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ABSTRACT

Antibiotics medication is prescribed against ba@kinfections. Several drug molecules are
known to possess antimicrobial activity in addittontheir known pharmacological actions like
antihistamines, tranquilizers, Antihypertensivetipsychotics and anti-inflammatory agents. In
a quest to explore a newer antimicrobial drug, fvesent study proposes a novel synthetic
process for Quinoxaline- 6-Carabaldehyde, expetteéxhibit antimicrobial potency may be
due to quinoxaline moietin the core molecule structure. The structure anditp of the
synthesized drug was established by spectral aechegital techniques. It was evaluated for
antimicrobial potency in vitro and in vivo. The mmum inhibitory concentration (MIC) of the
drug against the bacteria was determined by agad &roth dilution methods in vitro. The
antibacterial activity was confirmed by animal expeents. Toxicity and protective efficacy of
the drug were tested in vivo. The drug inhibitedstraf the bacterial isolates tested at 25-100
ng/ml concentration and a few were sensitive evea latver concentration (1@g/ml). It was
found to be bacteriostatic against “Shigella dysegid#e 7”, and bactericidal against “S. aureus
NCTC 6571, 8530 and 8531".When administered to swikite mice the drug protected the
animals challenged with 50 MLD of “Salmonella typlirium NCTC 74”. The drug showed
inhibitory action against several pathogenic ba@ent also offered significant protection to
mice against the bacterial challenge.

Keywords: Quinoxaline, 4-chloro-2-nitroaniline,6-chloroquinoxaline, quinoxaline-6-carbaldehyde,
bacteriostatic, bactericidal, Pathogenic bacteria.

INTRODUCTION

A wide variety of pharmacological properties haserbeassociated with quinoxaline
derivatives.Quinoxaline also called benzopyrazgsa heterocyclic compound containing a ring
complex made up of benzene ring and a pyrazinehasgbeen considered as a wonder nucleus
which posses almost all type of biological actasti This includes antidepressant [1], antiviral
[2-3], antidiaabetic [4], antimicrobial [5, 6], acéncer [7], anti-inflammatory [8, 9]. Substituted
quinoxalines are an important class of benzoheyetes, which constitute the building blocks of
wide range of pharmacologically active compoundee Guinoxaline is described as a bioisoster
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of quinoline, naphthalene, benzothiophene and o#rematic rings such as pyridine and
pyrazine. Quinoxaline derivatives constitute thesi®aof many insecticides, fungicides,
herbicides, as well as being important in humanrthesnd as receptor antagonists. Although
rarely described in nature, synthetic quinoxaliraaty is a part of number of antibiotics such as
echinomycin, levomycin and actinomycin which arewn to be inhibit the growth of Gram-

positive bacteria.

The synthetic process study for preparation ofdhey in laboratory was attempted and the
developed process was further standardized to \sEhtensistent quality and yield of the
product. The synthesized drug was well characteérimsing different spectroscopic and
elemental techniques to establish structure anfircopurity. In this research Paper we
report a six-stage synthesis process for the said, dts characterization data to establish
structure. The research paper further describeltsesti the study to evaluate antimicrobial
potential, toxicity and protective efficacy of theug using agar and broth dilution methaas
vitro andin vivorespectively.

MATERIALSAND METHODS
SYNTHETIC:-

Figure 1. Reaction Scheme of proposed synthetic routefor target  compound.

Stage-I Preparation of N-(4-chlor ophenyl) acetamide

NH, HN—CO-CH,

+ Gla.CH,COOH
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Stage-11 Preparation of N-(4-chloro-2-nitrophenyl) acetamide

HN—CO-CH, HN—CO-CH,

NO,
+ Conc.HNO; & H,SO, —m—>
C

Cl
Stage-111 Preparation of 4-chloro-2-nitroaniline
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Stage-1V Preparation of 4-chlorobenzene-1, 2-diamine

NH,
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Stage-V Preparation of 6-chloroquinoxaline

2
NH, N
S &
cl N

Cl

Stage-VI Preparation of Quinoxaline- 6-Car abaldehyde
J J
cl N OHC N

Detailed Synthetic Process:

Stage- Preparation of N-(4-chlorophenyl) acetamide

In Acetic acid (35mol) was added p-Chloro aniliBenfol) at 20 to 2%C and reaction mixture
heat to reflux temperature. A reaction mixture waging for 2 hr at reflux temperature. The
reaction solution was cool to 65T and diluted with water. Slurry cool to 0 t8C5and solid
filtered from aqueous medium.

Yield 88%yield.

Stage-11 Preparation of N-(4-chloro-2-nitrophenyl) acetamide.

To a stirred solution of conc. Nitric acid (12.6nalas added sulphuric acid (8.3mol) at O to
10°C drop-wise and stirred for 15 minutes to form atityg mixture. Increase temperature to
25°C and add N-(4-chlorophenyl) acetamide lotwise.N4ired yellow reaction mass at°25
for 1 hour and quenched in cold water slowly. 8tirslurry at 2% for 2.0 hours and filtered.
Wash solid with water. Yield 70%.

Stage-l11 Preparation of 4-chloro-2-nitroaniline.

To a aqueous solution of 10 % sodium hydroxide (48D add N-(4-chloro-2-nitrophenyl)
acetamide. Heat reaction mixture to 70G3aintained reaction mixture at 70°C5 for
2hour.Cool the reaction mixture to 5°Mand filtered the solid. After drying at 50°85gives 4-
chloro-2-nitroaniline with 92% vyield

Stage-1V Preparation of 4-chlorobenzene-1, 2-diamine.

To a solution of 4-chloro-2-nitroanilingl.0 mol) in methanol (5 vol) add Raney Ni (10% by
weight) and heat it to 55-80 in hydrogenater at 10 kg/énhydrogen pressure. Maintain
reaction mixture at 55-6C under 10 kg/cihydrogen pressure for 2 hr. Filtered reaction
mixture at 25-38C under N atm. through celite. Distill methanol at 45°60under vacuum to
give 4-chlorobenzene-1, 2-diamine with 94% vyield.

Stage-V Preparation of 6-chloroquinoxaline.

In aqueous solution of sodium carbonate (1.15mabwol water) add 4-chlorobenzene-1, 2-
diamineat 50-55C followed by lot wise addition of glyoxalbisulfitadduct. Stirred greenish
black slurry at 50-5% for 2 hr. Extract the product in ethyl acetatey Drganic layer over
NaSO, and distill to get 6-chloroquinoxaline as oil. ¥&5%

Stage-VI Preparation of Quinoxaline- 6-Car abaldehyde.
Under a nitrogen atmosphere, turnings of magnesiare dispersed in THF and lodine was
added. Under a nitrogen atmosphere, a solution-cfl@oquinoxaline in THF was added
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through addition jar initially at room temperatua¢ such a rate gentle reflux (60°6p is
maintained. Continue the reflux for 1.0h after #dition. Cool reaction mixture to room
temperature. Poured the reaction mixture in aquesmhgtion of NH4Cl and stirred for 15
minute. Extracted the product in ethyl acetate.r€@mvery of ethyl acetate to get product in oll
form. Acetonitrile was added to oil and heat t@@&nd cool to 0-& .Filtered the slurry and
wash the product with chilled acetonitrile.Prodaiotained with 82% yield after drying at%D

Phar macology

Drug:

The synthetic process study and subsequent systbesarget drug product was carried out in
Laboratory at Chemistry Department, Ruparel Collédembai 400016.

The synthesized drug substance was well charaetewzth the help of “IR” using Perkin Elmer
FTIR, MS (m/z) using Shimadzu Qp-2010 Mass speattem “H1 NMR” using NMR Bruker,
300 MHz spectrophotometer at “PHL Research Centiimbai. For activity testing drug
samples were dissolved in sterile distilled waded kept at %C.

Bacteria:

A total of 414 fully characterized bacterial ise@atbelonging to 15 genera comprising 100 gram
positive and 314 gram negative types were testéth&3e, 46 were “National collection of type
culture” (NCTC) and “American type culture collemti’ (ATCC) strains and preserved in
freeze-dried state.

Media:

Peptone water (PW; Oxoid brand, UK), nutrient br@i; Oxiod), and Mueller Hinton broth

(MHB; Difco, USA) were obtained, and peptone adgaA), nutrient agar (NA), and Mueller

Hinton agar (MHA) were prepared by adding agarhi rtespective liquid media, according to
National Committee for Clinical Laboratory Standa(@CCLS) guidelines [10], and used for
determining minimum inhibitory concentration (MI@f MEB HCI. Streptococcus pyogenes
was grown in MHB supplemented with blood. The Amicrobial testing was carried out at
“Department of Toxicology, PHL Research Centre, Nvam

Pharmacology Test Protocol for evaluation of antimicrobial potential, toxicity and
protective efficacy of thedrug.-

Deter mination of M1C of thedrug:

Both broth and agar dilution methods were useceterdhine the MIC of the drug with respect to
different test bacteria [11, 12]. For these methd@ginoxaline- 6-arabaldehyde was added to
each tube or plate at concentrations of 0 (cont&I10, 25, 50, 100 and 2@@/ml. Since one
solid agar medium containing the drug could be uedinoculation of a large number of
bacteria at a time, this was done at least threegtifor every test bacterium and the results of
agar dilution method only were presented.

Deter mination of bacteriostatic / bactericidal action of thedrug [13]:

Bacterial isolates sensitive to drug molecule wehesen, viz. Shigella dysenteriae 7 and
Staphytococcus aureus NTTC 6571, 8530, 8531. Theg was added at a concentration higher
than the respective MIC level (& ml) at the logarithmic growth phase of the cudtiand
colony forming units/ml (cfu/ml) counts were detémed at 2 hourly intervals up to 18 hours.
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In vivo tests:

Swiss male white mice weighing 18-20g were maimdirat the animal house at standard
conditions of temperature (21+1°C) and relative ity (50-60%) with a photoperiod of
14:10h of light-darkness. Water and a dry pellet diere given ad libitum. The virulence of the
test strain Salmonella typhimurium NCTC 74 was &by repeated mouse passages and the
median lethal dose (MLD

or LD50) of the passaged strain corresponding 88xiL0cfu/mouse suspended in 0.5 ml NB
served as the challenge dose [14] for the testpgrofianimals.

Toxicity of thedrug:

To determine the toxicity of the drug molecule,ilze were studied. Of these 5 were injected
intraperitoneally 6Qug of the drug, and the rest received 8P doze. The animals were kept
under observation up to 100 hours.

Protective efficacy of the drug:

Of the two groups of 5 mice each (18-20g) groupaswntraperitoneally administrated 386 of
drug per mouse (0.1 ml from 3@@/ml solution of drug), and group Il was given &§ of the
drug per mouse (0.1 ml from 6Q@/ml solution of drug). After 3 h, mice in both tigeoups
were challenged with 50 MLD of S. typhimurium 74.cantrol group of 5 mice were also
injected similarly with the same bacterial straamd 0.1 ml sterile saline instead of drug. The
protective capacity of the drug was determinedemprding the mortality of the mice in different
groups up to 100 hours. In another experimentodigs of three mice each were made. Animals
in groups | and Il received 60g of drug, while animals in groups Il and IV recsiv0.1 ml
sterile saline. After 3 h, all groups were giveBGMLD challenge of S. typhimurium7Zwo
hours after the challenge, animals of group | ahdvére sacrificed. The heart blood was
collected aseptically; livers and spleens were nerdoaseptically and homogenized in tissue
homogenizers. The cfu/ml homogenate counts of tigividual organs were determined
separately. The same procedure was applied on gdiugnd IV, 18h after the challenge. The
concentration of drug in mouse blood was assayeohégsuring the diameter of the inhibition
zones by serum soaked filter paper discs (6mm denn@mm thick, Millipore, USA absorbing
0.03ml volume) on a lawn flooded with 106 bactefiam an 18h broth culture of.S
typhimurium 74 on peptone agar. The drug conceaatratin serum samples were determined by
referring these values to a standard calibratiowecprepared with known concentrations of the
drugs [15]

RESULTSAND DISCUSSION

Synthetic

Synthetic Process Development Study:

A simple six stage synthetic method was proposed pi@paration of Quinoxaline- 6-
arabaldehyde. The target drug substance was syzetles the Laboratory using the proposed
method and was obtained in 82.0 % yield. The prodotated was established using different
characterization and structure elucidation techesqlike physical data, elemental analysis
presented in Tablel, MS (m/z), 1H NMR and FTIR pnésd in Table 2.
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Table 1: Physical data and Elemental Analysis of thedrug and itsinter mediates

Elemental Analysis
Sr. Compound Melting Mol Mol. Found % and
No. P Range Formula Wt. (calculated) %
C H N
N-(4-chlorophenyl) acetamide 56.62 | 4.76 8.25
1| (stage 1) 175C | GHCINO | 1695 | o6'aa | (4.76)| (3.26)
N-(4-chloro-2-nitrophenyl) acetamide 4471 | 3.29 13.06
2 | (stage Iy 103C | GH/CINOs | 2145|1176 | (329) | (13.06)
4-chloro-2-nitroaniline 4175 | 2.92 | 16.23
3 | (stage Ity 113C | GHCINO, | 1725|270 | (2.9 | (16.24)
4-chlorobenzene-1, 2-diamine o 50.50 4.96 19.66
4 | (stage IV) 74C | GHCIN | 14251 5050y | (4.95) | (19.65)
. . 58.36 3.05 17.05
5 6-chloroguinoxaline (StageV) &2 CsHsCIN, 164.5 (58.36) | (3.06) | (17.03)
. . 68.35 | 3.85 | 17.72
6 Quinoxaline- 6-arabaldehyde (Stage Y1) 31| CgHeN.O 158.0 (68.33) | (3.83)| (17.72)

Table 2: Spectral analysisdata of drug and Inter mediates

,\SIB'. Compound Spectroscopic Technique Analysis Results
IR (KBr) (cm-1) 3600-3300, 3200-3000, 1700-1640, 540-760 .
1 N-(4-chlorophenyl) acetamide | 1H NMR Solvent: CDCI3 2.04 (s,3H), 7.23 ( s,1H}7(d,2H), 7.75(d,2H)
(Stage 1) C¥ NMR Solvent: CDCI3 24.0,120.0,129,133,136,168
MS (m/z) 169.5
. IR (KBr) (cm-1) 3369, 1340, 550-770,
) g'é(e‘t;:i'gg’(‘éigggoﬁ;‘e”y') 1H NMR Solvent: CDCI3__| 2.0 (5,3H), 7.20 ( s,1H), 7.8 (d.1H), 8.0(d,1HR 8s,1H)
C™ NMR Solvent: CDCI3 24.0,123.9,125.8,129.2,130,138,5,169
MS (m/z) 214.5
4-chloro-2-nitroaniline IR (KBr) (cm-1) 35600-3350, 3330-3100, 1560, 1400, 535-755.
3 | (Stage Ill 1H NMR Solvent: CDCI3 6.3 (s, 2H), 6.8 (d,1H), (@AH), 8.1 (s,1H)
C® NMR Solvent: CDCI3 118.6, 123.6, 126.4, 135.7,.53843.0
MS (m/z) 1725
IR (KBr) (cm-1) 3610-3290 . , 3280-3100 . 530-750 .
4 4-chlorobenzene-1, 2-diamine | 1H NMR Solvent: CDCI3 6.2 (s,4H), 6.3 (d,1H), 6.5(s,1H), 6.6( d1H)
(Stage IV) C= NMR Solvent: CDCI3 117.0,118.5,119.6,125.0,13483,6
MS (m/z) 142.5
IR (KBr) (cm-1) 1353 ,1224, 1140, 1115, 1020 , 9854, 870, 834, 530-750.

1H NMR Solvent: CDCI3 7.1(d,1H), 7.2 (d,1H), 7.414d),8.7(d,2H)
CZNMR Solvent: CDCI3 | 128.0,130.0,132.0,140.0,14218,145.0 149.0

5 6-chloroquinoxaline (StageV)

MS (m/z) 1645
IR (KBr) (cm-1) 1697 ,1353,1226, 1142 , 1118, 108860, 914, 880, 832, 774, 760.
6 Quinoxaline- 6-arabaldehyde | 1H NMR Solvent: CDCI3 7.8 (d,1H), 8.2 (d,1H),8.61¢d), 8.7 (d,2H), 9.8 (s,1H)
(Stage VI) C¥ NMR Solvent: CDCI3 124.6,130.0,135.8,137.3,1418,6,145.7,147.7, 191.0
MS (m/z) 158.0

Phar macology

Pharmacology for evaluation of antimicrobial potential, toxicity and protective efficacy of
thedrug:

Bacterial inhibitory spectrum:

Of the 414 bacterial isolates tested, were inhibitg the drug at 5-2fhg/ml concentrations
presented in Table 3.The staphylococci, vibrios sowie enterbacteria like Arizona, Bordetella
and Hafnia were sensitive to this drug; 79 of &9ates of S. Aureus and 122 of 133 isolates of
V. cholerae were inhibited within 106/ml concentration. Bacilli and salmonellae wersoal
found to be sensitive to Quinoxaline- 6-arabaldehydesistant isolates mostly belonged to
Escherichia coli, Pseudomonas and Klebsiella spp.

Bacteriostatic and bactericidal action:

The MIC of Quinoxaline- 6-arabaldehyde against &edteriae 7 was found to bep@sml. At
the logarithmic growth phase of the culture, whiee ¢fu/ml count of the strain was 5.5 x 108,
50 pg/ml of Quinoxaline- 6-arabaldehyde was added. &glsntly, the cfu/ml counts of the
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culture were determined after 2, 4, and 6 and atethd of 18h. The counts were 1.0x106,
2.0x104 and 1.5x104/ml respectively. The drug wetdriostatic on some other Gram negative
bacteria like Salmonella typhimurium 74 and Shmdbioydii 8. However, Quinoxaline- 6-
arabaldehyde proved to be highly bactericidal wiested against S. aureus NCTC 6571, 8530,
and 8531.

In vivo toxicity:
No mortality was recorded in the two groups of migected with 30 and 6Qg Quinoxaline- 6-
arabaldehyde during the observation period of 100h.

In vivo protection:

Of the 5 mice in the control group, 4 (80%) diedhivi 100h of the challenge while 60 and 20
percent mortality was recorded in the two test gsoof mice that received 30 and pg of
Quinoxaline- 6-arabaldehyde respectively. The ciffiee in the mortality was found to be
significant (p<0.001) between the drug treated ematrol groups. Quinoxaline- 6-arabaldehyde
significantly reduced the number of viable bactenideart blood, liver and spleen of mice in
groups | and Il both at 2 (p<0.05) and 18h (p<Q.&fter challenge, compared with the control
(saline treated) mice as presented in Table 4.

The proposed novel synthetic process for drug anbstis well established in the Laboratory to
achieve the expected yield and quality of the pebdlihe process was observed to be short,
simple, robust, reproducible and with minimal byguct formation. The synthesized drug
substance is confirmed by characterization ancttire elucidation techniques as described in
the write up which supports the validity of propodsgnthetic route.

Table 3: In vitro activity of the drug on Gram positive and Gram negative bacteria

No. inhibited by Quinoxaline- 6-ar abaldehyde pg/ml

Sr.No. Bacteria Number tested 5 10 5 ) 100 500 >200
1 Bacillus spp. 7 1 3 2 1 - - -
2 Stephylococusaureu 89 2 9 32 21 14 4 7
3 Streptococcus spp. 4 - 1 - 1 1 1
4 Escherichia coli 47 - 1 2 2 2 - 40
Sr.No. | Bacteria Number tested | No. inhibited by Quinoxaline- 6-arabaldehyde pg/ml
5 10 25 50 100 200 >200
6 Shigella spp. 48 - 2 8 2 3 13 20
7 Klebsiella spp. 8 - - - - 1 1 6
8 Arizona spp. 1 - - 1 - - -
9 Providencia spp. 1 - 1 - - - -
10 Proteus spp. 4 - - - 1 3
11 Pseudomonas spp. 10 - - 1 1 8
12 Pasturella septica 1 - - - - 1
13 Bordetella bronchisepticg 1 - 1 -
14 Hafnia spp. 1 - - 1 - - - -
15 Vibrio cholerae 133 5 5 52 29 29 10 1
16 Vibrio parahemolyticus 30 1 5 5 6 7 6 -

Table 4: Reduction in cfu/ml of S. typhimurium NCTC 74 in organ homogenates of mice treated with drug substance

Time of

Mouse

Cfu/ml countsin

Sampling (h) Group No. Drug/Mouse Heart blood Liver Spleen
9 | 3 Quinoxaline- 6-arabaldehyde 1.8 x1G 1.4 x16 1.3x16
60 ug To3.2x10" | To6.6x16" | To2.5x1d"
. 4.1 x16 3.1 x16 1.1 x16
2 . 3 | Saline (Control) T06.6x16 | To9.5x16 | To8.8x16
18 i 3 Quinoxaline- 6-arabaldehyde 1.0 x1G 4.9 x16 3.1 x16
60 ug To 4.3 x10* | To 6.7 x16* | To 6.5x 16**
. 5.9 x16 9.8 x16 2.6 x16
18 v 3 | Saline (Control) To82x16 | To7.1x10 | To7.3x16

P* < 0.05, **<0.01 compared to control group
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Statistical analysis: The data were analyzed using Student’s't’-test@hdsquare test.
CONCLUSION
The process can be further scaled up to pilott@eale to evaluate commercial feasibility.
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