorobenzophenor® é&s an example.
Further functionalization of the aryl halide is éoqed via Suzuki-Miyaura cross-
coupling. The synthetic route is a modificatiorpoblished work by Wallovet al .*?
Heck-Matsuda reaction is another palladium catalyz®ipling, which attaches an
activated alkene in the presence of a base withtdowild heat. Also NAS with sodium
azide would replace a halogen, and the thermalgeuid,3 cycloaddition of an alkyne

with aryl azide would result in triazole formatibg click chemistry.
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Scheme 16Further Functionalization of Aryl HalidgPrior to Polymerization
The 3,5-difluoro aromatics will undergo NAS, whiefil allow for the
preparation oPAEs. To avoid synthetic challenges, and to achievging ratios of
functionalizedn-PEEK to PEEK, an oligomeric bisphenol is synthesized framvith a
slight modification from the published work by Hwpet al.2° The 4,4’-bis(4-
hydroxyphenoxy)benzophenon® (s polymerized with various functionalized 3,5-

difluoro monomers and varying ratios2fo explore the thermal and physical properties.
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The general polymerizatiols¢heme 1Y for molar variations utilizes published work by

Fortney and Fossuf.
oo oo
4

hes -~
—_—

0 NMP, 185°C
J 1

X

Scheme 17Synthesis of PX-m-P, Copolymers (X: Pendant Functional Group)
After polymerization, preformed polymer modificats provide the possibility of
additional functional groups. The procedure by Wetral. describes the conversion of a
methyl substituent to additional functional growpsthe preformed polymer
(MePEEK).}” Scheme 1&hows the possible conversionsPe-Alt-methyl-m-

Pso copolymer.
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Scheme 18Possible Modification dPso-Alt-methyl-m-Pso copolymer
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EXPERIMENTAL

Chemicals and Instrumentation

The monomer reactions were conducted with a nitrayeargon purge, while
polycondensation reactions were performed witht@gen sweep. Most solvents and
reagents were purchased from Sigma Aldrich Chen@oahpany (Aldrich). The
anhydrous potassium carbonate@s) from Aldrich was dried at 130 °C before use.
N-Bromosuccinimide (NBS) from Aldrich was recrysiadid in water, and vacuum dried
prior to use. Thionyl chloride (SOfwas used immediately after distillation and
transferred, via cannula, to nitrogen-purged vasbemethylpyrrolidinone (NMP) was
dried over and distilled from calcium hydride (Gaidrior to use. All boronic acid
derivatives, palladium catalyst, andeft-butylphenol were used as received from
Aldrich. N-iodosuccinimide (NIS) at 98% purity was used aeneed from Acros
Organics. 3, 5-Difluorobenzoic acid, 4,4’-diflutsenzophenone, and hydroquinone
were purchased from Oakwood Products3%. The 4,4’-difluorobenzophenone was
recrystallized from ethanol prior to use. Benzdhmyro-, chloro-, bromo-, and
iodobenzene were used without further purificatgireceived from Aldrich.
Hydrobromic acid (HBr) was 48 wt. % in wate©9.99% from Aldrich. 4-
Methoxyphenol (MEHQ) waReagentPlus®, >99% from Aldrich and recrystallized from
ethanol. All other acids, denatured ethanol, metig chloride, and isopropanol were
used as received from Pharmco-Aaper. ACS-certtbidene, acetone, sodium

bicarbonate, aluminum chloride (AK}land magnesium sulfate (MgoQvere used as
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received from Fischer Scientific, except toluenbioclh was dried with sodium metal, and
freshly distilled prior to use. Lastly the deuterhsolvents, such as acetafe-
dimethylsulfoxide (DMSQds), and chloroformd (CDCk) were purchased from Aldrich
and transferred under nitrogen via syringe.

Nuclear Magnetic Resonance (NMR) and*C NMR spectra were obtained
using a Bruker Avance 300 MHz spectrometer, opegadi 300 and 75.5 MHz,
respectively. Samples were dissolved in deuterstbabnts at concentrations of 50-80
mg /0.7 mL. A Mel-Temp instrument was utilizeddetermine melting points, which
are uncorrected. The Gas-Chromatographic-Massti®peetric (GC-MS) data were
obtained with a Hewlett-Packard (HP) 6890 Serigk wiHP 5973 Mass Selective
Detector/Quadrupole system, and the flow rate ward. I min, with helium as the carrier
gas to a HP-5MS capillary column. Differential 8omg Calorimetry (DSC) and
Thermal Gravimetric Analysis (TGA) data were penfied on TA Instruments DSC
Q200 and TGA Q500, respectively. The instrumeants$ d heating ramp of 10 °C per

minute, and were conducted under nitrogen andsineeded.

3,5-Difluorobenzophenone, DFK, 1

Prior to acylations, 3,5-difluorobenzoic acid waagated with freshly distilled
thionyl chloride and catalytic amounts of DMF(2 gsd. After two hours at 55 °C, the
excess thionyl chloride was distilled between 78 @n °C. The acid halide was then
fractionally distilled at 174 °C, and recovery wgserally around 75%. To a 50 mL
round bottom flask, equipped with a gas inlet, addifunnel, condenser, and drying
tube, were added 3.01 g (22.6 mmol) of AICA mixture of 3.62 g (20.5 mmol) 3,5-

difluorobenzoyl chloride and 8.01 g (102.5 mmolphbene was added dropwise to the
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AICl3. The reaction mixture was stirred for 4 hourdpleheating to 75 °C. After 16
hours the reaction mixture was quenched by pountwgacidic ice water, followed by
addition of 300 mL of chloroform, and transferritaga separatory funnel. The layers
were separated and the organic layer was washadbwit. % bicarbonate, distilled
water, and then dried with MgG@nd the solvents were removed, via rotary evajorat
leaving an off-white solid. The crude material wasrystallized from aqueous ethanol to
afford (3.00 g, 67 %) of a crystalline white solith a m.p. 58-59C (lit.?* m.p. 57-58

°C); 'H NMR (300 MHz, CDC4, 8) 7.04 (tt, 1H, J = 8.4, 2.4 Hz), 7.31 (m, 2H), 77 (&,

2H), 7.63 (tt, 1H, J = 7.5, 1.2 Hz), 7.78 (m, 2H).

(3,5-Difluorophenyl)(4-methylphenyl)methanone, 7

The procedure described for preparatiod afas used with toluene instead of
benzene for synthesis @f After the addition of all reagents, the reactoxture was
stirred for 4 hours at 25 °C. The reaction washghed with water, diluted with
additional toluene (350 mL), and transferred tepasatory funnel. The organic layer
was washed with 5 wt. % bicarbonate, distilled waleed with MgSQ and evaporated
to leave a beige solid. The solid was recrystdlirom aqueous ethanol to afford a
crystalline white solid (91%)H NMR (300 MHz, CDC4, §) 2.36 (s, 3H, CH), 6.93 (it,
1H, J = 8.7, 2.1 Hz, ArCH), 7.20 (m, 4H, ArCH), Z.@1, 2H, J = 8.1 Hz, ArCH}3C
NMR (75 MHz, CDC}, ppm) 21.66, 107.37 (t, J = 24.75 Hz), 112.77 (0d,25.5, 9.0
Hz), 129.62, 130.20, 133.72, 140.97 (t, J = 7.5 H4%.12, 162.75 (dd, J = 249.75, 12

Hz), 193.57 (t, J = 2.6 Hz).
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3,4,5-Trifluorobenzophenone, 8

The compound 3,4,5-trifluorobenzopheno8gwas synthesized following a
previously published procedure by Raghavapuiafihe NMR parameters and physical
constants were consistent with those reportedaritérature (liZ> m. p. 66 °C; found 66
— 68 °C).
(3,5-Difluorophenyl)(4-chlorophenyl)methanone, 9

The procedure described for preparatiod afas used with chlorobenzene
instead of benzene for synthesi9ofAfter the addition of all reagents, the reaction
mixture was stirred for 4 hours at 25 °C. The tieacwas quenched with acidic water,
diluted with methylene chloride (200 mL), and tri@nsed to a separatory funnel. The
organic layer was washed with 5 wt. % sodium bicadte, distilled water, dried over
MgSQs and evaporated to yield a light yellow solid. Boéid was recrystallized from
agueous ethanol to afford a crystalline white s(@%P6): found m.p. 75-77°C.
(3,5-Difluorophenyl)(4-bromophenyl)methanone, 3

A 50 mL round bottom flask, equipped with an aduditfunnel, condenser, and
gas inlet, was charged with 5.62 g (42.2 mmol) i&lA A mixture of 6.77 g (38.3
mmol) of 3,5-difluorobenzoyl chloride and 6.02 @3 mmol) of bromobenzene was
added dropwise to the AlEI During the addition the reaction mixture wastkeglow 10
°C, and was allowed to warm to 25 °C over four BouFhe reaction mixture was
guenched with acidic ¥, diluted with 300 mL of methylene chloride, anahisferred to
a separatory funnel. The organic layer was waghgddistilled HO, dried over MgS®
and evaporated to leave a light orange solid. stohd was recrystallized from aqueous

ethanol. The crude material was recrystallizedhfemueous ethanol to afford a
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crystalline white solid (10.0 g, 88 %): m.p. 855, *H NMR (300 MHz, CD{4, §) 7.05
(tt, 1H, J = 8.7, 2.4 Hz, ArCH), 7.27 (m, 2H, ArGH)66 (s, 4H), DEPT90 NMR (75
MHz, CDCk, ppm) 107.94 (t, J = 25.5 Hz), 112.81 (dd, J 526.0 Hz), 131.39, 131.94.
13C NMR (75 MHz, CDC4, ppm) 107.93 (t, J = 25.5 Hz), 112.79 (dd, J 524z, 9.0
Hz), 128.37, 131.38, 131.93, 135.10, 140.10 (t/J6Hz), 162.75 (dd, J = 249.75, 12
Hz), 192.76 (t, J = 2.43 Hz).
(3,5-Difluorophenyl)(4-iodophenyl)methanone, 10

The procedure described for preparatio® wfas used with iodobenzene instead
of bromobenzene for synthesisldi After the addition of all reagents, the reaction
mixture was stirred for 8 hours at 0 °C. The reactvas quenched with water, diluted
with methylene chloride (300 mL), and transferre@tseparatory funnel. The organic
layer was washed with 5 wt. % bicarbonate, distilMater, dried with MgS©and
evaporated off to present a light purple solid.e Bblid was recrystallized from aqueous
ethanol to afford a crystalline white solid (17%):NMR (300 MHz, CDC4, ) 7.05 (it,
1H, J = 8.4, 2.4 Hz, ArCH), 7.27 (m, 3H, ArCH), 8.6, 3H, ArCH)3C NMR (75
MHz, CDCk, ppm) 107.96 (t, J = 25.5 Hz), 112.81 (dd, J 528.0 Hz), 128.39, 131.39,
131.95, 135.11, 140.10 (d, J = 7.5 Hz), 162.75 Jdel 249.75, 12 Hz), 192.81.
General Procedure for Suzuki Coupling
(3,5-Difluorophenyl)[p-(2-naphthyl)phenyljmethanone 17

The phosphine-free Suzuki Miyaura coupling washsligmodified from a
procedure reported by Wallost al.*? Initially, a 10 molar % stock solution was made
with 0.0378 g (0.168 mmol) of palladium acetate(BAk),, and 10 mL of acetone. To a

25 mL Schlenk flask, equipped with a stir bar, wadeed 2.0 mL of palladium stock
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solution, potassium carbonate (1.14 g, 8.26 mmual)&0 mL of distilled water for a
concentration of 0.9176 M. A second Schlenk fleslyipped with a stir bar, was
charged witl3 (1.00 g, 3.37 mmol), 2-naphthylboronic acid (0.688.96 mmol), and
9.0 mL of acetone, for a concentration of 0.37 B&th Schlenk flasks were purged with
nitrogen followed by three freeze-pump-thaw cyctes] then back filled with nitrogen
prior to a cannula transfer to combine the catalyst the reactants. The reaction
mixture was heated to 60 °C for four hours at whioimt an aliquot was removed for
GC/MS analysis, which showed complete conversibime reaction mixture was then
poured into distilled water, and a crude off-wiptecipitate was isolated by filtration.
The solid was recrystallized from aqueous ethamalford a crystalline white solid (1.08
g, 93%) with a m.p. of 149-150 °&4 NMR (300 MHz, CDC, §) 7.05 (tt, 1H, J = 8.7,
2.4 Hz, ArCH), 7.36 (m, 2H, ArCH), 7.53 (m, 2H, A, 7.76 (dd, 1 H, J = 8.5, 1.9 Hz,
ArCH), 7.88 (m, 7H, ArCH), 8.10 (m, 1H, ArCHYC NMR (75 MHz, CDC4, ppm)
107.65 (t, J = 24.75 Hz), 112.88 (dd, J = 25.5H&)) 125.12, 126.52, 126.61, 126.64,
127.46, 127.72, 128.39, 128.82, 130.71, 133.12583335.04, 136.97, 140.79 (t, J =
7.5 Hz), 145.90, 162.75 (dd, J = 249.75, 12 Hz}.45S.
(4-Biphenylyl)(3,5-difluorophenyl)methanone, 16

The procedure described for preparatiod dfvas used with phenylboronic acid
instead of 2-naphthylboronic acid for synthesid @f After combination of all reagents,
the reaction mixture was stirred for 4 hours atG60 An additional 10% of
phenylboronic acid was added, and the reactionmaed for 8 hours more. The reaction
contents were then poured into distilled water, emde off-white product was isolated

by filtration. The crude material was recrystatizirom isopropanol to afford a
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crystalline white solid ( 94%): m.p. 134-135 48,NMR (300 MHz, CD4, §) 7.05 (it,
1H, J = 8.4, 2.4 Hz, ArCH), 7.45 (m, 5H, ArCH), 8.6n, 2H, ArCH), 7.72 (m, 2H,
ArCH), 7.88 (m, 2H, ArCH)!C NMR (75 MHz, CDC4, ppm) 107.63 (t, J = 25.0 Hz),
112.86 (dd, J = 25.5, 9.0 Hz), 127.23, 127.32,428129.03, 130.63, 135.01, 139.71,
140.78 (t, J = 7.87 Hz), 146.00, 162.75 (dd, J €28, 12 Hz), 193.46.
1-[4'-(3,5-Difluorobenzoyl)-4-biphenylyl]-1-ethanore, 18

The procedure described for preparatiod dfvas used with 4-
acetylphenylboronic acid instead of 2-naphthylbar@tid for synthesis df8. After
combination of all reagents, the reaction mixtues\stirred for 4 hours at 60 °C. An
additional 10% of 4-acetylphenylboronic acid waded] and the reaction continued for
8 hours more. The reaction contents were thenegbato distilled water, and crude off-
white product was isolated by filtration. The ceunaterial was recrystallized from
isopropanol to afford a crystalline white solid 82 m.p. 159-160 °CH NMR (300
MHz, CDCk, 8) 2.66 (s, 3H, Ch), 7.06 (tt, 1H, J = 8.4, 2.4 Hz, ArCH), 7.35 (nh,2
ArCH), 7.76 (m, 4H, ArCH), 7.90 (m, 2H, ArCH), 8.08, 2H, ArCH),23C NMR (75
MHz, CDCk, ppm) 26.66, 107.80 (t, J = 25.12 Hz), 112.87 (dd,25.5, 9.0 Hz), 127.42,
127.49, 129.06, 130.66, 135.85, 136.75, 140.48 &7.5 Hz), 144.12, 144.51, 162.75
(dd, J = 249.75, 12 Hz), 193.30, 197.48.
General Model Reaction for Pre Functionalized Monorers

In a 20 mL flask, equipped with stir bar, condensad gas inlet, were placed,
100 mg (0.337 mmol) a3, 1.00 g (0.673 mmol) dtbutyl phenol, 140 mg (1.010 mmol)

of KoCQOs, and 0.5 mL of NMP. The reaction mixture was bdat 170°C for four
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hours, at which point an aliquot was removed aradyaed by GC-MS, showing the
desired product was not formed.
4,4'-Bis(p-hydroxyphenoxy)benzophenone, 4

The compound 4,4'-big{hydroxyphenoxy)benzophenom® (vas synthesized
following a previously published procedure by Hwangl.2° Found m.p. 220-222 °C,
'H NMR (300MHz, DMSO€, ) 6.83 (d, 4H, J = 8.7 Hz, ArCH), 6.96 (d, 4H, 2.7
Hz), 6.99 (d, 4H, J = 2.7 Hz), 7.70 (d, 4H, J =18Z ArCH), 9.53 (s, 1H, OH}3C
NMR (75MHz, DMSOds, ppm) 115.81, 116.43, 121.70, 131.01, 131.98,4446.54.58,
162.05, 193.07.
Poly(ether ether ketone), PEEK

PEEK was prepared following a procedure published byebal .8
General Polycondensation Procedure
Pso-Alt-phenyl-m-Pso copolymer

In a 10 mL round bottom flask, equipped with a camgkr, gas inlet, and
mechanical stir bar, were placed 0.5635 g (4.07 bhKpCO;z, 0.4000 g (1.359 mmol)
3,5-difluoro-4’-phenylbenzophenone, and 0.5415.8§%2 mmol) bis-[4-(4-hydroxy-
phenoxy)-phenyl]-methanone. A concentration ob0v®I/L was used by the addition
of 2.1 mL NMP. The reaction mixture was stirred &i@ated to 185C for 34 hours.
The reaction mixture was precipitated in distillegdter to afford an off-white solid. The
solid was dissolved in 20mL of chloroform precipgizhin methanol, and then ethanol.
The off-white solid was vacuum dried at 110 to obtain 0.682 g of polymet3C NMR
(75 MHz, CDC4, 6) 111.66, 111.76, 113.72, 113.87, 117.00, 120.27,18, 121.65,

127.03, 127.26, 128.35, 129.00, 130.71, 132.26,363435.45, 139.71, 139.75, 140.49,
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145.72, 151.86, 151.91, 152.10, 152.31, 152.49,906858.97, 159.02, 161.40, 194.05,
194.73.
Pso-Alt-methyl-m-Pso copolymer

13C NMR (75 MHz, CDC4, ) 21.69, 111.52, 111.63, 116.95, 117.03, 120.91,
121.12, 121.69, 129.10, 130.29, 132.28, 134.12,684043.86, 151.81, 152.08, 152.29,
152.54, 158.80, 158.91, 161.47, 175.07, 194.09,8804
Pso-Alt-naphthyl-m-Pso copolymer

13C NMR (75 MHz, CDC4, §) 110.64, 112.73, 115.96, 119.97, 120.11, 120.64,
124.07, 125.42, 125.58, 126.25, 126.68, 127.33,/827129.76, 131.24, 131.31, 132.03,
132.52, 134.46, 135.95, 135.99, 139.50, 144.61,885051.07, 151.31, 151.47, 157.90,

158.01, 160.37, 193.01, 193.71.
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RESULTS AND DISCUSSION
3,5-Difluorobenzophenone, DFK, 1
The base compound, was first synthesized by a few general routede(nfra).
Friedel-Crafts acylation provided the highest yieith lowest number of byproducts.
Synthesis by Grignard produced multiple side reastiwith only 15-20% product yield.
Further discussion of the syntheses will be preskint a later section that describes other
monomers formed by the general rousel{eme 2). The structure of DFK1j was

confirmed by a melting point of 58-60 °C, anditsNMR spectrumFigure 4).
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Figure 4. Expanded 300 MHZH NMR spectrum (CDG) of 1
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The expandeéH NMR shows absorption of the protons (8H) on trwraatic
rings, and the most distinguishing feature is tteggn a between the C-F groups as a
triplet of triplets at 7.04 ppm (J = 8.4, 2.4 HA)he other protons (5Hb,c,d resulted in
multiplets. Protore (1H) also results in a triplet of triplets at 7/63m (J = 7.5, 2.1 Hz).
With purel in hand, further reactions were carried out tggre functionalized
monomers for subsequent conversion to functiondlpmymer systems via the “pre”
approach.
Electrophilic Aromatic Substitution of 3,5-Difluorobenzophenone (1)

The ideal position for “pre” functionalization walbemeta to the carbonyl with
a group that could survive polymerization. A vablbstituent would be a halogen (Br
or 1) or a nitro group, which would be reduced toaanine prior to polymerization.
Attachment of these substituents could be achigw#dEAS. Electrophilic aromatic
substitutions of the base compound may occur atifferent positions.Figure 5 shows
the most electron rich location on the structurhatcarbon between the two fluorines, as
measured by*C NMR (108 ppm). Theneta position on the adjoining benzene ring,
while less electron rich, as measurediyNMR (131 ppm), is not sterically hindered,
and the most likely location of mono substitutiofrhe intermediate formed when the
EAS occurs between the two fluorine atoms has@nasce form in which the (+) charge

is adjacent to the carbonyl, whereas, the interatedormed on the lower ring does not.
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Figure 5. Base compound] ana most likely substitution locations
As previously discussed, the bromination reacdsoetypical electrophilic
aromatic substitution. Due to unexpected resdltaudtiple substitutions, the reaction
conditions were adjusted in favor of the monost&d analogs, bicheme 1%hows
the general route. The reactions were monitore@GyMS, and indicated an assortment
of products. Varying reaction conditions were exetl to reduce the reaction rate of
substitution, and to achieve a majority of monossisted product.
F F
o <
(] 9
H,S0,/HOAc 0
0 + X—Nb — -

g ’ .,

X: Br, 1

1

Scheme 19General Halogenation Reactionlof
Multiple attachments were occurring during the tiea; where GC-MS results
showed the formation of a mixture of unreacted, oai, and tri substitutetl Figure 6

shows the presence of isomers, and also suggéstedibstitution was not selective.

34



m: 298

3000000

2500000

2000000

Unreacted

1500000 m: 218

1000000 f

500000, .
| |
(-

I T [ i

| | |
A JVA B ST S

) T r T T ; e R ERmme T =, B = e EREEEEELEE
Time--> 220 240 280 280 300 320 340 3.60 380 400 420 440 460 4.80 500 5}20 540 560 580 6.00 620

Figure 6. GC Chromatogram Bromination

In Figure 6, the monosubstituted in tipeirple box was the majority product with
four isomers. The bromination was occurring atdttbo andpara positions on both
rings, which suggests the reaction conditions neelbeen too aggressive. The
reactions varied with isomer formation, but sonetions had five isomers for a single
bromine attachment. The chromatogram shows thgsasaf an aliquot removed during
the reaction ofl with a 10% excess &f-bromosuccinimide (NBS), and a ratio of 80:20
sulfuric acid to acetic acid after 24 h. The reactonditions of the presented

chromatogram along with reaction variations arentbin Table 2
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Table 2. Reactions Conditions for Mono Substitutionlof

Desired . Isomer
Reactant HSOw Product Selectivity (%) _ t | Temp. Formajuon of
: HOAC (%) Unreacted:Mono:Di:Tri (hrs) | () Desired
Product (%)
NBS 80:20 37.4 24.9:37.4:10.8: 1.9 24 60 9.3
NBS 20:80 54.3 12.2: 54.3: 10.3: 0 24 25 20.9
NBS 0:100 50.9 5.1:50.9: 7.0: 0 72 60 20.3
NBS 10:90 36.8 32.8:36.8:5.9: 0 7R 60 23.0
NBS 50:50 33.7 55.0:33.7: 0.9: 0 1 0 10.4°
NBS 50:50 42.4 24.5:42.4:7.1:0 2 0 18.9°
NBS 50:50 45.2 19.6: 45.2: 8.5: 0.8 3 0 17.9°
NBS 50:50 44.0 20.5:44.0: 8.0: 0.8 48 25 19.0°
SMBI 100:0 22.8 40.8: 22.8: 15.3: 11.8 2 25 1.7
NIS 100:0 25.1 34.7: 25.1: 24.6: 5.5 18 25 6.0
NIS 50:50 37.8 17.7:37.8:12.7: 0 2P 25 31.3
HNOs 100:0 24.9 41.7:24.9:18.0: 0 24 0 9.7
HNOs 100:0 0 0:0:82.2: 0 24 0 178

3Initial reaction used a 10% excess of NBS, angmiteeding halogenations reduced the excess td 5%.
Same reaction monitored over tini@he reaction used double the initial amount of ilifcid. “ Reaction
yielded only di substituted isomer.

Temperature variations did not appear to altefdhmation of undesired
products. After initial exploration, the tempen&twvas fixed at 0°C for the addition of
reactants followed by a gradual warming to 25°Ctli@ remaining reaction. Limiting
the reaction time resulted in unsubstituted stgmivaterial in the reaction mixture. The
ratio of sulfuric to acetic acid had the greatagptact on the outcome. Reduction in
sulfuric acid extended the product formation tinvghile higher concentrations of
sulfuric acid resulted in the lower mono substidutomers, and greater quantities of di
and tri substituted material. Sodium monobromagiaocrate (SMBI) was used as an

alternative brominating agent, but its use providedidvantage to NBfér mono
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substitution. Similar results were noticed witke thdination. A slight excess (5%) Mf
iodosuccinimide (NIS) was used with conditions $amio bromination Table 2).
Optimal conditions for bromination and iodinatioens not achieved.
(3,5-Difluorophenyl)(m-nitrophenyl)methanone, 5

The placement of a nitro group for post functiceetion (or pre as the amino
group) was also explored. Typical conditions wiitnic and sulfuric acid were utilized
to substitute a nitro group onto the base compodr general reaction conditions are

shown byScheme 20

F C F ' ] '
H,SO, , HNO
o 2”4 0
0°C, 4 hrs O
¢
1 5

Scheme 20General Nitration Reaction @f

The last two entries imable 2 show the results and variation in reactions. The
disubstituted product was insoluble in common oiganlvents, which made further
characterization difficult. In general with EASBgtresults showed a lack of selectivity,
and ease of substitution. The formation of muttipfoducts made the isolation of the
desired product cumbersome. Another approachtwthmonomer synthesis containing
a “post” functionalizable group was investigated.

Synthesis of DFK (1) with Pendant Functional Groups

The synthetic objective for all monomers was toalep a process, which

provided a high yielding product, ease of synthesmisl minimal purification. With the

consideration to the objective, Friedel-Crafts atigh was utilized with 3, 5-
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difluorobenzoyl chloridé, benzene, and a Lewis acid cataly&tl{eme 2. The base
monomerl was obtained after the reaction was quenchedwatler. The crude product
was purified by two recrystallizations in ethanotavater. The process afforded a 67%
yield of the desired material with a purity of 9%ZGC). A similar synthetic route was
employed for the monomers with pendant functiomaligs, at th@ara position rather

thanmeta to the carbonyl.

R: Alkyl or Aryl
Scheme 21General Acylation fol and Other Monomers
(3,5-Difluorophenyl)(4-methylphenyl)methanone, 7
The 4’-methyl-3,5-difluorobenzophenond (vas synthesized with 3,5-
difluorobenzoyl chloride, aluminum chloride, andextess of toluene, and was
guenched with water after 4 hours. The solutios water washed, and recrystallized
from ethanol and water, after removal of the tolydn afford a 91 % yield of
analytically pure7 as white crystals. The structure of the monomas wverified with'H

and®®C NMR, and GC-MS analyse$igure 7 and8 shows théH and**C NMR spectra.
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Figure 7. Expanded 300 MHZH NMR spectrum (CDG) of 7
Due to fluorine coupling, splitting is observedshaotably with protom
between the fluorines, which results in a tripletriplets at 6.93 ppm (J = 8.7, 2.1 Hz).
Aromatic proton$ (2H) between the carbonyl and fluorine overlap$lie protons
(2H) d beside the pendant methyl group, which appeaasnagitiplet at 7.20 ppm. The
remaining aromatic protons (2ld)adjacent to the carbonyl appears as a double6at 7
ppm (J = 8.1 Hz). Finally, the protoag3H) of the pendant methyl group are observed as

a singlet at 2.36 ppm.
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Figure 8. Expanded 75 MHZC NMR spectrum (CDG]) of 7

In the3C NMR spectrumFKigure 8), all of the signals for carbomrsf, g, andh
on the phenyl ring, as well as the methyl grpugppear as singlets observed at 133.7,
130.2, 129.6, 144.1, and 21.7 ppm, respectivelye rfEmaining carbon atoms, located on
the fluorinated ring, all display fluorine couplindhe carbon labeleal between the
fluorine atoms, gives rise to a triplet at 107.4np{d = 24.8 Hz). The aromatic CHk,
appears as a doublet of doublets at 162.8 ppm44B:8, 12 Hz). A doublet of doublets
is shown at 112.8 ppm (J = 25.5, 9.0 Hz) for carhoBoth the carbonyland the carbon
d meta to the C-F appear as triplets with the caybioat 193.6 ppm (J = 2.6 Hz) and

carbond at 141.0 ppm (J = 7.5 Hz).
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4’-Bromo-3,5-difluorobenzophenone, 3

The first monomer synthesized with a pendant faneti group was, which was
synthesized with either 3,5-difluorobenzoyl chlerior 3,5-difluorobenzoic acid. From
the benzoic acid, polyphosphonic acid was useti@sdtalyst and solvent with
phosphorus pentoxide and 5% excess bromobenzdreredction required heating to
135 °C for 4 days to reach product formation > 70Bke reaction was quenched with
ice water and extracted with dichloromethane (DCRgsidual acid was removed with
5% bicarbonate washes followed by water washesthardthe solvent was removed to
recrystallize the product with ethandPurified product was obtained in a 54% yield with

a melting point of 87-89 °C.

For all the acylation reactions, synthesis begah thie conversion of the acid to
acid chloride with freshly distilled thionyl chlai® and catalytic quantity &f,N-
dimethylformamide (DMF). The solution was heatedZ hours at 55 °C before
fractional distillation. Excess thionyl chlorideas/removed at 73 to 77 °C and the 3,5-
difluorobenzoyl chloride was distilled at 173 °The yield varied from 64 to 79% and
was dependent on fraction quantity and the amoumiaberial remaining in the flask.
The purified liquid was kept under nitrogen in sebtontainers and transferred by

cannula as required.

Primary synthesis & and other variations were made as showadneme 2%or
the reaction of bromobenzene with 3,5-difluorobsghzbloride and aluminum chloride.
The reactants were present in equimolar amountsastlvent was used. An excess of

bromobenzene resulted in the increase of byprodwtish included the formation df

41



dibromobenzene, and tribromobenzene, as observbd3(-MS analysis. With
equimolar reactants, the reaction was conductedruargon and the reactants were
charged to the aluminum chloride. The solution stased until a thick purple paste
formed before the reaction was quenched with act@ievater. The same purification as
previously discussed was performed to yield 783% ®f a white solid, which melted at
85-86 °C. The monomer structure was verified Wittand**C NMR spectroscopy, GC-

MS, and elemental analysi§igure 9 and10 show the'H and**C NMR spectra.
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Figure 9. Expanded 300MHZH NMR spectrum (CDG) of 3
In the expandetH NMR spectrum Eigure 9) of 3, the protons (4H§ ortho and
meta to the bromine absorption appears as a singlebétppm with peak integration

confirming four protons. A multiplet absorptionroesponding to the aromatic proton
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(2H) b on the fluorinated ring is observed at 7.27 pprhe remaining aromatic prot@n

between the two C-F groups is shown as a triplétiglets at 7.05 ppm (J = 8.7, 2.4 Hz).
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Figure 10.Expanded 75 MHZC NMR spectrum (CDG) of 3

In the expandetfC NMR spectrumKigure 10), carbons located closely to the
fluorine atoms display signal splitting from fluoe coupling. The carbamortho to both
fluorinated carbons resulted in a triplet at 1Q3p®n (J = 25.5 Hz), and the aromatic C-F
b is observed as a doublet of doublets at 162.8 @pa249.8, 12 Hz). A doublet of
doublets is shown at 112.8 ppm (J = 25.5, 9.0 bizyérbonc. Both the carbonyland
the carbord meta to the C-F appear as triplets with the carboral192.8 ppm (J = 2.4
Hz) and carbonl at 140.1 ppm (J = 7.6 Hz). All remaining carbenf g, andh on the
phenyl ring with the bromo group appear as singléets35.1, 131.4, 131.9, and 128.4

ppm respectively.
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Halogenated DFK (1) Derivatives
To further explore the dehalogenation phenomenaomglthe synthesis @, via
the Friedel-Crafts acylation process, a seriesaddenated. systems was investigated.
An increased formation df was observed with excess bromobenzene, so othdape
halogens were synthesized to explore dehalogenaticuxring during the acylation.
F O F
o]

F
8
Previously, 4’,3-5-trifluorobenzohenoBavas made and the reaction was
completed with five equivalents of fluorobenzendh® acid halidé? Dehalogenation of
8to 1 was not observed, but 10% of 2’,3,5-trifluorobgnizenone was detected by GC-

MS. The reaction results correlated to previogsgaech, which also showed ~1@#tho

isomer formatiorf?

FlF
o)

Cl
9

The synthetic method was then utilized to makeMtio-3,5-
difluorobenzohenon@ with the same ratio of chlorobenzene to acid halide) f3: After

four hours, the reaction was complete with the fatron of < 3%ortho isomer and 97%
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9 (GC-MS). The synthesis results suggested thathlwro group did not displace as
easily as the bromo group, but an iodo group magMe® more susceptible to
dehalogenation.

The synthesis of 4’-iodo-3,5-difluorobenzophen@fevas carried out with
equimolar amounts of reactants, and purificatios wiantical to that foB. Typically,
the yield of10 was under 50% with concurrent formatioriladnd diiodobenzene, as
confirmed by GC-MS. The presence of the desiretena was confirmed by GC-MS,
however, during sodium bicarbonate washes someeabtio groups were removed
resulting in the formation df. After recrystallization from aqueous ethanog groduct
structure was confirmed 44 and**C NMR, but in only 90 % purity as approximately

10 %1 was also present.
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Figure 11.Expanded 300MHZH NMR spectrum (CDG) of 10 with 1 impurity
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The expandedH NMR is similar to3, and the protons (4H)ortho andmeta to
the bromine absorption appears as a singlet atpp66 A multiplet absorption
corresponding to the aromatic proton (2Hn the fluorinated ring is observed at 7.27
ppm. The remaining aromatic protatetween the two C-F groups is shown as a triplet
of triplets at 7.05 ppm (J = 8.7, 2.4 Hz). Thetpns of the impurity overlap some of the
signals, bur the protorts d on the phenyl ring without fluorinestho andmeta to the
carbonyl appear as multiplets at 7.51 and 7.88 mgspectively.Figure 5 of the
expanded proton NMR dfis in agreement with the additional proton signdéstified
in Figure 11 Also the integration concurred with % area far impurity to product
ratio previously observed by GC-MS.
Polymerization Feasibility Study

With successful introduction of a halogen groug ta model reaction similar to
polymerization conditions was conducted watand later wittD. The model reaction
was used to determine if the pendent halogen wsurdive the polymerization
conditions. The monomers were heated to 165 °@ potassium carbonate andeft

butylphenolll. The expected product of the model reaction asvsh) with3, in Scheme

F O ) >p/0 O O\©\]<
0 +2 K2(103 N 0
O 165 °C O
OH
Br Br

3 11 12

22.

Scheme 22Model Reaction witl3
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Initial reaction with two equivalents @fl did not result in difluoro displacement
to form12 Unfortunately, based on GC-MS, the primary dispment with one
equivalent ofLl1 was at the bromo group in tpara position for3. GC-MS analysis
showed that the product was 62% monobromo suledifi® (m/z) 366, 7% of
debrominated monomér(m/z) 218, and 31% monofluoro substitufietwith one
equivalent ofL1. After 12 hours with two equivalents b, 89% of the disubstituteth
was formed.

Similar results were observed to a lesser extetft Qvi The displacement of the
chlorine was at 25% while the fluorine displacem&as around 53%. ThHeshowed

15% disubstitution with attachments at one fluoane thepara chlorine.

Br m/z: 218.1

11
’ . m/z: 366.1 m/z: 426.1

13 14 m'z: 496.2

15

Scheme 23Reaction Outcomes Observed withnd11
The actual reaction outcome is shownSmheme 23vith 3, and the results were
more pronounced witB. The primary displacement at thara position was between 40
and 60 % by GC-MS, but displacement could posdiblgontrolled to exclusively attach
at thepara position with lower temperatures. After the initi@action withll, 3 was
heated ifN-Methyl-2-pyrrolidone (NMP at 160 to 180 °C to determine any additional

reactions, for which the outcome is shown3mheme 23 The model reactions were
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varied by temperature, base and molar equivalebl.oPotassium carbonate ABOs)
was replaced with potassiumrt-butoxide {-BuOK). The reaction variations performed
are shown imable 3.

Table 3. Reaction Conditions with Percentage of Product Fdion by GC-MS

. . % of Identified Compounds (m/z)
Reaction Conditions by GC-MS
Molar
. t T 1 13 14 15
Eq“"’ﬂe”t o trs) | ey | B3 | (218.1)| (366.1) | (426.1) | (496.2)
1 24 180 | t-BuOK 2.2 31.3 45.5 20.6
1 12 180 | t-BuOK 8.8 37.0 38.9 15.2
1 24 165| KCO3 6.9 30.7 62.4 0
2 12 170| KCO3 0 2.4 8.6 88.9
1 24 160 | KCO3 11.6 37.5 47.1 0

Monomer Modification by Suzuki-Miyaura Coupling

For pre modification 08, a modified phosphine free Suzuki-Miyaura Coupling
reaction was utilized with aromatic boronic acid&nce post modification was not a
possibility with the brominated monomer pre funotbzation of the monomers was
utilized. The general reaction scheme, for modifan reactions of the three monomers,

is illustrated inScheme 24.

F ! F F F
HO__,.OH g

B
0 + R K,CO;, Pd(OAc), ., O
Acetone, Water
O R: Ph, Np, PhAc O
Br R
3

Scheme 24General Phosphine Free Suzuki-Miyaura Couplingciea
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Initially, phenyl boronic acid was reacted w8hn acetone and water. Palladium
acetate and potassium carbonate were used todudipate the reaction at 60 °C after
system degassing. The air-free synthesis was lmasprevious work by Wallowt al.*2
After four hours, the product was extracted from tbaction mixture with toluene,
followed by washing with brine and later water wesh The organic layer was removed,
via rotary evaporation, and the product was reatlygsgd from aqueous ethanol to obtain
84% yield of the desired product. The materiahvsta purity of 99.1% by GC-MS and

its structure was also confirmed By and**C NMR spectroscopic analysis.
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Figure 12. Expanded 300 MHZH NMR spectrum (CDG) of 16
The successful incorporation of the phenyl gro@s wery evident in the

expandedH NMR spectrumFigure 12). The protons (4H} andd, which originally
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overlapped as a singlet at 7.66 ppm now appeaiuéifohats at 7.72 and 7.88 ppm
respectively. Also the spectrum shows the absamgtom the attached phenyl ring
protons (5H) as multiplets at 7.45 and 7.66 ppne @ NMR spectrum also confirms
the replacement of the bromo group with the phenyg.

The expandedf C NMR was similar to that of the reactant exceptthe
additional carbon absorptions and the carbon shuftthe C atoms adjacent to the point
of attachment of the pendent phenyl ring. The gheng gave rise to singlets in the
spectrum from carbon atomsk, |, andm, located at 135.1, 127.3, 129.0, and 128.4 ppm,
respectively. The most noticeable change in thetsgpa was the absence of the
chemical shift for the carbon atom where the brgmup was attached and appearance
of the new peak where the phenyl group was incatedr The carbon absorptions
shifted downfield from 128.4 to 139.7 ppm. Theesthoticeable shift was the carben

adjacent to the carbonyl shifting downfield fronb1Bto 146.0 ppm.
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Figure 13.Expanded 75 MHZ’C NMR spectrum (CDG) of 16
(3,5-Difluorophenyl)[p-(2-naphthyl)phenyllmethanone, 17
Pre modification of the brominated monomer wase atsmpleted with 2-
naphthylboronic acid, using conditions identicathose previously discussed. The
reaction was monitored for formation of the desipeaduct by GC-MS analysis. After
the purification and recrystallization, pure whitgstals were obtained at a purity of
99.5% by GC-MS. The melting point was 149-1508Q4 further confirmation of the

product was provided b4 and*3C NMR spectra.
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Figure 14.Expanded 75 MHZ*C NMR spectrum (CDG) of 17

The'H NMR shows several multiplets and was not a défimiconfirmation of
the formation ofl7 in comparison to th€C NMR. The expandetfC NMR better
illustrates the shifts after attachment as wethasadditional carbons presemtigure 14
and 15illustrate the carbon absorption of the produgimilar features were present and
expected from the base monomether peaks noticed were used to identify andyer
the formation of the desired product. Both théoare beside the carbonyl and the
carbonh para to the carbonyl have shifted significantly to 131&nd 135.0 ppm. The
original absorption prior to reaction was at 128xn for the brominated carbén and

carbonewas at 135.1 ppm.
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Figure 15.Expanded 75 MHZ’C NMR spectrum (CDG) of 17

Noticeable additions to the spectrum were fromcmbons associated with the
naphthyl group. All absorptions associated with laphthyl appear as singlets and were
denoted irFigure FRD# 11aand11b, between 125 and 140 ppm.
1-[4’-(3,5-Difluorobenzoyl)-4-biphenylyl]-1-ethanore, 18

Pre modification ofl8 was also completed with 4-acetylphenylboronic agging
conditions identical to those previously discusséte reaction was monitored for
formation of the desired product by GC-MS analyarg] additional 4-
acetylphenylboronic acid (10%) was charged aftar fours to advance the reaction to
completion. After 12 hours, the crude material wasfied and recrystallized from
agueous ethanol to afford pure white crystalsgatrédy of 99.6% by GC-MS. The
melting point was 159-160 °C, and further confirimiatof the product was provided by

'H and*3C NMR spectra.
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Figure 16. Expanded 300 MHZH NMR spectrum (CDG) of 18

The expandedH NMR in Figure 16 shows the replacement of the bromo group
on the phenyl ring with the additional protons frédme phenyl ring attachment and the
protons of the methyl group from the acetyl grodjhe proton (1Hpa between the two
fluoro groups appears as a triplet of triplets.86ppm (J = 8.4, 2.4 Hz). The other two
protons (2H) on the fluoro phenyl ring appear as a multiplet.& ppm. The aromatic
protonse, f of the phenyl acetate appear as two multiple®s7a and 8.08 ppm (4H).
The remaining aromatic protonsd appear as two multiplets at 7.76 and 7.90 (4H)e Th
methyl protongy of the acetyl group appear as a singlet at 2.66 @penntegrate for 3

hydrogens.
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Figure 17. Expanded 75 MHZC NMR spectrum (CDG) of 18

The expandedfC NMR in Figure 17 shows additional evidence of the
acetylphenyl group attachment with the methyl cabappearing at 26.7 ppm and the
carbonyln appearing at 197.5 ppm. The remaining carbpks, i) of the acetylphenyl
group appear at 144.2, 127.9, 130.7 and 135.9 mgmpectively.
4,4’-Bis-(4-hydroxyphenoxy)benzophenone , 4

To achieve an alternating polymer systenPBEK, with the substituted
benzophenone isomers, a bisphenol oligomer wasprdpvith 4,4’-
difluorobenzophenon&) as the starting material. A previously reponpedcedure by
Hwang et al., with minor modifications, was utikizéor the synthesis of 4,4’-bis-(4-

hydroxyphenoxy)benzophenomn® (Scheme 252°
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Scheme 25Reaction for 4,4’-bis-(4-hydroxyphenoxy)benzopbes ,4

0O
2 19

Initially, 2 was reacted witp-methoxyphenol, in NMP at reflux. The reaction
was monitored with GC-MS, and determined to be detemfter eight hours. At which
point the reaction mixture was poured into watestdate the product, which was
recrystallized from aqueous ethanol. The phenmligs were then deprotected by
reaction with hydrogen bromide and glacial acetid at 130 °C for 48 hours at which
point the solution was cooled and poured into ie¢éew The product was extracted into
methylene chloride and washed with 5% bicarbonatkedsstilled water. After solvent
removal, the crude material was purified by re@higtation from aqueous ethanol to
afford a white crystalline solid with a melting pbiof 220-222 °C. The structure was

confirmed by'H and'*C NMR spectroscopy.

56



N e O
OO
4

55 o0 85 B0 75 7.0 6.5 ppm

Figure 18.Expanded 300 MHZH NMR spectrum (DMSQis) of 4

The expanded proton NMRigure 18) of 4 shows the deprotection of the
hydroxyl groups with appearance of the absorbaoicthe hydroxyl protona (2H) at
9.53 ppm as a singlet. The signalsbd@nde appear as two doublets at 6.83 ppm (4H, J
=8.7 Hz) and 7.70 ppm (4H, J = 8.7 Hz), respebiv&he signals foc andd appear as
two doublets at 6.96 ppm (4H, J = 2.7 Hz) and 9% (4H, J = 2.7 Hz), respectively.

The expanded carbon NMR spectruamgre 19) of 4 shows the carbonyl signal
at 193.1 ppm. The aromatic methane signalsf(g) appear at 115.8, 116.4, 121.7, and
132.0 ppm respectively. The quaternary carbonassg, d, e h) appear at 162.1,

131.0, 146.4, and 154.6 ppm respectively.
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Figure 19. Expanded 75 MHZ’C NMR spectrum (DMSO-d6) cf

Synthesis of PEEK

The condensation polymerization to form the araenadly(ether ether ketone)
PEEK reported by Rose and Staniland was reprodficéde polycondensation occurred
in the presence of diphenyl sulphone (solvent) Wwitiroquinone ané. The electron
withdrawing carbonyl activated the halogen atomsfecleophilic aromatic substitution
(NAS). The aryl dihalide and bisphenol were heateti80 °C to form a clear solution
before the addition of anhydrous potassium carleon@he mixture was then ramped in
temperature and held for 1 hour at 200, 250, 320Pke 320 °C polymer solution was
then poured on to a metal tray to cool. The s@attion mixture was milled, and passed
through a 500 um sieve. The light gray powder suaxessively washed witihN-
dimethylformamide/water, acetone, water, and a&gtoathanol. The polymer was then
dried at 140 °C under vacuum for 72 hours. Themnalysis data were acquired and

compared to other polymer derivatives.
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General Synthesis for Alternating Copolymer

Alternating copolymers with pendant functional goswitilized the synthetic
route discussed by Fortney and Fosstinthe successful synthesis of alternating
copolymers by NAS was completed with the dialkaditah salt as well as equimolar
guantities o#4, and pendant functionalized diaryl halidedctjeme 2p The reactions
were conducted at 185 °C for upwards of 48 houfsrberecipitations. After reaction
the polymers were initially precipitated into waserd redisolved in chloroform to
precipitate by dropwise addition into ethanol amehtrepeated in methanol. The off-

white powders were dried in vacuo at 110 °C fohadrs.

F F .
(0]
HO—( >—0H ¥ § )04 pom+ o kCl, HO@OO@O O i
o
4 3 8
X

NMP, 185°C

Pgy-A It-mcfhy[-m—l’sn X

PSU-Al't—pkcny[ -m-Pg,

X: Methyl1(7), Phenyl (16), Naphtyl (17) B AP
so-Alr-naphthyl-m-Pg

Scheme 26Synthesis of Alternating FunctionalizB&EK Copolymers
The structures of the polymers were confirmedhbyand**C NMR spectroscopy.
The®*C NMR (75 MHz) spectra can be foundRigures 20, 21, 2Zor the three
copolymersPso-Alt-methyl-m-Pso copolymer,Pso-Alt-phenyl-m-Pso copolymer andPso-

Alt-naphthyl-m-Pso copolymer.
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Figure 20. 75 MHz13C NMR (CDCEb) of Pso-Alt-methyl-m-Pso copolymer
Figure 20 shows the carbon NMR spectrum for copolyiigrAlt-methyl-m-Pso which
confirms the addition of the tolyl functional growgth the methyl carbon absorbing at
21.6 ppm and the aromatic carbons of the tolyl ghabsorbing at 129.1 (CH), 130.2
(CH), 134.1 and 143.8 ppm. Two carbonyls signedsodbserved at 194.0 ppm and 194.7
ppm for the4 unit and16 unit, respectively. The four line pattern thadisserved
between 151.8 ppm and 152.5 ppm is caused by trergeation which was originally
reported by Fortney and Fossum where the sameampattes observed in tHéC NMR
spectrum of alternatingEEK-alt-m-PEEK prepared from 4,4’-Bis-(4-

hydroxyphenoxy)benzophenone and 3,5-difluorobenznphet®
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Figure 21. 75 MHz *C NMR (CDCE) of Pso-Alt-phenyl-m-Pso copolymer
The3C NMR spectrum of copolyméso-Alt-phenyl-m-Pso is shown inFigure 21 The
signals for the aromatic carbons of the biphenyt are observed at 127.0 (CH), 127.2

(CH), 128.3 (CH), 129.0 (CH), 130.7 (CH), 135.4913 and 145.7 ppm.
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Figure 22. 75 MHz*C NMR (CDCE) of Pso-Alt-naphthyl-m-Pso copolymer
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The structure of copolym@so-Alt-naphthyl-m-Pso was confirmed by it$°C
NMR spectrum Eigure 22). The signals for the aromatic carbons, assatiatth the
naphthyl ring, are observed at 124.0 (CH), 12525%.3, 126.2 (CH), 126.6 (CH), 127.3
(CH)127.7 (CH), 132.0 (CH), 132.5 (CH), and 134p#np
Methyl Substituted Copolymers

To further study the influence of the percentagBPBEK segments, a series of
copolymers was synthesized with increasing molasuats ofPEEK segments, and
decreasing quantities @f The reaction conditions and processing wereticarto those
previously discussed for the alternating copolysystems. As suclPso-Alt-methyl-m-
Pso was compared tB7s-co-methyl-m-P2s, Ps3-co-methyl-m-P17 andPss-co-methyl-m-
P15 (Scheme 2Y, wherePEEK segments were increased from 50 % to 75, 83, &r8d,8

respectively.
oo o on
4 F
0
- H%@oo@o 5
0

& Lo o . FF NMP, 185°C .- O
l-a
) i

y
Z

P.s-co-methyl-m-P,
Pss-co-methyl-m- P 17
Pys-co-methyl-m-P, 5

Scheme 27Synthetic Route for Pendant Methyl Copolymers
The increase IPEEK segments increased the viscosity of the reactiatune.
The reduction in backbone deformity decreased tgnper solubility. Pss-co-methyl-
m-Pishad low solubility. The impact of tfeEEK segments affected the polymer

solubility and thermal properties.
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Table 4. Summary of Polymer Solubility

NMP | DMSO | DMAc | THF | Chloroform
PEEK - - - - -

Pss-co-methyl-m-Pis - - - - -

Ps3-co-methyl-m-P17 +/- - - - -

P7s-co-methyl-m-P2s + +/- +/- - -
Pso-Alt-methyl-m-Pso + + + +/- +
Pso-Alt-phenyl-m-Pso + + + + +
Pso-Alt-naphthyl-m-Pso | + + + + +

PEEK has been well known for having limited solubilignd in some
applications the chemical resistance is ideal. ddwmease IPEEK segments and the
increase of bulkier substituents improves the stilyln common organic solvents. A
summarization of the solubility of the polymersiepicted inTable 4.

Thermal Analysis

Thermal gravimetric analysis (TGA) and differensahnning calorimetry (DSC)
were utilized to determine the thermal propertiethe polymer systems. The glass
transition temperature gland the decomposition temperature under nitr@dem 5 %

weight loss (Ta 5%, N2) Were determined and compared in the followingfes.

100+

80+

60+

Weight (%)

Pso-Alt-phenyl-m-Pso; Tiasewny: 505 °C
404

Psy-Air-naphtityl-m-Pso; Tedzn, ¥z 334 °C

Pso-Alz-methyl-m-Pso; Tiasee, x:: 441 °C

20 PEEK; Tdsw, v2): 457 °C

0

0 200 400 600 800
Temperature (°C)

Figure 23. TGA thermograms oPEEK, Pso-Alt-methyl-m-Pso, Pso-Alt-phenyl-m-Pso,
and Pso-Alt-naphthyll-m-Pso under nitrogen atmosphere
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The thermograms of the alternating functionalipetymers Figure 23) are
compared to the synthesizBEEK. Without multiple step degradations being obsarve
the thermogram suggests backbone decompositiartiging, and it is not the loss of
pendant functional groups. As the aromaticity dases from naphthyl to phenyl to
methyl, so does thedse, n2yat 534, 505, and 441 °C, respectively. The polgmath
phenyl and naphthyl substituents endure higher ¢zatpres; rendering more stable

polymers with better heat resistand&o-Alt-methyl-m-Pso is comparable t®EEK.

—— Pzo-Alt-phenyl-m-Pzo; Te: 143.7 °C
i —— Pu-dlt-naphtiyl-m-Pso; Te: 153.1 °C
‘ —— Pso-Alt-methyl-m-Pso; Te: 1381 °C
—— PEEK; Tg: 153.6 °C
=)
S 00- X\
3
T
w©
©
L
-0.5+
-1.0 T T T T T T T T T T T T T T ; T T ; T T T T T L
50 100 150 200 250 300 350
Exo Up Temperature (“C)

Figure 24.DSC traces (P heat) ofPEEK, Pso-Alt-methyl-m-Pso, Pso-Alt-phenyl-m-Pso,
andPso-Alt-naphthyll-m-Pso

Thermal analysis by DSC indicated that the alt@énggunctionalized polymers
were completely amorphous as only glass transigorperatures, o] were observed. As
the bulky substituent was reduced from naphthyhenyl to methyl, the givalues also

decreased with values of 153, 144, and 138 °Cemtiqely. The increasinggvalues
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for Pso-Alt-phenyl-m-Pso, andPse-Alt-naphthyll-m-Pso may be a result of the reduction
in free volume for the polymer systems. The changehe polymer system affect
sterics, free volume, and intermolecular forcé¥EEK ‘in-house’ sample shows g of
154 °C as well as a-Tof 320 °C, and the"? heating and cooling traces are depicted in

Figure 25.

0.6

252.19°C

0.4+

0.2+ 148.65°C(l)

0.0+ 19.37J/g

Heat Flow (W/g)

0.2 153.65°C()
] 19.19J/g

-0.4-

319.51°C

-0.6 L AR A e A i Fr
0 50 100 150 200 250 300 350
Exo Up Temperature (°C)

Figure 25.DSC 2 heating and cooling curve BEEK prepare “in house.”

The PEEK sample shows similargValues on the™ heat (154 °C) to cooling
(148 °C), which is higher than reported by VictexX143 °C. The sample displayeda T
on cooling at 252 °C, and enthalpy of 19.4 J/gnifar enthalpy of 19.2 J/g is observed

for the Tm at 320 °C, and is lower than reported by Victre848 °C.
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Figure 26. DSC traces (2 heat) ofPso-Alt-methyl-m-Pso, P7s-co-methyl-m-Ps2s, and
Ps3-co-methyl-m-P17

As expected, the polymers with elevalR®IEK segments displayed evidence of
crystallinity. P7s-co-methyl-m-P2s has the highestglof 153 °C, and this could be due to
the polymer having a higher molecular weidPss-co-methyl-m-P17 is crystalline, and
has a § of 142 °C, and comparable REEK. Figure 27 depicts the heating and cooling

curve of the semi-crystallin®gs-co-methyl-m-P17.
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Figure 27.DSC 29 heating and cooling curve &s-co-methyl-m-P17
Thesample shows similargValues on the™ heat (141 °C) to cooling (142 °C).
The sample displayed a ®n heating at 198 °C and cooling at 252 °C. Tdralned
enthalpy of the Jon heating and cooling is 17.3 J/g. A similahafpy of 17.7 J/g is
observed for theat 297 °C.Table 5summarizes the thermal data for all of the
polymers reported.

Table . Summary of Thermal Analysis for Polymers

T (d 5%) Tg Tc AH Tm AH Tc AH
(CC) [(C) | (*C) | [P/g)| (°C) | Q/9)| (°C) | (I/9)

Pso-Alt-phenyl-m-Pso 505 | 144 - - - - - -
Pso-Alt-naphthyll-m-Pso 534 | 153 - - - - - -

Pso-Alt-methyl-m-Psomethyl | 441 | 138, - - - - - -

P7s-co-methyl-m-P2s - 153 - - - - - -
Ps3-co-methyl-m-P17 - 139 | 198| 3.68 297 | 17.7| 216 | 13.7
PEEK 457 | 154| - - 320 19.2252| 19.4
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Conclusion

The isolation ofneta bromo substituted was not completed due to the
unfavorable reaction outcomes. Several monomers syathesized by Friedel-Crafts
Acylation, and an alternative monomer was explavéd the bromo group in theara
position, which was successfully modified prioptymerization with Suzuki-Miyaura
Cross-Coupling reactions. Even though the bromsogon3 could not survive
polymerizations, other monomers were polymerizeith wariousPEEK segments.
Alternating functionalizedPEEK copolymers were confirmed and compared to
traditionalPEEK synthesized ‘in house’. The copolymers showedtgrehermal
stability and solubility in common organic solven#&lso semi-crystalline polymers had
better solubility than tradition&®EEK, and also provided a site for further
functionalization at the pendant methyl group. pdlymers demonstrate the benefits of
a structurally modified function®EEK, and should be investigated further.
Future Work

In hindsight, monomer synthesis would have beenpteted with a solvent such
as methylene chloride to possibly increase yieltlr@uce the concentration of
reactants, which may also reduce or eliminate ftionaf by-productl. Another
possible route fometa substituted halogens would have been to try theti@n in a polar
solvent such as DMF with NBS and without the aidgtobng acids. As previously
mentioned milder conditions could help deter di &amdubstitution. Theneta position
could have also been added to the system durintesis, based on work published by

Ekoue-Koviet al.?* (Scheme 28
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Scheme 28Potential Synthetic Route fawrta Halogen Benzophenoré

Even though theara position would not survive polymerization, theesibuld be
functionalized prior to polymerization (alkyl, ar@ther, thioether, tertiary amine) and
functionalization could occur with preformed polyseontaining some substituents.
Additional substituents should be explored, andiporated during monomer synthesis

or monomer modification prior to polymerization.

=\ = =
Hro _{\‘»\_f?_ © wa

X

Based on the model reaction another functionalpmgmer isomer could be
explored. Further study of 3,5,4’-trihalogensdiddoe completed to determine the
reactivity differences between the fluorine, brogjiand iodine at the meta and para
locations. The possibility would be to introducmata halogen on a structural isomer.
The model reaction did suggest the polymerizatmidtoccur exclusively at the 3, 4’
locations, and could further be promoted by theaisehalogen in theneta position,
which is less susceptible to NAS, such as bromiriedine.

Finally, post functionalization conditions shote explored for the methyl

substituent to further functionalize the prefornpedymer.
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