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INTRODUCTION

The structural diversity and industrial, as well as biological importance of unsymmetrical and
symmetricalbis (heteroaryl) azo dyes, have made them attractive target for synthesis over
many and justify continuing efforts in the development of new synthetic strategies.!"®! From
last few decades, the study of the chemistry of diazo compound has been given particular
impacts because of their application in pigments®"1! lacks®! and dyes.’T!? |t has been

explored and being developed as a dying and coloring agent for the textile Industries.[*31124]

W Wipr.net Vol 5, Issue 10, 2016. 584



Patil et al. World Journal of Pharmaceutical Research

Azo dyes also use as food color.*®*"] Now a day chemistry of diazo derivative synthesized
using heterocyclic ring™8!121 exhibit a new aspect of coupling reaction.’??1251 Though many
kinds of azo dyes have been synthesized, bis(heteroaryl) derivatives are relatively rare.
Though most of the heteroaryl can act as diazotization components, bis(heteroaryl) coupling
components are limited. Therefore, some novel diazo cyclic imides were synthesized from
halo vinyl aldehyde derivative of cyclic imides. The series of reaction were carried out over

halo vinyl aldehyde to synthesized diazo coupled product.

After the extensive literature search®®128] it was observed that cyclic imidesi?**! halo
vinyl aldehyde®! and azo compoundst®®! are the important pharmacophore, but till date
enough efforts have not made to combine these three moieties as a single molecular scaffold.
So, our objective was to synthesize and biological screening of a series of new compound

incorporates these moieties.

MATERIALS AND METHODS

The Melting points of all the synthesized compounds were recorded in open glass capillaries
and were uncorrected. IR spectra were recorded on Lambda 7600 FTIR spectrophotometer.
1H NMR spectra were recorded on Bruker 400 MHz in DMSO-d6 using TMS as an internal
standard. The reaction was monitored by TLC, which was accomplished by using pre-coated
silica gel aluminum plates with the mixture of hexane: ethyl acetate as a solvent phase.

Chemical purchased were used as received.

Experimental

General procedure for synthesis of 2,6-diazido-1,4-dihydro-1-
substitutedphenylpyridine-3,5-dicarbaldehyde (2a-j)

In continuation of our previous work?IB3l g solution of 2,6-dichloro-1,4-dihydro-1-
substitutedphenylpyridine-3,5-dicarbaldehyde 1a-j (0.01 moles) in absolute ethanol (10 mL),
P-toluene sulphonic acid (0.02 moles) and sodium azide (0.03 moles) were added and
reaction mixture heated under reflux for time ranging between 4-6 hrs (Scheme 1). The
refluxed mixture was added to ice cold water which precipitated compounds 2a-j. These were

fittered and recrystallized from ethanol.
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OHC CHO OHC CHO
a” N al > Ny ONT N
PTSA/C,H;OH
R R

laj 22+
Where R a=4H, b=3Cl, c= 4Cl, d=4Br, e= 2NO,, f= 3NO,, g= 4NO,, h=40H, i= 4CH;, j=40CH,

Scheme 1. Synthesis of 2,6-diazido-1,4-dihydro-1-substitutedphenylpyridine-3,5-
dicarbaldehyde

2,6-diamino-1,4-dihydro-1-substitutedphenylpyridine-3,5-dicarbaldehyde (3a-j)

The mixture of compounds 2a-j (0.026 moles), sodium dithionite (0.054 moles) and methanol
(12mL) was refluxed for 5 hrs (Scheme 2). The reaction mixture was filtered and the
inorganic residues were washed with methanol. The combined methanolic solution was
distilled and poured over crushed ice. The resultant solids 3a-j was filtered washed with

water, dried and recrystallized using ethanol as a solvent.

OHC CHO OHC CHO

a” N7 a > Ny N7 N
PTSA/C,H;OH
R R
laj 2aj

Where R a= 4H, b= 3Cl, ¢= 4Cl, d= 4Br, e= 2NO,, f= 3NO,, g= 4NO,, h= 40H, i= 4CHj, j= 40CH,
Scheme 2: Synthesis of 2,6-diamino-1,4-dihydro-1-substitutedphenylpyridine-3,5-
dicarbaldehyde

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1-substitute phenyl-1,4-
dihydropyridine-3,5-dicarbaldehyde (5a-j)

Solution A was prepared by mixing 3a-j (0.01mol) with concentrated HCI (6 mL) and water
(6 mL) and cooling at a temperature below 5 °C in an ice bath. NaNO, (0.02 mol) was
dissolved in water (20 mL) at 5 °C to obtain solution B. Then solution A was added drop
wise to solution B at 5 °C with stirring. The mixture was then slowly added into the solution
of 2-napthol 4 (0.02 mol), which was dissolved in 10% NaOH (40 mL) at 5 °C. The mixture

was kept chilled in the ice bath and stirred continuously for 10 min (Scheme 3). The
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precipitate 5a-j formed was filtered and recrystallized from glacial acetic acid, and washed

with methanol and finally dried in a vacuum oven at 70 °C for 12 hours.
OHC CHO OHC CHO
1) NaNO,/HCI N_ N
HN" N7 "NH, > SNTONT N
OH
R 4 R

3a-j Sa

Where R a=4H, b=3Cl, c=4Cl, d= 4Br, e= 2NO,, f= 3NO,, g= 4NO,, h=40H, i= 4CHj, j= 40CH,
Scheme 3: Synthesis of 2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1-
substitutedphenyl-1,4-dihydropyridine-3,5-dicarbaldehyde

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diaze nyl)-1-phenyl-1,4-dihydropyridine-3,5-
dicarbaldehyde 5a

Light brown; M. F.: C33Ho3Ns04; Mol. Wt.: 553.57; Percent yield: 68; Melting point (°C):
192-194; FTIR (cm™): 1692 (>C=0 stretch, aldehyde), 2722 (H-C=0; C-H stretch), 3236 (C-
H stretch, aromatics), 1655 (-C=C- stretch), 2905 (C-H stretch, aromatics), 1528 (C-C stretch,
in ring aromatics), 3411 (O-H stretch, aromatic phenol), 1506(-N=N- stretch); *HNMR (&
ppm): 3.3 (s, 2H, CH), 9.9 (s, 2H, CHO), 5.0 (s, 2H, Ar-OH), 7.4 -8.2 (m, 17H, Ar-H).

1-(3-chlorophenyl)-2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diaze nyl)-1,4-
dihydropyridine-3,5-dicarbaldehyde 5b

Gray;, M. F.: Ca3H2CINsO4; Mol. Wt.: 588.01; Percent vield: 76; Melting point (°C): 210-
212; FTIR (cm™): 1708 (>C=0 stretch, aldehyde), 2833 (H-C=0; C-H stretch), 3358 (C-H
stretch, aromatics), 1642 (-C=C- stretch), 3015 (C-H stretch, aromatics), 1564 (C-C stretch,
in ring aromatics), 3515 (O-H stretch, aromatic phenol), 1464 (-N=N- stretch), 734 (C-ClI
stretch); "THNMR (8 ppm): 3.2 (s, 2H, CHy ), 9.8 (s, 2H, CHO), 5.1 (s, 2H, Ar-OH), 7.3 -8.1
(m, 16H, Ar-H).

1-(4-chlorophenyl)-2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1,4-
dihydropyridine-3,5-dicarbaldehyde 5c

Yellowish brown; M. F.: C33H22CINsO4; Mol. Wt.: 588.01; Percent yield: 82; Melting point
(°C): 228-230; FTIR (cm™): 1668 (>C=0 stretch, aldehyde), 2707 (H-C=0; C-H stretch),
3272 (C-H stretch, aromatics), 1616 (-C=C- stretch), 3076 (C-H stretch, aromatics), 1577 (C-
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C stretch, in ring aromatics), 3442 (O-H stretch, aromatic phenol), 1466 (-N=N- stretch), 735
(C-Cl stretch); "THNMR (5 ppm): 3.2 (s, 2H, CH; ), 9.9 (s, 2H, CHO), 4.9 (s, 2H, Ar-OH), 7.2
-8.2 (m, 16H, Ar-H).

1-(4-bromophenyl)-2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1,4-
dihydropyridine-3,5-dicarbaldehyde 5d

Light gray; M. F.: CasH»2BrNsO4; Mol. Wt.: 632.46 ; Percent vield: 80; Melting point (°C):
172-174; FTIR (cm't): 1688 (>C=0 stretch, aldehyde), 2713 (H-C=0; C-H stretch), 3242 (C-
H stretch, aromatics), 1648 (-C=C- stretch), 3078 (C-H stretch, aromatics), 1476 (C-C stretch,
in ring aromatics), 3589 (O-H stretch, aromatic phenol), 1478 (-N=N- stretch), 612 (C-Br
stretch); "HNMR (8 ppm): 3.2 (s, 2H, CH; ), 9.8 (s, 2H, CHO), 5.1 (s, 2H, Ar-OH), 7.3-8.2
(m, 16H, Ar-H).

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diaze nyl)-1-(2-nitrophe nyl)-1,4-dihydropyridine-
3,5-dicarbaldehyde 5e

Dark brown; M. F.: CasH2:NgOg; Mol. Wt.: 598.56; Percent yield: 63; Melting point (°C):
208-210; FTIR (cm!): 1719 (>C=0 stretch, aldehyde), 2807 (H-C=0; C-H stretch), 3332 (C-
H stretch, aromatics), 1681 (-C=C- stretch), 2988 (C-H stretch, aromatics), 1542 (C-C stretch,
in ring aromatics), 3522 (O-H stretch, aromatic phenol), 1518 (-N=N- stretch), 1276 (N-O
symmetric stretch), 1535 (N-O asymmetric stretch); "HNMR (8 ppm): 3.3 (s, 2H, CH; ), 9.9
(s, 2H, CHO), 5.1 (s, 2H, Ar-OH), 7.0-8.2 (m, 16H, Ar-H).

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1-(3-nitrophe nyl)-1,4-dihydropyridine -
3,5-dicarbaldehyde 5f

Reddish brown; M. F.: Ca3H22NgOgs; Mol. Wt.: 598.56; Percent vield: 67; Melting point (°C):
238-240; FTIR (cm'}): 1682 (>C=0 stretch, aldehyde), 2777 (H-C=0; C-H stretch), 3318 (C-
H stretch, aromatics), 1672 (-C=C- stretch), 3112 (C-H stretch, aromatics), 1464 (C-C stretch,
in ring aromatics), 3234 (O-H stretch, aromatic phenol), 1451 (-N=N- stretch), 1289 (N-O
symmetric stretch), 1541 (N-O asymmetric stretch); "HNMR (8 ppm): 3.2 (s, 2H, CH; ), 9.8
(s, 2H, CHO), 5.3 (s, 2H, Ar-OH), 7.2-8.3 (m, 16H, Ar-H).

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diaze nyl)-1-(4-nitrophe nyl)-1,4-dihydropyridine-
3,5-dicarbaldehyde 5g

Bright red; M. F.: CasH2NgOg; Mol. Wt.: 598.56; Percent yield: 71; Melting point (°C): 266-
268; FTIR (cm™): 1677 (>C=0 stretch, aldehyde), 2812 (H-C=0; C-H stretch), 3288 (C-H
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stretch, aromatics), 1702 (-C=C- stretch), 3074 (C-H stretch, aromatics), 1508 (C-C stretch,
in ring aromatics), 3275 (O-H stretch, aromatic phenol), 1442 (-N=N- stretch), 1319 (N-O
symmetric stretch), 1551 (N-O asymmetric stretch); ‘HNMR (5 ppm): 3.2 (s, 2H, CHy ), 9.8
(s, 2H, CHO), 5.2 (s, 2H, Ar-OH), 6.9-8.2 (m, 16H, Ar-H).

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diaze nyl)-1-(4-hydroxyphenyl)-1,4-
dihydropyridine-3,5-dicarbaldehyde 5h

Dark brown; M. F.: CasH23NsOs; Mol. Wt.: 569.56; Percent yield: 69; Melting point (°C):
226-228; FTIR (cmt): 1704 (>C=0 stretch, aldehyde), 2789 (H-C=0; C-H stretch), 3348 (C-
H stretch, aromatics), 1638 (-C=C- stretch), 2998 (C-H stretch, aromatics), 1608 (C-C stretch,
in ring aromatics), 3510, 3600 (O-H stretch, aromatic phenol), 1478 (-N=N- stretch); *HNMR
(® ppm): 3.3 (s, 2H, CHy ), 9.9 (s, 2H, CHO), 5.0 (s, 1H, Ar-H), 5.3 (s, 2H, Ar-H), 7.1-8.1
(m, 16H, Ar-H).

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1-(p-tolyl)-1,4-dihydropyridine-3,5-
dicarbaldehyde 5i

Violet brown; M. F.: C34H25N504; Mol. Wt.: 569.59; Percent yield: 75; Melting point c):
206-208; FTIR (cm'!): 1694 (>C=0 stretch, aldehyde), 2818 (H-C=0; C-H stretch), 3255 (C-
H stretch, aromatics), 1668 (-C=C- stretch), 3038 (C-H stretch, aromatics), 1487 (C-C stretch,
in ring aromatics), 3545 (O-H stretch, aromatic phenol), 1503 (-N=N- stretch), 1453, 1360
(C-H bend and rock, aromatic alkyl); "HNMR (5 ppm): 3.3 (s, 2H, CH; ), 9.8 (s, 2H, CHO),
5.1 (s, 2H, Ar-OH), 7.2-8.2 (m, 16H, Ar-H), 2.2 (s, 3H, Ar-CHj).

2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diaze nyl)-1-(4-methoxyphenyl)-1,4-
dihydropyridine-3,5-dicarbaldehyde 5j

Light gray; M. F.: C34Ha5N50s; Mol. Wt.: 583.59; Percent yield: 78; Melting point (°C): 168-
170; FTIR (cm™): 1722 (>C=0 stretch, aldehyde), 2694 (H-C=0; C-H stretch), 3389 (C-H
stretch, aromatics), 1688 (-C=C- stretch), 3122 (C-H stretch, aromatics), 1587 (C-C stretch,
in ring aromatics), 3410 (O-H stretch, aromatic phenol), 1481 (-N=N- stretch), 1470, 1368
(C-H bend and rock, alkyl); *HNMR (5 ppm): 3.3 (s, 2H, CHz ), 9.9 (s, 2H, CHO), 5.1 (s, 2H,
Ar-OH), 6.9-8.1 (m, 16H, Ar-H), 3.8 (s, 3H, Ar-OCHy).

RESULTS AND DISCUSSION
Chemistry

The starting compounds of azo vinyl aldehyde 5a-j were prepared by the reaction of 2,6-
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diazido-1,4-dihydro-1-substitutedphenylpyridine-3,5-dicarbaldehyde  2a-j using sodium
dithionite. The diazo coupling reaction was carried out over 2,6-diazido-1,4-dihydro-1-
substitutedphynylpyridine-3,5-dicarbaldehyde 3a-j gives thediazonium salt, followed by
the coupling reaction using 2-napthol. The series of 2,6-bis((E)-(2-hydroxynaphthalen-1-
yl)diazenyl)-1-substitute phenyl-1,4-dihydropyridine-3,5-dicarbalde hyde 5a-j were
synthesized in reasonable yields. The structure of azo vinyl was confirmed by FT-IR and

1IHNMR analysis.

Antimicrobial susceptibility test (5a-j)

The disc diffusion method was used to screen the antimicrobial activity. In vitro,
antimicrobial activity was screened by using Mueller Hinton Agar (MHA) obtained from Hi-
media. The MHA plates were prepared by pouring 15 mL of molten media into sterile Petri
plates. The plates were allowed to solidify for 5 minutes and 0.1 % inoculum suspension was
swabbed uniformly and the The fix

concentrations were loaded on 6 mm sterile discs. The loaded disc was placed on the surface

inoculum was allowed to dry for 5 minutes.

of the medium and the compound was allowed to diffuse for 5 minutes and the plates were
kept for incubation at 37°C for 24 hrs. At the end of incubation, inhibition zones formed
around the disc were measured with the transparent ruler in millimeter. All the synthesized
compounds 5a-j were screened for their antibacterial activity against gram positive bacteria
Bacillus subtilis (MCMB-310) and gram positive bacteria Escherichia coli (MCMB-301)
using DMF solvent. Ampicillin was used as standard and the results were shown in the graph
1. The same procedure was followed for the fungus using Potato Dextrose Agar (PDA) as a
nutrient medium. The antifungal activities against Candida albicans (NCIM-3471) and
Aspergillus niger (NCIM- 545) strains using DMSO solvent in using Amphotericin-B as a
standard revealed in the graph 2. All the results of the synthesized compounds were carried
out by the triplicate format N=3 with Mean + SD.

The calculated data were tabulated in Table 1;

Table 1: Antimicrobial activity of synthesized diazo compound

Entry Zone diameter in mm (MeantS.D.)
Bacillus subtilis | Escherichia coli | Candida albicans | Aspergillus niger

5a 10.28+0.22 9.44+0.29 -- --

5b 18.66+1.25 15.44+0.41 17.25 £ 0.25 13.22 £ 0.44

5c 10.43+1.42 9.53+0.55 12.38 £ 0.32 13.54 + 0.58

5d 12.23+0.23 8.28+1.15 -- --

5e 14.86+0.34 11.35+0.54 9.99 + 0.59 14.89 + 0.29
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5f 20.66+0.50 16.52+0.51 14.31 £ 0.33 15.51 + 1.67
59 20.43+0.65 14.44+0.53 18.61 + 0.42 17.15+0.21
5h 19.67+0.45 16.28+1.01 12.82 + 0.34 12.95 + 1.03
5i 19.43+0.71 19.52+0.13 13.30 £ 0.22 16.92 + 1.22
5j 16.23+£0.55 16.83+0.54 10.10 £ 0.54 15.73 £ 0.56
Ampicillin 19.86 £0.14 16.63 £0.12 -- --
Amphotericin-B -- -- 12.48 £ 0.34 12.03 £ 0.45

Keynote: Zone of inhibition measured in mm (MeantS.D.) (N=3) ('--' means no zone of
inhibition)

Antibacterial Activity
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Graph 1: Antibacterial activities of 5a-j

Antifungal Activity

20
18
16
14
12
10

M Candida albicans

i Aspergillus niger

o MR oy

Graph 2: Antifungal activities of 5a-j
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CONCLUSION

An entire new series of 2,6-bis((E)-(2-hydroxynaphthalen-1-yl)diazenyl)-1-substitutephenyl-
1,4-dihydropyridine-3,5-dicarbaldehyde 5a-j have been synthesized in a facile manner from
2,6-dichloro-1,4-dihydro- 1-substitutedphenylpyridine- 3,5-dicarbaldehyde 1a-j in good yield.
Based on our experimental findings, the new substituted azo vinyl aldehyde derivatives
containing cyclic imide moiety 5a-j exhibiting excellent bactericidal and fungicidal potentials
could be proposed for dyeing and antimicrobial finishing for silk, wool, cotton, and polyester
fabrics.
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