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Synthesis and In Vitro Efficacy of some Halogenated
Imine Derivatives as Potential Antimicrobial Agents

A. K. HALVE*, DEEPTI BHADAURIA, B. BHASKAR, R. DUBEY AND VASUDHA SHARMA
School of Studies in Chemistry, Jiwaji University, Gwalior - 474 011, India

Reaction of chloro substituted phenylazo benzenecarbaldehyde(3,4) with primary aromatic amines in ethanol afforded
two series of halogenated imines viz; 2-hydroxy-5-(2’chlorophenylazo) benzylidene anilines (5a-d) and 2-hydroxy-
5-(4’chlorophenylazo)benzylidene anilines (5e-h) in good yield. The chemical structures were confirmed by IR,
H NMR and elemental analysis. The in vitro antibacterial efficacy of synthesized imines (5a-h) was tested against
selected screens of Gram-positive and Gram—negative microorganisms. Compound (5g) bearing 4’-chlorophenylazo
moiety and 4’-chlorobenzylidineamino functionalities showed broad spectrum in vitro antibacterial activity among

the series.

The emergence of antibiotic resistant Gram positive
bacteria notably Staphylococci and Enterococci
variants, against existing drug necessitates continuing
research into new classes of antibacterial', organic
molecules bearing reactive imine(-CH=N-)
pharmacophore provide lead structures* for further
optimization of activity for use in drug development.
Furthermore, several derivatives of imines have been
shown to be involved in many biological functions
and are promising antimicrobial®”’, antituburcular®,
anticancer®!?, antiamoebic!!, antiHIV'? agents and
enzyme inhibitors'*!%, In the present studies, we report
the synthesis and antibacterial efficacy of a new series
of halogenated imines against a panel of sensitive and
resistant Gram positive and Gram- negative pathogens.
Two series of halogenated imines, 2-hydroxy-5-
(2°chlorophenylazo) benzylidene anilines (5a-d)
and 2-hydroxy-5-(4’chlorophenylazo) benzylidene
anilines (5e-h) were synthesized via the reaction of 2-
hydroxy-5-(2’chlorophenylazo) benzene carbaldehyde
(3) and 2- hydroxy-5-(4’chlorophenylazo) benzene
carbaldehyde (4) with different primary aromatic
amines, respectively (Scheme 1). The constitutions of
all the products have been assigned on the basis of
elemental analysis, IR and '"H NMR spectral data.

Melting points were determined in open glass
capillary tubes and are uncorrected. Thin layer
chromatography was used to access the purity of
synthesized compounds. IR spectra were recorded on
Shimadzu FT-IR Prestige 21 instrument in KBr disc.
"H NMR spectra were recorded on a Varian EM-390

*For correspondence
E-mail: halveanand@yahoo.co.in
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Scheme 1: Synthetic strategy of halogenated imines

Substituents are as follows; 5a. X,= 0-Cl, X,= H, 5b. X,= 0-Cl, X,= F,
5¢. X;= 0-Cl, X,= Cl, 5d. X;= 0-Cl, X,= Br, 5e. X,= p-Cl, X,= H, 5f. X ;=
p-Cl, X,=F, 5g. X,= p-Cl, X*>=Cl and 5h. X,= p-Cl, X,=Br.

MHz NMR spectrometer in DMSO-d, using TMS
as an internal standard, chemical shift in ppm(9).
Elemental analysis was performed on Carlo Erba 1108
analyzer.

2-Hydroxy-5-(2’chlorophenylazo) benzene carbaldehyde
(3) and 2-hydroxy-5-(4’chlorophenylazo) benzene
carbaldehyde (4) have been prepared by diazotization
and coupling method at 0-5°'5. 2-Hydroxy-5-(2’-
chlorophenylazo) benzylidene aniline (5a) was
synthesized by refluxing 0.005 M of compound (3)
with an equimolar quantity of aniline in ethanol for
2 h. The reaction mixture was cooled in an ice bath
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and a drop of sulphuric acid was added. The separated
solid was collected, washed and recrystallised from
ethanol.

Analytical data of compounds are as follows; 2-
hydroxy-5-(2’-chlorophenylazo) benzylidene aniline
(5a); mp: 158° yield: 72%; elemental analysis of
C,,H,,N,OCI: found (calcd, %) C, 59.83 (67.95): H,
3.93 (4.17); N, 11.58 (12.51). IR KBr (v em™): 3583
(O-H), 1622 (C=N), 1592 (N=N); 1H NMR (DMSO-
do6), o, ppm: 4.6 (s, 1H, OH), 7.1-7.5 (m,12H, ArH),
9.82 (s,1H, CH=N). 2-Hydroxy-5-(2’-chlorophenylazo)-
4’fluoro benzylidene anilines (5b); mp: 137°; yield:
65%; elemental analysis of C,;H N.OCIF: found
(caled, %) C, 6404 (64.49): H, 3.23 (3.67); N, 11.08
(11.88). IR KBr (v cm™): 3489 (O-H), 1620 (C=N),
1593 (N=N); IH NMR (DMSO-d6), 6, ppm: 4.2
(s, 1H, OH), 7.2-7.6 (m,11H, ArH), 9.76 (s,1H,
CH=N). 2-Hydroxy-5-(2’chlorophenylazo)-4’-chloro
benzylidene anilines (5c¢); mp: 155°; yield: 74%;
elemental analysis of C ;H N,OC,: found (calcd, %)
C, 61.11 (61.62): H, 3.23 (3.51); N, 10.87 (11.35).
IR KBr (v cm™): 3510 (O-H), 1612 (C=N), 1589
(N=N); 1H NMR (DMSO-d6), 5, ppm: 4.6 (s, 1H,
OH), 7.3-7.7 (m,11H, ArH), 9.83 (s,1H, CH=N). 2-
Hydroxy-5-(2’chlorophenylazo)-4’bromo benzylidene
anilines (5d); mp: 198°; yield: 64%: elemental analysis
of C,H,,N,OCIBr: found (calcd, %) C, 49.77(55.00):
H, 2.91 (3.13); N, 10.01 (10.13). IR KBr (v cm™):
3573 (O-H), 1618 (C=N), 1590 (N=N); 1H NMR
(DMSO-db), 6, ppm: 4.9 (s, 1H, OH), 7.1-7.5 (m,11H,
ArH), 9.54 (s,1H, CH=N).

2-Hydroxy-5-(4’chlorophenylazo) benzylidene anilines
(5e); mp: 140° yield: 75%; elemental analysis of
C,,H ,N,OCI: found (calcd, %) C, 67.13(67.95): H,
4.03 (4.17); N, 12.13 (11.51). IR KBr (v cm™): 3559
(O-H), 1613 (C=N), 1605 (N=N); 1H NMR (DMSO-
do6), d, ppm: 4.31(s, 1H, OH), 7.4-7.8(m,12H, ArH),

9.17 (s,1H, CH=N). 2-Hydroxy-5-(4’chlorophenylazo)-
4’fluorobenzylidene anilines (5f); mp: 178°; yield:
67%; elemental analysis of C ;H N,OCIF: found
(caled, %) C, 64.17(64.49); H, 3.09 (3.67); N, 11.27
(11.88). IR KBr (v cm™) 3541 (O-H), 1616 (C=N),
1603 (N=N); 1H NMR (DMSO-d6), o, ppm: 4.62
(s, 1H, OH), 7.2-7.5 (m,11H, ArH), 9.34 (s,1H,
CH=N). 2-Hydroxy-5-(2’chlorophenylazo)-4’chloro
benzylidene anilines (5g); mp: 1680; yield: 76%;
elemental analysis of C,;H,,N,OCL,;: found (calcd, %)
C, 61.43(61.62): H, 3.13 (3.51); N, 10.87 (11.35). IR
KBr (v cm™) 3512(0-H), 1622 (C=N), 1589 (N=N);
IH NMR (DMSO-d6), 5, ppm: 4.53 (s, 1H, OH),
7.3-7.7 (m,11H, ArH), 9.47 (s,1H, CH=N). 2-Hydroxy-
5-(2°chlorophenylazo)-4’bromobenzylidene anilines
(5h); mp: 205° yield: 63%; elemental analysis of
C,,H,N,OCIBr: found (calcd, %): C, 49.64(55.00) H,
2.97 (3.13); N, 09.86 (10.13). IR KBr (v cm™): 3522
(O-H), 1628 (C=N), 1587 (N=N); 1H NMR (DMSO-
d6), o, ppm: 4.83 (s, 1H, OH), 7.6-7.9 (m,11H, ArH),
9.54 (s,1H, CH=N).

Antimicrobial activity of imines (5a-h) was tested
against a panel of sensitive and resistant Gram-
positive and Gram- negative strains using disc
diffusion assay'¢. Tested microorganisms included
Gram-positive (Staphylococcus aureus and Bacillus
anthracis) and Gram- negative (Escherichia coli and
Klebsiella pneumoniae). For this, sterile filter paper
disks (6 mm) impregnated with fixed doses viz; 250
ug/ml of compounds was placed on pre-inocculated
surface. The disc bearing plates were incubated
within 30 min at 37° for 24 h. After incubation,
the inhibition zone diameters were measured. The
standard compound chosen was a known, highly
active, broad—spectrum antibiotic, chloramphenicol in
order to compare the relative activity of synthesized
compounds with a standard. The antimicrobial data of
tested compounds are presented in Table 1.

TABLE 1: RESULTS OF /N VITRO ANTIBACTERIAL ACTIVITY* OF NEWLY SYNTHESISED IMINES (5a-h).

Compound Gram-positive microorganisms Gram-negative microorganisms
S. aureus B. anthracis E. coli K. pneumoniae

5a - 10 08

5b 20 25 - 10

5¢c 20 24 10 08

5d - 08 - -

5e 25 18 08 11

5f 28 24 - 08

5g 33 28 1 18

5h 10 08 - 08

Chloramphenicol 35 30 16 25

*Diameter of zone of inhibition in mm. Control (DMF) = No activity. Both, test compound and standard were tested at 250 pug/ml
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The result of antibacterial screening reveals that
compounds (5e-g) with para chloro phenyl azo moiety
exhibited potent Gram-positive activity as compared
to ortho chloro derivatives (5a, 5b) and (5¢). Among
4’-chloro derivatives compound (5g) with X, X,=
para chloro substituents distinguished itself for its
impressive potency against Gram-postive species
viz; Staphylococcus aureus and Bacillus anthracis.
Taking Gram- negative data, (5g) showed highest
activity against Klebsiella pneumoniae and significant
inhibition against Escherichia coli. Moreover, (5f) with
4’-fluoro benzylidene amino group exhibited promising
results against Gram-positive bacteria while its Gram-
negative activity was considerably lower. In addition,
compound (5e) showed remarkable anti staphylococcal
activity with a marked decrease in Gram- negative
values. However, 4’-bromo substituents in (5d) and
(5h) resulted in complete reduction in antibacterial
activity of imine derivatives. On the other hand,
among ortho chloro derivatives (5a-d), a compound
(5b) was the only one to show significant Gram-
negative efficacy, while all other derivatives were
completely inactive.

Thus, it has been concluded that synthesized
compounds showed pronounced antibacterial activity
against tested bacterial strains due to stable imine
linkage and their efficacy increases by chloro
functionality at para position of benzene and phenylazo
nuclei whereas unsubstituted benzylidene amino group,
ortho chloro and para bromo substitutents subsides the
bacterial effectiveness of imine compounds. Hence
compound (5g) seemed to be an attractive candidate
for further development as it is the most active
compound among the series having broad spectrum
antibacterial activity against the tested organisms.
Further extension of this research work will be
directed to determine the molecular level target for
this compound in the microorganism.
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