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INTRODUCTION

Nitrogen-containing heterocycles (N-heterocycles) have tremendous applications in
pharmaceutical and material sciences.!! Heterocyclic compounds are acquiring more
importance in recent years because of their broad pharmacological activities. Nitrogen,
sulphur or oxygen containing five or six membered heterocyclic compound has occupied

enormous significance in the field of medicinal chemistry.

Indole is a bicyclic heterocycle consisting of a six membered benzene ring fused to a five

membered nitrogen containing pyrrole ring. Indoles are an important class of heterocycles not
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only because they are among the most ubiquitous compounds in nature, but also because they
have a wide range of biological activities. The indole moiety is found in various
pharmacologically and biologically active compounds.’”) Many indole alkaloids are
recognized as one of the rapidly growing groups of marine invertebrate metabolites for their

broad spectrum of biological properties.®

Indole is the most beneficial heterocyclic nucleus which has gained prominence in medicinal
chemistry due to its diverse biological activities such as anticonvulsant™®®, anti-
inflammatory!™*% and antipsychotic!* activities. Naturally occurring carbazoles and synthetic

carbazole analogues are known to exhibit promising biological applications.!?

Several alkaloids based on a carbazole structure are known to possess interesting biological
activities. Psychotropic and anti-histamine properties have been attributed to many of such

compounds.!*?!

More recently, carbazoles have also been used as photoconductors,
semiconductors and for their light-emiting properties, making them interesting organic tools
for physics experiments.**! The introduction of functional groups into the carbazole scaffold
is essential to generate compounds suitable for biological and physical investigations.
Heterocyclic ring system of tetrahydrocarbazole and their derivatives are used with great
interest for the past and recent years due to wide variety of antimicrobial activity!*®,

anticancer & antitubercular®® and anticonvulsant™*”! activities.

Bromination is a very important process in organic synthesis as bromo derivatives serve as
useful intermediates in the manufacture of pharmaceuticals, agrochemical and other
specialised chemicals."® Moreover, many pesticides, insecticides, herbicides and fire
retardants contain the bromine functionality.™®?® N-Bromosuccinimide is one of the most

pronozing brominating agents, especially for free radical bromination.

While N-Bromosuccinimide (NBS) is a convenient source of bromine for both substitution
and electrophilic addition reactions. NBS has been extensively used for allylic and benzylic
bromination. NBS has several advantages over the use of molecular bromine for these types
of free radical substitution. The aim of present study is to develop novel, efficient,
convenient, selective and environmentally begin synthetic methods in organic chemistry,

which helps the drug discovery and medicinal chemistry.
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MATERIALS AND METHODS

Cyclohexanone, Chloroform and Carbontetrachloride were purchased from Merk.
Glacialaceticacid, was purchased from Avra synthesis. The following chemicals were
purchased from S.d.fine chemicals pvt.Ltd and Qualikems Mumbai — Phenylhydrazine, N-
bromosuccinimide. Concentrated Sulphuric acid and Solvents like Ethanol, Methanol were

purchased from Qualikems Mumbai.

Melting point of all the compounds were determined using an Xx-5A Melting point Instrument.
The FTIR spectra was recorded using KBr disc on a Alpha Bruker FTIR spectrometer. *H
NMR spectra were recorded on a Bruker AVANCE 400MHZ spectrometer in DMSO(d-6) &
CDCl; using tetramethylsilane as internal standard. **C NMR spectra were recorded on a
Bruker AVANCE 400MHZ spectrometer DMSO(d-6) & CDCls in solvents.

Experimental

General method of Synthesis of tetrahydrocarbazole & 6-bromo tetrahydrocarbazole

A mixture of cyclohexanone [3g, 0.03 mol] and glacial acetic acid [9.45g, 0.16 mol] were
taken in a round bottom flask fitted with a reflux condenser. Phenyl hydrazine [3.294 g, 0.03
mol] was added slowly through the top of the condenser with constant stirring. The reaction
mixture was refluxed for about 30-45 minutes. The disappearance of oily layer indicated the
completion of the reaction and the hot mixture was poured into ice. The content was then
stirred vigorously for about 30 minutes. The crude solid was filtered, washed with water and
dried. The crude product was recrystallized from hot methanol followed a pinch of charcoal

ensured a pale white powder.

Tetrahydrocarbazole

Yield: 75%, Melting point 116-118°C, FTIR(KBr):3389cm™(N-H), 3055cm™(C-H aromatic),
2928cm™ and 2847cm™(C-H aliphatic), 1585cm™ (C=C). *H NMR(CDCls, ppm): 7.638(S, N-
H), 7.288(2d,2H), 7.24-7.25(dd, H), 2.7-2.8 (t,2H), 1.87-1.92(tt,2H). Mass spectrum: M/Z
ratio 172.2.

6-bromo tetrahydrocarbazole

Yield: 80%, Melting point 102-104°C, (N-H, st) 3414 cm™(=C-H, st) 3059 cm™(-C-H, st)
2852 cm™(C=C, st) 1456 cm™*(C-N, st) 1327 cm™(C-C, st) 1238 cm™(C-Br, st) 748 cm™, 2.6-
2.7 (2t, 4H), 1.80- 1.82(m,4H), 7.38-7.49(m,2H), 8.09-8.11(s,H), 11.3(S,N-H).Mass
spectrum: M/Z ratio 251.2.
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Synthesis of 2, 7-dibromo tetrahydrocarbazole

N- bromosuccinimide (NBS) (10.82 g, 0.06 mol) was slowly added to a solution of
tetrahydrocarbazole (5.29,0.03 mol) in 85% sulfuric acid and the mixture was vigorously
stirred overnight at room temperature. This mixture was poured into ice taken in a beaker,
and stirred well. The 2,7-dibromo tetrahydrocarbazoles was purified using hot ethanol and

further purification by recrystallization from ethyl acetate afforded a dark maroon powder.

Yield: 82%, Melting point 185-190°C, FTIR(KBr):3284cm™(N-H), 3056cm™(C-H aromatic),
2929cm™ and 2852cm™(C-H aliphatic), 1664cm™ (C=C), 743 cm™ (C-Br Str). 'H
NMR(CDCls, ppm): 8.188 (S, N-H), 7.43(S,H), 6.9-7.55(2d, 2H), 2.62 (t,2H), 2.04 (Q,2H),
3.33( tt,H), 2.09 (d, 2H). Mass spectrum: M/Z ratio 327.9.

Synthesis of 2,6-dibromo-12,34-tetrahydrocarbazole

About (0.7504g, 3mmole) of 6-bromo-12,34-tetrahydrocarbazole in Carbon tetrachloride
(20ml) was taken in RB-flask and 0.5338g, 0.0030mole) of N-bromo succcinimide was added
to the reaction mixture with free radical initiator benzoyl peroxide (10mg) have also been
added. The content of the mixture was allowed to reflux with constant stirring during
overnight, maintained the temperature not exceeding to 75°C. TLC used to found the reaction
progress. The reaction mixture was filtered and the filtrate was allowed to evaporate, to

obtain a brown powder and its melting point was 183-185°C.

Yield: 90%, Melting point 183-185°C, FTIR(KBr): N-H-3410cm™, =C-H-3064cm™, C-H-
2846cm™, C=C-1456cm™, C-N-1352cm™, C-C-1236cm™, C-Br-796, 8.323 N-H.s, (7.482-
7.622, 1), (7.069-7.215, 1), (2.57-2.686, m), (2.701-2.714, d) & (1.772-1.827, m) cm-1 Mass
spectrum: M/Z ratio 329.9.
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Bacterial cultures and evaluation of antimicrobial activities
Agar well diffusion method

Antimicrobial analysis was followed using standard agar well diffusion method to study the
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antibacterial activity of compounds (Perez et al., 1990; Erdemoglu et al., 2003; Bagamboula
et al., 2004). Each bacterial isolate was suspended in Brain Heart Infusion (BHI) broth and
diluted to approximately 10° colony forming unit (CFU) per ml. The test organisms were
flood-inoculated onto the surface of BHI agar and then dried. Five-millimeter diameter wells
were cut from the agar using a sterile cork-borer and 30pL (50pg compound in 1 ml of
solvent-Ethanol) of the sample solution were poured into the wells. The plates were incubated
for 18 hours at 37°C for bacteria. Antibacterial activity was evaluated by measuring the
diameter of the zone inhibition in mm against the test microorganisms. DMSO was used as
solvent control. Ciprofloxacin was used as reference antibacterial agent. The tests were

carried out in triplicate.

RESULT AND DISCUSSION
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Fig 1. FTIR Spectrum of 1,2,3,4-tetrahydrocarbazole.
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Fig 2: 'H NMR Spectrum of 1,2,3 4-tetrahydrocarbazole.
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Fig 4: LC MASS Spectrum of 1,2,3,4-tetrahydrocarbazole.
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Fig 5: FTIR Spectrum of 2,7-dibromo-1,2,3,4-tetrahydrocarbazole.
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Fig 6: 'H NMR Spectrum of 2,7-dibromo-1,2,3,4-tetrahydrocarbazole.
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Fig 7:*C NMR Spectrum of 2,7-dibromo-1,2,3,4-tetrahydrocarbazole.
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Fig 8: LC MASS Spectrum of 2,7-dibromo-1,2,3,4-tetrahydrocarbazole.
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Fig 9: FTIR specturam of 6-Bromo-1,2,3,4-tetrahydro-5H-carbazole.
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Fig 10. *H NMR specturam of 6-Bromo-1,2,3,4-tetrahydro-5H-carbazole.
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Fig 11. 3C NMR specturam of 6-Bromo-1,2,3,4-tetrahydro-5H-carbazole.
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Fig 12. Mass specturam of 6-Bromo-1,2,3,4-tetrahydro-5H-carbazole.
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Fig 13. FTIR spectrum of 2,6-dibromo-1,2,3,4- tetrahydrocarbazole.
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Fig 14. 'H NMR spectrum of 2,6-dibromo-1,2,3,4-tetrahydrocarbazole.
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Fig 15. 3C NMR spectrum of 2,6-dibromo-1,2,3,4- tetrahydrocarbazole.

Relative abundance

Fig 16: Mass spectra of 2,6-dibromo-1,2,3,4-tetrahydrocarbazole.

The FTIR spectrum of the tetrahydrocarbazole was shown in Figure 1. The medium intensity
band at 3389 cm™ was observed due to the N-H stretching vibration. The *NMR spectrum of
tetrahydrocarbazole was shown in Figure 2. A singlet at 7.6386 was due to N-H proton. The
two doublets at 7.42-7.465 equivalent to 2H. The doublet of doublet signal appeared at 7.24 &
- 7.25 & equivalent to 1H. The 2.7-2.8 & value corresponded to aliphatic protons and two
quintets centered at 1.87-1.92 & which was also found to aliphatic protons. The *C NMR
(DMSO-dg) in figure 3 Aliphatic carbons 24-29ppm, Aromatic carbons=111-146ppm. Mass
spectrum of the compound assigned to the molecular ion peak at m/z 172.2 in Figure 4. This

was in good agreement with in the theoretical calculation.

The FTIR spectrum have shown in Figure 5. The sharp intense band at 3412 cm™ observed
due to the N-H stretching vibration. The band at 3059 cm™ assigned to the aromatic =C-H
stretching vibration. The stretching frequency appeared at 2852 cm™ and 2926 cm™
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associated with aliphatic C-H stretching vibration. The frequency at 748 cm™ was related to

C-Br stretching vibration.

The *H NMR spectrum of 6-Bromo-1,2,3,4-tetrahydro-5H-carbazole have shown in Figure 6.
A singlet peak appeared at 11.3 ppm due to N-H proton. The chemical shift value 2.6-2.7
ppm corresponds to two triplet of 4 protons. The multiplet signal appeared at 1.80-1.82 ppm
corresponds to 4 protons. The multiplet signal appeared at 7.38-7.49 ppm denoted by

aromatic protons. The singlet appeared at 8.09-8.11 ppm corresponds to‘N-H’ proton.

In Fig 7 The aliphatic carbon atoms have shown the spectral peak at 21 ppm, 23.3 ppm, 111
ppm. The aromatic carbons appeared at 117-140ppm. The mass spectrum of 6-Bromo-
1,2,3,4-tetrahydro-5H-carbazole have shown in Figure 8. The molecular ion peak of the
compound found to have m/z 251.2(M+). Calculated and observed molecular mass is good
agreement with each other. The base peak value at m/z 167.1,

The FTIR spectrum of the 2, 7 dibromo tetrahydrocarbazole was shown in Figure 9. The
strong absorption at 3284 cm™ was observed due to the N-H stretching vibration in hetero

aromatic system. The strong C-Br stretching at 743 cm™ indicates the presence of bromo

group.

The *H NMR spectrum of the compound 2 was shown in Figure 10. A singlet at 7.70 & was
appeared due to the N-H proton. The peak assigned at 7.61 & equivalent tolH singlet. The
triplet centered at 4.02-4.03 6 and Quartet at 2.08 3, 2.5 8. The proton appeared at 2.09 &
equivalent to 2H, for methylene protons. The **C NMR (DMSO-dg) in figure 11 Aliphatic
carbons 23-29ppm, Aliphatic C-Br 38.0ppm, Aromatic carbons=111-126ppm, Aromatic C-Br
154ppm. The mass spectrum of the compound appeared at m/z 327.9 was shown in Figure
12.

The FTIR spectrum of the compound has shown in Figure 13. The sharp intensity band at
3410 cm™ was observed due to the N-H stretching vibration. The medium band at 3064 cm™
were assigned to the aromatic =C-H stretching vibration. The sharp band appeared at 796cm™

was observed due to C-Br stretching vibration.

The *H spectrum of 2,6-dibromo-1,2,3 4-tetrahydrocarbazole have shown in Figure 14. A
siglet at 10.519 ppm was due to N-H proton. A singlet appears at 8.323 ppm was due to one
proton. A triplet appears at 7.482 ppm to 7.622 ppm corresponds to aromatic protons. A
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multiplet appears at 2.572 ppm to 2.686 ppm and a doublet appears at 2.701 ppm to 2.714

ppm corresponds to aliphatic protons.

The synthesized compound was also confirmed by using *C NMR spectra shown in Figure
15. The peak at 20.58 ppm to 25.95 ppm corresponds to aliphatic carbons. A aliphatic carbon
atom have shown the peak at 79.66 ppm due to (CHBr). The aromatic carbon appeared at
108.14 ppm to 136.82 ppm. Mass spectrum of the compound was assigned to the molecular

ion peak at m/z 329.9 in Figure 16.

Table 1: Antibacterial activity.

ZONE OF INHIBITION
Compound Cor_ltrol (DMSO) Staphylococcus Bacillus Escherl_chla
Ciprofloxacin Aureus Coli
mm mm % mm % mm %
1 28 6 20 - - 7 23.3
2 28 22 78.6 6 20 15 34.9
CONCLUSION

Bromo derivatives of carbazole have been synthesized by simple and easier Fischer indole
synthesis with suitable solvent followed by bromination using NBS. All the synthesized
compounds have been confirmed by various spectral techniques viz FTIR, *H NMR, *C

NMR and mass spectroscopy.

Antibacterial activities have been carried out for pathogens Staphylococcus Aureus, Bacillus
species & Escherichia coli using zone of inhibition method with reference ciprofloxacin. The

synthesized compounds found to have good antibacterial activity.
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