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Abstract: A novel synthetic methodology of Schiff bases incorporating
dibenzazepine carbohydrazide with isatin is described. The title compounds were
prepared by condensation of carbohydrazide and substituted isatins. Structures of
all these compounds were confirmed by their spectral studies. These compounds
were screened for their i vifre antioxidant activity. From the biological studies, it
was possible to observe that some of the compounds have shown good antioxidant
activity when compared to the standard, ascorbic acid. Compounds with electron
withdrawing substitutents (3f) and (3k) have shown better activity at lowest
concentration than electron donating substitutents. The ambient conditions, good
product yields and easy work up procedures make this methodology a better
protocol for the synthesis of newer derivatives which can be explored further for
biological activities.

Key words: N'-[(3z)-5-substituted-2-ox0-1,  2-dihydro-3H-indol-3-ylidene]-3H-
dibenzo [b,f] azepme-5-carbohydrazide, Schiff’bases, antioxidant
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INTRODUCTION

In the last years, there is an increasing evidence of the implication of free radicals and
reactive oxygen species in a variety of diseases and pathophysiological events including
mflammation, cancer, myocardial infarction, arthritis and neurodegenerative disorders
(Bast et al., 1991). Reactive Oxygen Species (ROS) have been suggested to play an important
role in the pathophysiology of myocardial reperfusion injury. They may cause wutiation of
lipid peroxidation, direct intubition of mitochondrial respiratory chain enzymes, mactivation
of glyceraldehyde- 3-phosphate dehydrogenase, intubition of membrane sodium/potassium
ATPase activity, inactivation of membrane sodium channel and other oxidative modifications
of proteins. Additionally, there are a large munber of other reactive species that are formed
from the reaction of ROS with biological molecules (e.g., polyunsaturated lipids, thiols and
nitric oxide (NO)) (Tsmaili ez al., 2008). Dioxygen is a highly important, yet toxic, molecule that
reacts in vivo to produce reactive oxygen species such as superoxide, peroxides, hydroxyl
radicals and other related species (Joan and Edith, 2008).
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Oxidant-antioxidant imbalance leads to pathophysiological effects associated with
asthma such as vascular permeability, mucus hypersecretion, smooth muscle contraction and
epithelial shedding. Therefore, the supplementation of antioxidants to boost the endogenous
antioxidants or scavenge excessive ROS production could be utilized to dampen/prevent the
inflammatory response in asthma by restoring oxidant-antioxidant balance (Nadeem et al.,
2008). All these toxic effects are likely to play a role in the pathophysiology of shock,
mflammation and 1schemia-reperfusion mjury (Cuzzocrea et al., 2001).

Therefore, considerable research mterest 1s focused on the investigation of the
antioxidant properties of pharmacologically active compounds and several experimental
protocols have been developed for this purpose.

In the design of new drugs, the development of hybrid molecules through the
combination of different pharmacophores in one frame may lead to compounds with
interesting pharmacological profiles. According to literature isating possess diverse
chemotherapeutic activities such as antibacterial (Daisley and Shah, 1984), antifungal,
antiviral, anti-HIV (Teitz et al, 1994), anti-mycobacterial (Karal et al., 2007), anti-cancer
(Gursoy and Karali, 2003) anti-inflammatory (Sridhar et al., 2001) and anticonvulsant
(Smitha ez al, 2008). On the other hand, tricyclic moiety is associated with diverse
pharmacological — activities such as  antiepileptic  activity, antiviral activity
(Khummawutmanotham et al., 2007), antibacterial (Székelyhidi er al, 2005) antifungal
(Panwar et al., 2006) anti-inflammatory (Weyler ef al., 2008) and anticonvulsant activity,
while it incorporates a considerable antioxidant potential (Hadjimitova ez al, 2002).

The combination of these two pharmacophores in the same molecule is an interesting
challenge for the development of new pharmacologically active antioxidants.

The study describes the synthesis of novel Scluff’s bases of substituted isatins
condensed with carbohydrazide. Title compounds were screened for their in vitro antioxidant
activity using reducing power and DPPH radical scavenging assay.

MATERIALS AND METHODS

Melting points were determined in open capillaries on a Thermonik melting point
apparatus and are found uncorrected. Infra red spectra were recorded on Fourier Transform
IR spectrophotometer (Shimadzu FT-IR 8700) using KBr (transmittance,v,,,, in cm ') disc
method.'H NMR spectra were recorded in DMSO on Bruker-200 NMR spectrophotometer
using TMS as internal reference standard (chemical shifts in &, ppm). Mass spectra were
recorded on Shimadju 2010 A L.CMS spectrophotometer (mz " and relative intensity). All the
reactions were routinely monitored and purity was determined on thin layer chromatography
using Merk silica gel 60 F,,, coated alumina plates using several solvent systems of
different polarity. All the chemicals used were of AR grade (Sigma-Aldrich; Acros; Hi-media).
The antioxidant activity was determined using Reducing Power and DPPH Radical
Scavenging methods.

This study was carried out from 16th September 2008 to 6th November 2009 at
Department of Pharmaceutical Chemistry, Al-Ameen College of Pharmacy, Bangalore-560027,
India and Sangenomics Research Labs Pvt Ltd, Bangalore 560071, India.

Synthesis of SH-Dibenzo (b,f) Azepine-5H-Acid Hydrazide (1)

Compound 1 was prepared according to the method described by Bhatt and Patel
(2005). A mixture of SH-dibenzo (b,f) azepine-5-carbony! chloride (2.5 g, 0.01 mole) and
hydrazine hydrate (0.01 mol, 80%) nabsolute alcohol was stired for 2 h and then refluxed
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for 30 min. The product obtained was filtered, washed with cold alcohol, dried and purified
by recrystallization from methanol to give SH-dibenzo (b,f) azepime-5-acid hydrazide. Yield
735%, m.p. 178°C. TLC (methanol: toluene, 2:8, R;0.20).

+  TIR(KBr, v, incm™): 3470, 3352 (:NHNH,, str), 3019 (Ar-C-H str), 1647 (C=0, str),
1601, 1566 and 1452 (Ar-C=C, str)

+  'HNMR(CDCLS ppm): 7.35 (m, 8H, Ar-H), 6.87 (s, 2H,CH=CH), 5.85(bs, 1H, -NH), 3.47
(bs, 2H, -NH,)

+  Synthesis of Isatins (2a-1): Tsatins were prepared as per the method described by Marvel
and Hiers (1941)

Step-1 (Isonitrosoacetanilide)

Tna 5 L round-bottomed flask are placed 90 g (0.54 mole) of chloral hydrate and 1200 mT.
of water. To this solution are then added, i order: 1300 g crystallized sodium sulphate, a
solution of appropriate aromatic amine (0.5 mole) in 300 mL of water to which (0.52 mole)
concentrated hydrochloric acid (sp.gr.1.19) 13 added to dissolve the amine and finally, a
solution of hydroxylamine hydrochloride (1.58 moles) in 500 mI. water. The contents in the
flask are heated over wire gauze so that vigorous boiling begins and the heating 1s continued
till the reaction is completed. The product solidifies, filtered under suction and air dried and
this mtermediate (1sonitrosoacetamlide) was used in step-2.

Step-2 (Isatin)

Sulfuric acid, concentrated, (sp.gr.1.84) 600 g (326 mL.) is warmed to 50°C inal T,
round-bottomed flask fitted with a mechamcal stiurer. To this, 1sonitrosocacetanilide
(0.46 mole) is added at such a rate as to maintain the temperature between 60-70°C to
complete the reaction. The reaction mixture 1s cooled to room temperature and poured on
crushed ice. The isatin is filtered with suction, washed several times with cold water to
remove the sulphuric acid and then air dried. The isatin so obtamned 18 crystallized using
glacial acetic acid. All the isatins synthesized were obtained in good yields (65-75%).

IR (KBr, v, in cm ™) (2a)
3193 (N-H, str), 2813 (Ar C-H, str), 1731.96 (C—0, str), 1332 (C-N, str).

Synthesis of N'-[(3z)-5-Substituted -2-0Oxo0-1,2-Dihydro-3H-Indol-3-Ylidene|-SH-Dibenzo
[b, f] Azepine-5-Carbohydrazide (3a-1)

e General Procedure: An equimolar mixture of SH-dibenzo (b,f) azepine-5H-acid hydrazide
(1) 0.01 M and substituted isatin derivatives (2a-1) (0.01 M) 1s dissolved in 25 mL of warm
alcohol containing 4-5 drops of glacial acetic acid. The reaction mixture was refluxed for
50 h and left overnight. The solid obtained was filtered and washed with cold ethanol,
dried and recrystallized from ethanol-chloroform mixture (1:1). Similarly, the other title
compounds were synthesized using the above procedure and the results are shown in
Table 1.

(37)-3-§2-[1-(SH-Dibenzo [b.f] Azepin-5-yl) Ethenyl] Hydrazinylidene}-1,3-Dihydro-2H-
Indol-2-one (3a)

¢ IR (KBr,v,, in em™): 3248.87 (N-H str), 3070.46 (ArC-H str), 1702.06 (C=0 str),
1676.03 (C=N str), 1619.13 (C = C str), 1319.22 (C-N str)
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Table 1: Physical constants of the synthesized compounds (3a-1)

Compound code  Molecular formula Molecular weight Melting point (°C) Yield (%o) R;value
3a CoeH, N0, 380.0 235 80 0.68
3b CaH sN4O, 394.0 282 88 0.66
3¢ CoH, N0, 394.0 296 65 0.61
3d CouH N0, 394.0 241 80 0.58
3e Co:H,sN,O,Br 427.0 285 75 0.64
3f C,H,:N,0,Br 427.0 266 73 0.58
3g CoH NLO.F 398.0 282 78 0.45
3h CypHy sN,0,C1 415.5 272 80 0.50
3 C,:H,:N,0,Cl 415.5 270 60 0.48
3 CoaH, NL0,C1 415.5 248 62 0.50
3k Co:H sN50, 425.0 289 70 0.61
3] C.H N0, 425.0 203 64 0.59

¢+ LCMS, m/e : (M + 1) 383. Base peak (196)
+  'H-NMR (DMSO, & ppm): 12.48-12.65 (s, 11, NH), 10.94 (s, 1H, CONH), 7.02-7.66
(m, 12H, ArH), 6.88-6.92 (d, 2H, CH = CH)

(37)-3-{2-[1(5H-Dibenzo [b,f] Azepin-5-yl) FEthenyl] kydrazinylidene}-5-Methyl-1,
3-Dihydro-2H-indol-2-one (3¢)

e IR (KBr,v,, in cm™): 3427.27 (N-H str), 2924.85 (ArC-H str), 2855.42 (Alph C-H str),
1736.78 (C = O str), 1683.74 (C = N str), 165481 (C= Cstr), 1325.97 (C-Nstr), 748.33
(Ar-CH, str)

¢ LCMS, m/e: (M +1) 395

+  'H-NMR (DMSO, & ppm): 12.68 (s, 1H, NH), 12.52 (s, 1H, CONH), 7.07-7.66 (m, 11H,
ArH), 6.64- 6.66 (d, 2H, CH = CH) 2.40 (s, 3H, CH,)

(37)-4-Bromo-3-{2-[1-(5H-Dibenzo [b,f] Azepin-5-yl) Ethenyl] hydrazinylidene}-1.3-
Dihydro-2H-Indol-2-one (31)

«  IR(KBr,v,, inem™): 3210.20 (N-H str), 2925.81 (ArC-H str), 1675.06 (C = O str), 1595.99
(C =N str), 1336.58 (C-N str), 749.29 (ArC-Br str)

»  'H-NMR (DMSO,3 ppm): 12.46-12.62 (s, 111, NID), 11.07 (s, 1EL CONEI), 7.08-7.62 (m, 1111,
ArH), 6.85-6.89 (d, 2H, CH=CH)

(37)-3-{2-[1(5H-Dibenzo [bf] Azepin-5-yI) Ethenyl] Hydrazinylidene}-6-fluoro-1,
3-Dihydro-2H-indol-2-one (3g)

« IR(KBr,v,,, incm™): 3270.08 (N-H str), 3185.22 (ArC-H str), 1697.24 (C = O str), 1686.83
(C =N str), 1389.62 (ArC-F), 1322.11 (C-N str)

+  'H-NMR (DMSO,  ppm): 12.51-12.68 (s, 1IL NII), 10.96(s, 11, CONII), 7.15-7.62 (m, 1111,
ArH), 6.90- 6.92 (d, 2H, CH = CH)

(3Z)-6-Chloro-3-§2-[1(5H-Dibenzo [b,f] Azepin-5-yI) FEthenyl] Hydrazinylidene}-1,
3-ihydro-2H-indol-2-one (3 h)

«  IR(KBr,v,, inem™): 3163.04 (N-H str), 3067.57 (ArC-H str), 1696.28 (C = O str), 1621.06
(C =Nstr), 1319.22 (C-N str), 1034.74 (ArC-C1)

»  H-NMR (DMSO, 8 ppm): 12.47 (s, 11L, NIT), 11.06 (s, 1II, CONII), 7.08-7.62 (m, 1111,
ArH), 6.89-6.93 (d, 2H, CH = CH)
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(3Z)-5-Chloro-3-§2-[1(5H-Dibenzo [b,flAzepin-5-y1) FEthenyl] Hydrazinylidene}-1,
3-Dihydro-2H-indol-2-one (3i)

«  IR(KBr,v,,, inem™): 3166.90 (N-H str), 3110.97 (ArC-H str), 1695.31 (C = O str), 1620.09
(C =Nstr), 1319.22 (C-N str), 1062.70 (ArC-C1)

¢ LCMS m/e: M +) 415

»  'H-NMR (DMSO, 8 ppm): 12.41-12.58 (s, 1IL NII), 11.08 (s, 11, CONIL), 7.08-7.66 (m, 1111,
ArH), 6.88- 6.93 (d, 2H, CH = CH)

Antioxidant Activity

The antioxidant activity of all the synthesized compounds was determined using
Reducing Power (Jayashree et al., 2009) and DPPH Radical Scavenging (Mathew and
Sasikumar, 2007) methods.

Reducing Power

Reaction mixture containing test samples at different concentrations in phosphate buffer
(0.2 M, ph 6.6), was incubated with potassium ferricyanide (1% w/v) at 50°C for 20 min. The
reaction was termimated by the addition of trichloro acetic acid solution (10%, w/v) and the
mixture was centrifuged at 3000 rpm for 20 min. The supernatant was mixed with distilled
water and ferric chloride (0.1% w/v) solution and the absorbance was measured at 700 nm.

Increased absorbance of the reaction mixture indicated increased reducing power as shown
in Table 2.

DPPH Radical Scavenging Activity
Radical Scavenging Activity Was Determined by the Following Method

To 25 mL of the sample solution at different concentrations (125, 250 and
500 pgm mL. ™) 1 mL of 0.3 mM alcoholic solution of DPPH (2, 2-diphenyl-1-picrylhydrazyl)
was added and the samples were kept m dark for 30 min and the optical density was
measured at 518 nm. Similarly blank was prepared under same conditions without the sample.
Control was prepared by the addition of 1 mL of 0.3 mM DPPH to 2.5 mL of methanol. The
optical density of the samples and the standard were measured against methanol as blank
and percentage inhibition was calculated as shown in the Table 3.

Table 2: Reducing power of (3a-1) at 700 nm
Concentrations in (ug mL™)

Compound code 125 250 500 1000
3a 2,723 2.883 2.959 3141
3b 2.260 2.669 2.851 3.125
3c 1.965 2.435 2.971 3.550
3d 2.025 2.136 2.283 2,295
3e 1.883 2.032 2.096 2.283
3f 1.434 2.009 2.604 2.619
3g 2.446 2.551 2.609 2.627
3h 1.430 1.937 2.480 2.642
3i 1417 2.500 2.621 2.904
3j 1.880 2.037 2.365 2.469
3k 2.187 2,281 2.337 2412
3l 1.707 2.008 3.000 3.125
Standard (ascorbic acid) 1.996 2.144 2.162 2.233
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Table 3: DPPH radical scavenging activity expressed as percentage inhibition of 3a-1
Concentrations in {(ug mL™")

Compound code 125 2350 500
3a 4 5 8
3b 4 10 31
3¢ 32 33 49
3d 48 54 76
3e 15 21 36
if 77 90 93
3g 11 14 18
3h 36 60 64
3 28 35 59
3 09 15 21
3k 74 90 93
31 27 77 78
Standard (ascorbic acid) 77 33 87
RESULTS AND DISCUSSION

In this study, we have synthesized a new series of Schuff’s bases of carbohydrazide
coupled with isatins. Yields of all synthesized compounds were obtained in the range of
60-90%. All the derivatives were subjected to antioxidant activity using DPPH Free Radical
Scavenging and Reducing power.

From the Table 2 of reducing power it was seen that as the concentration increased
absorbance also increased. The activity was carried for different concentrations 1000, 500,
250 and 125 ug mL.~". Among these compounds, (3a, 3b, 3¢, 3g and 3k) have shown good
antioxidant activity at 125 pg mL~™ when compared to the standard with the same
concentrations. Compounds (3¢, 3e 37 and 31) have shown moderate activity at the same
concentrations.

From the DPPH free radical scavenging activity, it was seen that some of the compounds
have shown promising antioxidant activity as shown by percent inhibition (Table 3).
Compounds 3f, 3k with p-bromo and p-mtro substitutents have shown very good antioxidant
activity with percentage inhibition of 77 and 74, respectively at 125 ug mL™". Rest of the
compounds have shown mild to moderate activity. But none of the compounds have shown
activity greater than the standard.

The structure of 1satin has been the subject of numerous investigations. The presence
of carbonyl group at position 3 in 2, 3-indolindione and free amino group of the hydrazide
furnishes reaction site at position 3 for condensation reaction.

Although, rarely described in nature, synthetic isatin hydrazone clubbed with
dibenzazepme moiety could be taken for evaluation of antioxidant activity. The objective of
the project was to synthesize and evaluate the new derivatives bearing isatin with
dibenzazepine for antioxidant potential. Tnitial starting compound, (1) 5H-dibenzo (b,f)
azepine-SH-acid hydrazide was prepared by condensation of S5H-dibenzo (b,f) azepine-
S-carbonyl chloride and hydrazine hydrate in abseclute alcohol. Various substituted isatins
(2a-1) were synthesized using chloral hydrate and substituted aromatic amines. Finally, the
title compounds were synthesized by condensation reactions of (1) and {2a-1) to give N'-
[(3z)-5-substituted-2-oxo-1, 2-dihydro-3H-indol-3-ylidene]-5H-dibenzo  [b,f] azepine-5-
carbohydrazide (3a-1). The compounds were confirmed by spectral studies such as IR,
'HNMR and LCMS. All the above reactions are briefly summarized in scheme Fig. 1a-c. The
infrared spectrum of intermediate (1) shows NH,doublet at 3470, 3352 cm™'and C =0
1647 cm. Further isatins were confirmed by the appearance of a sharp peak at 1731 cm™ for
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Fig. 1. Scheme of reactions. (a) Step-1: 5H-dibenzo (b,f) azepine-5H-acid hydrazide (1), (b)
Step-2: Isatins (2a-1) and (¢) Step-3: N'-[(3z)-5-substituted -2-oxc-1, 2-dihydro-3H-
indol-3-ylidene]-5H-dibenzo [b,f] azepine-5-carbohydrazide (3a-1)

the presence of C = O group. The peaks at 1660 and 1600 nm confirmed the presence of
C = N in schiff bases and absence of NH, doublet peak. Similarly the signals of "HNMR
spectra at O ppm 3.47 and 5.85 confirm the NH, protons of hydrazide and NH of -CONH,
respectively. The formation of Schiff base was evidenced by the appearance of singlet peak
of NH at 12.46 and 11.07 of CONH. The multiplet signals at § ppm 7.08-7.62 are characteristic
aromatic ring protons. Further compounds were confirmed by the LCMS and are in
accordance with the proposed structures.

In conclusion, the results of the antioxidant activity revealed the compounds to possess
good spectrum of antioxidant activity by incorporation of electron withdrawing
substitutents. Therefore, this study would be fruitful matrix for the development of novel
class of antioxidant agents. This study can be further confirmed by carrying out in-vivo
activity to know the mechanism of action of schiff’s bases of dibenzazepines carbohydrazide
with 1satins.
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