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ABSTRACT: 

 The aim of this study is to explore the drug release property of azo compounds. In the 

present work, 4-amino pyridine is diazotized to form diazonium salt and coupled with 

antibacterial agent’s such as salicylic acid, thymol, and carvacrol to form the azo compounds. 

Then azo compounds were degraded in-vitro by using azoreductase enzyme secreted by 

Pseudomonas aeruginosa bacterial species. A parent drug 4-amino pyridine released after the 

degradation was confirmed by HPTLC technique by comparing the Rf value of released drug 

with pure 4-amino pyridine. The combined formulation of 4-amino pyridine with the 

antibacterial agent’s salicylic acid, thymol and carvacrol as azo compounds provides a new 

tool as colon targeting agents as well as for neuromuscular dysfunction of colon.  

 

KEY WORDS: 4-amino pyridine; azo compounds; degradation 

 

INTRODUCTION: 

4-Amino pyridine is used as potassium channel blocker, potent calcium channel activator, 

drug for chronic multiple sclerosis,used in the treatment of spinal cord injury
i-ii

. Sustained-

released-4-amino pyridine (SR-AP) is a safe drug and easy for administration in the treatment 

of walking disabilities in patients with multiple sclerosis in 4-7 EDSS range
iii

. 4-Amino 

pyridine is used in treatment of Episodic Ataxia type-2 (EA-2)
iv

, ataxia telangiectasia
v
, 

prevent loss of dentate granule neurons
vi  

and Alzheimer's disease
vii

.  

 5-Amino salicylic acid is used as non-steroidal anti-inflammatory drug in the 

treatment of ulcerative colitis and Inflammatory Bowel Syndrome (IBS) in colon
viii

. The 

action of 5-amino salicylic acid is related to the modulation of inflammatory cytokine 

production
ix

, reduction in transcriptional activity of NF-kB 
x-xii 

and helping to stop the 

biosynthesis of prostaglandin. Thymol has significant post antibacterial effect against some 

microorganisms
xiii

. Thymol expands dipalmitoylphosphatidylcholine monolayer by 

decreasing the surface elasticity of lipid layers due to which it incorporates in the lipid 

film
xiv,xv

. Carvacrol suppresses enzyme cyclooxygenase-2  appearance, which is primary 

cause of redness and swelling
xvi

. Carvacrol is accountable for the biological activities such as 

antimicrobial, antitumor, antimutagenic, antigenotoxic, analgesic, antispasmodic, anti-

inflammatory, angiogenic, antiparasitic, antiplatelet, Ache inhibitory, antielastase, 

insecticidal, antihepatotoxic and hepatoprotective activities
 xvii,xviii

.  
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 A prodrug can be used to get better drug delivery action, pharmacological activity and 

pharmacokinetics of a parent drug molecule. It is also used for lowering the toxicity of parent 

drug towards specific cells or tissue
xix, xx

. Though prodrug design is complicated, still it is 

more rational or quicker way than developing a new therapeutic drug molecule with desired 

absorption, distribution, metabolism, excretion and toxicity
xxi

. An azo based synthetic 

compounds shows versatile biological activity in drug discovery and drug release study such 

as antioxidant, cytotoxic activity, anthelmentic activity, Cholinesterase inhibitory effect, 

wound healing, anti-analgesic, and anti rheumatoidal
xxii, xxiii

. An azo compounds are 

metabolized in the colon, where it degrades into two aromatic amines by means of reduction 

of azo (-N=N-) bond using azo reductase enzyme which is secreted by colon microflora
xxiv, 

xxv
. The azo compounds are also used as great tool for development of colon targeting agents 

in which bacterial infection of colon can be minimized.   

 By considering the above properties of 4-amino pyridine, 5-Amino salicylic acid, 

thymol, and carvacrol, we have presented the synthesis of azo compounds of 4-Amino 

pyridine with salicylic acid, thymol and carvacrol (Figure 1) and the synthesized azo 

compounds were screened as prodrug of 4-amino pyridine.   

 
          Figure 1: Structures of synthesized azo compounds of 4-amimo compound. 

 

EXPERIMENTAL SECTION: 

Pharmaceutical grade 4-amino pyridine were used, sodium nitrite, sodium hydroxide, 

Thymol, Salicylic acid and carvacrol from SD fine chemicals ltd. Mumbai, India. All other 

reagents and solvents were of analytical grade. 

The compounds were characterized by IR, 
1
H NMR and 

13
C NMR. The melting points were 

determined by open capillary method and are uncorrected. The IR spectra were recorded on 

Perkin-Elmer spectrum-one FTIR instrument in the form of KBr pallet. The  
1
H NMR and 

13
C NMR were recorded in DMSO on a  BRUKER AVANCE II 400 NMR  spectrometer 

using TMS as an internal standard. The purity of synthesized azo compounds were checked 

by TLC. The crude products were recrystallized from ethanol. 

 

GENERAL PROCEDURE  

FOR SYNTHESIS OF AZO COMPOUNDS (PRODRUGS OF 4-Amino Pyridine)
xxiv, 

xxv
: 

 4-Amino pyridine (0.94 g, 0.01mole) was mixed with conc. HCl (2.5 mL). To the 

resultant suspension crushed ice (25 gm) and NaNO2 (2.5 mL, 4N) was added with constant 

stirring. Diazotization was carried out over 0.5 hr at 5
0
C (Scheme-1) and then diazonium salt 

solution was added drop wise at 5
0
 -10

0
C to the alkaline solution of Salicylic acid. The 

coupling reaction mixture was stirred for 0.5 hr and the pH of the resultant mixture was 

adjusted to the pH 7 (Scheme-2). The formed azo colored compound was filtered, washes 

with water and dried. Crude products were recrystallized with ethanol as solvent. 

The melting points were determined by open capillary method and are uncorrected for 

pressure effects  
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2-hydroxy-5-[(E)-pyridin-4-yldiazenyl]benzoic acid  (Compound A): M. P.:128°C; 

IR1383.01 cm
-1

-C-N- , 1444.73 cm
-1

 -OH of –COOH, 1589.40 cm
-1

-N=N-, 1620.26 cm
-1

-

C=N- of Py, 3093.92 cm
-1

 Ar -C-H,  above 3200 cm
-1

 –OH, very broad; 
1
HNMR(DMSO-d6): 

δ 6.91 (d, 1H, Ar-H), 7.12 (d, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 7.80 (dd, 2H, Ar-H of Pyridine), 

8.43 (dd, 2H, Ar-H of Pyridine), 8.82(bs, 1H, of -OH of Salicylic acid), 10.98 (bs, 1H, of -

COOH of Salicylic acid); 
13

CNMR(DMSO-d6): δ 112.76 (for Ar-CH of salicylic acid), 

116.93 (for Ar-CH of salicylic acid), 118.89 (for  Ar-CH of pyridine), 127.59 (for Ar-C of 

Salicylic acid bearing to -COOH), 128.71 (for Ar-CH of salicylic acid), 135.28 (for Ar-CH of 

pyridine), 144.10 (for Ar-C of salicylic acid bearing -N=N-), 161.23 (for Ar-C of salicylic 

acid bearing -OH), 171.95 (for -COOH). 

2-isopropyl-5-methyl-4-[(E)-pyridin-4-yldiazenyl]phenol  (Compound B): M. P.:152°C; 

IR 1394.58 cm
-1

of -C-N, 1512.24 cm
-1

-N=N-, 1631.83 cm
-1

-C=N- , 2958.90 cm
-1

Aro -C-H,  

above  3200.00 cm
-1

-OH broad; 
1
HNMR(DMSO-d6): δ 1.20 (d, 6H, two -CH3), 2.18 (s, 3H, -

CH3 of thymol), 3.18 (m, 1H, isopropyl of thymol ), 6.52 (s, 1H, aro. of thymol), 6.54 (s, 1H, 

aro. of thymol), 6.60 (bs, 1H, -OH of thymol), 6.94 (dd, 2H, Ar-H of pyridine), 8.95 (dd, 2H, 

Ar-H of pyridine); 
13

CNMR(DMSO-d6): δ 20.60 (for -CH3 of thymol), 22.48 (for-CH3 of 

isopropyl of thymol ), 26.00 (for -CH of isopropyl of thymol), 115.48 (for aro.-CH= of 

thymol), 119.49 (for Aro. -CH= of pyridine), 125.44(for Aro. -CH= of thymol), 131.15 (for 

aro.-C of thymol attached to - CH3), 135.09 (for aro. -CH= of pyridine), 139.09 (for aro. C of 

thymol attached to - N=N-), 140.01 (for aro. C of thymol attached  to isopropyl group), 

154.10 (for aro. C of thymol attached to -OH). 

5-isopropyl-2-methyl-4-[(E)-pyridin-4-yldiazenyl]phenol  (Compound C): M. P.:102°C, 

IR 1394.58cm
-1 

-C-N, 1512.24 cm
-1

-N=N-,  1631.83 cm
-1

-C=N-, 2958.90 cm
-1

 Aro -C-H, 

above  3200.00 cm
-1

 –OH,  broad; 
1
HNMR(DMSO-d6): δ 1.15 (d, 6H, two -CH3), 2.10 (s, 3H, 

-CH3 of carvacrol), 3.61 (m, 1H, isopropyl of carvacrol ), 6.68 (bs, 1H, -OH  of carvacrol), 

6.86 (s, 1H, aro.-CH= of carvacrol), 7.32 (s, 1H, aro. -CH= of carvacrol), 7.89 (dd, 2H, aro. -

CH= of pyridine), 8.89 (dd, 2H, aro. -CH= of pyridine); 
13

CNMR(DMSO-d6): δ 16.02 (for -

CH3 of carvacrol), 24.16 (for-CH3 of isopropyl of carvacrol ), 32.57 (for -CH of isopropyl of 

carvacrol), 114.27 (for Aro. -CH= of carvacrol), 123.23 (for aro. -CH= of pyridine), 123.87 

(for Aro. -C of carvacrol attached to -  CH3), 128.21 (for aro.-CH= of carvacrol), 138.37 (for 

-CH=, of pyridine ), 153.17 (for aro. C of carvacrol attached  to -OH). 

 

Scheme-1 Synthesis of Diazonium Salt: 

 
Scheme-2The Coupling reaction :
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In vitro azo reduction by Pseudomonas aeruginosa i.e. drug release studies
xxvi 

Pseudomonas aeruginosa was isolated from industrial effluent water samples collected from 

Disan Agro Ltd. Dhule (MS) India by spreading diluted sample from 10
-5

dilutions over a 

sterile Cetrimide Agar plate (g L-1 Enzyme digest of Gelatine- 20g, Magnesium chloride- 

1.4g,  potassium chloride- 10g, Cetrimide (Cetyl tri methylammonium Bromide),- 0.3g, 

Glycerol- 10ml, pH- 7.2) and incubated for 24 hours at 37°C in an incubator. 

The isolated Pseudomonas aeruginosa strain was tested for de-colorization activity against 

newly synthesized azo compounds (0.250gm/Ltr) in nutrient broth (gL-1 Peptic digest of 

animal-5gm, Sodium chloride-5gm, Beef extract 1.50gm, Yeast Extract- 1.50gm, pH- 7.4) by 

inoculating with loop full bacterial culture. These flasks were incubated at 37°C for 24 hrs. 

Un-inoculated flasks served as controls to assess the abiotic de-colorization. Optical densities 

values were measured spectrophotometrically at 426.8 nm, 430.8 nm and 435.6 nm 

respectively for the estimation involving de-colorization process. 

Results and Discussion: 

The synthesized azo compounds were screened as prodrug of 4-amino pyridine. For in-vitro 

study bacterium species that secretes azo reductase enzyme and inoculate them with newly 

synthesized azo compounds.    Fig. 2 shows the flasks containing solutions of newly 

synthesized azo compounds before inoculation of bacteria and after 24 hours of inoculation 

of bacteria. The formation Precipitate indicates the growing of bacteria and degradation 

process is completed. 

 
Fig 2. Flasks before degradation    Flasks after degradation 

 

In vitro azo reduction by Pseudomonas aeruginosa i.e. drug release studies
xxvi

 

The synthesized azo compounds were reduced by Pseudomonas aeruginosa (Please see 

Supporting Information for the detailed in vitro azo reduction by Pseudomonas 

aeruginosa). 

 After reduction of azo compounds into primary aromatic amines, that newly formed 

primary aromatic amines were identified by HPTLC technique by comparing with pure 4-

amino pyridine as standard.  

 
 

Fig 3.  The chromatographic plate showing the distinct release of parent drug (last three in 

each image) for Compound A, Compound B and Compound C  
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Figure 4 shows the HPTLC spectra of pure parent drugs i.e. 4-amino pyridine. Figure 5, 6 and 

7 shows the HPTLC spectra of newly synthesized azo compound A, compound B, and 

compound C respectively after inoculation. On comparison of HPTLC spectra of 4-amino 

pyridine those with the HPTLC spectra of Compound A, B, and C; it is found that the Rf 

value of pure 4-amino pyridine is at 0.43 which is well matched with Rf value of released 

drug from synthesized azo compound A, compound B, and Compound C after 24 hours’ of 

inoculation of Pseudomonas aeruginosa bacterium species.  

 

 
Fig 4: HPTLC spectrum of standard 4-aminopyridine 

 

 
Fig 5: HPTLC spectrum of degraded azo compound A 
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Fig 6: HPTLC spectrum of degraded azo compound B 

 
Fig 7: HPTLC spectrum of degraded azo compound C 

 

Figure 8, 9, and 10 shows the comparative 3D HPTLC spectra; first three peak lines in each 

spectra are for pure 4-amino pyridine and next three peak lines for drug obtained after 

degradation of azo of compound A, compound B, and Compound C. According to Fig. 10, 

first three peak lines for 4-amino pyridine drug of concentration 3µl, 2µl, 1µl and next three 

peak lines for drug obtained after degradation of azo of compound C of concentration 4µl, 

3µl, 2µl matches well. 
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Fig 8. Comparable HPTLC spectrum of pure 4-Amino pyridine and drug release after 

degradation of azo of Compd A 

 
Fig 9. Comparable HPTLC spectrum of pure 4-Amino pyridine and drug release after 

degradation of azo of Compd B 
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Fig 10. Comparable HPTLC spectrum of pure 4-Amino pyridine and drug release after 

degradation of azo of Compd C 

 

Table No. 2 shows the Rf value of pure parent drug molecule i.e. 4-amino pyridine and Rf 

values of Compound A, Compound B and compound C after 24 hours of bacterial inoculation 

respectively. 

Table 2: Comparable Rf values of pure 4-amino pyridine and drug released from azo  

               compounds A, B and C. 

Compound Rf value of drug released  Rf value of pure 4-Amino pyridine 
Compd A 0.43  

0.43 Compd B 0.43 
Compd C 0.43 

Validation of method: 

 The developed method was validated in accordance with ICH guidelines. 

 Linearity and range: Linearity was found in the range of 267 to 933 ng/band for 

compound A, 233 to 667 ng/band for compound B and 159 to 464 ng/band for compound C. 

The released parent drug peak areas were calculated for each level and were shown in graph 

of plot of concentration (ng/band) v/s peak area in figure 24, 25, 26 respectively (Please see 

supporting information).  

 Accuracy: For accuracy purpose of this method, a standard addition method was 

employed. The known amount of parent drug was added at 3 different levels to degraded 

compound A, degraded compound B and degraded compound C and analysis was performed 

in triplicate at each level. The result of release of parent drug expressed in % release are 

shown in table 3 . The % of release for compound A, B and C were found to be nearly 97 % 

suggesting that there is no interference  in the analysis. 

Table 3: Accuracy result 

Level of release in % Release in 

%* 
 Release in   

%* 
Release in 

 %* 
Compound A  Compound B Compound C 

68 % 96.91  96.92 96.90 

76 % 96.79  96.72 96.73 

87 % 96.89  96.88 96.86 
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               Note: * mean of three determination 

 Robustness: The effect of change of mobile phase composition (), in chamber 

saturation period (), in time of application to development (30 mins, 60 mins), in scanning 

time (30 mins, 60 mins), on peak areas, in Rf values were consider for robustness. It was seen 

that, in all mentioned factors has no significant change is observed (% RSD < 2 for peak area, 

change in Rf less than ). Hence developed method was said to be robust. 

  UV absorption spectra of pure 4-amino pyridine (Fig. 11), azo compound A after 24 

hours bacterial inoculation (Fig. 12), and overlain UV absorption spectra of pure 4-amino 

pyridine and azo compound A (Fig 13). From the overlain spectra (Fig 13); it is clearly 

observed that the –N=N- azo bond is cleaved enzymatically and there is a release of 4-amino 

pyridine. Similar observations (i.e degradation –N=N- ) were observed from the UV spectra 

of azo compound B (Fig 14,15) and Compound C (Fig 16,17) after 24 hours bacterial 

inoculation (supporting information;Table 4). 

 
Fig 11: Absorption spectrum of standard 4-amino pyridine 

 

 
Fig 12: Absorption spectrum of degraded azo compound A 
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Fig 13. Overlainabsorption spectrum of pure 4-Amino pyridine and drug release after 

degradation of azo of Compd A 

 

 
 

Fig 14: Absorption spectrum of degraded azo compound B 
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Fig 15. Overlain absorption spectrum of pure 4-Amino pyridine and drug release after 

degradation of azo of Compd B 

 

 
Fig 16: Absorption spectrum degraded azo compound C 
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Fig 17. Comparable absorption spectrum of pure 4-Amino pyridine and drug release after 

degradation of azo of Compd C 

 

The spectral absorption intensity of λ max at 426.8nm for compound A, λ max at 430.8 nm 

for compound B and  λ max at 435.6 nm for compound C respectively which gets decreased 

as a function of time of inoculation of Pseudomonas aeruginosa bacterium species 

(Supporting Information; Table 5-7). It helps to conclude that the azo linkage (-N=N-) get 

breaking down as time gradually increases.  

 

Conclusion 

 In the present research work, synthesis of azo compounds made from 4-amino 

pyridine and  salicyclic acid, thymol, carvacrol is demonstrated. The azo compounds were 

degraded in-vitro by using azoreductase enzyme secreted by Pseudomonas aeruginosa 

bacterial species. The release of parent drug 4-amino pyridine was confirmed by HPTLC and 

UV-visible technique. It is expected that the combined formulation of 4-amino pyridine with 

the antibacterial agents salicylic acid, thymol, carvacrol as azo compounds provides a new 

tool as colon targeting agents as well as for neuromuscular dysfunction of colon. This 

prodrug approach strategy by using azo compounds can find the new varieties of application 

in the field of medicinal chemistry and pharmaceutical chemistry especially for colon 

targeting treatments. 
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