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Abstract Polyketone resins have been prepared by the Friedel-Crafts polymerization of dithiophenylidenecyclopentanone
(D), dithiophenylidenecyclohexanone (II) and dithiophenylideneacetone (III) with adipoyl, sebacoyl and terephthaloyl
dichlorides using boron trifluoride as catalyst and carbon disulphide as solvent. Polymers were characterized with IR, 'H-
NMR, and the results showed the presence of carbonyl of ketonic groups in the main chain. The polyketones have inherent
viscosities of 0.40-0.70 dL/g. All the polymers are semicrystalline and most of them are partially soluble in most common
organic solvents but freely soluble in aprotic solvents. The temperatures of 50% weight loss are as high as 185°C to 280°C in
air, indicating that these aromatic polyketones have excellent thermal stability. All the polyketones were tested for their
antimicrobial activity against bacteria and fungi.
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INTRODUCTION

Human beings are often infected by microorganisms such as bacterium, mold, yeast, virus, etc., in the living
environment, making infectious disease a critically important global healthcare issue. There has been a great
concern within the healthcare professionals that provided an impetus for continued antimicrobial development
owing to growing emergence of antibiotic-resistant infections'" . In this regard, the polymeric antimicrobial
agents have received considerable attention because of certain advantages that they are non-volatile, chemically
stable and do not permeate through skin. Thus, they can reduce losses associated with volatilization, photolytic
decomposition and transportation”®!. Polymers, due to their intrinsic properties are extensively and efficiently
employed to mitigate, combat and/or eradicate microbial infection, which means an improvement in the state of
well-being!"..

Aromatic polyketones have usually been synthesized by the electrophilic aromatic substitution
polymerization of electron-rich aromatic compounds with diacid chlorides in the presence of Lewis acid™ °.
There have been many reports on aromatic polyketones, which have attracted much attention for their excellent
thermal stability, chemical resistibility and medical applications!’ ). Moreover, almost all of the aromatic
polyketones are classified as aromatic poly(ether ketone)s, which contain ether linkages in the main chain of the
polymers”!. Aromatic polyketones have been synthesized by Friedel-Crafts polymerization using aromatic
dichlorides!™ 7 or Williamson type reactions using aromatic difluoride!™. Preparation of polyketones by
organometallic polymerization (organometallic C—C coupling between dihalogenated ketones and distannyl
organic compounds) has also been reported!'”). In earliear communications, Patel and co-workers have reported
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polymers based on Friedel-Crafts self-polycondensation of 4,4’-dichloromethyl diphenyl ether (DDE)!"" and
such polycondensations of DDE with benzene, toluene, xylenes, chlorotoluenes and o-hydroxy carbonyl
compounds. Moreover the biological activity was also studied'>'*. Recently, a considerable research effort has
concentrated on the synthesis of polyketones by Friedel-Crafts reaction'”™'®!. The polymerization in an organic
solvent catalysed by Lewis acid can be carried out under moderate conditions, and it is considered as a
convenient method to obtain polyketones on a laboratory scale!'” ). The relative reactivities of the five-
membered-ring heterocycles are reflected in the Lewis acid required to catalyze a Friedel-Crafts acylation
reaction. Thiophene is more reactive than benzene, so it can undergo a Friedel-Crafts reaction using a weaker
Lewis acid like BF;*" ??l. Therefore, development of these polymers for use at different applications with
improved characteristics is an important goal. In this paper, polyketones derived from
dithiophenylidenecycloalkanone and dithiophenylideneacetone with diacid chlorides were prepared. The effect
of polymer structure on the thermal stability, crystallinity and the biological activities of these resins against
bacteria and fungi have been examined.

EXPERIMENTAL

Instrumentation

Melting points (°C) were determined with an open glass capillary tube and are uncorrected. Elemental analyses
were performed on an Elementar Vario EL III instrument. IR spectra were recorded, as KBr pellets, on a
Schimadzu IR-470 spectrophotomete, and wave numbers are given in cm™'. 'H-NMR spectra, in DMSO
solution, were recorded on a Bruker DRX-300 instrument and also on a Bruker 11.1HO100-MHz NMR
spectrometer at room temperature. Chemical shifts are reported as ppm relative to TMS as internal standard.
Viscosity measurements were made with a 5 g/L solution of polymers in DMF at 25°C using an Ubbelohde
suspended level viscometer. Thermal gravimetric analysis (TGA) and differential thermal gravimetric (DTG)
measurements were performed on a V 5.1 A DuPont 2000 thermal analyzer at a heating rate 10 K/min in air. The
X-ray diffractograms of the polymers were obtained with a Phillips X-ray unit (Phillips generator Pw-1710) and
Ni-filtered CuK« radiations. Joel-JSM-5610 LV scanning electron microscope together with carbon coating
system was used to assess the morphology of the produced dry polymer after mechanical crashing. A little
amount from the powder of polymer speared on double adhesive sticker fixed on aluminum specimen holder,
coated by carbon layer for about 10nm thickness, and was then examined by SEM.

Reagents and Solvents

2-Thiophenecarboxaldehyde (fluka) was used as purchased. Terephthaloyl chloride (Aldrich) was recrystallized
from n-hexane (m.p. 83—-84°C). Adipoyl and sebacoyl dichlorides were freshly distilled at 125°C/1466.5 Pa and
at 182°C/2133.2 Pa respectively. Cyclohexanone and cyclopentanone (Merck) were freshly distilled at b.p.
155°C and b.p. 130-131°C respectively. Boron trifluoride (Merck) and all other solvents were of high purity and
were further purified by standard method!*".

Monomers Synthesis

General procedure

In a typical synthesis, a mixture of 2-thiophenecarboxaldehyde (0.2 mole) with cyclopentanone, cyclohexanone
and acetone (0.1 mole) in warm ethanol was treated with few milliliters of 10% alcoholic sodium hydroxide
solution and the reaction mixture was stirred at room temperature for 2 h. The resulting solid was collected by
filtration, washed with cold water, dried and recrystallized from the appropriate solvent.

Syntheses of 2,5-dithiophenylidenecyclopentanone (I)

Obtained by the condensation of 2-thiophenecarboxaldehyde 24 g (0.2 mole) with cyclopentanone 8.9 g
(0.1 mole) for 2 h as yellow needles from ethanol; yield: 97%; m.p.: 206°C . Analysis Calculated for C;5H;,S,0:
C, 66.18%:; H, 4.41%; S, 23.53%. Found: C, 66.42%; H, 4.06%; S, 22.33%. IR (KBr, cm™'): 1660 (C=0 of
cyclopentanone), and 1605 (C=C group). 'H-NMR (DMSO-dg, 9): 8.00 (s, 2H of CH=C), 6.60-7.20 (m, 6H of
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Ar—H of thiophenylidene rings ), 3.00 (s, 4H of CH, of cyclopentanone) (Fig. 1).

Syntheses of 2,6-dithiophenylidenecyclohexanone (II)

Obtained by the condensation of 2-thiophenecarboxaldehyde 24 g (0.2 mole) with cyclohexanone 10.4 g
(0.1 mole) for 2 h as yellow needles from ethanol; yield: 95%; m.p.: 128°C. Analysis Calculated for C,¢H,4S,0:
C, 67.00%; H, 4.90%: S, 22.38%. Found: C, 67.28%; H, 4.61%; S, 22.13%. IR (KBr, cm™): 1665 (C=0 of
cyclohexanone), and 1605 (C=C group). 'H-NMR (DMSO-de, &): 8.00 (s, 2H of CH=C), 6.60—7.50 (m, 6H of
Ar—H of thiophenylidene rings ), 2.80 (m, 4H of CH, of cyclohexanone) and 1.80 (s, middle of CH, of
cyclohexanone) (Fig. 2).

-

| L.

| W,
16 14 12 10 8 6 4 2 0o -2 4 lI6 lll l|2 IIO é (I) élt 2I (I) —é —4
o )
Fig. 1 'H-NMR spectrum of monomer I Fig. 2 '"H-NMR spectrum of monomer I

Syntheses of 2,6-dithiophenylideneacetone (111)

Obtained by the condensation of 2-thiophenecarboxaldehyde 24 g (0.2 mole) with acetone 7.4 g (0.1 mole) for
2 h as yellow needles from ethanol; yield: 90%; m.p.:108°C. Analysis Calculated for C;3H,0S,0: C, 63.41%; H,
4.07%; S, 26.02%. Found: C, 63.52%; H, 3.89%; S, 26.32%. IR (KBr, em™): 1680 (C=0 of acetone), and 1600
(C=C group). 'H-NMR (DMSO-ds, d): 8.00 (s, 4H of CH = CH), 6.60-7.50 (m, 6H of Ar—H of
thiophenylidene rings).

Polymers Synthesis

Friedel-Craftes method was applied for the preparation of all the polymers. Typically, in a 100 mL round-
bottomed flask equipped with a magnetic stirrer and nitrogen inlet and outlet, was placed a solution of 27.2 g
(0.1 mole) 2,5-thiophenylidenecyclopentanone (I) and 20.3 g (0.1 mole) of terphthaloyl chloride in 25 mL of dry
carbon disulfide. The flask was purged with nitrogen while stirring, and 12.2 g (0.1 mole) of boron trifluoride
etherate was added during the nitrogen flash. The reddish brown solution was stirred for 3 h and refluxed at 40°C
for 6 h. Then it was filtered off, and the separated product was titrated three times with a large excess of
methanol. The powdery material was again filtered off, washing with water, methanol, acetone and dried under
reduced pressure (133.3 Pa) at 70°C for two days. This method was applied for the preparation of other
polymers; whose yields, elemental analyses and viscosities are listed in Table 1.

Antimicrobial Activity of Polyketones

The antibacterial activity of the synthesized polyketones was tested against Staphylococcus aureus,
Streptococcus pyogenes and Escherichia coli using nutrient agar medium. The antifungal activity of the
compounds was tested against Candida albicans and Aspergillus niger using sabouraud dextrose agar medium.
Both activities were performed by paper disc diffusion method®*!. The sterilized (autoclaved at 120°C for
30 min) medium (40-50°C) was inoculated (1 mL/100 mL of medium) with the suspension (10> cfu/mL) of the
microorganism (matched to McFarland barium sulphate standard) and poured into a petridish to give a depth of
3—4 mm. The paper impregnated with the test compounds (50 pg/mL in dimethyl formamide) was placed on the
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solidified medium. The plates were preincubated for 1 h at room temperature and incubated at 37°C for 24 and
48 h for antibacterial and antifungal activity respectively. Ciprofloxacin and ketoconazole were used as standard
for antibacterial and antifungal activity respectively.

RESULTS AND DISCUSSION

Synthesis of Monomers

These three thiophenylidene monomers were synthesized in good yield by the interaction of one mole of
cyclopentanone, cyclohexanone and acetone with two moles of 2-thiophenecarboxaldehyde using the Claisen-
Schmidt condensation (sodium hydroxide and ethanol) as given in Scheme 1.

0 (0] (0]
| I I
2 / \ /\H + N
S/ or
Acetone
(CHZ)x
x=0
Ethanol | NaOH x =1
25°C

(0]

Lx =0 (CH,)
ILx =1 o
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(0]

Scheme 1 Synthesis of monomers I, IT and III

The structure of these new monomers was elucidated by elemental and spectral analyses (see Experimental
part).

Synthesis of Polyketones

In order to determine an adequate catalyst for the synthesis of polyketones based on
dithiophenylidenecycloalkanones and dithiophenylideneacetone in the main chain, Friedel-Crafts
polycondensation was performed with 2,5-dithiophenylidene cyclopentanone (I) and terephthaloyl chloride (as
an example); the preferred reaction time was around 6 h. No appreciable increase in yield or extent of
polymerization was observed with longer reaction time. On the basis of these results, Friedel-Crafts
polycondensation of dicarbonyl chlorides including: terephthaloyl, adipoyl and sebacoyl dichlorides with
dithiophenylidene cycloalkanones and dithiophenylideneacetone was carried out at 40°C for 6 h. These reactions
are shown in Scheme 2.

The structures of the repeating units of the polymers are identified from 'H-NMR, IR spectrums as well as
elemental analyses (Table 1). '"H-NMR spectrum of polymer VIa in DMSO-d,; showed multiplet due to 4H of
thiophene rings and 2H of 2 CH=C at § 7.5-7.8. 4 protons of terephthalic ring appeared as multiplet at §6.5.
Methylene protons of cyclohexanone have appeared as multiplet and singlet at 0 1.9 and 1.5 respectively
(Fig. 3). The IR spectra of these polymers showed the characteristic IR bands near 1746 cm™ for new C=0
stretching of ketonic groups, near 1680 cm™ for original C=0 stretching of cycloalkanones or acetone and near
1595 cm™ for C=C groups. The C—H in-plane and out-of-plane bending vibrations, characteristic of the
aromatic system, appear in the region 800—1150 cm™' and other characteriestic absorption peaks for the rest of
the groups in the molecules were also present (Fig. 4).
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Scheme 2 Synthesis of polyketones Va—Ve¢, VIa—VIc and VIla—VlIic

Table 1. Elemental analysis, yields and inherent viscosities of polyketones Va—Vc, Vla—VIc and VIla—Vllc

Polymer code  Yield (%) 7, (dL/g)

Molecular formula

Elemental analyses

(mol. wi) C%) H(CW S()
Va 68 0.49 C233};‘§)203 R
Vb 71 0.61 C”g?%% Fomd  Ga04 41 1710
Ve 70 0.45 Czﬁé"gf% Fomd (885 623 1475
Via 69 0.53 C24(111166s)203 F(iﬂﬁa gg:zzﬁ ijfé }giz
Vb 71 0.60 C”(%ff@ Fomi a3 584 1678
Ve 70 0.65 C%(Elfsxzs)p} ﬁ)ﬂﬁa gggg 25? iiég
Vila 65 040 e Fomi 6194 3 1vT
VIIb 68 0.55 C”ggff@ 1%32& 23:8;1 322? };?2
Vlle 67 0.47 C23(1121428)203 F(i:ll;a 22:?? ggg 121(5)2

" Measured for solutions of ¢ = 0.5 g/100mL in dimethylformamide at 25°C
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It can be clarified from Table 1 that polyketones have high inherent viscosity values in the range of
0.40-0.70 dL/g. The inherent viscosity of the polymer V¢ in conc. H,SO, at room temperature 25°C decreases to
around 66% during the initial period of 8 h and thereafter remains practically constant (Fig. 5), thus indicating
the formation of a stable solution. Whereas the inherent viscosity of the polymer Vc in NaOH (1 mol/L) to some
extent is constant during the period of 12 h (Fig. 5), that indicates the stability of the polymer in alkaline solution.
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Fig. 3 '"H-NMR spectrum of polymer VIa Fig. 4 IR spectra of polymer VIla

Intrinsic viscosity [#] was determined by using Huggins and Kramer equations

Nylc=[n]+ ki[n]’e due to Huggins

Inn/c= [] + ko] due to Kramer

where k;— k, = 0.5.
As seen from (Fig. 6), the value of [#] for the polyketone VId found to be 2.5 and k; — k, = 0.46 in good
agreement with the theoretical value!”).
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Fig. 5 Stability of polyketone Vc: (A) in conc. Fig. 6 Plot of reduced viscosity, #,/c (A) and inherent
H,SO4 and (B) in 1 mol/L NaOH solution viscosity, Inz,/c (B) versus ¢ for polymer VId

The solubility of the polymers was tested in various organic solvents as well as concentrated sulphuric acid
at 5 g/L, and the results are presented in Table 2. It was found that all the polymers dissolved readily in
concentrated H,SO, at room temperature. All polymers were soluble in various aprotic polar solvents such as
DMSO, DMF, NMP and THF. The good solubility of these polymers may be attributed to the presence of
carbonyl groups as polar groups in the main chain. Moreover, introducing the thiophene ring as polar group into
polyheterocyclic polymers gives rise to slight increase in solubility of the polymers. In common organic solvents
the polymers Va, VIa and VIla were partially soluble, which may be attributed to the presence of loosely packed
aromatic chain, while polymers Vb V¢, VIb VIc and VIIb VIIc were completely soluble due to the presence of
aliphatic chain having four and eight methylene groups with the rigid thiophene position in the main chain
making it flexible and closely packed resulting in increased solubility.

In order to study the crystalline or amorphous nature of the polyketones, XRD measurements at room
temperature in the region 26 = 10°-60° were performed. Typical diffraction patterns for polymers Va, VIb and
Vllc are shown in (Fig. 7). In general, they were semi crystalline because of a small portion of crystalline peaks
in the region 26 = 20°-45° as shown in (Fig. 7). In spite of small crystalline regions in every case, amorphous
patterns are due to a lower packing of the unsymmetrical repeating units. In particular, the bulky heterocyclic
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rings along the backbone most probably are the main reason for the amorphous nature of the present
polyketones. The presence of four and eight methylene groups in polymers Vb—Ve, VIb—VIc and VIIb—VIic
increases polymer chain flexibility, and that might be responsible for the approach and mutual attractions of
adjacent chains. Moreover, the presence of C=0 as polar group in addition to high C=C bond levels induces
some order between two adjacent chains in the polymer, leading to some extent of crystallinity®. It should be
noted that the inclusion of thiophene moiety as rigid group in the polymer main chain causes slight decrease in
the degree of crystallinity compared with the previous work!*”),

Table 2. Solubility characteristics of polyketones Va—Vc, VIa—VIc and VIIa—VIlc

Polymer Chloroform Concentrated
DMF DMSO NMP THF + CH,Cl,
number H,SO,
Acetone (1:1)

Va ++ ++ ++ + - - ++
Vb ++ ++ ++ ++ + + ++
Ve ++ ++ ++ ++ ++ ++ ++
Via ++ ++ ++ ++ ++ ++ ++
VIb ++ ++ + ++ + + ++
Vic ++ ++ + ++ + + ++
Vila ++ ++ ++ ++ + + ++
VIIb ++ ++ ++ ++ ++ ++ ++
Vilc ++ ++ ++ ++ ++ ++ ++

++ Soluble at room temperature (RT); + Partially soluble at RT; — Insoluble at RT

10 20 30 40 50 60
20(°)
Fig. 7 X-ray diffraction patterns of polymers Va, VIb and Vllc

The thermal behavior of these polyketones Va—Vc, VIa—VIc and VIIa—VIIc was evaluated by TGA in air at
a heating rate of 10 K min™'. The thermographs of these polymers are given in Fig. 8. Table 3 gives the
temperature for various percentages of weight loss. In Fig. 8, the TGA curves showed a small weight loss in the
range of 2%—6% starting at 50°C until 150°C, which may be attributed to loss of adsorbed moisture and
entrapped solvents. The thermographs also indicated (Fig. 8) that the polymers decompose in two stages and the
mass loss is seen to be rapid between ca. 150°C and 330°C for the polymer Vla in the first region, and between
ca. 350°C and 560°C in the second region. For the polymer VIc the mass loss was rapid between ca. 150°C and
290°C in the first region and between ca. 300°C and 520°C in the second region. All the studied polymers
decompose in the first stage between 150°C and 350°C, whereas in the second stage, they decompose from
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350°C to 550°C, which depends on the nature of the polyketone. The expected nature of decomposition of these
polymers is a pyrolytic oxidation of —C=C—"", scission of many bonds, in addition to the formation of char
as an end product. This result is in good agreement with decomposition of ketone-linkage observed by Swedo
and Marvel®]. Comparison of the T}, values of the polyketones derived from terphthaloyl Va, VIa and VIIa
were somewhat more thermally stable than the other polyketones; moreover, the polyketones which derived from
the monomer I are more thermally stable than the polyketones derived from monomer II that may be attributed to
the rigidity of cyclopentanone moiety of the monomer I. Moreover the polymers based on monomer III are
thermally less stable than those derived from the monomers I and II. The temperature for 10% weight loss is
considered as the polymer decomposition temperature, and it ranges between 185°C and 280°C, and the
temperature for 50% weight loss was found between 265°C and 440°C. Therefore, the data in Table 3 indicate
that the thermal stabilities of these polymers are in the order Va > VIa > VIla > Vb > VIb > VIIb > V¢ > VIc¢ >
Vllc. It should be noted that the aromatic based polyketones Va, Vla and VIla are more thermally stable than the
aliphatic based polymers. In particular, the inclusion of the thiophene ring as a rigid group into the polymer
chain increases the thermal stability of these polymers in comparison with the other polyketones as reported in
previous work!' 2,

100 260.99°C 41.95

419.54°C

80 1.45

60

40

Weight (%)

<
'S
O

Deriv. weight (%/°C)

20

I I - 0.05
0 100 200 300 400 500 600 700
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Fig. 8 The TGA and DTG traces of polymers VIa and Vlc in air at a heating rate of 10 K/min

Table 3. Thermal properties of polyketones Va—Vc, VIa—VIc and VIIa—VIIc

Polymer (Temperature (°C) for various % decomposition)”
number 10 20 30 40 50
Va 280 350 380 405 440
Vb 270 360 405 410 430
Ve 190 240 250 260 270
Via 190 230 240 255 270
VIb 270 355 370 410 430
Vic 240 360 375 405 420
Vlla 195 225 240 260 275
VIIb 185 215 235 250 265
Vilc 123 210 215 225 240

" The values were determined by TGA at a heating rate of 10 K/min.

The observation of polymer VIIc by the SEM confirms that the shapes of the most particles are irregular
and porous, while some of them have flat surfaces. In addition a wide range of particle size distribution was
observed, the range is between a few microns up to about 10 um. The morphology and particle size distribution
are shown in Fig. 9. The antimicrobial activity of the polyketones is presented in Table 4.

The in vitro antimicrobial activity of all synthesized resins was performed using the disk diffusion method
with different Gram positive (Streptococcus pyogenes, Staphylococcus aureus) and Gram negative (Escherichia
coli) bacteria as well as fungal strains (Candida albicans, Aspergillus niger). The antimicrobial activity
potentials were qualitatively assessed by the inhibition zone diameters. Ciprofloxacin and ketoconazole were
used as positive controls for bacteria and fungi respectively. In a preliminary assay, all of the tested polymers
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showed activity against all tested microbial strains, and the results so obtained are presented in Table 4. The
tested polymers displayed a variable degree of antimicrobial activity on all the tested strains. Comparative bar
diagrams of antibacterial and antifungal activities are presented in Figs. 10 and 11 respectively. The highest
antibacterial activity was observed against Streptococcus pyogenes with zone of inhibition of 21 mm followed by
Staphylococcus aureus and Escherichia coli exhibiting a maximum zone of inhibition of 19 mm. It was
interesting to observe that these activities are comparable with the standard drugs ciprofloxacin and ketoconazole
demonstrating a zone of inhibition of 23 mm and 26 mm respectively.

Fig. 9 (a) SEM micrograph of polymer VIIc showing some powder of produced polymer at low magnification;
(b) SEM micrograph of polymer VIIc at magnification 1000X showing the morphology of the polymer particles;
(c) SEM micrograph of polymer VIIc at 2000X showing the porous structure in the produced polymer

Table 4. Antimicrobial activity of the tested polyketones (expressed as the diameter of the inhibition zone )

Polymer Candida Aspergillus E coli Streptococcus Staphylococcus
code albicans niger ) pyogenes aureus
Va 16 13 18 15 18
Vb 17 12 18 21 16
Ve 20 12 19 17 18
Via 15 12 14 16 17
VIb 17 15 13 19 18
Vic 21 17 16 18 19
VIla 11 9 9 14 10
VIIb 15 12 13 11 11
Vllc 16 13 16 15 14
Ciprofloxacin - - 20 23 22
Ketoconazole 26 21 — — —
* Average of three observations;
Inhibition zone in mm (Disc diameter 6 mm)
25l § E. coli
8 Streptococcus pyogenes
2oL M Staphylococcus aureus

15

10

Zone of inhibition (mm)

Va Vb Ve VIa VIb Vic VIla VIIb Ve Ciprofloxacin
Tested compounds

Fig. 10 Antibacterial activity of tested polyketones (Va—Vc, VIa—VIc, and VIIa-VIIc)

The results presented in Table 4 clearly indicate that the polyketones having 8 methylene groups in the main
chain were the most active against all the tested organisms. In particular, polyketone VIc which is based on
cyclohexanone exhibited the highest activity against all tested organisms except Escherichia coli and
Streptococcus pyogenes where the highest activity was demonstrated by the polymers Vc and Vb respectively.
Moderate antimicrobial activity was noted with the polyketones based on acetone moiety which may be
attributed to the conformation of the acetone unit.
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w Candida albicans
25+ @ Aspergillus niger

Zone of inhibition (mm)

Va Vb Vc VIa VIb VIc VIla VIIb Vllc Ketoconazole
Tested compounds

Fig. 11 Antifungal activity of tested polyketones (Va—Vc, VIa—VIc, and VIIa—VIic)
CONCLUSIONS

Three new series of polyketones containing dithiophenylidenecycloalkanone and dithiophenylideneacetone
moieties were synthesized via Friedel-Crafts reaction. The majority of the polyketones was soluble in aprotic
solvents and concentrated H,SO,. Thermogravimetric analyses showed that the cyclohexanone based
polyketones were somewhat thermally less stable than their cyclopentanone counterparts and the resulting
polyketones had good heat resistibility. X-ray diffraction analyses showed that the inclusion of thiophene ring in
the polymer chain caused decrease in the degree of crystallinity. The synthesized polyketones emerged as good
antimicrobial agents.
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