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Synopsis

A number of resins were prepared by condensing m-aminoacetophenone with substituted
aromatic compounds and formaldehyde in the presence of acids and bases as catalyst. The
resins were characterized by infrared spectra. The solubility parameters were calculated from
Small’s group contribution which agreed well with the experimental value. The bacteriocidal
properties of the resins have been studied.

INTRODUCTION

A survey of the literature reveals that resins prepared by condensing
hydroxy, amino, and carboxylic derivatives of the aromatic compounds and
formaldehyde are potential substrates to be used!® as fungicides, bacter-
iocides, ion-exchange compounds, and have utility in the textile and pho-
tofilm industries. Recently we have reported the preparation and
characterization of some resins prepared from substituted benzoic acids and
formaldehyde.? This communication presents the preparation, study of the
solution properties, and the bacteriocidal properties of some resins prepared
by condensing m-aminoacetophenone with amino- and hydroxy-substituted
benzoic acids in the presence of formaldehyde. (Table I)

EXPERIMENTAL

The resins were prepared according to the following procedures.

Method 1

A mixture of m-aminoacetophenone (0.01 mole), substituted aromatic
compound (amino- and hydroxy-substituted benzoic acids (0.01 mole), and
formaldehyde (0.1 mole) was taken in a round-bottom flask. Hydrochloric
acid (0.2 mL) was added slowly to the reaction mixture. The contents were
refluxed at 100-130°C for 4 hours. During the heating process, the mixture
was shaken periodically and after the completion of the reaction, the mixture
was poured into ice cold water. It was filtered, washed with hot distilled
water, and dried in vacuum.

Method 2

A mixture of m-aminoacetophenone (0.01 mole), substituted aromatic
compound (0.01 mole), formaldehyde (0.1 mole), and sodium hydroxide (4%

Journal of Applied Polymer Science, Vol. 32, 5071-5083 (1986)
© 1986 John Wiley & Sons, Inc. CCC 0021-8995 /86 /055071-13$04.00



QUI[BISAID QUIIUE 0IO[YD-0 +

PATRA, LENKA, AND NAYAK

gee'1 08%< umoaq deag 081001 2 [DH ou0d  epAyspreuriof auousydojasrouTuIy-w Al
[els1RUL auliue-[)-w +
— — £3p13s umorg 00T 2 HO®eN %%  epAyspieuLio] auousydojeovouruy-w 11
aur[[ejshno sur[ue-[)-w +
8V1€'1 0g¢< umolq des(y 0£1—00T 14 [OH Pu0d  spAyap[euLiog suouaydojaseoutury-w 1) §
snoydioure proe a1(£o11es {3908 +
— — uMmoIq ysmpoelg 00T 2 HO®BN %%  opAyspleuniog auousydojadeourury-w 6
aul[[eISAId proe orjfo1yes [£1908 4+
LEIT'T 056< oerg 061001 ¥ [OH oucd  apAyspreuriog suousydojaoeoury-w 8
aur[[eIsLio proe orjfatfes +
— — UMOIq YSIMO[[RX 00T 4 HOBN %8  9pAyspieuriog auousydojaoeourury-w L
aur[[eIsiin proe ajfdrpes +
P612'1 0ge< umolq ysryoerg 0€1-00T 4 IQH ou0d  apAyspieuLiog asuouaydojedeourury-wu 9
aurffeIshn pLe
—_ — or[q ystumoxg 081001 ¥ Jmupong  apAyspeuLIog auousydojeorouT Y- [
aul[BISLId poe
— 09%< woelg 0E1-001 14 AaexQ  epAysprewiiog suougydojeoeoury-w  §
aur[[eIsLIo
— — yoelg 081-00T ¥ YOSPH ouoo  apLyspreuriod auousydojsoeourury-w e
snoydioure
— — aduel() 001 7 HO®BN %%  opAyep[euLioq auouaydojeoeouIury-ws 4
aul[[eIshn
9180'1 002< Hoerg 0ET—00T 14 [OH Pucd  spAyop[ewrio] auousydogeseouTUry-w T
(gur9/3) "dwa) aImnjonns D, Ul g ut 18[ere)  opAyepreurioq SIOUIOUOWO) 3Y) JO SWBN ‘ou
Lysus(g uoyyisod pue xo010) anjessdurs) dunyeay uissy]
-wI029(J [eyudwradxy  Jo awtf,

5072

auoudydojeseourury-uw woly poredasy suisey
1HTIVL



5073

RESINS PREPARED FROM AMINOACETOPHENONE

980T1°1

gevT'l

86860

18001

12660

TI€0°T

T16LE°T

G08T'1T

6021

121

61T’

0g2<

08e<

082<

062<

0ge<

08¢<

088<

0¢e<

0g2<

aur[e)sLio
umouaq deaq
aul[[eIsr
umoaq des(g
aul[eIs£n
Aoerg
auI[[B)SAI0
umoaq desg
aul[[ISAId
umolq ysippey
aul[reys£ro
G ke
aur[relsro
Hoeld
aul[Te)sito
umoq ysiyoeig
aut[re)sfro
e
aur[[eIsiid
umoiq ysiyoerg
QUI[[BISAI0
umoaq des(g
auUI[[eISAIO
umoaq des(
jonpoad
aduea
aur[[eIsLIo
umouxq das(g
aulre}siro
umolg

0€1-001

081—00T

061001

0€1-00T

0€1—-00T

0€T—00T

0€1—00T

0€1—00T

0€1-00T

081-001

081-001

0€1-00T

001

0€1-00T

0E€T—00T

1DH "ouod
[DH ouod
IOH ‘ouo0d
10H "duod
IDH "ouod
[OH "ouod
IDH "ouod
IOH ouod
1DH "ouod
10H duod
DY ‘ouoo
DY "ouod
HO®N %V
IDH "ouod

1DH "ouod

apAyapreuriof
apAyepreuio,q
apAyopreurio]
apAyap[eurLIo
apAyaprewio
apAyspreutiof
apAyspewtao
apAyspreurio g
apAyeprewaog
mvhaogmﬁ.moh
apAyapreurIo g
apAyapreuLio
apAyspeuLiof
apAyapreutio g

apAyopieuwao

apAysp[ezusq ouiuIe-w +

suousydojeoeoutury-w
ploe JyIuBIyjue +
suouadojeseoutury-w
auoutnboipAy +
suouaydojsorourury-u
oYyo9ed +
auousydojeoeoutury-w
[OuII089T +
auousydojaoeoutury-w
[08a10-0 +
auousydojeoeourury-w
[osexd-d +
auousydojeoeourury-w
[0sa10-w +
auouaydojedeouruy -

pIae 510Zuaqoto[yo-d 4

auouaydojeovourwy-ws

PIO€ 910ZUAqOIOIYd-0 +

auouaydojeorvourury-w
auipinjol-d +
suouaydojaoBouTUIy-w
auIpIN{01-0 +
auouaydojaorouTWIy-w
aulpmjoy-w +
auousydojooBoUTUIY -1
supInjol-w +
suouaydojodBouTWy -
surue-)-d +
suousydojoorouTmIy -

LZ

92

14

ve

€2

(44

12

0Z

61

8T

L1

91

g1

14!

g1



5074 PATRA, LENKA, AND NAYAK

solution) was taken in a round-bottom flask. The contents were shaken to
obtain a homogeneous solution. The mixture was kept in a constant tem-
perature oil bath at 100°C for 4 hours. The contents were shaken periodically
and the solid obtained was acidified. It was filtered, washed with hot distilled
water, and dried in vacuum.

CHARACTERIZATION OF RESINS

Viscosity measurements were carried out with 0.5% (w/v) solution in di-
methyl sulfoxide (DMSO), nitrobenzene, and other solvents at 30°C using
an Ubbelhode suspended level viscometer.

The density of the polymer was determined by means of a small pycno-
meter in dry benzene at 30°C.

Infrared (IR) spectra were recorded with a Perkin-Elmer 781 spectropho-
tometer using KBr pellet.

SOLUBILITY CHARACTERISTICS

Polymer samples (0.01 g) were placed in 2 mL of various solvents and
allowed to stand for 2 weeks.1%-1! The polymers were then observed in order
to judge the solvent effect such as swelling or dissolution. A plot of solubility
parameter (3) versus hydrogen bonding index (y) of the solvent used was
prepared, from which solubility parameter of the concerned polymer was
computed.

ANTIBACTERIAL ACTIVITY

Resin numbers 1, 8, 19, 20, and 25 were used for studying the bacteriocidal
properties. The following bacteria were used. (a) Staphylococcus aureus,
(b) Staphylococcus citrus, (¢) Salmonella typhosa para B, (d) Bacillus sub-
tilis, (e) Escherichia coli, (f) Klebsiella, and (g) Pseudomonas pyocyanus. The
bacteria cultures were grown in a nutrient broth and 4-h young cultures
were used for the test.

RESULTS AND DISCUSSION

The polycondensation reaction may be represented as follows:

NH, Cl
I
/@ + HCHO + —
“1
HaC
0 ("=0

NH, OH cl
I

CH, CH. /J\
POAEN©
-

19)
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The structure of the repeat unit of the above polymer is identified from
the IR spectra. The polymer shows the characteristic IR bands (Fig. 1) near
2950 cm ~ ! for C—H stretching and near 1482 cm ! due to the C—H bending
vibration of methyl groups present in the polymer chain. The bands at 1675

0
I

cm™!, 1380 em™!, 754 cm ™!, 1585 em ™!, and 3450 cm ! are for —C—,
—CHj3, —Cl, and N—H bending and N—H stretching vibrations, respec-
tively.

The IR spectra of other resins studied are shown in Table II.

SOLUTION VISCOSITY BEHAVIOR

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

MpC = [m] + ki[m]?C  due to Huggins

Inn,

c - [n] + ko[m)?C  due to Kramer

where k; — ky = 0.5.
As seen from Figure 2, the value of [n] for the polymer (6) found to be
2.5 and k; — k, = 0.452 in good agreement with the theoretical value!? 0.5.
The inherent viscosity of the polymer (1) in nitrobenzene at room tem-
perature (30°C) decreases to around 3% during the initial period of 5 days
and thereafter remains practically constant (Fig. 3), thus indicating the
formation of a stable solution.

SOLUBILITY PARAMETER

A plot of the solubility parameter (3) versus hydrogen-bonding index (vy)
for the solvents shown in Table III for the resin m-aminoacetophenone-
salicylic acid-formaldehyde (6) is illustrated in Figure 4. The solubility pa-
rameter for polymers is calculated for Small’s group contribution.!® The
molar attraction constant G, values for different groups used here have been
reported by Hoy.!*1¢ Solubility parameter (8) is calculated using the re-

lationship
G
= o(57)

where G is the sum of Small’s group contribution, M is the formula weight
of the polymer repeat unit, and ¢ is the density of the polymer. The values
for the polymers (6) and (1) (9.71 for polymer 6 and 9.88 for polymer 1) are
in good agreement with the values of| i.e., 9.81 and 9.58, respectively, ob-
tained from solubility map as discussed in Table IV.



PATRA, LENKA, AND NAYAK

5076

oon_v_.

“UISaX SPAYSP[RULIO}-PIOR 210ZUAqOI0[Yd-d-auousydojeseourwe-w jo wnpads Y1 ‘T ‘81
(1-W2) deqwnuanom

002 oovL 0091 008L 0002 0052 000€
T i

T

9, 2oUDRWSUDLL



5077

RESINS PREPARED FROM AMINOACETOPHENONE

13 [p—

13 *HD—

18 SgN— 3o uoneIqia Sutpueq H—N
18 PHN— jo uoijerqia Suryajelys H—N
8 —p—

I

o
a8plaq —HO— Jo uoneiqia Jurpusq H—D
Buryojaals *gH—

13 gN— jo uoneIqIa 3utpueq H—N
18 PgN— Jo uoneiqra Juryanaens H—N
13 gD~
uonyeIqIA JuIyoRs —)—
[
0]
a3priq —*HD— oY} Jo [opowr Bulpuaq H—))
duynjpays —HHY—

el
0Z¥%1 Pue 08¢1
a8¢e1
0sve
GLIT

[4:148
0962

G681
0ove
GLEY PUe GL¥FT
QeLT

i a4
0162

UISal 3pAYop[euLIo}-pide
210ZUaqoI0TYo-d-auousydojeoeouiuy-w g

u1se1 spAyapewio} suousydojedeouruy-w 1

yuewuBisse a[qeqoid

- WD JequInu dABM

Byep Y] jueriodur]

Jowikjod jo sweN

sIowf|od Jo ere( ¥l
II I19VL



PATRA, LENKA, AND NAYAK

5078

18 mmOl

a8plaq *HN— jo uoyeiqia Surpusq H—N
23pl1q —FHD— Jo uoneaqia 3urpusq H—)
adpLiq —3H— JO uonelqla Suryarslys g—oD

||O|
|
o]
18 HO— jo uonjeiqa Surysjenss H—O

pue —N— jo Suryo3ons H—N 03 anp pueq proag
A8 I N— Jo uoneiqia Surpusq H—N

13 mmnvl
adpliq —*HD— jo Surpuaq H—)
a3puq —PH)~— jo 3uryxnens H—>
18 —D—
I
0
13 HO— uoneaqia SuIyogens H—O pue 18 °HIN
Jo Butysjaxys H—N Y109 Jo 9sneosq pueq peoig

GLET PU® ZEV1
0641
08¥%1
0063
GaLT

005¢€
G691

0SET PUB 08V
08¥%1
0682
A

0g¥ye

uIsal apAYap[RULIO)

-JoyoegBo-aucusydLjeoeouruiy-w *

uised 9pAsp[euLIO]

-[0s2a3-w-suouaydojareouTuIy - *

Juswu3isse a[qeqoig

1~ WD JOqUINU 9ABM

eIBp YJ Jusriodur]

JowA[od jo sweN

stowA[od Jo eyeq YI
(Pyuod) 11 A'TAV.L



RESINS PREPARED FROM AMINOACETOPHENONE 5079
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Fig.3. Plotofinherent viscosity vs. number of days for m-aminoacetophenone-formaldehyde
resin.

ANTIBACTERIAL ACTIVITY

The antibacterial activity of the resins studied are presented in Table V.
It is observed that 7% (w/v) solution of the resins, the resin numbering 25
(m-aminoacetophenone-hydroquinone-formaldehyde) is found to be highly
sensitive against Staphylococcus aureus and Salmonella typhosa para B and
moderately sensitive against Staphylococcus citrus, Bacillus subtilis, Esch-
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TABLE III
Solubility Characteristics of Resins
Solubility®
m-Aminoaceto-
Hydrogen phenone- m-Aminoaceto-
Solubility bonding salicylic acid- phenone-
parameter index formaldehyde formaldehyde
Solvents (3) () 6) 1)
Benzene 9.16 2.2 - -
CCl, 8.55 2.2 - -
Acetone 9.62 5.7 + E
CHCl, 9.16 2.2 * +
N,N-DMF 11.79 6.4 - *
DMSO 13.00 5.0 + +
Ethylacetate 8.91 5.2 - -
Nitrobenzene 10.00 3.2 + +
Cyclohexane 8.19 2.2 - -
Decane 7.74 2.2 - -
Toluene 8.93 3.8 - -
Cyclohexanone 10.42 6.4 + *
THF 9.10 5.3 - -
m-~cresol 10.20 — + +
HCOOH 12.10 — + +
N,N-dimethyl
acetamide 10.80 —_ + +
Conc. HzSO4 —_ —_ + +
Isobutyl alcohol — — + -
Cyclopentanone 10.53 5.2 + +
" Cyclohexanol — — + +
Methanol — — + +
Ethyl methyl
ketone 9.45 5.0 * +
Methyl isobutyl
ketone 8.40 5.0 - -
PhCl 9.67 2.7 + +
5 =981 5 = 9.58

® Solubility keys: + soluble, + partially soluble or swelling, — insoluble.

erichia coli, Klebsiella, and Pseudomonas pyocyanus. But all other resins
are resistant to the bacteria. Further increasing the concentration of the
resins numbering 1, 8, 19, 20, to 60% solution, the resin no. 8 (m-amino-
acetophenone-acetyl salicylic acid-formaldehyde) is found to be moderately
sensitive to Bacillus subtilis, Escherichia coli, and Pseudomonas pyocyanus,
but resistant to other bacteria.

The present investigation reveals that the resin m-aminoacetophenone-
hydroquinone-formaldehyde (25) can be utilized as a good bacteriocide and
further progress in this field is underway.
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Fig. 4. Solubility map of m-aminoacetophenone-salicylic acid-formaldehyde resin.

TABLE IV
Calculated Solubility Parameter of the Resins

m-Aminoaceto-

phenone-formaldehyde- m-Aminoaceto-
salicylic acid phenone-formaldehyde
(®) 1)
No. of No. of

functional gr/  Total G = functional gr/ Total G
substituents  value for  substituents  value for

G value in the polymer in the polymer
Functional group (cal/em®)2  polymeric unit (cal/em®)2 polymeric unit (cal/cm3)2
~—CH=(Aromatic) 117.12 3 351.36 1 117.12
=C=(Aromatic) 98.12 9 883.08 5 490.60
—CH,— 131.50 2 263.00 1 131.50
0
I
—C— 262.96 2 525.92 1 262.96
—CH; 147.3 1 147.3 1 147.3
-—NH, 226.56 1 226.56 1 226.86
—OH 225.84 2 451.68 — —
Six-membered ring -23.5 2 -47.0 1 —23.5
Ortho-substitution 9.69 4 38.76 2 19.38
Meta-substitution 6.6 1 6.6 1 6.6
Para-substitution 40.33 2 80.66 1 40.33
2 G = 2927.92 2 G = 1418.85

Solubility parameter (8) = 9.71 3 = 9.88
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