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Abstract: A simple and efficient synthesis of dioxazaphosphinin-2-ones has been developed by the cyclisation of 

2-hydroxy-1,2-diphenylethanoneoxime with phosphorus oxychloride in the presence of triethylamine in dry THF to 

afford the corresponding monochloride. In the next step, subsequent reaction of monochloride with different amines 

at 50-60 ˚C for 2-3 hours resulted in the formation of the title compounds (4a-j). The lead compounds were screened 

for their antioxidant activity. 
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1. Introduction 

Six-membered phosphorus heterocycles containing O, N as heteroatoms and P as P=O or P=S 

have been the subject of research ever since cyclophosphamide was discovered as cancer drug.
1
 

Cyclophosphamide is also used to treat  severe  rheumatoid arthritis,
2
 Wegener's 

granulomatosis,
3 

and multiple sclerosis.
4
 The main use of cyclophosphamide is with other 

chemotherapy agents in the treatment of  lymphomas, some forms of brain cancer, leukemia
5
 and some 

solid tumors.
6
 It is a chemotherapy drug that works by inducing the death of certain T cells.  

In recent years the antioxidant efficiency of organophosphorus compounds and their 

relationships between chemical structure and hydrogen radical donating abilities have been related.
7,8

 

However, the detailed mechanism underlying the effect of phosphorus bearing moieties on the 

antioxidant potential has not been studied in any detail. Depending on their structure, the additional 

negative charge generated at phosphorus in phosphites and phosphonates can be expected to affect its 

radical scavenging properties. The immune system in several organisms is a sensitive target to the 

toxic action of reactive oxygen species (ROS). ROS are produced by univalent reduction of dioxygen 

to superoxide anion which in turn disproportionate to H2O2 and O2 spontaneously. The ROS are 

believed to play a major role in the diminishing inflammatory process in rheumatoid arthritis (RA) and 

contribute to the destruction of cartilage and bone.
9,10

 

The most important ROS implicated in inflammatory tissue injury are superoxide                       

(


2O ), hydrogen peroxide (H2O2), hydroxyl (HO
·
) and hypochlorous acid (HOCl

·
) radicals. In the 

inflammed joint, these species are produced by macrophages, neutrophils and chondrocytes.
11 

The 

inflammed rheumatoid joint also undergoes a hypoxia-reperfusion cycle which results in ROS 

generation.
12

 Antioxidants may have a therapeutic role in RA by suppressing the inflammation. 
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Different antioxidant parameters, like the antioxidative enzymes including superoxide 

dismutase, glutathione peroxidase and catalase (CAT) are commonly used to assess exposure to ROS 

in living cells. Particularly CAT is an enzyme promoting the conversion of hydrogen peroxide (H2O2) 

to water and molecular oxygen and can be used as a biomarker for oxidative stress. A number of 

studies reported an increase of superoxidase dismutase and CAT activities when an excess of ROS 

was observed in aerobic cells.
13

 

Balakrishna et al.
8
 reported condensation of 4-amino-5-phenyl-4H-1,2,4-triazole-3-thiol with 

various phosphorus dichlorides in the presence of triethylamine in dry tetrahydrofuran at 60-65 °C and 

obtained corresponding thiadiazaphosphol-2-ones. These compounds were screened for antioxidant 

properties by radical scavenging methods such as 1,1-diphenyl-2-picryl hydrazyl (DPPH), hydroxyl 

and lipid peroxidation. They exhibited potent in vitro antioxidant activity dose dependently. Their 

bioassay showed them to possess significant antibacterial activity also. 

A new series of 5-chloro-3-(4-substituted anilino)-2-phenyl-2,3-dihydro-1,2λ
5
-

benzoxaphosphol-2-ones have been prepared via Mannich type reaction by reacting 5-

chlorosalicyaldehyde with phenyl dichloro phosphine and aromatic amines in anhydrous benzene 

under reflux condition. The new benzoxaphosphol-2-one derivatives were found to possess moderate 

to good antioxidant and anti-microbial activity.
14

 

Anil et al.
15 

synthesized 2-(aminoacid ester)-3-(6-methyl-2-pyridyl)-3,4-dihydro-2H-1,3,2λ
5
-

benzoxazaphosphinin-2-thiones through a two-step process. It involves the prior preparation of 2-

chloro-3-(6-methyl-2-pyridyl)-3,4-dihydro-2H-1,3,2λ
5
benzoxazaphosphinin-2-thione monochloride 

and its subsequent reaction with the aminoacid ester hydrochlorides in dry tetrahydrofuran-toluene in 

the presence of  triethylamine at various temperatures. 

Even though several compounds related to cyclophosphamide have been synthesized, none of 

them was found to possess satisfactory pharmacological properties. Hence the search continued for the 

development of potential bioactive molecule from cyclophosphamide family. In the present 

investigation, a series of newly synthesized dioxazaphosphinin-2-ones were successfully synthesized 

and their antioxidant activity was also evaluated. 

 

2. Results and Discussion 

Syntheses of 2-substituted-5,6-diphenyl-6H-1,3,4,2λ
5
-dioxazaphosphinin-2-ones (4a-j) were 

conveniently accomplished in a two-step process. The first step involves the cyclisation of 2-hydroxy 1,2-

diphenylethanoneoxime (1) with POCl3 in the presence of triethylamine in dry THF to afford the 

corresponding monochloride (2). In the second step, subsequent reaction of 2 with different amines (3a-j) 

at 50-60 ˚C for 2-3 hours resulted in the formation of the title compounds (Figure 1). 

 

 
Figure 1. Synthesis of dioxazaphosphinin-2-ones (4a-j) 
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3. Experimental procedures 

 

3.1. General 
 

Melting points were recorded on Buchi R-535 apparatus and are uncorrected. IR spectra were 

recorded on a Perkin-Elmer FT-IR 240-c spectrophotometer using KBr optics.  
1
H, 

13
C and 

31
P NMR 

spectra were recorded on AMX 400 MHz NMR spectrometers operating at 400 MHz for 
1
H, 100 MHz 

for 
13

C and 161.7 MHz for 
31

P NMR. NMR data were recorded in CDCl3 and referenced to TMS (
1
H 

and 
13

C) and 85% H3PO4 (
31

P).  Mass spectra were recorded on a Finnigan MAT 1020 / Micro-Mass 

Q-T of micro AMPS MAX 10/6A, Hz 60/50 system fitted with a built-in inlet system.  Elemental 

analyses were performed using Perkin Elmer 2400 instrument at the Central Drug Research Institute 

(CDRI), Lucknow, India. 

 

3.2. Typical procedure for the synthesis of (4d) 
 

To a stirred solution of 2-hydroxy 1,2-diphenylethanoneoxime (1) in dry tetrahydrofuran (25 

mL) was added drop wise POCl3 in dry tetrahydrofuran (10mL) in the presence of NEt3 (0.004) at 0˚C. 

After the addition temperature of the reaction mixture was slowly raised to 50-60 ˚C. Progress of the 

reaction was monitored by Thin layer chromatography (TLC) analysis by using 3:7 mixture of EtOAc 

and hexane. The solid trietylamine hydrochloride was separated by filtrate to obtain the monochloride 

2-chloro-5,6-diphenyl-6H-1,3,4,2λ
5
-dioxaza-phosphinin-2-one (2). This monochloride was used for 

the next step of the reaction without purification. 

To this monochloride in THF, solution of p-chloroaniline in anhydrous THF (15mL) in the 

presence of NEt3 was added slowly and after completion of the addition, the reaction mixture was kept 

stirring at 50-60 ˚C for 2-3 hours. Completion of the reaction was monitored by TLC analysis. The 

solid NEt3.HCl was filtered and the filtrate was subjected to rota-evaporation under reduced pressure 

to obtain the crude product. It was further purified by column chromatography on silica gel (100-200 

mesh) with EtOAc: Hexane (1:9) as eluent to get pure compounds which were characterized by IR, 
1
H, 

13
C, 

31
P NMR and Mass spectral analysis. Same procedure was applied to the remaining compounds. 

 

3.3. Spectral data for the compounds 4a-j 

3.3.1. 5,6-diphenyl-2-[(5-sulfanyl-1,3,4-thiadiazol-2-yl)amino]-6H-1,3,4,25
-dioxazaphosphinin- 2 one (4a):  

Yield: 89%, mp: 222-223 ºC. IR (KBr) cm
-1

: 3388(NH), 1727(P=O), 1679(C=N), 1174                      

(P-N). 
1
H NMR : 7.12-8.20 (m, 10H), 4.08 (s, 1H), 3.82 (s, NH), 12.95 (s, SH). 

13
C NMR : 182.0, 

170.2, 163.5, 140.5, 126.5, 127.6, 128.5, 129.5, 130.9, 132.5, 134.2, 77.5. 
31

P NMR : 4.98. LC-MS: 

m/z (%): 404 (M
+

). Anal. calcd. for C16H13N4O3PS2: C, 47.52; H, 3.24; N, 13.85. Found: C, 47.49; H, 

3.20; N, 13.80. 

3.3.2.  2-[(5-ethyl-1,3,4-thiadiazol-2-yl)amino]-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4b):  

Yield: 85%, mp: 223-224 ºC. IR (KBr) cm
-1

: 3316 (NH), 1657 (C=N), 1742 (P=O), 1281 (P-N). 
1
H 

NMR : 6.94-7.82 (m, 10H), 4.27 (s, 1H), 3.86 (s, NH), 2.98 (m, 2H, CH2 ), 1.10 (t, 3H, CH3). 
13

C 

NMR : 170.5, 168.0, 165.5, 140.5, 126.5, 129.5, 127.4, 135.5, 130.9, 128.2, 127.5, 77.5, 22.5, 13.9. 
31

P NMR : 5.15. LC-MS: m/z (%): 400 (M
+

). Anal. calcd. for C18H17N4O3PS: C, 54.00; H, 4.28; N, 

13.99. Found: C, 53.49; H, 4.20; N, 13.90. 

3.3.3. 2-(4-nitroanilino)-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4c):  

Yield: 90%, mp: 221-222 ºC. IR (KBr) cm
-1

: 3440(NH), 1690(P=O), 1630(C=N), 1210                       

(P-N). 
1
H NMR : 7.12-8.24 (m, 14H), 4.48 (s, 1H), 3.60 (s, NH). 

13
C NMR : 165.5, 135.0, 131.0, 

127.5, 126.2, 127.0, 128.5, 127.5, 140.5, 155.5, 137.5, 118.5; 115.2; 75.5. 
31

P NMR : 5.01. LC-MS: 

m/z (%): 409 (M
+

). Anal. calcd. for C20H16N3O5P: C, 58.68; H, 3.94; N, 10.27. Found: C, 58.60; H, 

3.91; N, 10.24. 
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3.3.4. 2-(4-chloroanilino)-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4d): 

Yield: 86%, mp: 216-217 ºC. IR (KBr) cm
-1

: 3392 (NH), 1746 (P=O), 1552 (C=N), 1147                     

(P-N). 
1
H NMR : 7.46-8.03 (m, 14H), 3.76 (s, 1H), 3.62 (s, NH).  

13
C NMR : 163.9, 130.8, 139.2, 

141.5, 128.7, 131.1, 139.2, 129.5, 121.6, 133.8, 134.5, 123.7, 135.5,125.9, 118.9, 76.3.  
31

P NMR : 

6.66. LC-MS: m/z (%): 398 (M+1). Anal. calcd. for C20H16ClN2O3P: C, 60.24; H, 4.04; N, 7.02. 

Found: C, 60.20; H, 4.00; N, 6.98. 

3.3.5. 5,6-diphenyl-2-(4-toluidino)-6H-1,3,4,25
-dioxazaphosphinin-2-one (4e): 

Yield: 80%, mp: 242-243 ºC. IR (KBr) cm
-1

: 3360 (NH), 1675 (C=N), 1690 (P=O), 1250 (P-N). 
1
H 

NMR :  7.12-8.10 (m, 14H), 3.94 (s, 1H), 3.75 (s, NH), 2.10 (s, 3H). 
13

C NMR : 140.8, 120.4, 123.9, 

132.7, 127.9, 131.4, 135.4, 128.9, 124.7, 132.2, 134.8, 122.2, 135.2, 78.3. 
31

P NMR : 5.08. LC-MS: 

m/z (%): 378 (M
+

). Anal. calcd. for C21H19N2O3P: C, 66.66; H, 5.06; N, 7.40. Found:C, 66.54; H, 

5.01; N, 7.34. 

3.3.6. 2-(1H-benzo[d]imidazol-2-ylamino)-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4f): 

Yield: 82%, mp: 194-195 ºC. IR (KBr) cm
-1

: 3385 (NH), 1725 (P=O), 1680 (C=N), 1210                      

(P-N). 
1
H NMR : 6.95-8.05 (m, 14H), 3.91 (s, 1H), 3.51 (s, NH), 4.85 (s, imadazole NH). 

31
P NMR 

: 4.62. LC-MS: m/z (%): 404 (M
+

). Anal. calcd. for C21H17N4O3P: C, 62.38; H, 4.24; N, 13.86. 

Found: C, 62.30; H, 4.19; N, 13.80. 

 

3.3.7. 2-(3-chloro-4-fluroanilino)-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4g): 

Yield: 84%, mp: 207-208 ºC. IR (KBr) cm
-1

: 3400 (NH), 1710 (P=O), 1650 (C=N), 1250                      

(P-N). 
1
H NMR : 6.80-7.82 (m, 13H), 4.20 (s, 1H), 3.52 (s, NH). 

31
P NMR: 4.15. LC-MS: m/z (%): 

416 (M
+

). Anal. Calcd. for C20H15N2O3PClF: C, 57.64; H, 3.63; N, 6.72. Found: C, 57.60; H, 3.59; N, 

6.66. 

 

3.3.8. 2-[(4-methyl-2-pyridyl)amino]-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4h): 

Yield: 82%, mp: 215-216 ºC. IR (KBr) cm
-1

: 3350 (NH), 1730 (P=O), 1680 (C=N), 1260                    

(P-N). 
1
H NMR : 7.19-8.17 (m, 13H), 4.39 (s, 1H), 3.61 (s, NH), 2.01 (s, 3H, CH3). 

31
P NMR : 4.80. 

LC-MS: m/z (%): 379 (M
+

). Anal. calcd. for C20H18N3O3P: C, 63.32; H, 4.78; N, 11.08. Found: C, 

63.29; H, 4.62; N, 11.01. 

 

3.3.9. 5,6-diphenyl-2-(4-pyridylamino)-6H-1,3,4,25
-dioxazaphosphinin-2-one (4i): 

Yield: 79%, mp: 203-204 ºC. IR (KBr) cm
-1

: 3465 (NH), 1714 (C=N), 1664 (P=O), 1196 (P-N). 
1
H 

NMR : 6.78-7.52 (m, 14H), 4.38 (s, 1H), 3.90 (s, NH). 
31

P NMR : 4.83. LC-MS: m/z (%): 365 

(M
+

). Anal. calcd. for C19H16N3O3P: C, 62.47; H, 4.41; N, 11.50. Found: C, 62.30; H, 4.37; N, 11.43. 

 

3.3.10. 2-(4-Hydroxyanilino)-5,6-diphenyl-6H-1,3,4,25
-dioxazaphosphinin-2-one (4j): 

Yield: 82%, mp: 261-262 ºC. IR (KBr) cm
-1

: 3492 (NH), 1755 (C=N), 1717 (P=O), 1126                  

(P-N). 
1
H NMR : 7.52-8.45 (m, 14H), 4.35 (s, 1H), 3.79 (s, NH), 4.90 (s, OH). 

31
P NMR : 4.06. LC-

MS: m/z (%): 380 (M
+

). Anal. calcd. for C20H17N2O4P: C, 63.16; H, 4.51; N, 7.37. Found: C, 63.12; 

H, 4.49; N, 7.30. 

 

3.4. Antioxidant Activity 

 
3.4.1. DPPH Radical Scavenging Activity 

 

The free radical scavenging activity of 4a-j against DPPH radical was performed in 

accordance with Choi et al.
16 

85µM of DPPH was added to a medium containing different 2-

substituted-5,6-diphenyl-6H-1,3,4,2
5
-dioxazaphosphinin-2-ones (4a-j). The medium was incubated 

for 30 min at room temperature. The decrease in absorbance was measured at 518 nm. Ascorbic acid 

was used as standard reference to record maximal decrease in DPPH radical absorbance. The values 

are expressed in percentage of inhibition of DPPH radical absorbance with those of the standard 
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control values without the title compounds (Fig. 2) (ascorbic acid maximal inhibition was considered 

100 % of inhibition). 

100
)(





Acont

AtestAcont
ScavengedDPPH

 
 

Where Acont is the absorbance of the control reaction and Atest is the absorbance in the 

presence of the sample. 

In the case of 4a-j, nitro substituted compound 4c showed the highest DPPH radical 

scavenging activity with IC50 at 49.3 μg/mL when compared with others. The remaining compounds 

exhibited DPPH radical scavenging activity in the following order: 4j (IC50 52.7 μg/mL), 4g (IC50 59.8  

μg/mL), 4a (IC50 60.1 μg/mL), 4b (IC50 62.1 μg/mL), 4h (IC50 62.2 μg/mL), 4e (IC50 63.4 μg/mL), 4d 

(IC50 66.5 μg/mL), 4f (IC50 68.2 μg/mL), 4i (IC50 70.8 μg/mL) and when compared with ascorbic acid 

(IC50 50.0 μg/mL). 
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Figure 2. DPPH Radical Scavenging Activity of 4a-j 

 

3.4.2. NO Scavenging Activity 

 

The scavenging activity of 4a-j against Nitric Oxide radical was performed in accordance with 

Shirwaiker et al.
17 

Sodium nitropruside (5 M) in phosphate buffer pH 7.4was incubated with 100 M 

concentration of test compounds dissolved in a suitable solvent (dioxane/ methanol) and tubes were 

incubated at 25 

C for 120 min. Control experiment was conducted with equal amount of solvent in an 

identical manner. At intervals, 0.5 ml of incubation solution was taken and diluted with 0.5 ml of 

griess reagent (1% Sulfanilamide, 0.1% N-naphthyl ethylene diamine dihydro chloride and 2% o-

phosphoric acid dissolved in distilled water). The absorbance of the chromophore formed during 

diazotization of nitrite with sulfanilamide and subsequent N-naphthyl ethylene diamine 

dihydrochloride was read at  546 nm.  
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Figure 3. NO Scavenging Activity of 4a-j 
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In the case of 2-substituted-5,6-diphenyl-6H-1,3,4,2
5
-dioxazaphosphinin-2-ones 4a-j (Fig. 3) 

derivatives, 4f showed the highest NO scavenging with IC50 of  

53.0 μg/mL when compared with other compounds. The remaining compounds NO scavenging 

activity in the following order: 4c (IC50 53.7 μg/mL), 4d (IC50 56.2 μg/mL), 4e (IC50 59.4 μg/mL), 4a 

(IC50 65.8 μg/mL), 4i (IC50 65.9 μg/mL), 4b (IC50 67.7 μg/mL), 4g (IC50 74.8 μg/mL), 4h (IC50 76.5 

μg/mL), 4j (IC50 81.9 μg/mL) and when compared with ascorbic acid (IC50 64.9 μg/mL).                  

 

3.4.3. Reducing power assay 

 

The reducing power of 4a-j was determined according to the method of Oyaizu et al.
18 

The 

compounds having 50-100 µM were mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 

mL of 1% potassium ferricyanide and incubated at 50C for 20 min. To this mixture 2.5 mL of 10% 

trichloroacetic acid (TCA) was added and the mixture was centrifuged at 3000 rpm for 20 min. The 

upper layer (2.5 mL) was mixed with 2.5 mL of deionized water and 0.5 mL of 0.1% Ferric chloride 

and the UV absorbance was measured at 700 nm using a spectrophotometer. Increase of absorbance of 

the reaction mixture indicates higher reducing power. Mean values from three independent samples 

were calculated for each compound and standard deviations were less than 5 %. 

In the case of 2-substituted-5,6-diphenyl-6H-1,3,4,2
5
-dioxazaphosphinin-2-ones 4a-j (Fig. 4) 

derivatives 4c showed the highest reducing power with IC50 of 1.75 μg/mL when compared with other 

compounds. The remaining compounds exhibited reducing power activity in the following order: 4f 

(IC50 1.86 μg/mL), 4a (IC50 2.09 μg/mL), 4e (IC50 2.21 μg/mL), 4d (IC50 2.35 μg/mL), 4b (IC50 2.63 

μg/mL), 4i (IC50 2.81 μg/mL), 4g (IC50 3.03 μg/mL), 4j (IC50 3.12 μg/mL), 4h (IC50 3.38 μg/mL) and 

when compared with ascorbic acid (IC50 2.42 μg/mL). 
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Figure 4. Reducing Power Assay of 4a-j 

4. Conclusions 

In conclusion, dioxazaphosphinin-2-ones were synthesized in good to moderate yields. All the 

title compounds 4a-j were tested for their antioxidant activity by three methods namely DPPH, NO 

and Reducing power assay methods and they showed the activity in high to moderate. The main 

advantages of the present method are operational simplicity, mild, eco-friendly reaction conditions, 

short reaction times, easy reaction work-up procedure and good product yields. 

 

Acknowledgements 
 

The authors express their grateful thanks to Prof. C.D. Reddy, Department of Chemistry, Sri 

Venkateswara University, Tirupati, for his helpful discussions and also the University Grant 

Commission (UGC) for providing financial assistance (F. No.: 42-281/2013 (SR), Dated:                     

12-03-2013). 

 

 



Reddy et al., Org. Commun. (2014) 8:1 17-23 

 

23 

References 

[1] Emadi, A.; Jones, R. J.; Brodsky, R. A. Cyclophosphamide and cancer: golden anniversary. Nat. Rev. 

Clin. Oncol. 2009, 6, 638-647. 

[2] Townes, A. S.; Sowa, J. M.; Shulman, L. E. Controlled trial of cyclophosphamide in rheumatoid 

arthritis. Arthritis Rheum US. 1976, 19, 563-573. 

[3] Novack, S. N.; Pearson, C. M. Cyclophosphamide therapy in Wegener's granulomatosis. New Engl. J. 

Med. 1971, 284, 938-942. 

[4] Makhani, N.; Gorman, M. P.; Branson, H. M. Cyclophosphamide therapy in pediatric multiple 

sclerosis.  Neurology 2009, 72, 2076-2082. 

[5] Shanafelt, T. D.; Lin, T.; Geyer, S. M. Pentostatin, cyclophosphamide, and rituximab regimen in older 

patients with chronic lymphocytic leukemia. Cancer 2007, 109, 2291-2298. 

[6] Young, S. D.; Whissell, M.; Noble, J. C. Phase II clinical trial results involving treatment with low-dose 

daily oral cyclophosphamide, weekly vinblastine, and rofecoxib in patients with advanced solid tumors. 

Clin. Cancer Res. 2006, 12, 3092-3098. 

[7] Veera Narayana Reddy, M.; Balakrishna, A.; Anil Kumar, M.; Chandra Sekhar  Reddy, G.; Uma Ravi 

Sankar, A.; Suresh Reddy, C.; Murali Krishna, T. One-Step Synthesis and Bioassay of N-

Phosphoramidophosphonates. Chem. Pharm. Bull. 2009, 57, 1391-1395. 

[8] Balakrishna, A.; Reddy, M. V. N.; Nayak, S. K.; Manjunath, M.; Devendranath Reddy, C.; Suresh 

Reddy, C. Synthesis, Anti-bacterial and Anti-oxidant Properties of Thiadiazaphosphol-2-ones. Chem. 

Pharm. Bull. 2008, 56, 1486-1489. 

[9] Tiku, M. L.; Liesch, J. B.; Robertson, F. M. Production of hydrogen peroxide by rabbit articular 

chondrocytes. Enhancement by cytokines. J. Immunol. 1990, 145, 690-696. 

[10] Bax, B. E.; Alam, A. S.; Banerji, B.; Bax, C. M.; Bevis, P. J.; Stevens, C. R.;  Moonga, B. S.; Blake, D. R.; 

Zaidi, M. Stimulation of osteoclastic bone resorption by hydrogen peroxide. Biochem. Biophys. Res. 

Commun. 1992, 183, 1153-1158. 

[11] Bauerova, K.; Bezek, A. Role of reactive oxygen and nitrogen species in etiopathogenesis of 

rheumatoid arthritis. Gen. Physiol. Biophys. 1999, 18, 15-20. 

[12] Edmonds, S. E.; Blake, D. R.; Morris, C. J.; Winyard, P. G. An imaginative approach to synovitis-the 

role of hypoxic reperfusion damage in arthritis. J. Rheumatol. Suppl. 1993, 37, 26-31.  

[13] Fournier, M.; Pellerin, J.; Clermont, Y.; Morin, Y.; Brousseau, P. Effects of in-vivo exposure of Mya 

arenaria to organic and inorganic mercury on phagocytic activity of hemocytes. Toxicology 2001, 161, 

201-211. 

[14] Bala Krishna, A.; Suresh Kumar, K.; Ramesh, K.; Suresh Reddy, C.; Nayak, S. K. Synthesis, 

Antibacterial and Antioxidant Properties of Newer 1,2-benzoxaphosphol-2-ones. Der Pharm. Chem. 

2009, 1, 40-49. 

[15] Kumar, M. A.; Kumar, K. S.; Reddy, C. D.; Raju, C. N.; Reddy, C. S.; Krishna, P. H. Synthesis and 

antimicrobial activity of 2-(aminoacid ester)-3-(6-methyl-2-pyridyl)-3,4-dihydro-2H-1,3,2λ
5
-

benzoxazaphosphinin-2-thiones. S. Afr. J. Chem.  2009, 62, 26-29. 

[16] Choi, C. W.; Kim, S. C.; Hwang, S. S.; Choi, B. K.; Ahn, H. J.; Lee, M. Y.; Park, S. H.; Kim, S. K. 

Antioxidant activity and free radical scavenging capacity between Korean medicinal plants and 

flavonoids by assay-guided comparison. Plant Sci. 2002, 163, 1161-1168. 

[17] Shirwaiker, A.; Rajendran, K.; Dinesh Kumar, C. In vitro antioxidant studies of Annona squamosa Linn. 

Leaves. Indian J. Expl. Biol. 2004, 42, 803-807. 

[18] Oyaizu, M. Studies on products of browning reactions: Antioxidative activities of browning products of 

browning reaction prepared from glucosamine. Jpn. J. Nutr. 1986, 44, 307-315. 

 
© 2015 ACG Publications 

 

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&tool=sumsearch.org/cite&retmode=ref&cmd=prlinks&id=19786984
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2923592
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2923592

