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ABSTRACT

Hyperbranched polyesters are a group of materials within the family of
dendritic polymers (dendrimers and hyperbranched polymers) that have
enjoyed increased attention in recent years. Hyperbranched polymers have
alarge number of end groups, which allowsthem to betailored for different
applications. Hyperbranched, aromatic polyester of third generation was
synthesized in the molten state from 2,2-bis(hydroxymethyl)propionic acid
(repeating unit of AB, type) and Phloroglucinol as core molecule using acid
catalysis. Endcapping reactions were performed using selected heterocy-
clic phosphonyl dichlorides (example: indole and imidazole) to form an anti-
microbial polymers(IN-HBPE and IM-HBPE). Formations of the compounds
were identified by different spectral studies viz., FT-IR, *H NMR and **C
NMR . 3C NMR provides information about degree of branching of these
polymers. Biological studiesreveal that IN-HBPE and IM-HBPE has small
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activity than that of HBPE.

INTRODUCTION

Dentritic macromol ecules are attractive scaffolds
duetotheir well defined and unique macromol ecular
gructure. Thesegpplicationsextended invariousfields
likecatalys's, medicina chemistry, magnetic resonance
imaging, combinatorid chemidry, light harvesting, emis-
sion and amplification functioni*. Like dendrimers,
hyperbranched polymersarebuilt fromAB, typemono-
mers. Because of the similarity in branching,
hyperbranched polymersand dendrimers have many
common featuressuch asimproved solubility compared
tothat of linear polymer.>8 Since, the pioneeringwork
are well defined by Vogtle®, Tomalial**! and
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Newkome™ in dendrimersand hyperbranched poly-
mershasbeenincreasing at an amazing rate.

The properties of hyperbranched polymersarein-
deed strongly determined by thenatureof their termina
groups*4, For example, solubility, whichismainly de-
pends on end group structure, may beregulated by the
partial or total chemica modification of the “termind”
groups”. Dueto theirregularities of hyperbranched
polymersintheir molecular architecture, thesefunctiona
groups can belocated not only in the periphery, asin
perfect dendrimers, but dsoinsdetheglobular branched
structure; eventheterminal functional groupsof den-
dritic macromoleculescan fold back to theinsidel*®l.
Nevertheless, several authorscould show that nearly
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al functional groups were accessible for small re-
agentd®? which easily dlowsaquitetotal modifica
tion of functiondized hyperbranched polymers.

Microbid infection remainsoneof themost serious
complicationsin several areas, particularly in medical
devices, drugs, health care and hygienic applications,
water purification systems, hospital and dental surgery
equipment, textiles, food packaging, and food storage.
Antimicrobiasgaininterest from both academic and
industrid research duetotheir potentia to providequal-
ity aswell as safety benefitsto many materias. How-
ever, low molecular weight antimicrobia agents suffer
from many disadvantages, such astoxicity to theenvi-
ronment and short-term antimicrobid ability. Antimicro-
bia functiona groups and heterocyclic agentscan be
introduced into polymer mol ecules may compensateto
theabove problem. Theuseof antimicrobia polymers
offer promisefor minimizing the environmenta prob-
lems, residud toxicity of theagents, increasing their ef-
ficiency and selectivity, and prolonging thelifetime of
theantimicrobid agentd?!.

Thesynthesisof polymer which contains phospho-
rousand heteroaromaticsinthetermina chain attracts
theattentionsof many researchersduetotheir peculiar
characteristicsviz., non-flammability, thermal stability,
high melting points, appreciablebiologicd activitied?
24 Among the nitrogen containing heterocyclic com-
pounds, six membered heterocyclic compounds are
used in variousapplicationsas herbicides, pharmaceu-
ticalsand adhesives. Five membered heterocyclic com-
poundsare used in e ectrica and pharmaceuticals ap-
plications?!. Functiond group modification of HBPE
or introducing functional groupsinto thethird genera-
tion of hyperbranched polyester has been believed to
havebasi c sgnificancewith expandingitsapplications.
Presentinvestigation wasdevoted for partid endcapping
of phasphorous containing N-heterocyclic compounds
likeindole, imidazole onto hyperbranched polyester
matrix offersvast openingsin many fieldsof applica-
tions.

EXPERIMENTAL

M aterialsand methods

Indole, imidazole, 2,2-Bis(hydroxymethyl) Pro-
panoic acid (Bis-MPA) were purchased from Sigma
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Aldrich. Phosphorusoxychloride, phloroglucinal, tet-
rahydrofuran (THF), dimethyl formamide (DMF) and
dimethyl sulfoxide (DM SO), acetonewere purchased
from sd-fine chemicals, Chennai. Thermonicolet-330
and JEOL moddl GSX400 instrumentswereused to
record FT-IR and NMR studiesrespectively. Elementat
Vario EL 111 Carlo Erba1108 instrument was used for
elementa analysis. Biologicd sudiesweremadeusing
agar well diffusion method. All thesolventsand mono-
merswerepurified as per standard procedures prior to
use.

Synthesisof 1H-indole-1-phosphonyl dichloride
and 1H-imidazole-1-phosphonyl dichloride

IN-PD and IM-PD was prepared as per our ear-
lier report?¥l, 1 mmol of purifiedindole(0.117 g) and 2
mmol of phosphorousoxychloride (0.153 g) weredis-
solved indry THF added s owly with constant stirring
for 15 minutesat 0°C under nitrogen atmosphereinthe
presence of pyridineas catalyst in three necked round
bottomed flask. The progressof thereaction wasmoni-
tored by meansof TLC. After completion of thereac-
tion pyridine hydrochl oridewasfiltered and evaporated
the solvent to get 1H-indole-1-phosphonyl dichloride
(IN-PD), (Scheme 1a). FT-IR (KBr): 1239.17 (P=0);
1008.77 (N-P); 484.67 (P-CI) cm?; 'H NMR
(CHCI,): 7.2-7.7 ppm (aromatic protons).

Similar procedurewas adopted for the synthesisof
1H-Imidazole -1-phosphonyl dichloride (IM-PD)
(Scheme 1b). FT-IR (KBr): 1250.21 (P=0); 1017.53
(N-P); 501.68 (P-Cl). '"HNMR (CHCI.): 7.3,7.4,7.8
ppm (aromatic protons).

Cl - \
A\ | THF, pyridine
+ CI—P—Cl ————> N
N bl 0°C, 5 hours A
H CI—ﬁ—CI

Indole Phosphorus oxychloride

IN-PD
Reaction Schemela

Cl ) \\
| THF, pyridine QN
—

+ CI—ﬁ—CI

0°C, 5 hours |
CI—ﬁ—CI
O
Imidazole Phosphorus oxychloride IM-PD

Reaction Scheme 1b
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Synthesis of third generation (G,) of
hyperbranched polyester (HBPE)

Themonomer (Bis-MPA), the core (phloroglu-
cinol) and the catalyst (p-TSA) of different
stoicometric ratios has been cal cul ated as per our
earlier finding for theformation of different genera-
tionviz., first (G,) and second (G,) and third(G,)".
The third generation has been selected for further
studies. Thismay be duethe abundance of OH group
for convenient end capping. The product descrip-
tion for HBPE and endcapped product wasgivenin
TABLE 1.

TABLE 1: Product description

HBPE IN-PD [IN-HBPE IM-PD IM-HBPE
Yield(%) 85 88 85 88 80
Acetone DMF Acetone DMF
Solvent  “n\iso pmso  bmMso  pwmso  PMSO
Crimson  Crimson Dark Light
Color  Red o Red red pink

Bis-MPA (28.16 g, 0.21 mol), phloroglucinol
(1.269, 0.01 mol) and p-TSA (0.020 g, 0.18mmol)
were mixed in athree-necked round bottom flask
equipped with anitrogen inlet and adrying tube. The
RB flask wasplaced inan oil bath at 140°C with con-
stant stirring for 10 hours under nitrogen atmosphere
in order to remove the water moleculesformed from
the reaction mixture. Thereaction was monitored by
TLC and theformation of the red waxy product was
purified by using column chromatography (Silicagel
with petroleum ether/ethyl acetate asthe gradient elu-
ent). FT-IR (KBr): 1735.57 (C=0 of ester); 3433.62
(OH); 2979.13 (aromatic C-H) (cm?); 3C NMR
(DMSO-d,) d (ppm): 47.52-51.49 (quaternary car-
bon); 39.1-41.5 and 65.04, 66.35 (methylene car-
bon); 157-161.6 (phenyl); 18.1 (methyl carbon);
174.42,175.68, 176.71 (ester carbonyl). Anal .Calcd
for C,H, 0,5 C, 52.09%; H, 6.8%; Found; C,
51.26%; H, 6.12%;

Synthesisof 1H-indole-1-phosphonyl dichloride
end-capped HBPE (IN-HBPE)

1H-indole-1-phosphonyl dichloride (4.6g, 10
mmol) and HBPE (0.474 g, 1 mmol) were dis-
solvedindry DMF (50 ml) and stirred for 26 hours
at 100°C in the presence of triethylamine (TEA)
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as acceptor of HCI. As the reaction proceeds,
TEA hydrochloride precipitates from the reaction
medium and its quantity correspondsto consume
IN-PD. A precipitate of triethylamine hydrochlo-
ride was filtered off, and the solvent DMF was
completely removed by vacuum distillation. Crim-
son red waxy IN-HBPE was obtained and dried
in vacuum oven at 60°C. The final product was
purified by column chromatography (Silicagel with
petroleum ether/ethanol asthe gradient eluent). The
scheme of the reaction displayed in Scheme 2. FT-
IR (KBr): 1260.11 (P=0), 1021.50 (N-P),
1734.94 (ester carbonyl), 3404.71 (O-H), 2966.2
7(aromatic, C-H), 1163.03 (P-O-C), 494.61(P-
Cl) '*H NMR (DMSO- d,): 7.108, 7.128, 7.473,
7.493, 7.938, 8.925 ppm (aromatic protons),
3.424, 3.645, 3.794, 3.845, 4.096 ppm (methyl-
ene protons), 1.690, 1.209, 1.053 ppm (methyl
protons). *C NMR (DMSO-d,): 173, 174, 175
ppm (C=0, ester), 46.5-50.5 ppm (quaternary
carbon), 39.1-40.3 and 64.09-64.24 ppm (meth-
ylene), 17.1, 17.2, 17.4 ppm (Methyl
carbon).Anal. Calcd. for C ,,H,..O,,N.CI P, C,
50.75%; H, 5.15%; N,2.75% Found; C, 50.45%;
H, 5.23%; N, 2.59%.

Similar procedure was adopted for the synthesis
of 1H-imidazole-1-phosphonyl dichloride end-
capped HBPE (IM-HBPE) shownin scheme?2. The
light pink waxy polymer was obtained and purified
by using column chromatography (Silicagel with
petroleum ether/ethanol asthe gradient eluent). FT-
IR (KBr): 1210.11 cm* (P=0), 1008.88 cm™ (N-
P), 1732.52 cm* (C=0 of ester), 3417.38 cm*
(O-H), 2961.66 cm* (aromatic, C-H), 1162.07 cmr
1 (P-O-C). 503.33 (P-Cl) 'H NMR (DM SO):
7.108, 7.128, 7.478, 7.498, 7.926, 8.955 ppm
(aromatic protons), 3.626, 3.774, 3.812, 4.084
ppm (methylene protons), 1.752, 1.675, 1.140 ppm
(methyl protons). *C NMR (DMSO-d,): 135,
137, 138 ppm (C=0O, ester), 45.5-50 ppm
(quaternary carbon), 38.8-40.5 and 63.82- 64.7
ppm (methylene), 17.09 ppm (Methyl
carbon).Anal.Calcd for C,,H,.,,O, ,N_CI P.: C,
43.10%; H, 5.04%; N, 6.09%. Found; C, 42.76%;
H, 5.58%; N, 6.75%.

Au Tudian Yourual



MMAIJ, 5(1-2) December 2009 S.Karpagam and S.Guhanathan 17

—== Py | Poper

%OH OH OH
0 0“0 OH gy g’ O
B — e
p-TSA Jo o
OH j\% o
Bis-M PA aga 9

Phloroglucinol

sl

w
8w e

\ L OH
p—cl IN-PD
o OH O™
OH & Gs-H BPE
DMF
00 OHoHO © N(C,Hs)s

Endcapped IN-HBPE N Q Q
I‘:/O/Xko o

||
CI—P

&? Endcapped IM-HBPE
N

Reaction Scheme 2

BIOLOGICAL STUDIES P. Vagaris, Staphylococcusaureus (Saureus) (ATCC
700699), were used asmicro organismsfor the present
Sourceof microorganism investigation.
S Paratyphi, Bacillus subtilis (ATCC 11778), Preparation of innoculum
Kelbsilla, Escherichia coli (E.coli) (ATCC 10412), Theinnoculumwasprepared by innoculaing aloop
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of eachtest organism for 24 hourscultureinto asterile
nutrient broth and incubated at 37°C for 3Hrs; till an
optica densty valueof 0.3 wasreached in polarimeter.

Discdiffusion method

Themediumwasgterilized by autoclavingat 121°C
for 15 min, cooled to 45°C and then poured in 20 ml
quantity of petri dishes. A loopful of overnight broth
culturewas spread evenly over whole platewith stexile
cotton wool swab. Thecultureplatesweredriedinan
incubator with thelid until its surfacewasfreefrom
visiblemoisture. Subsequently 5 mm diameter stexile
discs(madefromwhatmannfilter paper serilizedin UV
lamp) aredipped in DM SO dissolved 1 ppm concen-
tration of IN-HBPE and IM-HBPE, standard (penicil-
lin) and control (DM SO) were placed on the surface of
agar plates. Theplateswereleft for onehour at room
temperature asaperiod of pre-incubation diffusionto
minimizethe effects of variation intime between the
goplicationsof different solutionsof modified polymers
The plates wereincubated at 37°C for 24 hours and
observed for antibacteria activity. Thediameter of the
zonesof inhibitionwasmeasured for theplatesinwhich
the zoneof inhibition was observed. Theaveragearea
of zone of inhibition was compared with that of
standard.

RESULTSAND DISCUSSION

Synthesisof third generation HBPE

The synthetic procedurefor various polymersout-
lined in scheme (1-2). Phosphorous containingindole
andimidazolewasfirst synthesized by condensation of
indole or imidazolewith POCI, at amolar ratio of 1.2
using pyridineasacatayst. Themechanism of thefor-
mation of theproduct wasdescribed inour earlier find-
ingg?¥. Then third generation of aromatic HBPE can
be prepared by using Phloroglucinol and BisMPA at a
molar ratio of 1:21 using p-TSA as acatayst. The
chemical structure of HBPE was characterized by FT-
IR, *C NMR and dementd andysis. From FT-IR, the
strong absorption of ester C=0 formed at 1735 cn?
and disappears the acid C=0 in Bis-MPA confirms
formation HBPE. The FT-IR spectrum also showsa
strong absorption peak at around 3433 cm® corre-
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sponding tothe O-H stretching. Figure 1 expressed the
BCNMR, thesignalsat 47.5-51.4 ppmindicatesthe
existence of quaternary carbon. Because of methylene
carbon attached with dendritic carbonsand free OH, it
appearsin39.1- 41.5 and 65.1-66.3 ppm region. Three
carbonyl carbonsformed at 174, 175 and 176 ppm
used toidentify thedegree of branchingfor HBPE. The
elementa analysisdatafound C, 51.26%; H, 6.12%;
arein good agreement with that C, 52.09%; H, 6.8%;
calculated for C, H,,.O,.: From this we have calcu-
lated the gpproximatetheoretica molecular weight found
from elemental analysisis 18679

95,440
T 0453

DMSO-da

v 180 175
A Prm

170

T 170 160 0 50 ) %

Figurel: *C-NMR of HBPE

Synthesisof IN-HBPE and IM-HBPE

End capping of HBPE was achieved by reacting of
IN-PD and IM-PD with HBPE was shown in scheme
2. Theformation of the end-capped productswas con-
firmed by *H NMR and *3C NM R spectroscopy. FT-
IR spectrum reved sthe strong absorption around 1260
cm ! correspondsto thevibration with P=O group, P-
O-C bond formed at 1163 cm *and C=0 appears at
1734 cm. Formation of P-O-C and existence of P-Cl
bondsand OH bondsin IN-HBPE an IM-HBPE indi-
cates partial endcapping was achieved. From the*H
NMR spectrum, thesignalsat 7.108-8.925 ppmindi-
catethe presence of aromatic protons. M ethylenepro-
tonswere appeared at 3.424- 4.096 ppm. Methyl pro-
tons appear in 1.053-1.690 ppm for IN-HBPE and
1.140-1.752 for IM-HBPE. OH protons observedin
2.279 ppm for IN-HBPE and 2.273 for IM-HBPE
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shows partial endcapping was achieved with HBPE.
Thedetailed assignment for ®*C NMR givenin Figure
2-3. Fromthisstudy, Tertiary carbon peak appearsin
therange of 45.5-50 ppm. Methyl carbon signal was
observed in 17.1-17.2 ppm and methylene carbon
showed in two regions as 39.1- 40.3 and 63.8-64.7
ppm. Thisrangeof signasalso provesIN-PD and IM-
PD functionaizepartialy with OH containing HBPE.
Formation of three carbonyl carbonsat 173,174 and
175 ppm confirmsthetilting threedifferent direction of
branching of HBPE with IN-PD compounds. Dueto
the presence of e ectronegativity inimidazole moiety
(containstwo nitrogen present inthering) for IM-HBPE,
the ester carbonyl (C=0) peak was shifted to down
field and therefore, three carbonyl carbonsformed at
138, 140 and 144 ppm respectively, confirms branch-
ing of HBPE inIM-PD compounds. Similar to our con-
clusions, Yuxiakou etd ., reported for this system(?,
Percentage of carbon, hydrogen and Nitrogen present
inthe endcapped polymersare shown in experimental
section. From theresultsof theelemental anadysisitis
evident that theresults of the chemica andysisarein
good agreement with the cal cul ated values of there-
spective polymers, i.e., onthe basis of theempirical
formula(C_H,.,.O, Nl P), (C,H,,,O,N,_ClP)
for thepolymer IN-HBPE and IM-HBPE. On anayz-
ing thereason for partial endcapping, OH groupsin
HBPE are not equal-reactive, and more precisely that
termind type hydroxylsare morereactivetowards|N-
PD and IM-PD than linear type hydroxyls. Thishas
beenfoundintheliteratureintermsof ascreening ef-
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s T e \
N 180 170 / Y

\ /’Aro matic C
c=0
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Figure2: ®C-NM R of IN-HBPE
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fect that would be most important for inner linear hy-
droxylg239,

DEGREE OF BRANCHING

Thesgtructurd perfection of the hyperbranched poly-
mersisusualy characterized by the determination of
their degreeof branching (DB), which was determined
either by Fretchet’s equationt>Y

DB (Fretchet)=(D+T)/(D+T+L)
or Frey
DB (Frey)=2D/2D+L

WhereD, T and L refer to the number of dentritic,
terminal and linear unitsin the structure of the poly-
mer, respectively. Theintegration of the peaksfor
therespective unitsdentritic (D), linear (L) and ter-
minal (T) inthe polymer can bedistinguished by CH,
protonssignalsin'H NMR and *C NMR using ei-
ther the carbonyl peaks (C=0) [171-175 ppm], or
that of the quaternary carbons(cq), [45-51 ppm].
Thesethree particular areas of theNMR spectraare
presented in Figure 1-3 and summarizedin TABLE
2. The main difference lies in the fact that DB
(Frechet) takes into account thelinear propagation
as abranching direction and thus overestimates DB
for small molecul es, whereas both definitions merge
for higher molar masses. For C=0 signals, the aver-
age values of DB, ~ 0.55 (DBFrey~ 0.54) for
HBPE was observed in our present investigation.
After endcapping of HBPE with IN-PD and IM-PD,
the DB was increased (shown in TABLE 2) and
hence, DB for all polymer exhibits near to
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hyperbranched structure rather than linear and
dendrimer (According to theliterature®@, DB closes 1.0 for dendrimer).

TABLE 2: ®C NMR and *H NM R analysisof HBPE and endcapped HBPE

Synthesis and characterization of antimicrobial hyperbranched polyesters MMAIJ, 5(1-2) December 2009

to zerofor linear, lessthan 1 for hyperbranched and

Product Signals . . T - DB DB
ppm Unit ppm Unit ppm Unit Frechet Frey

HBPE c=0(®C) 1744 0165 1756 0280  176.7 0.18 0.55 0.541
Cq (®C) 475 0.195 495 0.4 51.4 0.525 0.64 0.49

Cc=0(®C) 173.4 0.33 174 0.14 175 1.845 0.93 0.825

IN-HBPE Cq(**C) 46.5 1.2 485 1.995 50.5 1.47 057 0.54
CH(*H) 1.690 1.18 1.209 0.68 1.053 2.71 0.85 0.77

C=0(®C) 138.8 0.42 1401 0255 1445 0.28 0.80 0.76

IM-HBPE Cq(**C) 455 0.13 488 0.135 50 0.18 0.69 0.65
CH5(*H) 1.752 1.2 1.675 0.7 1.140 2.88 0.85 0.72

(DB closes to zero for linear, lessthan 1 for hyperbranched and 1.0 for dendrimer).

ANTIMICROBIALACTIVITY

Thepolyestersweretested for their antibacterial
activity by disc-diffusion method using agar-agar gel
medium. S Paratyphi, B.Subtillus, Kelbslla, E.Cali,
P. Vagarisand S Aureus were used as microorgan-
ism. TABLE 3and Figure4 indicated the bacterid stud-
iesof parent heterocyd esand heterocydicfunctiondized
hyperbranched polyester respectively. This shows
clearly that growthinhibition zonesof indoleand imida-
zolewashigher thanindoleandimidazolefunctiondized
hyperbranched polyesters. In general, hyperbranched
polyestersarenot bearing any antibacterial activity. On
inclusion of indoleand imidazole moiety onto HBPE by
endcapping, theactivity wasdightly improved.

Our early reportsreved that incorporation of N-het-
erocyclic compound onto the polymer matrix enhances
theactivity for linear polymers. However, E.coli, and
B.Qubtillushas zero activity after incorporating parent
indole and imidazol€?®. But present studies on
hyperbranched polyester exhibitssmall activity onthe
addition of parent indoleandimidazole. Hence, N-het-
erocyclic based hyperbranched polyester exhibitssmall
activity changesthan N-heterocyclic based linear poly-
mer. Based onthe obtained resultsfrom biologicd stud-
ies, theorder of antibacterid activity wasgiven asindole
> |midazole> IN-HBPE >IM-HBPE. It wasfound that
theendcapped HBPE hasahility toinhibit thereproduc-
tion of gram positiveand gram negetive bacteria

Macromolecules

TABLE 3 : Antimicrobial activity data of heterocyclic
compound and itspolyesters

Name of Zone of inhibition (mm)
the
_ . Standard
Organism Indole Imidazole In-HBPE IM-HBPE Penicillin
S.Paratyphi 24 0.8 11 0.2 19
B.Subtillus 14 - 0.2 - 39
Kelbsilla 17 04 0.2 0.2 16
E.coli 2.0 1.6 0.9 0.1 19
P.Vagaris 18 0.8 0.2 - 14
SAureus 16 - 0.9 0.1 19
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Bacteriagrowthinhibitionby IN-HBPE ([@) and IM-HBPE ()
Figure4: Bacterial growth inhibition

L

CONCLUSIONS

Thefollowing pointssummarizethe conclus onsof
the present investigation:
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1. Third generation of HBPE wassynthesized by melt
condensation method.

2. Endcapping of IN-HBPE, IM-HBPE was syn-
thesized by using IN-PD and IM-PD with HBPE.

3. Formation of the compoundswere confirmed by
using, FT-IR, *H NMR and *C NMR studies,
respectively.

4. Degreeof branching confirmsthe formation of
hyperbranched polyesters.

5.  Comparetolinear polymers, hyperbranched poly-
mersholdsbetter bacterial activity after theaddi-
tion of heterocyclic compounds.

6. IN-HBPE showing improved antibacterial re-
sponse compareto IM-HBPE specificaly for the
microorganisms like S Paratyphi, E.coli and
SAureus
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