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ABSTRACT 

A New Class of N-Substituted Tetrahydrocabazole derivatives are prepared by in presence of reagents like 

glacial acetic acid leads the formation of Intermediate compounds substituted tetrahydrocabazole (3a, 3b), by 

using cyclohexanone and phenyl hydrazine’s using as starting material. The Intermediate compounds upon 

treating with 10% sodium hydroxide and substituted 4amino-benzoyl chlorides (4a, 4b) gives (4aminobenzoyl) 

1, 2, 3, 4 tetrahydro carbazole derivatives. (5a, 5b). The structures of new derivative s are characterized by 
1
H 

NMR, IR, and Mass spectral data. All the newly synthesized compounds were evaluated for their in -vitro anti-

oxidant activity. Among these compounds the 5b shows good anti-oxidant activity due to the presence of the 

methyl functional group at 8
th

 position. 
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INTRODUCTION 

An antioxidant is a molecule that inhibits the 

oxidation of other molecules. Oxidation is a 

chemical reaction that can produce free radicals, 

leading to chain reactions that may damage cells. 

Antioxidants such as thiols or ascorbic acid 

(vitamin C) terminate these chain reactions [1-10]. 

The term "antioxidant" is mainly used for two 

different groups of substances: industrial 

chemicals which are added to products to prevent 

oxidation, and natural chemicals found in foods 

and body tissue which are said to have beneficial 

health effects. Carbazole is an aromatic 

heterocyclic organic compound. It has a tricyclic 

structure, consisting of two six membered benzene 

ring fused on either side with a five membered 

nitrogen-containing ring. Carbazole and its 

derivatives are an important type of nitrogen 

containing heterocyclic compounds that are 

widespread in nature [11-15]. Various classes of 

carbazoles are given in Figure. The Carbazole ring 

is present in a variety of naturally occurring 

medicinally active substances e.g., carbazomycins 

and murrayafoline A. Series of carbazole 

derivatives including oxazinocarbazoles, 

isoxazolocarbazolequinone [16-18], pyrido-

carbazolequinone, tetrahydrocarbazoles, 

benzocarbazoles, furo-carbazoles, 

pyridocarbazoles, pyrrolo-carbazoles, 

indolocarbazoles, oxazolinyl carbazoles, 

thienocarbazoles, imidazocarbazoles, 
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thiazolocarbazoles, benzopyrano-carbazoles, 

benzofurano-carbazoles and N-substituted 

carbazoles have been synthesized and are well 

known for their pharmacological activities such as 

antioxidant, anti-inflammatory, antibacterial, 

antitumor, anticonvulsant, antipsychotic, 

antidiabetic, larvicidal properties, etc. Keeping in 

view the so vast therapeutical potential of 

carbazoles, this research will summarize the anti-

oxidant activity for the N-substituted carbazoles 

[19-23].  

Tetrahydrocabazole condensed with indole, 

furan, pyrimidine, pyrazoline, and thiophene, 

moieties have been known to processes wide 

spectrum biological activities. A simple and 

efficient method for the synthesis of these 

pharmaceutically important classes of compounds 

is highly desirable precluding the usage of organic 

solvents. There have been many methods of 

synthesis [24-28]. In general the carbazoles 

synthesis is carried out by multistep Fisher 

reaction which requires the usage of organic 

solvents with very good product yields. Initially 

substituted phenyl hydrazines were used to 

optimize their action conditions such as different 

acids, solvents, and reaction temperature. Finally 

we found that glacial acetic acid given excellent 

yields. In presence of CH3COOH, ZnCl2 and Hcl 

lesser amount of the desired product was obtained 

[29-35]. The effect of solvents was also 

investigated and the highest yield was observed in 

glacial acetic acid, when the reaction was 

conducted at lower temperatures lower yields were 

obtained. Ideal temperature for the reaction was 

found to be90°C. In the presence of electron 

releasing groups present in the Para position of 

phenyl hydrazine’s observed more yield 

comparatively presence of electron withdrawing 

groups. To the best of our knowledge this is a first 

report for the efficient and economic synthesis of 

carbazoles using readily available laboratory 

reagents with short reaction times. The 

tetrahydrocabazole ring system has been the 

structural subunit of many naturally occurring 

alkaloids, biologically active molecules and 

medicinal important synthetic analogues [36-38]. 

 

MATERIALS AND METHODS 

All the chemicals were of AR grade and were 

obtained from Sigma–Aldrich and SD Fine 

Chemicals. Melting points (m. p) were determined 

in open capillaries on OptiMelt automated melting 

point system and are uncorrected. The purity of the 

compounds was routinely checked by thin layer 

chromatography (TLC) with silica gel F254 

(Merck) with visualization by UV-light. The 

compounds are purified by using column 

chromatography on silica gel (60-120 mesh). The 

instruments used for obtaining the spectroscopic 

data were: FT-IR spectrophotometer SHIMADZU-

435, 1H NMR (CDCl3, Avance 300 MHz). Mass 

spectral analysis experiments are performed using 

a quadruple time-of-flight mass spectrometer 

(QSTAR XL, Applied Bio systems/MDS Sciex, 

Foster City, CA, USA), equipped with an ESI 

source. 

 

EXPERIMENTAL METHODS  
Chemistry  

In the below representative scheme, 

cyclohexanone (1) treated with substituted phenyl 

hydrazine’s (2a, 2b) refluxed at 60°C for 10 mins 

undergoes cyclisation with the loss of ammonia, in 

presence of reagents like glacial acetic acid leads 

the formation of substituted tetrahydrocabazole 

(3a, 3b), this upon treating with 10% sodium 

hydroxide and substituted 4amino-benzoyl 

chlorides (4a,4b) gives (4amino benzoyl) 1,2,3,4 

tetrahydro carbazole derivatives. (5a, 5b). 

Step I  

Synthesis of 1,2,3,4 tetrahydrocabazole (3a, 3b) 

(The Fischer’s indolisation reaction): Dissolve 

cyclohexanone (1) (9.8 gm, 0.1mol) in (34.65 

gm,0.6 mole) of glacial acetic acid, substituted 

phenyl hydrazine’s(2a, 2b)(10.8 gm,0.1mol) and 

the solution was refluxed for 10 minutes. Reaction 

mixture was cooled, where the tetrahydrocabazole 

(3a, 3b) was crystallized out, filtered at the pump, 

drained well and recrystallized from aqueous 

ethanol. The recrystallization was performed 

rapidly, since tetrahydrocarbazoles under goes 

atmospheric oxidation in hot solution which has 

melting point of 146°C.  
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 Step II  

Synthesis of N-(4 –amino benzoyl) 1,2,3,4-

tetrhydroacabazole 1,2,3,4-Tetrahydrocarbazoles 

(3a, 3b) (1 gm,5.78 mole) was added to 10% 

NaOH solution in a well cooled conical flask and 

then 2ml of 4-amino benzoyl chloride(4)was added 

with constant shaking, cooled in water and shaken 

vigorously for 10 minutes until the odour of the 

benzoyl chloride was disappeared. Solid was 

filtered off and N-substituted derivative (5a, 5b), 

washed with a little cold water and recrystallized 

from ethanol.  

 

Scheme 
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S.No Substituted -1,2,3,4-

tetrahydrocarbazole 

3 (a-f) 

Substituted benzene 

sulfonyl chloride 

4 (a-f) 

Final compounds 

5 (a-f) 

Yie

ld (%) 

 

 

 

1 

 

 

 

R= H 

 

 

 

R1=H 

 
 

 

 

 

92 

 

 

 

 

 

2 

 

 

 

 

 

R=Cl 

 

 

 

 

 

R1=H 

 

 
 

 

 

 

 

 

84 

 

 

 

3 

 

 

 

R=F 

 

 

 

R1=H 

 

 
 

 

 

 

86 
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4 

 

R=CH3 

 

R1=H 

 

 

80 

 

 

 

5 

 

 

 

R=H 

 

 

 

R1=CH3 

 

 

 

 

 

 

76 

 

 

 

6 

 

 

 

R=Cl 

 

 

 

R1=CH3 

 

 
 

 

 

 

73 
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BIOLOGICAL EVALUATION 

Antioxidant activity by DPPH free radical 

scavenging method 

DPPH solution (0.004% w/v) was prepared in 

95% methanol. All the test compounds (5a-j) were 

mixed with 95% methanol to prepare the stock 

solutions (10 mg/100 mL or 100 µg/mL). 2ml, 

4ml, 6ml, 8ml & 10ml of this solution were taken 

in five test tubes & the final volume was made up 

to 10 mL whose concentration was then 20 µg/mL, 

40 µg/mL, 60 µg/mL, 80 µg/mL & 100 µg/mL 

respectively. Freshly prepared DPPH solution was 

added in each of these test tubes and after 10 min, 

the absorbance was taken at 517 nm using a 

spectrophotometer. Ascorbic acid was used as a 

reference standard.  

% scavenging of the DPPH free radical was measured using the following equation 

 

 X100 

 

Results of % DPPH scavenging activity of the 

titled compounds were given in Table 1 

 

RESULTS AND DISCUSSION 

With a view to obtain biologically active (N-

Substituted -amino benzene sulphonyl) 1, 2, 3, 

4-tetrahydrocarbazole derivatives (5a-f), series 

of compounds have been synthesized. The 

structures of all the synthesized compounds were 

established by spectral methods as discussed 

below. 

IR spectrum shows characteristic absorption at 

3090.93 cm
-1

 indicating the presence of Aromatic 

C-H Stretching vibration, peak at 1718.39 cm
-1

 

indicating the presence of C-C (in ring) of 

aromatic, and 3 peaks at 1597.94 cm
-1

, 1517.50 

cm
-1

, 1441.66 cm
-1 

indicates the presence of C=C 

of aromatic, peak range at 1265.66-1398.69 cm
-1

 

indicates the presence of S=O group, peak range at 

659.85-919.23 cm
-1 

indicates the presence of C-H 

out of plane bending and vibration of mono, di 

substituted aromatic ring. 

 

COMPOUND 5a 

 
 

Name: 9-(phenylsulfonyl)-2,3,4,9-tetrahydro-1H-carbazole 

 

Formula : C18H17NO2S  

Colour : Yellow 

Nature : solid  

Yield : 92 %. 

M.P : 130
 o

C 

The structure of the compound was confirmed by 

IR, Mass and NMR 

IR (KBr): 3090.93 cm
-1 

Aromatic C-H Str, 

1718.39 cm
-1

 Aromatic C-C Str (in ring), 3 peaks 

at 1597.94 cm
-1

, 1517.50 cm
-1

, 1441.66 cm
-1 

Aromatic C=C, 1265.66-1398.69 cm
-1

 S=O group, 

659.85-919.23 cm
-1 

C-H out of plane bending and 

mono/di substituted aromatic ring.  

 

N

S

H

OOH
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IR spectrum of compound 5a 

 

MASS: 311, m /z molecular ion peak [M
+
] 311 

 

 

Mass spectrum of compound 5a 

 

H
1
-NMR (CDCl3, 300 MHz ) spectrum 

δ 1.78 (s, 4H, Alicyclic-CH2), δ 2.61 (s, 2H, 

Alicyclic-CH2 ), δ 2.76 (s, 2H, Alicyclic-CH2), δ 

6.95 (m, 2H, Ar-H ), δ 7.4 (m, 3H, Ar-H ), δ 7.8 

(m, 4H, Ar-H )  
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1
H-NMR spectrum of compound 5a 

 

COMPOUND 5b 

 
 

Name : 8-chloro-9-(phenylsulfonyl)-2,3,4,9-tetrahydro-1H-carbazole 

 

Formula : C18H16ClNO2S 

Colour : White 

Nature : Crystal 

Yield : 84 %. 

M.P : 139
 o

C 

The structure of the compound was confirmed by 

IR, Mass and NMR 

IR (KBr): 3100 cm
-1 

Aromatic C-H Str, 1585 

cm
-1

 Aromatic C-C Str (in ring), 3 peaks at 1560 

cm
-1

, 1513 cm
-1

, 1496 cm
-1 

Aromatic C=C, 1380 

cm
-1

 S=O group, 900-650 cm
-1 

C-H out of plane 

bending and mono/di substituted aromatic ring, 

750-600 cm
-1 

C-Cl str.  

MASS: 345, m /z molecular ion peak [M+H]
+
 346.  
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H
1
-NMR (CDCl3, 300 MHz ) spectrum 

δ 1.93 (m, 4H, Alicyclic-CH2), δ 2.81 (t, 4H, 

Alicyclic-CH2), δ 6.05 (d, 2H, Ar-H), δ 6.30 (t, 

2H, Ar-H), δ 6.56 (t, 1H, Ar-H), δ 7.00 (d, 1H, Ar-

H), δ 7.30 (t, 1H, Ar-H), δ 7.61 (d, 1H, Ar-H). 

 

COMPOUND 5c 

 

 

Name : 8-fluoro-9-(phenylsulfonyl)-2,3,4,9-tetrahydro-1H-carbazole 

 

Formula : C18H16FNO2S  

Colour : White  

Nature : Crystal 

Yield : 86 %. 

M.P : 166
 o

C 

The structure of the compound was confirmed by 

IR, Mass and NMR 

IR (KBr) : 3000 cm
-1 

Aromatic C-H Str, 1660 

cm
-1

 Aromatic C-C Str (in ring), 3 peaks at 1550 

cm
-1

, 1481 cm
-1

, 1450 cm
-1 

Aromatic C=C, 1400 

cm
-1 

C-F str, 1360 cm
-1

 S=O group, 930-600 cm
-1 

C-H out of plane bending and mono/di substituted 

aromatic ring.  

MASS: 329, m /z molecular ion peak [M
+
] 329.  

H
1
-NMR (CDCl3,300 MHz ) spectrum\ 

δ 1.80-1.91 (m, 2H, Alicyclic-CH2), δ 2.0-2.3 

(m, 2H, Alicyclic-CH2), δ 2.6-2.8 (m, 4H, 

Alicyclic-CH2), δ 6.45 (d, 2H, Ar-H), δ 6.61 (t, 

2H, Ar-H), δ 6.94 (t, 1H, Ar-H), δ 7.6 (d, 1H, Ar-

H), δ 7.96 (d, 1H, Ar-H), δ 8.11 (t,1H, Ar-H).  

  

COMPOUND 5d 

 
Name: 8-methyl-9-(phenylsulfonyl)-2,3,4,9-tetrahydro-1H-carbazole 
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Formula : C19H19NO2S 

Colour : white 

Nature : solid 

Yield : 80 % 

M.P : 136
 o

C 

The structure of the compound was confirmed by 

IR, Mass and NMR 

IR (KBr): 3000 cm
-1 

Aromatic C-H Str, 1550 

cm
-1

 Aromatic C-C Str(in ring), 3 peaks at 1600 

cm
-1

, 1556 cm
-1

, 1450 cm
-1 

Aromatic C=C, 1300 

cm
-1

 S=O group, 900-650 cm
-1 

C-H out of plane 

bending and mono/di substituted aromatic ring.  

MASS: 325, m /z molecular ion peak [M
+
] 325, 

[M+Na]
+
 348.  

H
1
-NMR (CDCl3, 300 MHz) spectrum 

δ 1.96 (s, 4H, Alicyclic-CH2), δ 2.3 (m, 4H, 

Alicyclic-CH2), δ 2.4 (s, 3H, Ali-CH3), δ 6.11 (d, 

1H, Ar-H), δ 6.25 (d, 1H, Ar-H), δ 6.5 (t, 2H, Ar-

H), δ 6.85 (t, 1H, Ar-H), δ 7.1 (d, 1H, Ar-H), δ 

7.46 (t, 1H, Ar-H), δ 7.92 (d, 1H, Ar-H)  

  

COMPOUND 5e 

 
 

Name: 9-tosyl-2,3,4,9-tetrahydro-1H-carbazole 

 

Formula : C19H19NO2S 

Colour : Light brown 

Nature : Solid 

Yield : 76% 

M.P : 144
 o

C 

The structure of the compound was confirmed by 

IR, Mass and NMR 

IR (KBr) : 3080 cm
-1 

Aromatic C-H Str, 1590 

cm
-1

 Aromatic C-C Str(in ring), 3 peaks at 1645 

cm
-1

, 1610 cm
-1

, 1580 cm
-1 

Aromatic C=C, 1200 

cm
-1

 S=O group, 938-694 cm
-1 

C-H out of plane 

bending and mono/di substituted aromatic ring. 

MASS: 327, m /z molecular ion peak [M+H]
+
 

328.  

H
1
-NMR (CDCl3, 300 MHz) spectrum 

δ 1.72 (s, 2H, Alicyclic-CH2), δ 2.0 (s, 2H, 

Alicyclic-CH2), δ 2.4 (s, 3H, -CH3), δ 2.61 (t, 2H, 

Alicyclic-CH2), δ 2.8 (t, 2H, Alicyclic-CH2), δ 

6.09 (d, 2H, Ar-H), δ 6.38 (d, 2H, Ar-H), δ 6.85 (d, 

2H, Ar-H), δ 7.26 (t, 1H, Ar-H), δ 7.59 (s, 1H, Ar-

H).  
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COMPOUND 5f 

 
 

Name: 8-chloro-9-tosyl-2,3,4,9-tetrahydro-1H-carbazole 

 

Formula : C19H18ClNO2S 

Colour : brown 

Nature : solid 

Yield : 73 % 

 M.P : 120
 o

C 

The structure of the compound was confirmed by 

IR, Mass and NMR  

IR (KBr): 3075 cm
-1 

Aromatic C-H Str, 1538 

cm
-1

 Aromatic C-C Str (in ring), 3 peaks at 

1595cm
-1

, 1536 cm
-1

, 1499 cm
-1 

Aromatic C=C, 

1250-1350 cm
-1

 S=O group, 900-650 cm
-1 

C-H out 

of plane bending and mono/di substituted aromatic 

ring, 730-639 cm
-1 

C-Cl str. 

MASS: 359, m /z molecular ion peak [M+Na]
+
 

382. 

H
1
-NMR (CDCl3, 300 MHz) spectrum 

δ 1.81 (d, 4H, Alicyclic-CH2), δ 2.2 (s, 3H, 

Alicyclic-CH2), δ 2.52 (s, 2H, Ali-CH3), δ 2.77 (t, 

2H, Alicyclic-CH2), δ 6.32 (d, 1H, Ar-H), δ 6.55 

(d, 2H, Ar-H), δ 6.92 (s, 1H, Ar-H), δ 7.38 (d, 1H, 

Ar-H), δ 7.41 (d, 1H, Ar-H), δ 7.71 (m, 1H, Ar-H). 

All the synthesized final compounds (5a, 5b, 

5c, 5d, 5e, 5f) structures were confirmed by IR, 

MASS and 
1
H-NMR studies. 

 

BIOLOGICAL EVALUATION 
Antioxidant activity  

DPPH free radical scavenging activity 

DPPH free radical scavenging activity results 

displayed that title compounds (5a-f) are able to 

show marked antioxidant activity. Among which 

5d showed highest antioxidant activity, whereas 

compounds 5a, 5b showed good activity. 

Remaining all the compounds have shown 5c, 5e, 

5f moderate activity. The IC50 values of all 

compounds (5a-f) were found between 25.46-90.66 

µg/mL with antioxidant activity. These compounds 

have showed less antioxidant potential with the 

standard ascorbic acid.  

 

Table-1. Antioxidant activity of the synthesized compounds (5a-f) 

Compound DPPH free radical scavenging activity (%) 

20 µg/mL 40 µg/mL 60 µg/mL 80 µg/mL 100 µg/mL IC50 (µg/mL)
 

5a 45.23±0.7 51.11±0.1 67.39±0.1 69.46±0.5 71.48±0.2 29.13 

5b 37.59±0.6 46.10±0.6 51.92±0.1 67.31±0.6 70.50±0.5 49.23 

5c 34.11±0.3 39.43±0.4 41.78±0.3 46.81±0.1 53.10±0.3 90.66 

5d 47.19±0.6 54.84±0.2 68.43±0.4 74.68±0.5 81.87±0.2 25.46 

5e 36.23±0.1 41.65±0.4 44.11±0.2 48.02±0.2 54.90±0.4 82.96 

5f 31.23±0.2 37.54±0.4 48.05±0.2 52.12±0.2 63.70±0.2 69.15 

Ascorbicacid 55.12±0.2 65.08±0.2 75.26±0.2 85.82±0.4 93.74±0.2 8.96 
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Ascorbic acid (reference antioxidant 

compounds) was used as a standard. The 

scavenging capacities were represented as 

percentage inhibition and values were the means of 

three replicates (mean±SD, n=3). 

 

CONCLUSION 

“A novel synthesis of N-substituted 

tetrahydrocabazole analogs and their biological 

evaluation anti-oxidant activity” by adopting new 

methodology. The structures were confirmed by 

IR, 
1
H-NMR and Mass spectral studies. The IC50 

values of all compounds (5a-f) were found 

between 25.46-90.66 µg/mL with antioxidant 

activity. These compounds have showed less 

antioxidant potential with the standard ascorbic 

acid. Among which 5d showed highest antioxidant 

activity. 

 

BIBLIOGRAPHY 

[1]. Reynolds.C.H, Merz K. M, Ringe. D, Drug Design: Structure and Ligand Based Approaches, 6, 2010, 

481-439. 

[2]. Collin, Gerd, Höke, Hartmut Ullmann's Encyclopedia of Industrial Chemistry, 9, 2005, 300 -342. 

[3]. Lammich. S, Arzberger. T, The International Journal of Plant Biochemistry , 35, 1994, 1085-1086. 

[4]. Lide, David R. CRC Handbook of Chemistry and Physics, 88, 2007, 3–86. 

[5]. Dineshkumar. B, Mitra. A, Mahadevappa M., Biological and pharmacological activities of carbazole 

alkaloids, 32, 2001, 189-200. 

[6]. Kieran. P, Stockton, Ben.W, Greatrex, Organic & Biomolecular Chemistry, 24, 2015, 111-150. 

[7]. Carl, Graebe, Fritz, Ullmann, "Ueber eine neue Carbazolsynthese" 291, 1986, 16–17. 

[8]. Berry.G.C, Matyjaszewsk. K, Progress in Polymer Science, 9[28], 2003, 1297–1353. 

[9]. Chen L.C, Juang S.H, Chang K.M, Chemical & pharmaceutical bulletin, 62[3], 2000, 106-111. 

[10]. Bin Cai, James S. Panek, and Salomon Amar, Med. Chem., American Chemical Society, 48[7], 2005, 

2258-2261. 

[11]. Rogers and Corson, Journal of American Chemical Society, 69[10], 1947, 582-594. 

[12]. Knolker H.J, Advances in Nitrogen Hetrocycles, 1995, 1, 273-285. 

[13]. Robinson. B, "The Fischer Indole Synthesis". Chemical Reviews, 1963, 63, 4, 373–401. 

[14]. Campbell. A, Loeser. J. D, World journal of pharmacy and pharmaceutical sciences, 2009, 1, 1, 290-

297. 

[15]. Sri Ram. D, Yogeshwari. P, Personal medicinal chemistry, 2010, 33, 6, 167-188. 

[16]. Schatmen. M. E, The FASEB Journal: Official publication of the Federation of American Societies for 

Experimental Biology, 2011, 22, 2, 383–390. 

[17]. Buer .J.K, International Journal of Scientific Literature, 1989, 11, 23, 263–287. 

[18]. Meldrum. M. L, Chronic pain management: Guidelines for multidisciplinary program development , 

2007, 1, 55, 361-375. 

[19]. Borsook. D, Ploghaus. A, Becerra. L, Current Opinion Investigating Drugs, 2002, 3, 1342–1347. 

[20]. Ye-Feng Fan, Wen-Wen Zhang, Xu-Sheng Shao, Chinese chemical letters, 1988, 121, 1228-1556. 

[21]. Honarnejad. K
 
, Jung C. K, Journal of cellular and molecular medicine, 1993, 17, 2, 293-302. 

[22]. Jing Chen, Jianshu Lou, Biochemistry and Molecular Medicine, 1899, 10, 24, 227-299. 

[23]. Manuela Borriello. G, Andrea Bozzoli. K, Bioorganic & Medicinal Chemistry Letters, 1994, 19, 8, 

2083. 

[24]. Basaveswara Rao, Sridhar. R, Scientific & Academic Publishing, 2011, 1, 88, 333-389. 

[25]. Tamatakallu. K, Shrungesh Kumar. A, Kittappa M. Mahadevan, Pharma science journal, 2014, 6, 2, 

137-40. 

[26]. Hu. P, Rooney. D.W, Hind le. K., The Journal of Chemical Physics, 1997, 128, 10, 449-495. 



Subrahmanyam L et al / Journal of Pharmacreations Vol-3(4) 2016 [300-312] 

312 

[27]. Back. B, Betts. K, Cassidy. B, Glagola J. E, Gindler L. E, Glendenin. B. D. Wilkins, Physical chemistry 

Revision Letters, 1984, 54, 397-400. 

[28]. Harsha M.G, Pramila T. Gowda, American Journal of Pharm Tech Research , 2012, 3, 4, 76-90. 

[29]. Stiborova Marive, Martina Rupertova Martina, Heinz H, Frei Eva, Journal of Biomedical and 

Pharmaceutical Research, 2006, 150, 1, 13–23. 

[30]. Yan Hua, Mizutani T.C, Nomura. N, Takakura. T, Yoshihiro Kitamura. Y, Hideka Miura.H, Journal of 

Biomedical and Pharmaceutical Research, 2001, 5, 16, 363–373. 

[31]. Handral Harish, Hoti. S, Shruthi. S, International Journal of Pharmacy and Pharmaceutical Sciences,  

2012, 4, 74-77. 

[32]. Baumann. S, Hottecke. N, Schmidt. J, Bioorganic and Medicinal Chemistry, 2003, 15, 7, 5615-5619. 

[33]. Bansal Rajpal, Bansal Mohit, Desal Keya, Birala Publication Pvt.. Ltd, 2009, 34, 1, 560-589. 

[34]. Rotella D.P, McFarlane G.R, Greenfield Alexander, Grosanu Cristina, Robichaud A.J, Bioorganic & 

Medicinal Chemistry Letters, 2011, 45, 19, 5552-5555. 

[35]. Dineshkumar B, Mitra A, Mahadevappa. M, International Journal of Phytomedicine, 2010, 11, 2, 22-

30. 

[36]. Tripathi K.D, ‘Essentials of medical pharmacology’, 2003, 5, 56, 393. 

[37]. Sridhar R.B, Basaveswara Rao.M.V, Scholars Research Library Der Pharma Chemica , 2013, 5, 1, 343-

349. 

[38]. Romano Di Fabio, Riccardo Giovannini, Barbara Bertani, Manuela Borriello, Bioorganic & Medicinal 

Chemistry Letters, 1999, 5, 78, 3399-3600. 

 


