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Abstract: Sixteen quaternary ammonium bromides [QAB]4(a-d)-7(a-d)bearing mixed N-branches were
synthesized by treating n-butyl 2a, cyclohexyl 2b, 2,3,4,6-tetra-O-acetyl — D- glucosyl 2¢ and cholesteryl
2d bromides, separately with n-butyl amine 3a, benzyl amine 3b, N,N-dimethyl amino ethyl-2- methyl
acrylate 3¢ and N,N-diethyl amino ethyl-2- methyl acrylate 3d. N,N-Diphenyl amine 3e failed to react with
any bromides within the scope of this work. The synthesized bromides and QAB were characterized by
FT-IR, '"H-NMR and *C-NMR. All compounds were tested for their activity against some gram-positive
and gram-negative bacteria and some of them exhibited significant antibacterial activities.

Keywords: Alkyl and cycloalkyl bromides, Benzyl bromides, Dialkylaminomethyl acrylate bromides,
Quaternary ammonium compounds, Antibacterial activity

Introduction

Quaternary ammonium salts [QAS] found in very important life compounds such as amino
acids, central nervous system of animals and cationic bile salts'. Some synthesized bile salts were
used as good cholesterol-lowering agents> and have also been used as antimicrobials*, gall stone
dissolution enhancers’ and DNA transfection agents®’. Several generations of synthetic
quaternary ammonium compounds [QAC] which have been used as antimicrobial agents being
recognized in the past seven decades. Variations in the four branches attached to quaternary
ammonium nitrogen and multiplicity of N centers were the major features of the classes of
QACs®. The N-alkyl-N,N-dimethyl ammonium methyl ethyl acrylates’"* and N-alkyl-N,N-diethyl
ammonium methyl ethyl acrylates'’ are the raw material for dental antibacterial agents. Two of
the new groups with good antimicrobial activity are the heterocyclic pipyridinium'* and
glucopyranose QAS". Other increasing applications of QAC were reported in the literature, such
as food, beverages preserving agents“’, fabric'’, cosmetic'®, medical®®, environmental®® and
electrolytes for liquids batteries” uses. Because of the increasing resistance of microorganisms to
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commonly used disinfectants make the synthesis of new types of microbiocides is very important
topic. Very few examples of carbo- and heterocyclic branches such as cyclohexane, glycosyl,
cholesterol moieties attached directly to the quaternary nitrogen were mentioned in the literature.
In this work we report the synthesis of sixteen QAB belong to four classes of amines (n-butyl,
benzyl, N, N-dimethyl ethyl-2- methyl acrylate amine, N,N-diethyl ethyl-2- methyl acrylate
amine)and four classes of alkyl bromides bearing cyclohexyl, glycosyl and cholesteryl groups.

Experimental

All reactions were monitored by TLC, silica gel F,54, made by Merck, Germany. The melting
points were measured with a BUCHI 540 melting point apparatus and are uncorrected. The IR
spectra were recorded using KBr discs in a GENESIS II FTIR spectrophotometer, in units of
cm™. The 'H and C NMR spectra were recorded on a Bruker AM 300 MHz spectrometer
(University of Oran, Essenia) in CDCl;and referenced to TMS, chemical shifts in ppm.
Microorganisms in this study were supplied by the university hospital of Oran and identified in
our laboratory. The Mueller Hinton medium was supplied by (Difco).

General procedure for the synthesis of alkyl bromides 2a, 2b and 2d

The alcohols 1a, 1b and 1d (0.067 mol), KBr (0.33 mol), H,O (20 mL), H,SO, (10 mL)
were added carefully and the mixture was refluxed at 80 °C for appropriate time until
bromide spots on TLC exhibited no change in intensity [average time 7 h]. After cooling to
room temperature, water (25 mL) was added and neutralized with Na,COj;. Extracted with
chloroform for three times and dried over anhydrous MgSQ,, filtered and evaporated down
to dryness to give the bromides 2a, 2b and 2d in yields: 73%, 57% and 87% respectively.

Preparation of bromo-2, 3, 4, 6-O-acetyl-D-glucopyranoside 2¢*

D-Glucose (1c) 4.0 g, 0.022 mol was dissolved in acetic anhydride (20 mL), acetyl bromide (5
mL) and HCIO4 (0.3 mL) added to it and the mixture was left aside for 48 h at room temperature.
The reaction mixture was neutralized with aqueous Na,CO; (25 mL) and extracted with
chloroform, dried over anhydrous MgSO,, filtered and evaporated to dryness to give a solid
crystalline , recrystallized from diethyl ether to a colorless crystalline 2¢ (7.5 g), 85%, m.p. 82 °C.

General procedure for the synthesis of quaternary ammonium bromides 4(a-d) - 7(a-d)

Alkyl bromides 2(a-d)(0.0036 mol), alkyl amines 3(a-e) in dichloromethane (20 mL) were
refluxed for appropriate times and temperatures until TLC showed complete conversions to
products. The volatiles were removed under vacuum to give solid products which
recrystallized from diethyl ether to give colorless crystalline or as syrup 4(a-d)-7(a-d).
Results are summarized in Table 1.

Table 1. Reactants, reflux time and melting points for synthesis of QAB 4(a-d)-7(a-d)

QAS Bromide Amine Re}fllux n:é) Q(VA; S QAS Bromide Amine Re}fllux rr:(}; Q(:/A; S
4a 2a 3a 6 240 95 6a 2a 3¢ 36 118 62
4b 2b 3a 8 91 6b 2b 3¢ 56 46
4c 2¢ 3a 6 92 6¢ 2¢ 3¢ 8 57
4d 2d 3a 8 127 94 6d 2d 3¢ 96 137 56
Sa 2a 3b 8 96 90 7a 2a 3d 8 117 94
5b 2b 3b 8 92 78 7b 2b 3d 8 108 94
5c¢ 2c 3b 6 93 Tc 2¢ 3d 8 89
5d 2d 3b 8 122 92 7d 2d 3d 8 148 89
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Spectral data of QAB

Group-A

n-Butyl aminobutyl bromide,[n-butyl-ABB] 4a

v(em™): 3444.24 (N"-H)*, 2955.96(C-H), 1041.37(C-N). §(ppm):5.60(H-N") , 3.32(H,C-
N, 1.98(-CH»-),46.94(H,C-N")>, 26.34(-CH,-).

Cyclohexyl aminobutyl bromide,[cyclohexyl -ABB] 4b

v (ecm™): 3445.21 (N"-H), 2963.09 (C-H), 1040.41 (C-N).8(ppm): 5.53 (H-N") , 3.30(H,C-
N"),1.94(-CH,-),1.92(-CH-cycl) ,47.26(H,C-N"), 37.92(-CH,-), 36.21 (-CH-cycl).
2,3,4,6-Tetra-O-acetylglucosyl aminobutyl bromide,[glucosyl-ABB] 4c

v (cm™): : 3284.18 (N"-H), 2931.27 (C-H), 1736.58 (C=0), 1244.83 (C-N) 1031.73(C-0) ,&
(ppm): 537 (H-N"), 3.40(H,C-N"), 2.08(-CH,-), 6.40(-CH,CO), 6.41(CHO-glu),
46.95(H,C-N"), 29.54(-CH,-), 93.21(CHO-glu).

Cholestryl aminobutyl bromide,[cholestryl-ABB] 4d

v (em™): 3419.17 (N*-H), 2935.13 (C-H), 1633.41 (C=C), 1373.93 (C-N),5(ppm):5.76(H-N"),
3.30 (H,C-N"), 2.54(-CH,-), 1.48 (-CH-cycl), 50.17(H,C-N"), 29.50 (-CH,-), 36.21 (-CH-
cycl).

Group-B

n-Butyl aminobenzyl bromides [n-butyl-ABzB] 5a

v (em™): 3444.17 (N"-H), 3020.73 (=C-H), 2957.30(C-H), 1459.85 (C=C), 1054.87 (C-N),
8(ppm):5.77 (H-N"), 3.33 (-CH,-CH,-N"), 1.94(-CH,-CH,-N"),1.70 (-CH,-(CH,),-N"), 2.57
(-N"-CH,-Ph), 7.57 (H-Ar),131.95, 128.67, 128.02, 127.19 (C-Ar), 55.74 (-N"-CH,-Ph),
46.92 (N"-CH,-), 6.35(-(CH,),-CH,-N").

Cyclohexyl aminobenzyl bromides [Cyclohexyl-ABzB] 5b

v :(em™): 3361.32 (N*-H), 2930.31 (C-H), 1643.05 (C=C), 1070.30 (C-N).

2,3,4,6-Tetra-O-acetylglucosyl aminobenzyl bromides [glucosyl-ABzB] 5¢

v (em'): 3423.04 (N*-H), 2961.16 (C-H), 1649.80 (C=0), 1449.24(C=C), 1293.04 (C-N),
1031.73 (C-0), 3(ppm):6.46 (H-N"), 5.78 (N*-CH-O-), 6.81 (CH,CO), ,1.68 (-N*-CH,-Ph),
8.26 (H-Ar).125.56; 125.83; 126.88; 127.56 (C-Ar), 49.65 (-N"-CH,-Ph), 88.01 (N"-CH-O-),
170.40 (-CH,CO).

Cholestryl aminobenzyl bromides [glucosyl-ABzB] 5d

v (cm™):3400.55 (N*-H), 2935.13 (C-H), 1644.02 (C=C), 1050. 80 (C-N),3(ppm):5.37
(H-N"), 3.55 (N"-CH-cycl), 2.00 (-N'-CH,-Ph), 8.41, 7.82 (H-Ar),50.17 (-N'-CH,-Ph),
140.79 (C=C aliphatic), 130.78, 128.30, 128.62, 128.50 (C-Ar).

Group-C

n-Butyl amino dimethylaminoethyl-2-methyl acrylate bromides [n-butyl-ABzB] 6a

v (ecm™): 2945.10 (C-H), 1718.50 (C=0), 1633.60 (C=C), 1045.30 (C-N), 1164.90(C-0), &
(ppm): 3.67 (H3;C-N"), 4.07 (-H,C-N"), 4.07 (-CH,.CO), 6.06 (CH,CO), 4.59 (H,C-
N").62.21 (H,C-N"), 51.79 (-H,C-N"), 62.23(N"-CH,CH,-0), 24.69 (-CH,CO), 166.30
(-CH,CO).
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Cyclohexyldimethylaminoethyl-2-methyl acrylate bromides[cyclohexyl-DMAEMAB] 6b

v (em™): 2954.05 (C-H), 1719.23 (C=0), 1633.48 (C=C), 1154.39(C-0O) 1045.23(C-N),8
(ppm): 3.33 (-N"-CHs); 4.18 (N'-H,C-), 4.61 (-CH,-O-CO), 3.08 (H-C-cyclohexyl), 4.62
(H-C=C), 1.58 (CH3-C=C),61.26 (-N"-CH3); 53.96 (-N"-CH,); 63.00 (-CH,-O-CO); 56.56
(H-C-cyclohexyl); 134.51(CH,-C=CH,).

2,3,4,6-Tetra-O-acetylglucosyl dimethylaminoethyl-2-methyl acrylate bromides
[glucosyl-DMAEMAB] 6¢

v (em™): 2964.05 (C-H), 1742.37 (C=0), 1645.05 (C=C), 1141.65 (C-N), 1035.55 (C-0), & (ppm):
4.10 (-N*-CHs); 4.30 (N-H,C-), 4.58 (-CH,-O-CO), 4.31(N*-CH-O-gluco), 4.72 (CH,-CO).

Cholestryl dimethylaminoethyl-2-methyl acrylate bromides [cholestryl -DMAEMAB] 6d

v (em™): 2929.7 (CH),1728.10 (C=0), 1602.70 (C=C), 1126.40 (C-N), 1066.90 (C-0), &
(ppm): 3.33 (-N"-CH;); 5.34 (N'-H,C-), 4.64 (-CH,-O-CO), 3.41(H-C-cyclohexyl), 5.67
(H-C=(C),76.95 (-N"-CH3); 59.35 (N"-H,C-), 50.48 (-CH,C=0), 135.58 (CH;-C=C), 141.12
(-CH=C), 166.88 (CO-CH,).

Group D
n-Butyl amino diethylaminoethyl-2-methyl acrylate bromides [n-butyl- DEAEMAB] 7a:

v (em): 2945.10 (C-H), 1718.50 (C=0), 1633.60 (C=C), 1164.90 (C-O), § (ppm): 3.57
(H,C-N"), 3.87 (-OCH,-CH,-N"), 4.57 (-OCH,-CH,-N"), 6.04 (H-C=C).57.86 (H,C-N"),
58.74 (N*-CH,CH,-0), 24.02 (N*-CH,CH,-0), 166.35 (-CH,CO), 135.1 (C=C-CH,).

Cyclohexyldiethylaminoethyl-2-methyl acrylate bromides [cyclohexyl-DEAEMAB] 7b
v (em™): 2931.27 (C-H), 1720.19 (C=0), 1635.3 (C=C), 1165.72 (C-0), 1295 (C-N).

2,3,4,6-Tetra-O-acetylglucosyldiethylaminoethyl-2-methyl acrylate bromides [glucosyl-
DEAEMAB] 7c

v (em™): 2971.77 (C-H), 1728.22 (C=0), 1636.30 (C=C), 1150.94 (C-N), 1037.62 (C-O), &
(ppm): 3.33 (CH3-CH»,-N"),3.94 (H,C-N"), 4.53 (-OCH,-CH,-N"), 4.74 (N*-CH,CH,-O),
4.20,4.06 (H-C-O-Ac).

Cholestryl diethylaminoethyl-2-methyl acrylate bromides [cholestryl -DEAEMAB] 7d
v (em™): 2936.13 (C-H), 1727.91 (C=0), 1647.33 (C=C), 1135.07(C-N), 1053.91 (C-O).

Antibacterial susceptibility testing

A disk diffusion assay according to the standard protocols (NCCLS, 2003, 2005; CLSI,
2006) was used”®?® in duplicates to determine the susceptibility of three gram-negative
bacteria Shigella, Pseudomonas fluorescens and Pseudomonas aeruginosa ATCC 10145 and
one gram-positive bacteria Staphylococcus aureus ATCC 25923, using gentamycin and
amoxicillinas references .The bacterial suspension (in 0.9% NaCl) turbidity were adjusted to
0.5 Mc Farland, then the suspensions were spread with a sterile cotton swab confluently over
the entire surface of Mueller Hinton agar (Merck, Germany).This agar medium was
inoculated with 0.5 mL of cultures containing about 10° CFU/mL. Filter paper disks (5 mm
diameter) saturated with dimethylsulphoxide (10% DMSO v:v) solutions of each compound
was placed on the indicated agar medium. The incubation time was 24 h at 37 °C. The blank
test disk with DMSO was used. Inhibitory activity was evaluated by measuring the diameter
of clear zone observed around the disk in mm (c.f. Table 5).
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The minimum inhibition concentration (MIC) Tests Microorganisms not affected by
compounds tested, no further dilution tests were conducted. Each 1 mL of the original
concentration (10 pg mL™") in DMSO of the compounds 4(a-d)-7(a-d) were diluted with
DMSO in test tubes to 5.0 pg mL™" and optical density at 600 nm was measured at 24 h.

Results and Discussion
Synthesis of bromides

n-Butyl bromide 2a, cyclohexyl bromide 2b, glycosyl bromide 2¢ and cholesteryl bromide
2d* were prepared by refluxing the corresponding alcohols 1a, 1b andld with KBr in
H,SO,, while 2,3,4,6-tetra-O-acetyl bromide 2¢ was obtained according to literature
method® by treating D-glucosewith acetyl bromide in acetic anhydride and catalytic amount
of HC1O,. The resulted bromides2(a-d) are exhibited in Scheme 1.
KBr. H,S0,
R—OH ———» R—Br
1 2
CH,OR'

R= _(CHC {> ° R'=H int

a, R=— = , = ' .

H)CH  p R ¢, R oORY R=AcC irp
OR'

HiC.
CHy o
3
CHy H,C

d,R=
= cholesteryl

Scheme 1, Synthesis of bromides 2(a-d)

All bromides 2(a-d) were isolated and characterized by measuring melting points of
solid substances and by spectral analysis of IR as shown in Table 2.

Table 2, Melting points and IR of bromides 2(a-d)

Comp Mp °C IR Vo,
OAC C-Br
2a 611
2b 557
2¢ 82 1737.7 605
2d 151 621

Synthesis of quaternary ammonium bromides[QABJ4(a-d)-7(a-d)

The four bromides 2(a-d) were treated with five readily available amines 3(a-e) namely : n-butyl
amine (3a), benzyl amine (3b), N,N-dimethyl ethyl-2- methyl acrylate amine (3c), N,N-diethyl ethyl -
2-methyl acrylate amine (3d) and N,N-diphenyl amine(3e) revealed only sixteen QAB 4(a-d)-7(a-d).

/ ™
R{ R, 1o
s e
[
a b d
1

1 - R'=H
R'=H R=H Ry= CHg Ra= CHs

2 = =
R%= H R’=H R,= CHy Rp= CoHs RZ‘HzC@

Hchz(‘: o ‘CH3 HCH,C O CHy

~ I [0
Rg=-(CHp)sCH; .- Hp@ R’= 0-C—C=CH, R’ 0-C—C=CH, Rs= HZC@

Figure 1. The amines used for the synthesis of QAB
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N,N-Diphenyl amine 3e was failed to react with any of the already synthesized
bromides 2(a-d) due to its low nucleophilicity caused by resonance phenomenon between
the lone pair of electrons in nitrogen-amine and the two adjacent phenyl groups.

Rl

2(a-d) + 3(a-d)— 5 RZ_,LLR“

3
R

4(a-d) - 7(a-d)
Scheme 2. Synthesis of QAB from bromides 2(a-d) and amines 3(a-d)

The sixteen QAB will be categorized into Four Groups named after their amines. Group-A
are made of four alkyl aminobutyl bromides [alkyl-ABBJ4(a-d), they are: [n-butyl-ABB]4a,
[cyclohexyl-ABB]4b, [glucosidyl-ABBJ4¢ and [cholesteryl-ABB]4d. Group-B are comprise
of four alkyl aminobenzyl bromides [alkyl-ABzB]5(a-d), they are: [n-butyl-ABzB](5a),
[cyclohexyl-ABzB](5b), [glucosidyl-ABzB](5¢) and [cholesteryl-ABzB]Sd. Group-C are
made of four alkyl dimethylaminoethyl-2-methyl acrylate bromides [alkyl-DMAEMAB]6(a-d),
they are: [n-butyl-DMAEMAB]6a, [cyclohexyl-DMAEMAB]6b, [glucosidyl-DMAEMAB]
6¢c and [cholesteryl-DMAEMAB](6d). Group-D are composed of four alkyl diethyl-
aminoethyl-2-methyl acrylate bromides [alkyl-DEAEMAB]7(a-d), they are: [n-butyl-
DEAEMAB]7a, [cyclohexyl-DEAEMAB]7b, [glucosidyl-DEAEMAB]7¢ and [cholesteryl-
DEAEMAB]7d. Table 3 shows the compositions, melting points of solid products, IR, "H-
and "C-NMR spectroscopic data for some common characteristic groups.

Characterization of QAB by *H- and**C-NMR

There are some selected structural fragments which are common in all QAB groups can be
used to detect the formation of the particular QAB such as of Group A as shown in Table 3.

Table 3. Literature data "H-,"*C-NMR** in ppm of selected fragments which are common in
QAB 4(a-d)-7(a-d).

Structural fragment "H-NMR
BC-NMR
N-H 6-9
"N-CH,CH,- 3.27,1.27
60.40, 16.0

H
N 33
54.4
v 5.9
95

3:3

N—?\/CQC 54.4
H |
H

Note: Data are for the bold letters
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Characterization of Group-A=[alkyl-ABB] 4(a-d)

The formations of n-butyl ABB were detected by thin layer chromatography (TLC) via their Ry
which were different from starting materials. The IR spectra of 4(a-d) showed bands between
3445-3284 cm’' for H-N" bonds, while 4¢** exhibited an additional band at 1736 cm™ for acetate
groups and 4d showed an absorption at 1633 cm’ indicating the presence of C=C for
cholesterol.' H-NMR spectra showed the following signals between 5.76 to 5.37 ppm for N'—H,
while N'— CH,— signals exhibited between 3.30- 3.40 ppm."*C-NMR spectra for compounds
4(a-d), the groups N'—CH,— exhibited signals 46.94, 47.26, 46.95 and 50.17 ppm while the
another —CH,—pieces in N'— CH,CH,— fragments were shown in 26.34, 37.92, 29.54 and
29.50 ppmin 4(a-d) respectively and they are very close to literature values ( Tables 3 and 4)>.

Characterization of Group-B = [alkyl-ABzB] 5(a-d)

The [alkyl-ABzB] 5(a-d) have almost similar groups N'—H , N'— CH,CH,—as in Group A,
in addition they have the benzyl group —CH,Ph. IR spectra of of the members of this group
showed similar N*—H stretching between 3444-3400 cm™ and additional aromatic C=C
stretching at the region 1640 cm™. 'H-NMR spectra for N'—H showed at 6.46-5.77 ppm
while N'— CH,—Ph signals exhibited between 2.57-1.86 ppm and phenyl protons entered
at 8.26, 8.16 and 7.57 ppm. "C-NMR spectra for the same fragments are shown in 55.74
(N"—CH,—Ph) and 131.95-127.19 ppm for aromatic ring carbon. Rest spectral data of IR,
'H- and "C-NMR are summarized in Table 4.

Table 4, IR, 'H and “C-NMR Data of some common groups of QAS 4(a-d)-7(a-d)

Compositions and m.ps of 'H-NMR §,(ppm)
synthesized QAS 4(a-d)- IR vyp.cm™ BC-NMR §,(ppm)
7(a-d)
R' R® R R' mp°
} C
4a i i iv iv 240 3444 5.60(H-N"), 3.32(H,C-N"), 1.98(-CH,-)
(H-N") 46.94(H,C-N"), 26.34(-CH,-).
4b i i iv o vii 3445 5.53(H-N"), 3.30(H,C-N"),1.94(-CH,-),
(H-N" 1.92(-CH-cycl)
47.26(H,C-N"), 37.92(-CH,-), 36.21 (-
CH-cycl).
4c i i iv wviii 3284 (H- 5.37 (H-N"), 3.40(H,C-N"), 2.08(-CH,-),
N 6.40(-CH,CO), 6.41(CHO-glu)

1736(C=0)  46.95(H,C-N"), 29.54(-CH,-),
93.21(CHO-glu)
4d i i iv ix 127 3419 (HN") 5.76(H-NY),3.30 (H,C-N"), 2.54(-CH,-),
1633(C=C)  1.48 (-CH-cycl).
50.17(H,C-N"), 29.50 (-CH,-), 36.21 (-

CH-cycl).
5a i i vi v 96 3444 5.77 (H-N"), 3.33 (-CH,-CH,-N"), 1.94(-
(H-N" CH,-CH,-N"),1.70 (-CH,~(CH,),-N"), 2.57
1640 (-N'-CH,-Ph), 7.57 (CH-Ar)

(C=C Ar)  131.95, 128.67, 128.02, 127.19 (CH-Ar),
55.74 (-N*-CH,-Ph), 46.92 (N*-CH,-),
6.35(<(CH,),-CH,-N")

Contd...
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5b

Sc

5d

6a

6b

6¢

6d

7a

7b

Tc

7d

il

il

il

il

il

il

il

il

il

il

il

il

il

il

il

il

vi

vi

vi

vii

vii

X

iv

vii

viii

X

vii

viii

X

92

122

118

137

117

108

148

3361 (H-N"),
1643 (C=C
Ar)

3423

(H-N),
1725(C=0),

3400 (H-N"),
1644(C=C
Ar)

1718 (C=0),
1633(C=C)

1729(C=0),
1633 (C=C)

1724 (C=0),
1645(C=C)

1728(C=0),
1633 (C=CH,)

1728 (C=0),
1636
(C=CH,)

1720(C=0),
1635
(C=CH,)
1728(C=0),
1636

C=CH2)
1727(C=0),
1647(C=CH,)

6.46 (H-N"), 5.78 (N"-CH-O-), 6.81
(CH,CO), 1.68 (-N"-CH,-Ph), 8.26 (CH-
Ar).

125.56; 125.83; 126.88; 127.56 (CH-Ar),
49.65 68 (-N'-CH,-Ph), 88.01 (N'-CH-O-),
170.40 (-CH,CO).

5.37 (H-N"), 3.55 (N"-CH-cycl), 2.00 (-
N'-CH,-Ph), 8.41, 7.82 (CH-Ar).

50.17 (-N"-CH,-Ph), 140.79 (C=C
aliphatic), 130.78, 128.30, 128.62, 128.50
(CH-Ar).

4.07 (H,C-N"), 3.67 (-H,C-N"), 4.07 (-
CH,.CO), 6.06 (CH,CO), 4.59 (H,C-N").
62.21 (H,C-N"), 51.79 (-H,C-N"),
62.23(N"-CH,CH,-0), 24.69 (-CH,CO),
166.30 (-CH,CO).

3.33 ((N'-CHy); 4.18 (N"-H,C-), 4.61 (-
CH,-0-CO), 3.08 (H-C-cyclohexyl), 4.62
(H-C=C), 1.58 (CH5-C=C).

61.26 (-N"-CHj3); 53.96 (-N"-CH,); 63.00
(-CH,-0-CO0); 56.56 (H-C-cyclohexyl);
134.51(CH,-C=CHy,).

4.10 (-N"-CH5); 4.30 (N"-H,C-), 4.58 (-
CH,-0-CO), 4.31(N"-CH-O-gluco), 4.72
(CH;-CO).

3.33 (-N-CHy); 5.34 (N"-H,C-), 4.64 (-
CH,-0-CO), 3.41(H-C-cyclohexyl), 5.67
(H-C=C),76.95 (-N"-CH3); 59.35 (N'-
H,C-), 50.48 (-CH,C=0), 135.58 (CH3;-
C=0), 141.12 (-CH=C), 166.88 (CO-
CHy,).

3.57 (H,C-N"), 3.87 (-CH,-CH,-N"), 4.57
(-CH,-CH,-N"), 6.04 (H-C=C).

57.86 (H,C-N"), 58.74 (N"-CH,CH,-0),
24.02 (N"-CH,CH,-0), 166.35 (-CH,CO),
135.1 (C=C-CH,).

3.33 (H,C-N"), 3.94 (-CH,-CH,-N"), 4.53
(-CH,-CH,-N"), 4.74 (N*-CH,CH,-0),
4.20,4.06 (H-C-O-Ac).
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HC,
P S B
. N . _! oAc He
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Characterization of Groups-C &D=[alkyl-DMAEMAB] 6(a-d) & [alkyl-DEAEMAB]7(a-d)

Groups C and D have almost similar structural formulas represented by N,N-dialkyl amino
ethyl-2- methyl acrylate fragments, for Group-C and for R=H, Group-D, R=-CHj:

RCH
2 //O /CH3 R=H for Group C
+
Alkyl—l\ll—CHZCHz-O——C—C\\
CH,R CH, R= CH; for Group D

Figure 2. The basic structural formulas for Groups C and D

Thus all compounds 6(a-d)-7(a-d) showed IR absorption between 1728-1718 cm™ (CO),
1647-1633 cm™ (C=C). Also compounds exhibited signals between 4.10-3.33 ppm
corresponding to N"-CH,-R, 4.74- 4.07 due to -N"-CH,-CH,-O-, 124-127 ppm and 166-167 ppm
related to C=CH, and CO respectively™.

Antibacterial activity

The sixteenth QAB 4(a-d)-7(a-d) were screened for their activity against Gram-positive
Staphylococcus aureus and Gram-negative bacteria, Pseudomonas aeruginosa,
Pseudomonasfluorescens and Shigella. The antibacterial activities of the tested compounds
were evaluated using the paper disk diffusion method. DMSO which is known as bacterial
static in the above mentioned concentration was used as negative control and standard disks
(Mast Diagnostics, UK), saturated with known antibiotic Gentamycinand Amoxicillinas
positive control were applied. After incubation at 37 °C for 24 h, the zone of inhibition of
growth around each disk was measured in millimeters and zone diameters were interpreted
in accordance with CLSI and NCCLS (for Campylobacter spp.) guidelines (CLSI, 2006;
NCCLS, 2003, 2005)****. The experiments were performed in duplicates and the average
results are summarized in Table 5.

Table 5. Antibacterial activity of the synthesized compounds

Inhibition Zone, mm

Compounds Shigella Pseudomonas Pseudomonas Staphylococcus

g fluorescens aeruginosa aureus
4a 10.00 18.00 00.00 25.00
4b 08.00 18.00 00.00 25.00
4c 15.00 00.00 00.00 36.00
4d 00.00 00.00 00.00 10.00
5a 15.00 15.00 20.00 18.00
5b 00.00 15.00 00.00 30.00
5¢ 00.00 10.00 00.00 20.00
5d 00.00 00.00 00.00 20.00
6a 10.00 10.00 00.00 25.00
6b 15.00 17.00 30.00 15.00
6c 13.00 13.00 20.00 15.00

Contd...
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6d 00.00 00.00 00.00 16.00

Ta 15.00 13.00 00.00 20.00

7b 00.00 12.00 30.00 08.00

7c 20.00 10.00 00.00 15.00

7d 00.00 00.00 00.00 10.00
DMSO 00.00 00.00 00.00 00.00
Gentamicine 30.00 30.00 45.00 25.00
Amoxicilline 25.00 25.00 40.00 45.00

All QAB 4(a-d)-7(a-d) have affected gram-positive Staphylococcus aureusin active
range compatible to known antibiotic Gentamicin and moderately active comparable to
Amoxicillin. Compound glucosidyl-ABB (4¢) showed the highest activity against S. aureus
followed by compound cyclohexyl -ABzB (5b).

All QAB 4(a-d)-7(a-d) showed less activity against gram-negative bacteria under study.
Shigella exhibited about 44% resistance to all synthesized QAB while Pseudomonas
fluorescens showed about 31% resistance. Pseudomonas aeruginosawas resistant to about
76% of the synthesized QAB except four compounds 5a, 6b, 6¢ and 7b which showed
moderate to weak activity.

Microorganisms not affected by compounds tested, no minimum inhibition
concentration (MIC) test were conducted. Those which showed activity, MIC was done by
dilution with DMSO to 5.0 pg mL™" but they show almost no significant activity.

Conclusion

The work in this study is beneficial and valuable to those who are interested in studying
antibacterial activity for new QAC and particularly with resin composites such as the
acrylate QABs.
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