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Thesis title: "Synthesis of some indole derivatives t~ln ined

palladium catalysed and Friedel-Crafts Reaction"

Abstract

/S,-,
NHCOCH]

RCOCI/(CH.1CO)20
Anhyd AlCI), RT, 2 h

o
(4)

•

(3)

In view of tht: extensive natural occurrence and biological importance of the
indole nucleus containing heterocyclic compounds a general and facile method for
the synthesis of indole derivatives through palladium catalyscd reaction using
lrimcthyl silylacetylenc followed by Friedel-Crafts acylation reactions is reported.
The heleroannulation reaction was carried out by stirring a mixture of 2-
iodoacetanilide 3 and trimethylsilylacelylene m presence of bis(.
triphenylphosphenc) palladium(II)chloride as a catalyst, Cu(l)iodidc as a co-
catalyst and a base triethylamine. The condensed product was then subjected to
Friedel-Crafts acylation reaction with acid chlorides to afford the N-aeyl-2-acyl

(Aroyl)-indolium chloride 5-8.

S/

VI (P~P~~

~. DMF, El]N, CuI,
NHCOCH] 250 C I 24 h

R
-CH)
-C,!-4 MeO-p
-Ph
-C6H4 i\1e-p

Compound
S
6
7
8

~COR~;:'/"0"'j 0-
B

(5-8) COCH]

ln vitro antimicrobial activity of N-acyl-2-aeyl (Aroyl)indolium chloride 5-8
were evaluated. The N-aeyl-2-aeyl (Aroyl)indolium chloride showed more
sensitivity against gram-positive and gram-negative bacteria as wen as human

fungal pathogens.
Varying substitution at the indole moiety and sub"equent antimicrobial screening
identified the C-2-acetyl functionality as a new structural altemativc for optimal
antimicrobial property in the indole ela~s of(;ompounds,
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SUMMARY

Investigation incorporated in this dissertation entitled, "Synthesis of some

indole derivatives through combined palladium catalysed and Friedel"Crafis

Reaction" have been presented in two paris. Part -I is divided into hVO sections,

the first section is the introductory section, in which the background, biological

action and the important synthesis are presented. Section 2 deals with the detailed

methodologies and experimental procedures for the synthesis of 2-substituted

indole derivatives and results and discussion ofthe synthesis.

Part II is for biological studies. This part contain, introduction, results and

diseu~sionand experimental of the biological activity of the compound.

Part I:

Section -I
It represenb the importance and synthesis of indole derivatives. lndoles arc

a class of fused heterocycles that are of increasing interest in synthetic and

pharmaceutical chemistry. In spite of their scarce presence in nature, indole

derivativb have proved considerable interest due to their phannacologieal

activities. Various methods are known for the synthesis of indole derivatives but

palladium eatalysed procedure for the synthesis of indole derivatives are limited in

number.
In section 11:We report a new strategy for the regioselective synthesis of

indole derivatives 5-8 through combined the palladium catalysed and l'riedcl-Craft

reactions of 2-Todoaeetanilidc3. The palladium-catalysed reaction was usually

carried out by stirring of 2"iodo acetanilide 3 in DMT'(3.5 equiv.) in which Bis-

(triphenyl phosphine) palladium (11)chloride (3.5 mol%), CuT (8 mol %) Et3N

(4 equiv.) was added at 0 "C. Then trimethylsilylacetylene (2 equiv.) was added

underN2 atmosphere.
2_(Trimethylsilylethynyl)acetanilidc 4 was subjected to l'riedel-Crafts

acylation reaction. 2_(Trimethylsilylethyny1)acetanilide4 was dissolved in 1,12,2-

tetrachloroethane and anhydrous alUminiUmchloride (I equiv.) was added to the

IV



mixture at 0 QC, Then acyl chloride (I equiv.) was added to the mixturc and

continued stirring for 2 h at room temperature. After usual workup and

purification by column chromatography 2-acyl(aroyl)N-acyl indolium chloride 5-8

were ohtained in good yields.

S./~l .

IrUT (PPh,h PdCl2
~_ DMF, Et,N, Cu!,

NHCOCH3 250 C! 24 h

(3)

•

(4)

NHCOCHJ
RCOCI !(C1-I3CO)20
Anhyd AIC!), RT, 2 h

Jl
-CI-l)
-C,H4 MeO-p
-Ph
-C6H, Me-p

Compound
5
6
7
8

~COR

H'I cl'
(5-8) COCH.l

Part IJ: Dialogical activity

Section I represents the background of biological activity.

Section 11 rcpresents the biological test, the mdhodology and results and

discussion of the synthesized compounds.

Among the synthesizcd compounds Indolium chloride 5-8, exhibited relatively

great inhibition of grO\.vthof the microorganism. The highest sensitive compound

was compound 5.
Varying substitution at the indole moiety and suhsequcnt antimicrobial

screening identified the C-2-acetyl functionality as a new structural alternative for

optimal antimicrobial property in the indole elass of compounds.
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Prefatory Note

All the solvents used for reaction separation, extraction and recrystalization

were purified and the test were used as available commercially.

Analytical or laboratory grade solvents and chemicals were used in all

experiments and these were procured from E. Merck (Germany) and Fluka

(Switzerland). Reagent grade of ehlorofonn, n-hexane, ethylaeetate. methanol,

ethanol, acetone etc. were purified by distillation at the boiling point of the

respective solvent. Petroleum ether used during this research work had boiling

point 40° _ 60°C. The following methods were uscd for the purification and

drying of the solvents.

1. Purification of solvents and reagents

a. Dry methanol (MeOH):
About 1.25gm of clean and dry magnesium turnings and 0.125 gm of iodine

were placed in a dry 500 ml round bottom flask containing 30 to 40 ml of reagent

grade methanol. The flask was then fitted with a double surface condenser

carrying a calcium chloride guard lube on the top. The mixture was warmed until

the iodine disappcarcd, if a lively evolution of hydrogen did not set in a further

little amount of iodine was added. I'jeatingwas continued until all the magnesium

was converted into pasty ma~Smethanolatc. About 230 ml of commercial grade

methanol was then added to the fluxed and refluxcd the mixture for an additional

hour. The rcsulling mixture was distilled off and the first 10 - 15 ml of distillate

was di~eardcd.Then the dry methanol wa,; collected into a receiving t1a~kfrom

which it was stored into a quick lit bottle.

VI



b. Dry Ethanol (EtOH):"""" W

fhis solvcnt was purified in cxactly analogous manner as described with

methanol.

c. Anhydrous acetone:
The acetone was heatcd under reflux with successive quantities of

potassium permanganate until the violet colour persists. It was then dried by the

addition of anhydrous potassium carbonate filtered and distillate. The distillate

was collccted at 55-56°C as pure solvent.

d Chloroform (CHel)):
The commercial product was contained up to I-percent (Jf ethyl alcohol,

which was added as a stabilizer. The alcohol was removed by the following

procedures.
(i) The chloroform was shaken six times with about half its volume of water then

dried ovcr anhydrous calcium chloride for at last 24 hour~ ;md di~tillcd.

(li) The chloroform was shaken three times \vith a smnll volume (5 percent) of

concentrated sulphuric acid, thoroughly washed with water, dried with anhydrous

potassium carbonate and distilled water. Pure chlorof'r1rmhad hp. 61°C 1760 mm

the solvent when free from alcohol, was kept in the dark 10 avoid the

photochcmical formation of phosgene.

c. Petrolium ethcr (PE):
The laboratory grade petroleum ether wu, fr~rti0nal1y distilled and then

fractionshaving the boiling point40-60°C.

f. Ethyl acetate (EA):
Ethyl acetate from E. Mark (Germany) was fr~cti()l]aledand collected at

78°C/760 nm.

VII



2. Melting point
Melting points were determined on Gallenkamp (England) melting point

apparatus (England) and paraffin oil bath were uncorrected.

3. Infra-red (IR) spectra
The Infra-red spectra were recorded on KEr pellet for films with a

Shimadzu FTlR Spectrophotometer from the Department of Chemistry, BUET,

Dhaka, Bangladesh. nle absorption bands were CJ'pressed in cm-
I
.

4. Ultra-Violet spectra
The UV spectra were recorded in dry EtOI-} with a Shimad7u UV Visible

spectrophotometer at the Department of Chemistry, BUET, Dhaka, Bangladesh.

5. Nuclear Magnetic Resonance (NMR) Spectra
The NMR Spe.~troscopy is very widely used for the detailed investigation

of an unknown compound. With the help of this spectroscopy the structure or

patten of unknown compound can he set up. IH NMR (400 11Hz) and DC NMR

(100 MHz) spectra were recorded in deutcriochoroform (CDCI3) with a Bruker

DPX-400 spectrophotometer (400 MHz) using tetramethylsilane (TMS) as internal

standard at the Bangladesh Council of Scientific lind Industrial Research

laboratories (I3CSIR), Dhaka, Bangladesh.

6. Drying
All organic extracts were dried over anhydrous sodium sulfate (Na2S04) or

magnesium sulfate (MgS0.1) before concentration.

VIII



7. Evaporation
All evaporation were carried out under reduced pressure in Buchi rolatory

evaporator (W. Germany) wilh a bath tempcrature below 40DC.

8. Column chromatography
Column chromatography has been successfully applied to separate to

individual components (having different Rf values) of the mixture ohtained from

thc reaction. This technique was also employed for purification of the product.

A long cylindri~al column (70 cm long and 2 cm in diameter usually a burette type

is used) made of glass drown out at one end and packed with glass wool. To the

lower constricted end of the column a stop cork was fitted in order to conlrol the

now of the eluant. A separatory funnel fitted with a specially made quick tit

stopper and fitted with the eluant was placed at the top of the column and lhis

served as a storc of eluant.}
The flow of thc eluant was controlled by adjusting the stop cork The

column was prepared by slurry mdhod, silica gel being used as the slationary

phase, thc eolumn was made half filled with various type of sohents as light

petroleum, ethyl acetate, chloroform, n-hexane, methanol etc. lUldsluny of silica

gel in the chosen solvent was poured inlo it, so that the packing was compact and

uniform.
Air bubble was rcmoved by making the column as quickly as possible and

allowing the solvent to fall drop by drop through the stop cork of the column. The

mixture of the components was then placed on the upper surface of the slurry of

the silica gel and the mixture was covered in limiled area by some amount of dry

silica gel. "lllen the solvenl mixture was passed through the column. The fractions

were collected in test tubes about 20 to 30 ml in each at a regular interval of time

and respective fraclions were detected by D.C. Thc solvent used for elution was

chromatographically purc.
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PART-I

Section-I

INTRODUCTION



INTRODUCTION

1.1 General remarks

Indole nucleus L is common to a large number and a wide variety of

biologically active natural and synthetic compounds I. The Synthesis and

functionaliz,ation of indoles have been the object of n:search for over one hundred

years beginning willi synthetic studies of indole based dycs2
. Among (he many

more recent synthetic target the pharmacologically active Ergot' alkaloid, 2, the

antitumor agent Ellipticine4 3, Reserpinel as a tranquillizer and Vincristine6 in the

treatment of leukemia have been widely known as effective drugs.

The indole skeleton containing Tryptophan 7 4 is an essential amino acid

and as such is a constituent of most protein. Among the synthetic ehemothera

pcutics the ~.indolyl acetic acid derivatives 5, indomethacin 6, are of value in the

lrealment of rheumatoid arlhitis7, some of the imporlanee and synthesis of indole

derivatives are described below.

1 2 3



N
I H
H

II

0 '" 0"

° "- 0"
0

4 I
/COOH

C,,,_ H
I

N
NH2

/COOH
C-'.-H 0
I
NH2

5 CI
6

1.2 Importance of indole derivatives

1.2.1 As Chemotherapeutic and pharmacological agents
Indole nucleons has aroscd great interest in rec~nl y",ars due to their

biological activitiesl,8 and pharmacological studies9.lndole derivatives have many

fold uses. Some of them are mentioned below:

a) As antibacterial agents

Jobsi el alIO)1 reported the antibacterial aClivity uf th", following

~ompOlmds7, 8 and 9.
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HN-N
I

N 0
1

S~R
7 R' o R

R R' R' ~'1!J)H H F
F CI

M, CI F.CI 8

9

RecenUy Pani et al12 and Shailaza Rani er a!13 also found antibacterial

activity in the compounds 10 and 11 respectively.

NNH-CO--«5)-Ogj==o ~J-R'
1
H 10

R=H, 5-Me, 7-Me, 5-Hr, 7-CI,
R' = H, Me, U.

R s~oroN'N a
N 0 I
I H
H

I I

R= H, 7-CI,5 - Dr

3

00
N N



b) As antifungal agents

Sailendra et 0/14 prepared some important compounds 12 - 13 from isatin

and heterocyclic

antifungalacti vily.

aromatic hydrazines which showed lremendous

Sing el a/15 synthesized 14 and 15 hm:e potential antifungal activity.

o
14

o
SlOYPh

N--NH

o
15

Ninmuddin et al16 Puzari el ,i' and Mahmood et al18 also prepared sume isatin

derivatives which were reported as antifimgal agents.

o

Ar---I-SF_0 ho A,ON-~ ~oR
~
H 16

o
c) As anticancer agents

The immuno-sllppressive and anticancerous (carcinoma) activities'9 of

some indole derivatives are given below.

4



~
R

19nereR=H,Ph
R= CH], Ch2Ph, CH2C02Et.

o
Recently Islam el apn in collaboration with National Cancer Institute (Ncr)

of USA observed that acylated ",,1-1.3,4-1haidiazoline derivatives of isalin show

potential anticancerous activity against a number of cancer cells.

yOCHJ

N--N

S)lNHNHCOCHJ

o
~
H

R= C~ Br, CH3, N02, C021-!
20

R

d) Anticonvulsant agents

El-Gcndy et aPJ and Gurso)' et ap223 (1994-96) prepared the compounds

below, showed potential anticonvulsant activiti",s.

s~o 0

uAJJQ:l N-NII-g-l'HXR~1 CH, ~
H 21 N 0

here X=O,S lNO
R=H,Dr
Ii = Ph, 3 - MeC&H, 22

5



e) As cell migration inhibitors

Niigila et ap4 synthesized some compounds from substituted indole which

acted as cell migration inhibitOllifor the tratment of inl1ammatiun. atherosclcsis

etc. TIle compounds 23-26 were also reported to show significant anti-

inflammatory activity 25-19.

o

S)lNH
~

~o~["O
o~(R)"B«JJ

R=halogel n=O-5

R

o
24

N

a

0 0

jN

sAs 26

w
I) As insecticidal agent

Sharma el apo synthesized the following compounds of indole which

showed insecticidal activities,

6
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R' IN,N

N>--fM ,LN
0

R-
N16H N

/ "17 R

x~H,I'.
R=H,Ph.
R:'= haio-C,;t'" Ph

g) As anti microbial agents

Mohon el alJ1 in 1989 and 1995 and Patel et az29 synthesized and studied

some new heterocycles from indole dcrivMives as potent antimicrohial agent

which arc designated as 25 and 26,

h) As antiviral agents

'J he vivo mniinf1uenLa32 VlrtlS and antivacciniaJ
.1 virus activity of

biologically active compounds were deleCl~d. Several drugs do,c (DL-

llofirmocin), NSC. 72942) were' tc~tcd against that VIrlIS, lsatin ~_

(hiosemicarbazon~(NCS 711) also used as reproducible activity against va~cinia

VltuS.

29

~ I R~~NNHCOCHXR
R~..-;;N-NII-C-Cl-JXR ~"A
~"A N 0

~ 0 R=H,Br, 30 lNl
I-I I

R = Ph,3- McC6H4, ~O
X=O,S.

Some N-cyclopropane derivatives 31 of indole and il8 P-thios~micarbazones

display antivirus activity.

7



32

i) As antidiabetes agents

The following spiro compounds 32 c~n inhibit the enzymetic activity of

aldosc reductase and hence it is used as antidiabetcs 14.

H
1O'",-_N

CI'r;:'''';r_+--,rOo
~C[

1.2.2 As dying agents
Raeycr]j obtained a blue dye indophenin 33 by treating isatin with

concentrated H2S04 and emde bcnzcne.

33

s s
il1dophenin

o

"
N
1
H

o
The isatin blue 34a and l'Y1T01eblue 34b were synthesized from indole derivatives

as powerful dying agent.

8



34,

o
~
H

Pyrrole bfuc

"N

34"

No I
H

!satin bl""
~
H

o
1.2.3 As polymeric substance

A series of polyindophenincs have been prepared by the reaction of isatin

with thiophene under acidic comlitionsJ8.

o s
o o

35

N
I
II

o

N
I
H

o 0
36

o

These polymers can b", reduced into the Jeueo form and they showed some

conductor properties.

1.2,4 As enzymatic agents

In the dchydrogenal~(ion of amino acids, i.~atinpossesses ~n apparent

enzyme like al.'livily. When a-amino acid is heated with isulin in aqueolls solution,

bellLlildehyJeJ9 is produced.

9



In a series of organic catalysis, Langenbeck40 reported that certain isatin

and oxindole derivatives possess enzyme like activity particularly in the

dehydrogenation of amino acid.

1.3 Synthesis of indole and substituted indole

The presence of the indole nucleus in a wide variety of biologically active

compounds has led to the development of the approaches to its synthesis.

A few of the approaches of the synthesis of indole derivatives are mentioned

below.

Sandmeyer procedure

'Ibe most important and mostly used method was developed by Sandmeyer.

There were two proeess41. ln the first process, thiocarbanilide is treated with lead

carbonate and hydrogen cyanide and converted into nitrile-anilide. This on

trcatment with ammonium sulphide yields thioamide. It prodllces isatin (I) by

cyclization41 with sulfuric acid and subsequent hydrolysis.

I I
41 Il H

'"SChCillC-l

The second method (Sendmeyer)1?t) involves the formation of a Isonitroso-

acetanilide4J from the condensation of aniline with ehloralh)drate and hydro:•..)l

arvine hydrochloride in presence of NalS04' C)climtion of 42 with cone. sulfuric

acid gives indole derivativcs.

10



Scheme-2

1.3.1 Palladium complexes in the syntheses of indole

Palladium complexes have been used in the synthesis of organic

compounds for over t\.venty years. Palladium exists in two stable oxidation states

Such as l'd(ll) and Pd(O).

Indole can be prepared by many ways through palladium mediated reaction.

Some of them arc given below.

1.3.1.1 Coupling cyclization reaction

Coupling eycli7.ation reaction44 can be used to the synthesis of indoles. The

reactions of o-iodoaniline o-iodocdanilide, o-iodo-trinuoroacetanilidc, and N-(o-

iodophen)'l)-methanesulfonamide with terminal alkynes were investigated. In the

presence ofPd - CuI - PPhJ I Kl- AI20J• and under solvent free conditions and

microwave irradiation. A Mixture of coupling and coupIing-cycIization products

were obtained when iodoaniline (2 cquiv.) was allowed to react with

plenylaeitytene. When o-iodo-acetanilide was used instead of o-iodoanilins only

indole product formed (41%). Tne use of (o-Iodophenyl)-methane sulfonamide

resulted in th", exclusive formation of the indole in good yield.

II



NHY
~ ~RC=CH

I
43 44

Pol-Cul-PPh) I KI-A),O)
Solventlcss,M.W. g::H'-0 4-

45 R

y ~H, COCF), COCH3, S02CHJ
R ~ Ph, P-CH)C6H4

+~

~ R
46 H

Scheme-3

The Palladium (0) catalyscd coupling of aryl and vinyl trifluoride or halides

with 2-cthynyaniJine, followed by palladium (II) eatalysed cyc!izatiotl step,

provides an efficient and very versatile procedurc for the synthesis of

functionalyzed substituted indoJes4.1.

+R-X

48

~R
Pd(O). ~"" Pd(Il). rUr-r

NH2 ~N~
49 I R

50 H

Sehcmc-4

TIle use of palladium catalysis in the development of new routes to indole

d. , 464748 . . d ( . ( h 5cnvatlvcs ' , was mVC51lgateas s 1O,~nm tle sc eme - .

3-AcyJindole ha~e been reported to be important therapeutic agents and

useful intennediates 49for the preparetiotl of pyridocatbazole alkaloids.

12



~o(7 R
52 H

~R

UNI-ICOCli)
51 l Pd catalyst,

CO base
R,

x=I,OTf
R = alkyl, vinyl, aryl
R, = vinyl, aryl

Scheme-5

1.3.1.2 Coupling ofarenes by paJIadation

o
53

R

o

Although the cOllpling of arenes by direct palladation is not an efficient

process, it has been used ill several cases to synthesize functionalized indole ring

system. EJlipticinc 3 was made by this process50

Ql
N
I
H

ACOII/l 0% CF,COOII •1-2 eq, Pd(OAClJ, '"

Scl1eme-6

7
"

1.3.1.3 Palladium (II) Catalysed amination of olcfins

Q-Allyl anilines, which contain amine and olefin in the same molecule.

were efficiently cOllvel1ed into 2-methyl indoles using palladium (II) catalysis",l2

(Scheme-I). This proce;s was thought to involve co-ordination of the olefin to

Pd(l!) followed by intramolecular amination.

Indoles such as 61 were also produced III a sloaichometric reaction

including trallsmetalation, insel1ion, elimination and amination of olefilles52in

scheme-7.

13



QTI(n:A)1

NHAC
55

L;,PdC4.[QPdel] ~CI.
NHAC

56

[=
57

PdCl
NHAC

CI] -Pdel? •. PdCb.

60
NAc

Scheme-7

1.3.1.4 Palladium (lI)-catalyscd (and other metal catalysed)
Reactions of Azirincs.

Thermolysis of phenyl azirincs 62 at temperatures above 170DC produced

indoles, \,ia a nitrene intermediate. Palladium (11)chloride catalysed this proc~s~,

permilling it to ensure at 30°C54.

•

PdCI2[Ph(CNhl], cat,30oC

p~ R

~:N'" 1 ~Ph

)-'H1 ~I\,AR
62 \ '--J 63 / 64 I!'

,----------~ 100%
R ~ H, Me, Ph

PhlfR
Ph N

Seheme-S

Rhodium(T), Pulladium(O), and Cobalt(O) complexes catalysed a plluling

dimerizatioll of azirines 65 to produce indoles in variable yiclds55 _JR,

14



~
R~ 65

R=H,p-Me,
P-OMe,p-Br

L4Pd, CO

[Rn(CO)2Cfh
PhJ-l; 40 - 80% ••

CO2 eo
PhH; 52 - 95%

Scheme-9

~
H

66
R

1.3.2 Palladium (0) and Nickcl(O) complex chemistry

While palladium (II) sal!.'; are electrophilic reagents which react willi

aldlnes and arcncs, palladium (0) complexes are strong nucleophiles and arc most

reactive toward organic halides. The Iwo most common, commercially available

complexes of palladium (0) catalysis are Pd(PPh])4 and Pd(dba)2 (dba =

dibellzylidelleacetone;',which is converted into Pd(PPh))." when treated with

triphenyl phosphanc.

Both of these have been extensively used as catalysts in organic synthesis.

However, it is frequently morc convenient to generate palladium (0) catalysts

insiln by reJucing palladium (II) catalyst precursors. Thus, treatment of

Pd(PPh])2C12with diisohutylaluminum hydride or with CO or lriethyl amine will

generale the catalytically aclive Pd(O) species "Pdl,,". Perhaps the most extensively

used palladium (0) catalyst precursor, however, in palladium (II) acetate, which is

readily reduced insitu by a range of compounds ineluding carbon monoxide,

oldins, phosphanes, and

b].'8.].].uty mmne-. lIS causes

tertiary aliphatic antioes such as lridhyl or tri-n-

some confusion in tbe literature, since palladium (0)

catalysis is involved but palladium (1I) acetate appears in all the equations.

Invariably, some reducing agent is present in these &ystems and palladium (0)

catalysis is indeed involved.

15



75

,
~YR1~~') 0

RX+ Pd(O)~~. R-Pd(lI)-fQ...R-~-PdGl)-'

~

67 68

-HXJ'Hx ~y -Pd(D)ROH

HPd(lI)X 0
74 II IR-C-O-R

69

72

R~y

73

Scheme-IO

1.3.2.1 Palladium(O)-eatalyscd Alkynylation of Bromo ani lines

O-Alkynyl anilincs such as 76, made by palladium(O) eatalysed coupling of
alkynes with o-halo aniline prccursons59-6~ ,,'ere readily cyclized to illdoles 50.as"

NHC07Et

R = H, Btl, Ph, 65 - 93%

Schcme-ll

16



[0 a rdeated process, hydroboration of ethuxyacctyline gave a vinylborane
77 which under went I'd(O)-catalysed oxidative addition I transmetalation to
produce an indole preeussolI 79.

R OEt>=< Pdca;
I H r?"Y

(ROllS U
77 s NHR'

•
;NHR

60 - 97%

78

Schcme-12

R

H@ rcr--'.~)
I,79 R

60 - 99%
R = 1-1 n-C.II"I • .,

R = 1-1,CI-!)CO

1.3.2.2 Palladium(O) catalysed cyclization of2whalogcnated
N-allyl-, N-vinyl, or N-Arylanilines to indolcs.

O-BromoaniJincs were easily N-allylated, producing substrates ideally

suited for a Pd(O) catalyscd oxidative addition I olefin insertion approach to the

indole ring system, As a consequence, this route has been extensively developed.

Both aetivated02
-
61 and simple olefinesM inserted efficiently. The insel1ion product

80 of simple olellns good yielded indoIcs 81 with catalytic '1mounts of palladium.

CJc'A A

Y
Pd(OAC)2)(r-y •Cat A, N

I AR 80
81

A R X y , yieldsr%]
1 B, Ph ) 50-73-0 PhCH2 H2 CO,Me

H A, BI C02Me H 73

-5-Me,5,6(OMeh] 50-87

H. H I II
5-C02Me,H

Scheme-13
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Carbazoles \\'ere produced in good yield from diphcnylamines such as 83 utili7.ing

oxidative addition! insertion chemistry.

3% Pd(OAC),
EllN, CH,CN
150"C

Scbeme-14

~
83 H

1.3.3 x-Ally palladium complexes in the synthesis of iodotes

Fonnation oflhe indole ring via ll-allyl palladium (II) intermediates e.g. 85

and 88 is relatively uncommon. These two examples involve diene insertion into

o-arylpalladium (IT) species.

rATHgOAC

~NHAC

84 o
o
74%

CIPly
)/2

NHAC

85

j
-v'

~
AC

R6

70%

"
Scheme-IS
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1.3.3 Other Transition Metals in the Synthesis of in doles.

1.3.3.1 Copper(I)-catalyscd Cyclization and condensation

Allhough palladium is by far (he most extensively lI.'oeutransition metal for

the synthesis and functionalization of indoles, many olhers have found at least

limited usc in this regard.

R
90

IJN
B,

NaH. CuI •DMF, t\

Scheme-I6

R

91

N
I
H

93 80-90%

.For instances capper(J) salts have long been known to calalyse lh", r",actiolls of

nudeophiles with aromatic halides (c.g. lhe Hurlly reaction). Thus O-haloaryl

cnamincs such as 91, R =M"" OMe, Hand 92 eyelized to indolcs in the presence

of copper(I) iodide in excellent yieldM.69. Under similar conditions enolatcs

cond",nsed with o-iodoaniline to produce indolcs7o. O-J-Ialoacetamides71 (e.g. 94)

also cyclized to indole derivatives under these conditions, copper(I) oxid",

catalys",d the cyclization of o-isoeyano-phcnylacctones (0 inuoles71.

R',:cc)HAC
R B,

94
R' ~ Me, OMe. H
R2 = Me

CuI. OMF"
80°C Co

I
95 AC

53 -75%

Scheme-17
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In fact the reaction between 2-iodoaniline and enprous phenylaeetyIide (R2

= ph) was found to he markedly solvent dependent. When DMF was used 2-

phenylindole R' = ph was obtained in 89% yield. When pyridine was used 2-

alkynylaniline was obtained as the exclusive product. However, it could be

eyelized to 2-phenylindole by warming with catalytic amount of cuprous iodide in

DMF at 110°C for 8 hours (Seheme-] 8)

50

VI

~ + CuC=C-R2

NH,
43

DMF
l75°C,22h

l20"C
8h
py

~R'
I
H

teul, DMF
11100(, lIh

~~o NI-12
49

Scheme-IS

The reactivity of halides was found to be in tlle order I > Hr > C1.

furthermore the presence of N-ethyl piperidine was found to decrease the

efficiency of the syntheses, indicating that strong co-ordination of copper ~o\lld

mask the ability of the rnetallo effect the initial alkylations or to co-ordinate with

the aeetykne73. The substituent of halide and cyclization were thought to occur

within the same copper eornplexJ4 (Scheme-19)

1-" --Cu-ve ~-..
NH, r

eo

Scheme-19
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1.3.3.2 Reductive Cyclizatiolls Using Low~ValentTransition~Metal
Compounds.

A number of indole syntheses used low valent transition metals to reduce

aromatic nitro groups to amines, whieh couid then cycliz", with electrophilic

groups in the ortho position to form inuoles. TIlesc typically involved o-nitro aryl

enamines 96 and reducing agents sueh as iron75, titanium (Ill) chloride76, nickel

boride71.

M_~NH_' --CO
R NI-h R ~

97 9SHy=NH2,l\'02
M = Fe IIlOAC! SilK:agel, TiCl,> Ni::B I NHrNH2

~y

~N02
" 96

Scheme-20

Dihydroisnindnle,; tOO were produced in excellent yield by KHFe(COk

promoted reductive amination of o-dialdchydcs 78.

100

0:"'"I CHO 01- RL'lH2 KHFe(CO)4. (CI NR

CHO "'"

99 _ 41 .
R- Mc, PhCH2, Ar, 'Z..~.P--i

o
Scheme-21

finally, o-nitrostyrcnes such as 101 w",re reductivcly cyclizcd to imlo1es by

mdal carbonyls, in a procc<;swhich must involve oldin activation by thc metal, as

II'd';owe as mtra group re uctlon .

21
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-_.CoR
J03 h

30,70%

M

ceVNH,
102

R = H, Ph, Me, C01Me, () ~

M(CO)n = fc(COh, RUJ(CO)12, IlJJo(CO)]6

101

~

"- RI M(eo)"
~ NOz I

Scheme-22

],3.3.3 Ruthcnium(II)-Or Palladium-Catalysed Oxidative
Cyclization

Ruthenium (II) chloride-catalyscd oxidation of alcohols has been used to

form indole!; in modest yield, although the conditions arc some what sev<:Tc80-82.

~OH

V,,"R NH1

104

Schcmc-23

2,6-Dimethyl phenyl! isocyanide was converktl into 7-methyl indQle 107

in a process which must have involved C-H activation by (he ruthenium (four

catalytic cycles per RuH2(dipho»lJ83.
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Q
~
C
105

Rul-Hdiphosh cal•140'C M
N IW-
ill Ic

106

Schemc-14

107

N
I
H

70%

1.3.3.4 Cobalt-Catalyscd Cyclotrimerization Reactions
The cobalt eatalyscd cyclotrimerizalion of alkynes and cocyciotrimeri..:alion

of alkyues and alk~nes have been extensively developed lor lise in Qrganic

synthcsisR4. The synthesis85 of compound 110 examplify the use oCtile I~ter in the

synthesis of indoles. Cobalt (I) complexes also eatalysed the addition of alkynes (0

diazenes [0 produce JV-aminoindolcs86 112,

,

Q ,
'"II CpCO(COh

~ •A y N
Y

(CH2)n~o
o (CH2)1l ,

108 109 110

R-Q-N=N-Q-R
III

Scheme-25
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1.3.3.5 Miscellaneous Indole Synthesis

The copper-catalysed decomposition of aryl azides to produce nitrenes has

been used to synthesize a number ofpyrrolindolequinones87U4.

M,O

o
113

Cu(acach •Co<

o
114

Scheme-26

Aryl isocyanides were combined with carbenc complexes (M = G, Mo, W)

to produce indoles, via keleniminc cornplexcsRg-g~118.

117116

OEt

M~.
R'

R

i\r Oat
\ .N=C=C
I 'R'

M

{COlIR'¥ ~ ~A~C
l\J~Rl_. __

1-llOo
N
I
H

118

R2 R1U + (CO)s

115 l\J=C

+ Arl\JC

Scheme-27

1.4 Indole reactions
Indole is a ll-electron rich system. So, the typical reaction of indole IS

ekClrophilic substitution.
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1.4.1 Functionalization of indole through coupling

[odoles ilself undergoes dirict palladation of 2- and 3- positions. This has

been used to make fused ring indole systems e.g. 90.9) 120, 122 and 123 as well as

to introduce olefinic side chains at lhe 3-position. 124 or at the 2-position in 3-

methyl indole 91_94.

R'

6-40%

o
120

N

R'

o
Pd(OAC12 •HOAC ;;

ooo
119 R

RI~H,CI,Me
R2 ~ H, Me, CI

Schcmc-28

lI2 cq. Pd(OACh "
AcOH '"0 1- R=R N

I
122 M, 60%N R

I "1-1121

R=Me 0

1/2 cq, Pd(OAC)2

'" N-Me

123 30%

Scheme-29
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co"'"+ ~x AcOHI!J. ••
4 N 1eq. Pd(OAch

I
R

R= CI-I3CO, SOzPh, PhClh H
x=CN,COzMe,Ph

Scheme-30

40 - 70%

Indole-3-carhohydratc under went Thallation primarily at the 4-position 126. In

the preSence of a Pd(OACh as catalyst95-97, transmctalalion to palladium, foIlowed

by olefin insertion or reductive eliminations, ensured producing 4-alkylaled

indoles in modest yield (R = C02Me, H) Thallium (III) probably serves as the

reoxidant for paliadium(O).

CO,Mc

Pd(OAC)Cat .1
-YyoMe

o ~
127 R

05
eNO

80%

57%

RI(TFA),

CHO ~CHO

~ "1"I(TPAh. LQlNJ
I I

125 R 126 R

Pd(OAChCat

~snRJ

"jN
ArB(OIl},

Pd{OAC)2Cal

%
CNO

n.
~CNo"

lAyJ
129 R

Scheme-31
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1.4.2 Ritter like reactions

The strongly elcetrophilic [Pd(CH]CN)4B.hh promoted a Ritter like

reaction between N-allyl-3-methylindolc and nitriles, giving pyrazino [1,2-aJ

indolcs98 such as 134. While interesting, this process was neither efficient nor

general.

~ N

130 V
Pd" Co'" I !teN

• ...,; N •

131 V
"" Pd"

C0-I I, R
/ N If~(

132 I'd

-~•.
r /"",
,,,,,/,, R\~

133 Pd+2

R=Mc 34%
Et 34%
Pl1 35%

R

co. CI
MeOB lN

134 C01M6

Schcmc-32

1.4.3 Palladium (O)-Catalysed FUllctionalization of fndoles

Palladium (0) catalysis has also heen used extensively to functionaii7,c

indoks. Chluropyrazincs 135 coupled to the 2-position of indole in the presence of

Pd(O),Probably by an oxidative addition / insertion proeess99.

Co'"I
/ N

1

1 H

R2 N R1

+ R:XNX
Cl

135
R~ R' ~ Me, Ft, iPr, Ph, H
R2~H,Ph

Seheme-33

27

N R'IX
R N R2

136

45 -79%



The 3-amino ethyl side chains of indoles were treated by a Pd(O)-catalysed

l:arbonylation 100 for example with ring closure to give j 39.

138

oyN
N

139

Pd(OACh cat.
CO, Ph,P

NH,

137
+ 0

ceNH~

14
I

Scheme-34

Palladium (O)-calalysed reactions of haloindolcs arc among the most

synthetically useful processes and have been extensively developed for application

in the synthesis of 3,4-disuh<;tituted indole ring systems including ergot alkalaids.

Introduction of functionality at the 4_positionlOtl of indole using conventional

eleetrophilie indole chemistry is difficult, since the 1-,2- and 3-positionslOO are

considerably more reactive,
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50%
143

V
TS142

oo

B,

1

'" y

146

Pd(OACh cat
Et3N~Y

~
TS
99%

N
ITS

~
145 TS

B,

141

o

B,

39
y=C02Mc,81%

NPhth,77%

oHg(OACh
HC104fLiCl•

y = CO,Me, 88%
ph,74%
l\Phth, 74%
C(ME),OH,97%

B,.

6011
'" NI

TS
140 80%

J
Pd(OAC)2 cat
El3N, p(O.To03

~y
y

Schcmc-35

1.4.4 Synthesis of Ergot Alkaloids

An even more extensive usc of palladium catalysis was seen in the IOlal

synthesis cfthc methyl ester of (:t)-N-acetyldavicipitic acid 101151 \~hich illvolve

as key steps Pd(I1)-catalysed formation of the indole ring. Pd(O) -catalysed

introduction of both C-ring sid~ chain precursors and Pd(H) eatalysed formation of

the seven membered ring.
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B,
H
IACNB,

I
Pd(OACh Cal 0" .
E1JN CO Me

~' N
ITS

NHAC 148

Pd(OAC)2 Cat, Et)N •P{O-TOlh~

;'\OH -

OH
H A,I IN COJMe N C02MeAC/

PdClz(MeCN)2cat • \or TSOH! L'I

0 0 \N
149 I NTS I150 TS

'( A,
I
N _C02Me _"C02Me

NaBH4/Na2CO] • 0 \, \hv; 20 C
4:2:1 MeOH/DMF/H2O N N

I I
151a II II

151b
Scheme-36

1.4.5 n:-AlIylpaliadium Complexes III the functioualizatioll of
Indole

Tn scheme- 36 ll-Allylpalladium (II) chemistry is more commonly used to

elaborate existing indole rmg systems. The isoquinuclidinc ring of

ibogaminclO2154 and canlharanthinclOJ 155 were synthesized by a Pd(O)-catalysed

allylic amination
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N 4" 0I •
H

152
RR

153 45%

(I) [cq PdCl,(MeC)';j,
AgBF"Et,~ • 0 0(2) l\'aDIl.,

N • • N,
IH H". ,

'"Scheme-37

Other indole alkaloid synthesis have used Pd(O)-catalyscd allylic alkylation

to elaborate nonindoJic helerocyclic ringslO4 such as 157 and 159.

o

"ROCO

Me02C N02
C02Me

Pd °cm
H'•

0 FtJN, THF
'"0N NH

158 I
II 159

Scheme-38
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1.4.6 Reductive cyclinltiou (using low-valent Transition-metal
complex)

Tryptamine derivatives such 160 were reductively cyclized to j'I-earbolincs

161 by NaDI'4 and copper (II), Iron (Ill), or chromium (lll) halides105.

IOyNyo~VH

160

NaSH", CuCh ••
FeCI." C,CI}

o
~
H

161

o

Scheme-39

1.4.7 Oxidative eyclization

Palladium on carbon catalyscd oxidative eyc1iLationto 163.

~
H
163

OMe

R

Schcme-40

1.4.8 Cyclotrimerization Reaction
Cyclotrimcrization of alkyne and alkene of indole have been extensively

dldl" 'h.I~6o;;\'eope or use 1Ilorgallie synt eSl~ .

R'
,

CrCo(eO)2 0Co< •0 N

0
0 166

16' 165
Scheme-41
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1.4.9 Nucleophilic aromatic substitution

When, chromium lricarbonyl fragment inserted into indoles, it undergo

nucleophilic aromatic >ubstitUlion and lithiation. This feature has been used to

introduce functionality at normally unreactive position of the indole ring system.

This chemistry allowed 5-chlorodihydro lndoles to be converted into 5-

me/hoxy dihydroindoJes by nucleophilic sllbstitution of chloride by melhoxidelU7

and complcxcd Indoles 167 were alkylated in the 4- and 7- positions (major and

d . I) b b' 108109monor pro lict respectIve y y car anIOns . .

R
y

~y
(1)R9 0 0(2) 1

2
•• +

N
(CO)3Cr ~ « R" 168

167 169

y

R1=H, Me, PhCH" R)Si, CO,t - Bu

R8= e>-CN, e>-COlt-BU,---4:"'J
Y = H, Me, CH2SiMc, S

Scheme-42

Lilhiation of complexed indoles 170 occurred at the 4-position \vhen the N-

~llbstilll",nt \\'as largely but at the 2-, 4-, and 7- position when it was srnaUIIO,III.

170
EN

I
E H

~

N
I
H

E

Cr(COh
171

(I) BuW
(2) 2.Ffl ~

(CO);C,~
R

Scheme-43
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1.4.10 Insertion of car bene

The site of insertion of carboncs generated by transition-metal-cataly~ed

decomposition of a-diazocstCfs such as 173 depcndcnd strongly on the catalystill.

o 0

o

174
R'

175

R

R'
Pd(OAch 0

R

0
0

Rh2(OAc)4
173

OR'

R1= H, Me, £t, R2=tf'rH,
RJ = Et, Me, R4~I-J,PhCJhTs

Schcmc-44
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PART-I

Section-II

Synthesis of N-AcyJ-2acyJ (aroyl) indole derivatives



Present work: Synthesis of N-Acyl-2acyl (aroyl) indole.
1.2.1 Ratiouale (objectives):

Indole nucleus is a class of fused heterocycles, has arose great interest in recent

years due to their wide variety of hiological activities 113and pharmacological

studies 114and usc as a common building block of a wide variety of alkaloids.

Although various methods have heen developed previously for the synthesis of

indoles but only a few of themwere mcdiated through palladium catalysis.

Palladium eatalysedll5 reactions have been extensively utilized for
b 1. 116 d 1 1 . 117 M h hcar oanllUatlOn an letero arum atlon processes. any researe groups ave

reportcd the synthesis of various aromatic heterocycles via palladium eatalysed

annulation of internal alkyneslJg. Others havc shown thc palladium catalysed

cycli7ations to be valuable synthetic tools for the synthesis of a wide variety of

_heterocycle~ usmg vinylic compounds, terminal alkynes, allenes and other
substrates.

In recent years, our research group has dcvcloped methods for the synthesis of

various benzofused heterocyclic compounds e.g. benzofufansl2o isoindoJinones

and isoquinolinonel11by palladium eatalysed reactions with terminal alkynes and
acid chloridc.

Duc to the natural occurrence and hiological importance of the indole derivatives

and lack of convenient palladiumcatalysed procedures for their synthesis, we were

interested in developing a general and facile method tor the synthesis of indole
derivatives. We becamc interested in !he synthesis of indole derivativcs through

combined p~ll~dium eat~lysedand Friedel-Crafts reactions.

1.2.2 Results and Discussion:

Here we demonstrate a novel approach where a regio-selective synthesis of 2-

substituted indoles (5-8) through palladium eatalysed reaction followed by

Friedel-Crafts acylation and simulataneous cyclization. 2-lodo ace!anilide 3 in

DMF undcnvent facile reaction with trimethylsilyl acetylene in presence of bis-
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(triphenyl phosphine) palladium (11) chloride (3.5 mol%) and triethylamine (4

equiv.), Cupper iodide (8 mol%) under nitrogen atmosphere at room temperature

for 24 hours giving 2-(uimethylsilyl)ethynyl acetanilide 4 with 63-65% yield, 2-

(Trimelhylsilyl)ethynyl acetanilide 4 was then subjected 10Friedel-Crans reaction

Wilh acid chloride (l mol equiv,) or acetic anhydride to afford the 2- substituted

indoles 5-8 in good yield, as shown in the scheme: 1.

S/

~

] ~'"
(PPh3h PdC~o DMF, F.t3N, CuI,

NHCOCH3 250 C 124 h

(3)

•

(4)

s/O~l"
NHCOCH)

RCOCI/(CH]CO)20
Anhyd AICb. RT, 2 h

R
-CHJ

-C6114 MeO-p
-Ph
-C6H4 Me-p

Comp, No,
S
6
7
8

~COR

/INcf'
H

(5-8) COCH.l

Scheme-]
An ice cold solotion of 2-(trimethylsilyle!hynyl)aectanilide 4, anhydrous

aluminium chloride (3 mol equiv.) and acid chloride (I mol equiv.) or acetic

anhydride (lmol equiv.) in tetrachloroethane, was stirred at 0-25'C for 2 h to yield

2-acyl indole derivatives 5-8. In this case yield % is 56-65 for acid chloride and
50-55 for acetic anhydride.
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Table-I: Synthe~is of N-acetyl-2-acyI(aroyl) indolium chloride through Friedel_
Cralts acylation reaction.

Entry riJ:C::'" ReOCI Compound Yield' %o NHCOCH, 5-8,
4 CH]COCI

[01,)(1
60N <> ~r('jCl a

, eaCH]

4 (CH)CO)20
2 [0 ,I /

55N <> ~
H/lci a
~ eaCH,

3 4 CH30QCOCI @;iJy~~('61" .,(jCI 0
rOCH, '

4 4 <Q,>-COCI
~ 60

H/ JCI 0
eOCH) ,

5 4 CHJQCOCI

~ 65"'11'.1° 0
COCH, "

'Yield % was calculated on the basis of compound 4.
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1.2.2A Staring materials:

Synthesis of 2-iodinitrobenzene I:

2-1odonitrobenzene I have been used as slaring maleriab because of their easy

availability from 2-nitroaniline. Diazotization of 2- nilroaniline followed by

Sandmeyer Iodination with pOIassium iodide afforded 2-iodonitrobenzene I as

shown in the schcme.2.

Scheme -2 1

lhe compound was yenow amorphous solid, yidd 80.7%, mp 48-49.C. Rf value

0.83 (EA: PF = 1:4)_

1l1e product was characterized by its IR, UV, IH Nl\1R,UV spectroscopy.

In thc IR spectrum (Fig-I) of the compound bands at 1581.5 and 1517.9 cm'] was

observed due to the benzene \Je_e stretching and bands at 1330 and 1296 cm-I due

to \IN_Ostrcaching.

In the lH NMR spedrum (Fig 2, 3) of the compound, the Pl;akSwere found at (;

8.Q4(lH. d, J= 8 Hz, (; 7.85 (1H, d), I)7.49 (lH, t), 0 7.27 (1R, t).

In the UV spectrum (Fig. 4). The }~"a.<value was found in the range of312.2 and

321.8 nm.

Synthesis of 2-Iodoaniline-2:

2-1odonitroben7enewa,; treated with glacial acctic acid in presence of iron powder

to afford thl; 2.iodoaniJine. Thc compound 2 was characterized by their

satisfactory spectroscopic (IR, 'HNMR, IR) data.
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v~o,gIn. acetic acid V~H'•Fe pO\vder

1 2
Scheme -3

The compound was found as a transparent crystalline solid, yield 68%, rnp 59-

6WC, Rfvalue 0.51 (hexane 100%).

The product was characterized by its lR, UV, IH NMR ~peclroscopy.

In the IR spectrum (rig-5) oflhe compound, a band at 3392, 3288 em'! indicated

the presence ofNH2.

In the lH NMR spectrum (Fig. 6,7) of the compound, the peaks were found at 6

7.63 (IH, d, J= 8Hz, Ar-H), 37.13 (IB, I, J= 8 Hz, Ar-H), 0 6.74 (lH, ct, J= 8 Hz,

M-I-I), Ii 6.47 (IB, t, J= 8 Hz, Ar-H), The broad single! was found at the 0 value of

4.00 forNH2•

In the UV spectrum (rig. 8), the peaks were found in the range of296.00, 238,

219 ,md 212 om.

(iii) Synthesis of 2-iodoacetanilide 3

2-iodoaniline 2 was slined \\'ilh acetic acid and acetic anhydride at DT for two

hours ,md stirred 24 hours at room temperature for the formation of 2-

indo<lcetanilide.

2

AcOH, AC20
oo C -2 h

RT -24 h
• V~HCOCH;

3
Scheme -4
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The compound was transparent crystalline solid, yield. 72%, mp (108-109.C).

RF 0.36 (pet. ether 100%).

The product was characterized by its JR, lN, lH NI\1R spectroscopy.

In the IR spectrum of the compound (Fig.9) the absorption band found at 3273

~m.1due to llNI-I of the anilidc group, whcre as a band at 1660.6 cm-l was due to 'l,o

band of the anilide.

The IHNMR spectrum (Fig. 10, 11) of the compound showed, the peaks at 8 8.15

(IH, S), 8 7.75 (lH,d, }=8 Hz), due to the aromatic protons. The chemical ~hift

position at8 7.42 was found in the form of broad singlet due to the NH proton.

In the VV spectrum (Fig. 12) the peak was found in the range of224.40 nm,

1.2.2.8 (i) Synthesis of 2-(Trimethylsilylethynyl) acetanilide 4;

2- (TrimethysilylethynyI) acetanilide 4 was prepared by the palladium catalysed

reaction of 2-iodoacctanilidc with trimethylsilylacetyIene. The crude product on

!radionation over column chromatography using pet ether: chloroform (3.1) as

solvent system gavc pure product.

3
Scheme - 5

The compound was tran,;parcnt, crystallme SOlld, Yletd 63-65%, mp 94T, R[vaIue

0.44 (PE:CHCI3= 3:1). This compound was characterized spectoscopicalIy,

In the IR spectrum (KBr) (Fig,13) of the compound, the band in the range of3327

cm-] indicated the presence ofu.'JH. The absorption band at 2158 em.] due to U,""

where as a band at 1690 em-I for the characteristic ofu<o stretching was observed.

In the lHNMR spectrum (400 MH7., CDC]J) (rig. 14) a singlet at 0 0.30

corresponded to SiMe] (9H, S). The peak at 8 2.21 was assigned to CH3 (3R, S). A
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broad ~inglet at (j 7.95-8.03 for NH Proton WIL'; observed. The rest of the peaks

were found at Ii 7.01, 7.32, 7.41, 8.39 for Ar-H whieh were multiplets.

In the DC NMR spectra (100 MHz, CDCI)), Ii 0.1 for CHl ofSiMe} and 24.7 for

CHJ orCOCH). 168 for CO were observed. The singlet at 100.2 & 102.2 indicated

C ofC",C. The rest were 111.5, 118.9, 123.1, 129.9, 131.4, 139.5 for aromatic

carbons.

In the UV Spectrum (EtOH), (Fig-16) the Am" value were found in the range of

296.2,250.8,207.8 nm.

1.2.2. B. (II) Mechanism of palladium-catalysed reactions of 2-iodo-

aeetanillide with terminal alkynes:

Although the detailed mechanism of the reaction is yet to be clarified, it can be

perceived that the reactions proceed according to scheme - 6. It was observed that

the presence of palladium catalyst and base were very essential for the success of

the heteroannulation reactions. The Key steps of the possible mechanism ",,'ere

based on the following observations.

It could be suggested that Pd(O) must be the intermediate involved in the catalytic

proces,;. The reduction of Pd(II) to Pd (0) in thc presence of EtJ N and terminal

alkynes took place.

In the step-I, trimethylsilyacetylene went to react with CuI and EtJN to the Cu

inversion in the alkyne.

Tn the step-II, the formation of l'd(O) from the interaction of bis-(lriphenyl

phosphine) palladiUm (II) cholorde and CUprollS acetylide was proposed by

Hagiharal13.

Tn step-Ill, the catalytic cycle 2"iodoacctanilide 4 oxidatively added to bis-

(triphenylphosphine) palladium (0) tu generate a 2- anilide palladium (ll) complex

A. Then the terminal alkyne could be co-ordinated with palladium (IT) complcx A

(Heck reaction) giving rise to co-ordinatcd eomplcx B.
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The allm)'l palladium complex B generated the original bis (triphenyl phosphine)

palladium (0) through the reductive elimination of the substitukd products to

afford the 2-(trimethylsilylethynyl) acetanilide 4. Bis(triphenyl phosphine)

palladium (0) could then continue the catalytic cycle.

The mechanism of the reaction is given below.

Stcp-l

Step-II

CuC=C SiMc3+ Pd(PPhJ)2Cb--. (PPh3hPd-(C=C SiMc3h

I
Slcp-Ill

1.2.2.C (i) Friedel-Crafts acylation reaction:
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1.2.2.C (i) Friedel-Crafts acylation reaction:

2,(Trimethylsilylcthynyl)acctanilide 4 was subjected 10react with acetyl chloride!

. acetic anhydride! in prcsence of tetrachloroethane and anhydrous aluminium

chloride at O'C temperature. rhe crude product (5-8) was purified by

chromatography on silica gel using Hexane: Chloroform as a solvent system.

Scheme-7

1,2,2.C. (II) Characterization of the products,

2-Acetyl-N-aeetyl indolium chloride 5 was obtained form acctyl chloride/acetic

anhydride.

This compound 5 was colourless crystalline solid with mp (84-86'C) and R,-value

= 0.26 (PE: CHCI) 2:1).

In the IR spectrum (KBr), (Fig.17) of the compound 5, the band in the range at

3221.9 cm.1 due to NH stretching vibration, lhe band a! 1684 em,l for DC=O and

1652 cm,l for U,m;d, co were observed.

In tile IJINMR spectrum (400 MHz, CDCI3), (ng-18) a singlet at 3 2.2

corresponded to COCI-!] (S.3H). Dle peak al 3 2.18 due 10 the tlm:e protons of

HNCOCH.1, a singlet at 6.1 due to the peaks of=C-H and a broad peak al 11.06 lor

NH proton (bs, IH) were obtained.

In lht: DC NMR spectrum (l00 MHz, CDCl), (fig-19) the peaks at 6194 and.

185.3 for the carbon ofCa and 6 2:'\.4 & 0 23,15 Corcarbon of -CHJ group were

observed. The rest of the peaks 168.89, 140.15, 133.83, 129.06, 122.41, 122.46,

121.0, 98.02 were obtained for aromatic carbon and double bonded carbons.
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In the UV spectrum (EtO!-I): (Fig.20) of the compound I~n,,,value were found in

the range of334, 305.4, 259.l!, 213 and 207.l! nm.

N-aeety!-2anisoyl indolium chloride 6

The compound 6 \vas white crystalline solid, mp 113"C and Rf value. 0.30

(CHe!): l'E = 2.1)

In the IR spectrum (KBr), (Fig2I) the stretching vibration ofNH at 3327.9 cm-l.

and the absorption band at 1683 cm-] due to 11,,,i<l,co and 1610 em-l due to Veo

were found.

In the IH NMR spectrum (400 MHz, CUCU, (Fig.22,23) a singlet at 6 2.22 was
for COCH] amI another singlet at 6 3.88 due to OCH3_A peak at 6 6.7 indicated

vinylie proton (S, IH, = C-I-!) A broad band at 0 11.04 indicated NH. The rcst of
the peaks ato 6.97 (d,2B,.I = 8 Hz) Ii 7.12 (d, lH,J'" 8 Hz) 0 7.51 (t, IH, J= 8Hz),
07.77 (d. IH,.I = 8Hz) Ii 7.91 (d, 2d, J = 8 lIz) 3 8.62 (d, IH,.I= 8Hz) peaks due to

aromatic protons were observed.
In the Be NMR spectrum (100 MHz, CDCIJ) (Fig. 24), the ~hemical shift
position ror the carbons of CO at 0 193.46 and 0 180 and C-of CH] at 55.53 and
25.48 werc ob,erved. Tht: rest or the peaks at 0 168.93, 63.41, 139.83, 133,6,

131.17,128.995,126.137,123.38,121.46,114.09,94.00, 77.34. 76.70 were for

aromatic carbons and double bonded carbons.
III the UV spectrum (EtOH): (Fig. 25) the I",,", value wert: round in the range of

380.80,360.6,238.0207.80 nm.

N-acetyl-2-benzoyl indolium chloride 7:
The compound 7 was yellow crystalline solid, mp. 64'C. Rf value 0.17 (PE:

CHC13=4:1).

In the JR spectrum (KBr) (fig. 26), the stretching vibrations were found in tile

range of 1691.5 and 1606 cm-] for u';o and 3320 cm"'for U~Il.

In the III NMR spectrum (400 MHz, CDCI1), (Pig. 27, 21\), ~ singlet at Ii 2.2 due

to the proton ofCOCr-I] and another singlet at 0 6,79 due to tht: prolon of=C-H
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were observed. Aromatic protons peaks at 3 7.13 (t, lH), 7.5(m. 41-1),7.81 (d. IH),

7.94(d, 2H), 8.64 (d, IH) and a broad singlet 11.8 due NH proton were found.

In the J3e NMR spectrum (100 MHz, CDCI])(Fig. 29), the pcaks of carbon for

CO groups were found in range of3 194.71 and 179.53. "the peaks at 25.49 em.1

v•..as due to CH3 carbon. The peaks for double bonded carbon and aromatic carbon

werc in the range of <5value 140.11, 133,99, 133,84, 132.58, 129.]5, 128.82,

126.91,123,13,122.76,121.51,94.9977.34,77.03,76.71.

1n the UV spectrum (EtOH) : Fig.30), the Am" value were found in the nmge of

356.6,236.6,205,8 nm.

d) N-acetyl-2-tolyl indolium chloride 8.

The compound 8 was white amorphous solid, mp 82_83°C. and Rrvalue 0.14 with

CHCI): !lexane (2:1).

In the IR spectrum (KHr) (Fig-3 I), a band at 3325 em,l duc to \J~IIand a band

1687 CI11,I due to \.lco and another band 1569 em.1 for DCO of amide were observed.

In the lH NMR spectfum (400 l\-1Hz,CDCI)) (Fig- 32, 33), a singlet at 0 2.21 (S,

31-1)was due [0 the protons of CH) groups and another singlet at 0 2.41 (s, 3H) due

to thc proton of eaCH3 groups and the peak at 0 6.8 (s, IH) due to thc proton of

vinylic proton were found. Chemical shill positions at 157.11 (t, III). 7.27 (d, 2H),

7.49 (t, IH). 7,78 (d, IH), 7.83 (d, 2J-l). 8.63 (d, IH) due to m{'lniltic carbon and

broad singlet at 3 11.07 (bs, 1H) were observed.

In the Be NMR spectrum (100 MHz, CDCI))(Fig-34), ~h()wed the chemical

shift position of CO groups in the range of Ii 194.21 and 0 179.86. fhe peaks at

168.89, 143.45. 139,97, 133,74, 130.97, 129.56, 129.04, 121i.90, 122.4, 121.4,

77,03 were found due 10 aromatic and double bonded carbon. The chemical shift

position of -CH] group were found in the range of (\ 25.43 anrl 21 62.

In the UV spectrum (EtOH) (Fig 35) the r.m,,, values were found in the range of

361,256.6 and 206 nm.
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Table 2: Comparison of spectra of indole derivatives.

Compound IR (em 1) lHNMR(o) 13CNMR (0) UVnm

0
3221.9 (\)l\H) 2.18 (S, 3H, CaCH]) 194 (C of NCaCH1) 207.8@l 1684 (\)co) 2.2 (S, 31-I,NCaCHi) 185 (C orCaCH,) 238.8

N or 1652 (\)co) 6.1 (5, IH,=C-H) 25.4 (C of NcaCH) 334.0j Cl 11.6 (br. S, lH, NH) 3.15 (CofCOCH3)H 0
5 COCH)

~ " 3327.9 (u~.m) .22 (S, 3H,COCH3) 193.4 (C ofNCOCH3) 207.8o @I] fO 1683 (uco) 3.88 (S, 31-1,-0-CH3) 180 (C of COPh) 238.0

H,.j~el 1610 (uco) 6.7 (S, lH,=C-H) 25.48 (C ofCH3) 360.6
11.04(br.S,IH,NH)

COCH, 6

9~WQJ
3320.0 (UNll) 2.2(S,3f-I,COCH3) 194.7\ (C ofNCOCH3) 205.8
1691(\)co) 6.79 (S, lE, C-H) 179.53 (C ofN COPh) 236.0
1606 (\)co) 11.08 (be. S. 1H,NH) 25.49 (C ofCH3) 356.6

HI 0
COCH1 7

'010 I OJ 3325.0 (UNII) 2.21(S,31-I,CaCH) 194.2 (CO of CaCH3) 216.0
1687(\)co) 2.41(S,31I,CH,) 179.86 (CO of COPh) 256.0

N e 1569 (\leo) 7(S,IH,=CH) 25.43 (CH3 ofCOCH}} 361.0i CIH 0 11.04 (hr. S, IH,NH) 23.15 (CH3 ofPhCH})
COClI, 8



1.2.2.C (iii) Mechanism of Friedel-Crafts acylation reactions

The acylation of 2-(lrimethylsilyl)cthylacetanilide 4 was carried out by an acid

chloride or acetic anhydride ill the presence of a Lewis acid (Anhyd. AICI). The

most likely mechanism for Fricdel-Crafts acylation was shown in the scheme-7.

In thc first step Lewis acid catalysed method, an acylium cmbocation (C) was

formed (rom complex (A). In the Mep II trimethylsilyl group nctcd as an electron

donor and parlial ncgalive charge \\'as developed on the terminal triple bounded

carbon. The generated anion complex (E) was attacked hy the acylium ion (C) to

lonn the complex (F) which was a earhocation. In stcp ITT the carbonium (F) was

attacked by the anion A!CI4' (B), furnished the rearrangement ,lilt! the departure of

SiMc3 and Ilnally the formation of indole ring.

SICll-l:

oII 3- &t
Rcaell + AICI)-_. R-C-CI~AlCb-
(RCOha \J

A

Step- 2:

a ]~
" IR-C"'-~C
E£l III

~
C 8 0

+ Aiel;
J)

47



~

~COR
/ \ Cl
II COCH]

Step-3:

@ COR

~SiM';
NH
O~
F

(Schcmc- 7)

L2.2.D. Conclusion:

For the first time, we have developed a convenient, gencrnl and facile method for

tbe synthesis of N-acyl-2"lIcyl (aroyl) indo1iumchloride from the rcaction of 2-

iodoacctanilide with trimethy15i1yJcetyleneby a (Ph)P),PdClrRI3N-Cul system,

followed by Friedel-Crafts reaction. The most important features of the synthesis

were that readily aVllilable inexpensive strn1:ing matcri11, were used under

relatively mild reaction (;omJilions.

Also, no toxic and hazardous compounds were produccd by this procedure. Thi~

reaction was highly rcgiosclcetivc in ca.,e of palladi\lm-r~t~lysed and Fricdcl-

Crafts reactions. Through this methodology biologically adive indole derivatives

may easily be synthesized.
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1.2.2.E. F.):perimental

(i) 2-iodonitrobenzene-l
5.0 g (0.036 mol) of 2-nitroanilinc was stirred with 7.5 gm (4.1 ml) of COllC.

H2S04 and 40 ml of water for I hour. The mixture was cooled in a frcczing point

(0"5T) and was stirred mechanically. A solution of2.5 gm (0.036 mol) of sodium

nitrite in 7.5 ml of water was addcd to the mixture. "lhe filtrate was poured into an

ice cold solution of 10 gm (0.06 mol) of potassium iodide in 30 1111water with

stirring. The precipitate formed was eolieded by filtration lmder reduced pressure

and washed with water and finally dricd, recys!llllizedfrom ethanol.

The titled compound 2-iodonitroben7.ene 1 (7.25 g, 80%) was found as yellow

solid, m.p. 48-49T. (Ii! 49-51'C) R[value = 0.83 (EA: PE '" 1:4).

lR (KBr): A.",ax 1581.5, 1517.9, 1330, 1296, 1020, 779, and 723 em.l.

lH NMR (400 MHz, CDCI)):0 8.04 (11-1,ti, J = 8Hz), 07.85 (IH, ct, J = 8 Hz), 0

7.49 (nl, t, J = 8 Hz). 6 7.27 (lll, t, J = 8 Hz).

UV(EtOH) ?emax: 313,2, 231.80 nm.

(ii) 2-iodoaniline 2
Into a round bottom flask equipped with a reflux cont1cllser,5 gill (0.02 mol) of2-

iodonitrobenLene and 3.92 gm (0.07) mol of granulntetl iron was placed. 8.47 gm

(8 mil of glacial acetic acid 48 ml (1.84 mol) ethanol were then poured one by one

into thc mixture and was shakcn the contents of the f1a,k steadily. Finally the

mixture was refluxed for 3 hours and diluted with lnfl ml of water. Then the

mixture was neutralized with dil. NaOH (aq) ~()llili0n, ['he product was separated

by steam distillation and finally extracted with CHel"~ ll1t' or,g~mc layer was

washed with water, dried over sodium ,ulfate ~nddried.
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The compound was purified by column chromatography with silica gel using pet

ether only. The titled compound 2 (3.03 gm, 68%) was found as a solid, m. p. Rf

value 0.51 (cyclo hexane 100%).

IR (KBr): vm" 3392.6, 3288.4, 3184.3,1622,1473.5, 143S, 1006.8,748.3,644.2
.,

em .

IH NMR (400 MHz. CDCI): I) 7.63 (IH, d, J = 8 Hz, Ar-H), 7.13 (HI, t, J = 0.8

Hz, Ar-H), 6.74 (IH, d, J = 8 Hz, Ar-H), 6.47 (lH, t, J = 8 Hz, Ar-H). 4.00 (lH,

br. s, NH).

UV (BOH) :Am.,296.00,238,219 and 212 nm.

(iii) 2-Iodoacetanilide 3

2-lodoaniline 2 (2.2g, 0.01 mole) was stirred with acetic acid (5 mI, 0.08 mole)

and acetic anhydride (1.02 gm, 0.01 mol) at O°C. After two hours stirring at O°C

the reaction mixture was allowed to rcact at room temperature and stirred over

night. The reaction mixture was dJluted with \vater and extracted with chloroform

(3x50m), washcd wilh distilled water, dried with anhydrous Na2S0.j and

concentrated under reduced pre"ure.

The crude mass was purified by chromatography on a column of silica gel with

eluant pet cthcr: chlorof011lt, to obtain the tillIed compound 3 (1.88 gm, 72%) as a

white crystalline <;olidwith fiP 108 - 109°C, Rf value 0.36 (pel ether 100%).

IR (Kflr): 3273.0, 1660.6, 1573.8, 1529.4, 1463.9, 1433.0, 1411.8, 1292.2,

1253.6,1014.5,750.3,663.5 cm-I.

t" NMR (400 MHz, CDCI,): 0 8.15 (lH, ,~,Ar-H), 07.75 (IH, ct, J = 8 H~, Ar-

H), 7.31 (IH, t, J = 8 Hz, t\r-H), 6,82 (IB, t, J = 8 Hz) 7.42 (lH. br. s, NH).

UV (ElOB) : /..0'" 214.40 nm.
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(iv) 3-Trimethylsilylethynyl acetanilide 4

Bis-(triphcnyl phosphine) palladium (11) chloride. (47.074 mg, 1.916 m mol),

copper II iodide (29.19,1.9 mol), triethylamine (774.064 mg, 1.916m mol) were

added to a solution of2-iodoaectanilidc (500 mg, 1.916 m mol) in DMI' (5 ml).

The mixture was stirred for I hour under a nitrogen atmosphere at room

temperature, Then trimethylsilyl acetylene (375.53 mg, 1.916m mol) was added

dropwise to the mixture, stirring continued for 24 hours at room temperature. The

reaction mixture was evaporated to dryness under reduced pressure. The residue

obtained was extracted with chloroform (3x50 mi). The organic extract was

washed with distilled water (3x50 ml), dried over anhydrous Na2S04, filtered and

concentrated under reduced pres~ure. The crude mass was purified by column

Chromatography on silica gel using pet cthcr: Chiorofonn (3:1). The compound 4

(292 mg, 63-65%) ~~as a transparent crystalline solid with mp. 94 (Rr value 0.44

PE: CRClJ(2:l).

IR(KBr) vm" 3327, 2158, 1695, 1672, 1576, 1516, 1444 em-I.

IH NMR (400 MHLCDCIJ) 0 0.30 (9I-1, S), 2,21 (3R, S), 7,01 (JR, br. t, J = 8.0

Hz Ar-H), 7.32 (lH, td, J = 8.3, Hz), 7.41 (lH, dd, J "" 8.0, Hz), 7.95 - 8,03 (IH,

m), IU9 (llI, br. d, J = 8.3 Hz).

I3CNMR (100 MHz, CDCI,) I) = O,IO(q), 24.7(q), 100.2(s), 102.2(s), 1IL5(s),

118.9(d), 123.I(d). 129.9(d), 131.4(d), 139.5(s), 168.0(8).

% ofC (67.09), H(7.43), N (6.03).

UV (EtOH) I_max 296.2, 250,8, 207.4 nm.

Anal. Cald. for C13H17SINO: C67.48; H, 7.40; N, 6.05 . .Found: C, 67.09; H,

7.43; N, 6.03.

(v) a. N-acytyl-2- acetyl indolium chloride 5

To the compound 2-trimethylsilylethynyl) acetanilide 4 (200 mg, 0.866m, mol)

dissolved in 1,1,2,2-telrachloroethane (5 m!) anhydrous aluminium chloride
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(346.75 mg, 2.59 ml mol) was added at O°C.Then acetyl chloride (67.9 mg, 0.866

m mol) was added to the cold solution dropwise, The mixture was allowed to

warm up to room temperature and stirred further at room temperature (25°C) for

two hours. The reaction mixture poured into cold hydrochloric acid solution [5 ml.

12(N) HCI in 250 ml H20]. The organic layer was extracted with chloroform

(3x50 1111).The combined organic layer was washed with water, sodium

bicarbonate solution (10%, 2x50 ml) and water again. It was dried over anhydrous

sodium sulphate. After removal of solvent the product was purified by column

chromatography (Hexane: Chloroform'"' 2:1) over silica gel and then crystallized

from ethanol. The acylation product 5 (20 mg, 60.00%) was found as colourless

crystalline solid with lllp (84 - 86°C), Rj value'" 0.26 PE; CHCh(2:1).

IR (KBr): Vma< 3221, 1684, 1652. 160g, 1576, 1560, 1502, 1130, cm-1,

lH NMR (400 MHz, CDCI3) ; 8 11.06 (bs, lH, NH) 8.59 (d, lH, J '" 8 Hz, Ar _

H), 7.46(d, IH, J '" 8 Hz, Am-H), 7.65(1, 1H, J "" 8 Hz, Am-H), 7.05 (t, IH, J '" 8

Hz, Ar-H), 6.1O(s, 1H, "'C-H), 2,18(s, 3H, NCO - CHJ), 2.12 (s, 3H, COCHJ)

1JCNMR (400 MHz, CDCI)): 185.31 (CO), 168.89(0), 140.152. 133.83, 129.06,

122.41, 121.02,98.02, 55.83, 25.40 (CHJ) 23.15 (CHJ).

UV (EtOH) i\,llOX 334, 305.4, 259.8, 238.4, 213.6, 207.80 nm.

b) N-acytyl-2- acetyl indolium chloride 5

To an ice cold solution of 4 (200 mg, 0.866m, mol) in tetrachloroethane (5 1ll1)

acetic anlydride (7.31, 0,86 ill mol) and anhydrous aluminium chloride (346.75mg,

2.597m mol) wae added. The mixture was warmed up to room temperature and

stirred further for two hours.

Then the mixture was poured into icc-cold solution ofdil. HCI [(25 mI12(N) HCI

in 250 ml] and the organic layer was extraded with CHel] (3x50 ml). washed

with distilled H20(2x30 ml), saturated NaHCOJ solution (2x30 rnl) and distilled

water (2x30 rnl) again. After drying over anhydrous NalS04 and removal of
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solvent the residue was obtained. The crude mass was purified by column (Silica

gcl). Elution with hexane-chloroform (2: I) furnished the product 5 (110 mg, 55%)

as a colourless solid with mp. 84-86°C. Rfvalue 2:1 (I'F : CHCIl)

IR, UV, IHNMR, lJCNMR spec!ra of this compound were identical with that of

thc same compound obtaincd from acetyl chloride,

c) N-acetyl-2- anisoyl indolium chloride 6

To an icc cold solution ofcompound 4 (200 mg, 0.866 m mol) ill tetrachlorocthane

(5 ml), anisoylchloride (0.14 gm, 0,866 m. mol) and anhydrous aluminium

chloride (0.35 gm, 2.59m mol) were added. After following thc abovc procedure

and workup the crude mass was obtained, which was purilied by column

chromatography (Silica - gel). Elution with hexane-chloroform 1:2) furnished the

desired product 6 (122mg, 60 %) as a white cry~tul,mp 112-113°C, Rtvalue (0.30

CHCI3:PE=2:1)

IR (KBr) : vmax3327.9,16&3.7,1610, 1576.7, 1500, 14.13, 1360, 1175, 1040

lH NMR (400 MHz, CDCU: 0 11.04 (br. s, lH, NH), 8.62(d, 1H, J = 0.Q2Hz,

Ar-H) 7.91(d, 2H, J = 0.02 Hz, M-l-f), 7.77(d, lH, J = 0.02 I.I7;,Ar - H), 7.51(t,

1H, J = 0.018 H.o.Ar-H), 7,12(d, 11-1,J = 0.18 Hz, Ar - I-l), 6.9i( d, 2H, J = 0.Q2

Hz, ArH), 6.70(5, J H, = C-H), 3,88(s, 3H, - OCII,), 2,22 (s, 3H, COCH3)

13CNMR (400 MHz, COCI3):5 193.46(CO), 180(CO), 163.93, 163.4J, 139.83,

133.6, 131.17, 128.995, 126.137, 123.38, 122.75, 121.46, 114.09, 94.00, 77.34,

76,70, 55.53(CHJ), 25.48 (CH).

UV(EtOH) A,,,,,380.80, 360.6, 231UJ,207.40 nm,

N-Acetyl-2-Benzoyl indolium chloride 7

To an ice cold solution of compound 4 (200 mg, 0,866 III mol) in tetrachloroethane

(5 ml), benzoylchloride (0.12 gm, 0,866 m. mol) and anhydrous aluminium
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chloride (0.35 gm, 2.59 m -mol) were added. After following the above procedure

and usual workup, the crude mass was obtained and purified by column

chromatography (Silica- gel). Elution with hexane-ehlorofonn (1:2) afforded

product 7 (120 mg. 60.00%) as a white crystalline solid, mp 64-650C.

IR (KBr): v,"" 3320,1691,1606,1560.3,1521,14.90,1442.7 and 1415.7em-l.

In NMR (400 MI'h, CDCI) : 8 11.08 (br. s, IH, NH), 8.64 (d, 11-1,J = 8 Hz,

Ar-H) 7.94(d, 2H, J = 8 Hz, Ar-II), 7.81(d, 1H, J = 8 HL, Ar _ H), 7.5 (m, 41-1,J =

7.2 HL, I\r-H), 7.13(t, IH, J = 8 Hz, Ar - H), 6.79(S, IH, =C-B), 6.70(s, 1H, =

C-Il), 3.88(s, 3H, - OCI-I3), 2.2 (s, 31-1,CH3).

13CNMR (100 MH7., CDC I): 0 194.71(CO), 179.53(CO), ]40.11, 133.99, 133.84,

133.58, 131.17, 129.15, 128,82, 126.91, 123.13, 122.76, 121.51,94.99,77.03,

76.71, 25.59(CH), 25.48 (CH.1).

UV (ftO]]) "-mox 356.60, 236.6, 205.8 nm.

N-Actyl-2-toiyl indolium chloride 8

To all ice cold solution of 4 (200 mg, 0,866 m mol) in tetrachlorocthane (5 ml),'

ben:wyIchloride (0.12 gm, 0.866 m. mol) and anhydrous aluminiUm chloride (0.35

gm, 2.59 m mol) were added. Under (he same reaction condition and usual

workup, the erude mass was obtailled and purified by column chromatography

(Silica- gel). Elulion with hexane-chloroform (1 :2) gave the dt"iired product 8 (] 30

mg, 65%) as a white amorphous solid, mp 64_650C.

IR(KBr): vm,; 3325, 1687, 1569, 1508, 1446, 1423, 1365, 1190 and 756 em-I.

UV(ElOH) Ama:<361.4, 256.6 and 216.6 nm.

IU NMR (400 MH~, CDCI,) : 11,07 (br. S, lH, NH), 8.63 (d, HI, J = 8 Hz, Ar-H)

7.94(d, 2B, J = g Hz, Ar-H), 7.83(d, 21-[,J = 8 1I~, Ar - H), 7.78 (d, IH, J = 8 Hz,

Ar-H), 7.49 (t, lH, J = 7.2 Hz, Ar - H), 7.27(d, 2H, J= 7.2, t\r-H), 7.II(t, IH, J""

8, Hz, Ar-II), 2.41(s, 3H, COCH), 2.21 (s, 31-1,CHJ).
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Pile Name: AF41

Created: 11:30 1211210S
Da'a' Original

Mea,uring Mod., Abs. ~(,Sea" Speed: Fast
Slit Widlh: '.0
Sampling Interval: 0.'

I
No. Wavelength (nm.) Abs., 313.20 1.5413, 231.80 ),9999

Fig 4: UV spectrum of compound 1.
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File Name: AF44

Cre.tcd:
Data:

1I :27 12112105
Original

MeasuringMode: Ab,.
Sc"n Sp•• cl: Fast
SlitWidth: 2.0
Sampling Interval: 0,2

No. Wavelength (nm.) Ab.,., 296.00 08&16, 238.00 2,4220, 219,00 2.8690, 212,80 2.3677

Fig 8: lTV spectrum of compound 2.
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~NHCOCHJ
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rile Name' AF5D

Created:
D'la:

1233 12111/()5
Origin.1

Mea,u,ing),lode: Ab,.
Sc.nSpeod: F.s!
Slit Width' 2.D
Somplillg In,"TVal: 0,2

No, WaYoionglh(mn.)
I 224.40

Fig 12: UV ~pectrumof compound 3.
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File Namo: AF57

~"

C•.•• t<d:
DalO:

12,2~ 12111105
Origin,l

Mea,uring Mod., Ab,_
sco"Speed: Fast
Slit Width. 2.0
Sampli"g Interval: 0,2

No. Wavelength (nOl.)
I 296.20
2 250.80
3 207.80

Abs.
1.5188
3.7628
2,7264

Fig 16: UV spectrum of compound 4.
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File Name: AI"60

,

'00 •

Created:
[)ara:

12,12 12/11105
Original

MeasuringMode' Abs,
Scon Sp•• J; rast
Snl Widlh: 2,0
Sampling in'crvul: 0.2

No.,,,,,,

Wavelenglh (om,)
3)4,00
305.40
259.80
23&.SO
213.60
20HO

Ab •.
3,5338
3,8]80
2.1261
3.97&1
2.5186
2.5381

Fig 20: UV ~pectrum of compound 5.
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om": Origin.1

MeasuringMode: Abs.
Scan Spe,d, Fasl
SlitW,d!h: 2.0
Sampling I"'.rval: 0.2

NQ. Wavclcngtll (om.)
I 380,80
2 360.60
3 238,00
4 207,80

IIb,_
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3.9999
2,9850
2.3987

,

<000

Fig 25: UV spectrum of compound 6.
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Mon'uring Mode: Ab,_
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Fig 30: UV spectrum of compound 7.
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FileName: AF81

~o '000

er•• ted,
Data:

12'17 12111105
Origin.1

Me",uring Moil.' Abs,
ScanSpeed: Fast
Sli!Widlh: 2.0
Sampling Interval: 0,2

No. Wavelength(nm.)
I 361.00
2 25660
3 216.60

Abs.
3.9781
3.~999
3,0316

Fig 35: UV spectrum or compound 8.
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PART-II

Section-I

Antimicrobial activities of indole derivatives



2.1 Introduction

Human struggle against the aftliction disease, decay and death in eternal. The

deterioration of human population due to an cnhanced prevalence of infectiom

diseases is becoming a global probleml. The contemporary treatment of infectiun

disease involves administration of a multi drug regimen over a long period oftime,

which has led to the rapid emergence of multi drug resistantstrains plus a high

level of patient noneompliance'. The prevalence of multi drug resistant superhugs

like methieillin- resistant Staphyfi coccus aureus and Van,vmvcin resistant

Enf!!rococcus (aecium centinus to provide impetus for the research and discovery

to overcome thus resistance problem is to design new and innovative agents with a

completely different mode of action, so that, no cross-resistance with the present

thcrapcuticals can occur. Bangladesh is predominantly an agricultural country,

depending mainly on crop plants, agriculture and forest products for its economic

development. Although crops playa vital rule in economy of the country and

agroecological conditions arc favourable for the prodnclion of various crops, the

yield of crops is often poor. Plant disease caused by different micro-organism play

a sufficient role. Various chemical are used to protect or to kill the pathogenic

microorganism. Some chemicals do not kill the microorganisms. They simply

inhihit the microbial growth. This phenomenon is callcd 'stasis'. Rut some

chemicals are called 'pesticidcs' on the basis of kinds of pathogenic

microorganisms. Pesticidesmay be different types c.g. Fungicides, Viricides etc.

The world bactcrieidc and fungicide have originated from latin words: bactcria,

fllngu~ and caedo. The word cacdo means 'to kill'. Thus literally speaking a

bactericide and fi.mgicidewould be any agcncy, which have the ability 10kill a

baC!eriaof fungus. By common usage, the word is restrictcd to chemicals. Hcncc

the words hactericide and fungicide would mcan a chemical capable of killing

hacteria and fungus respectively.

A good pesticides should be toxic to the parasite or inhihit the germination of its

spores wilhout callsing phytotoxicity. A number of chemicals wcre used to control
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the microbial patbogen of human and other animals as medicine. The number of

chemicals available for plant dicases control run into hundreds, although an are

not equally safe, effective and popular. Also different types of organic, aromatic,

inorganic and heterocyclic compounds arc employed as antibacterial agents. Salts

of toxic metals and organic acids, organic compounds of mercury and sulfur,

qUlllones and heterocyclic nitrogen compounds are the major fungicides III use

today.

Many aromatic compounds have significant antimicrobial activity and have been

developed into fungicides. Some of these are in commercial use. Examples of this

groups of fungicide arc Deoxn (Dimelhylaminobenzenediazosodiumsulfonate),

Diconil (Tetrachloroisohpthaloutrile) etc. Heterocyclic nitrogen compound used as

fungicides included glyodin 2-hepto-decay-2-imida7.-olin acetate), Oxine (8-

hydroxy quinoline) etc.

]t was found from lhe Iilerature that nitrogen and sulfur containing heterocyclic

compounds showed marked antimicrobial activities2
.
6
, when heterocyclic part like

imidazoles, nitroimidazole etc. become attached to carbohydrates7, their efficacy

to inhibit fungi ofbactcria sharply increased.

]t was also found that large number of biologically active compounds possess

aromatic and heteroaromatic nucleus. Jt is also known lhat, if an active nucleus is

linked to another nucleus, the resulting molecule may possess greater potential for

biological activityi. The benzene and ~ubstituted benlene nuclei play an imp0l1ant

role as common denominators for various biological activities. ]t was observed

that many a time the combination of two or more nucleus enhanced the biological

profile many fold than its parent nuclei. S. M. Shchab9
,1O, a post graduate student

of Chittagong Universi1y laboratory. perfOffited antifungal activities of

heterocyclic nilrogen compounds. He used four plant pathogenic fungi wch as,

Fusarium equiseti, Macrophomma phaseolina, Alternaria alternata and

Curvu/aria lunata. He found good inhibition against these tested organisms.

99



S. Rahman II, showed that antimicrobial activities of the alkaloids of three plant

leaves. The alkaloid fractions were screened against eight pathogenic bacteria. Viz.

Shigella dvsenteriae, Shigella sonne!, Salmonefla (mhi, Baciffus ollb/ilM., B.

Mega/erium, B. cereus, Sraphvlococeus aureus, Pseudomonas aerllginosa. The

highest zone of inhibition was recorded againstSalmonella twhi.

S. M. ShehadI2,1J. a former research student of organic laboratory in ChiUagong

University carried out antifungal activities of a series of acylated D-mannose

derivatives, He used four ph)1opathogcnic fungi, such as, Macrophomma

phaseolina, Fusarium equiseti, Alterneria altemma and Curvularia luna/a, Most

of the tested chemicals showcd good inhibitioll (more than 50% grov.1hagainst the

above organism).

S. M. Abe Kawasarl4,15 also a fonncr graduatc student of the same laboratory

carried out in vitro antibacterial activities of a series of aC;.-lateduridine

derivatives. He used ten bacteria sueh as, Staphvlococcus aureus, Bacillus

megalerium, Bacillus cercus, Bacillus sub/ilis, f),-cherichia coli, Salmonella U'phi,

Shigelfa dvsenteriaf, Shigella dvsemerial INABA-ET (vibrio) and Sarcina lu/ea, It

was observed that most of the acylated compounds exhibited moderate to good

antibacterial activity,

M. Fakruddinl6 carried out antifungal activities offussed pyrimidine. He used five

human pathogenic bacteria, viz. Bacillus subtilies, Bacilllls megaterium,

Slapl1vlococcus aureus, Salmonella tvphi Escherichia coli and four

phytopatbogenie fungi Viz Virlici/liu SP Fusarimn solanae, Aspergi/ius SP.

J'encillum SP. He found that some of tbe testcd chemicals showed very effective

antihacterial and antifnngal activity.

Recently, onr groups ,ynthesized 2-substituted benzofuans17, isoindolinone and

isoquinolinonels, and tested their anti bacterial and antiiimgai activities. The

'i;.-nthesizedcompounds demonstrated mild to significant growth inhibitors against

antibiotic -susceptible standard and clinically isolated strains of Gram positive a11d

Gram negative bacteria as well as human fungal pathogens.
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2.2.1. Materials and Methods:
Bacteria and fungi were responsible for many infection diseascs. The in<:reasing

clinical of drug resistant microbial pathogens has lent additional urgency of

antimicrobial research. Thc antimicrobial screening which was the first stage of

any agent. Ihis test measures the ability of each antimicrobial agent to inhibit the

in vitro microbial gro\\1h.

The ability may be estimated by eithcr of the following three methods.

i) Disc diffusion method

ii) Serial diffusion method

iii) Bio autographic method.

This di<;ediffusion technique (Bauer et (j11~.1966) was widely accepted in vitro

investigation for preliminary screening of agents which may possess any

antimicrohial activity. It was essentially a quantitative of qualitative !est indicating

the sensitivity or resistance of the microorganisms to the materials. However, no

distinction behveen baderiostatic of bactericidal activity can he made by this

method. (Roland2~,R, I9g:n.

2.2.2. Principle of disc diftusion method

Solutions of known ~oncentration (flgfml) of the test samples were made by

dissolving measured amount of the defined volume of solvents. Dried and

sterilized filter paper discs (6 cm diameter) were then impregnated with known

mnoun~ of the test substance using micropipette. Discs containing the test

material were placed on nutrient agar medium unifomly seeded with the test

microorganisms. Standard antibiotic dices and blank diw<; (impregnated with

solvent) were used as po>itive and negative control.

These plates were then kept at low temperature (4°C) for 2 h to allow maximum

diflllsion.

During this time dried discs absorb water from the surrounding media and then the

test materials ""ere di~solved ami diffused out of the media. The physi~al law
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~onlrols the diffusion of molecules through agar geL As a result there w~s a

gradual change of test materials concentration in the surrounding the discs. The, ,
plates were then incubatcd at 37°C tor 24 h to allow maximum growth of the

organisms. If the tcst materials had any antimicrobial activity, it would inhibit the

growth of the microorganisms giving a clear, distinct zone eallcd "%:one of

Inhibition". Ibe antimicrobial activity of the test agcnt was determined by

measuring the diameter of zone of inhibition expressed in millimetcr.

The experiment was carried out more than once and the mean of the reading was

required (Bauer et all19 1966). In the present study some pure compounds were

tested for antimicrobial activity by disc dilTusion method.

2.2.3. Experimental

2.2.3.A. Apparatus and reagents

Filter paper discs
Sterile cotton

Micro pipette
Laminar air flow hood
Refrigerator

Chloroform
Patridishes
Sterile [or~eps

Screw cap test tube
Auto clave

Nutrient Agar Medium
Inoculating loop
Sprit bumer

Nos~ mask and hand gloves
Incubator
Ethanol

2.2.3.B. Test of organisms:

The bacterial stains u~cd for the ~:l.p~rim~ntwere collected a~ purc culturcs from

[b~ Institute of Nutrition and Food Science (INFS), Univ~rsity of Dhaka. 80th

Geml positive and Gram negative organism and fungi were taken [or the kstanu

they were listed below:
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List of Test bacteria

L Gram positive 2. Germ negative
Bacdlus cereus Esherichia coli

Bacillus megaterium Salmonella paratyphi

Bacillus subtilies Salmonella typhi

Staphylo coccus aureus Vibrioparahemolyticus

Sarcina lutea Vibrio mimicus

Shigella dysenleriue

P.-aureus

List of Test Fungi

Fun ,
Aspergillus niger

Candida albieans

Saeeharo myces cerevisiae.
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2.2.4. Test of materials:

Name of the Compounds Struclun: of theCompound
Com"olmdsNo.

~(1. 2 Todonitrobcnz~ne

,
,2. 2 -Iodoamine

11'):(",,
3. 2- Todoacetanilide

rgc~HUJCH',
"1'rimethylsily lethynylacetanilide /2 ro'4. o ""'""-

"~,
" ,

5. N- Acetyl 2 acetyl indolium chloride ~jJy" ,
{(""II,,

6. N- Acctyl 2 anisoylindoliumchloride
~o,

"'I[ (' 0

men, '

7. N- Acetyl 2 benzoylindoliumchloridc

~ '",(I" 0
( ()(", 1

8. N A~et) I 2-tol)'lindoli\lm~hlurid~

~ 'id I" ,
COCH, 8
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2.2.5 Culture Medium

Muell",r-Hinlon (ME) medium and Potato Dextrose Agar (PDA) were used for

making plates on which antibacterial and antifungal sensitivity tests were carried

out respectively. Th", antibacterial activity of the metals were detected by disc

diffusion method [Bauer et a119, 1966] and antifungal activity of the materials were

assessed by food poison. Technique [Miah et aPI 1990 and Groves el a/,n 19621.

This media were also used to prepare fresh cultures.

2.2.6 Medium used:

The medium used wer",Nutrient Agar (NA) and potato dexlru~e Agar (PDA). TIle

composition and preparation procedure ofNA and PDA were described below.

2.2.6.A. Composition of Nutrient Agar Medium:

Ingredients Amount (gmfLit)

Peptone 5.0 gm

Sodium Chloride 5.0gm

Beefextrad 1.5 gm

Yeast e;.,.lracl 1.5 gm

Agar 14.0

pH (at 25°C) 7.2 7.6

Procedure:

To prepare required volume of this medium, Cakulated amount of each of the

constituent was taken in a conical Dusk and distilled water was added to it make

the required volume. The contents were heated in a water bath to make a clear

~ollllion, The pH (at 25"C) \\ias adjusted at 7,2-7,6 using NaOH or HCI. 10 ml and

5 ml of the medium was then transferred in screw cap test tubes to prepare plates

and slants respectively. The test tubes were then capped and sterilized by

autoelaving at 15-1bs1sq pressure at 121"C for 20 minutes. The slants were used

for making fre"h culture ofhaeteria that were in turn used for sen~itivity study.
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2.2.6.B Composition of Potato Dextrose Agar:

Ingredients Amount (gmlLit)

Potato 200.0 gm

Dextrose 20.0 gm

Agar 15.0gm

Procedure:
200 gm of sliced potato was boiled in 500 illl distilled wakr and extract was

decanted aller proper boiling. The.extract was taken in a 1000 ml beaker and the

solution was made up to the mark with distilled water. These solution was taken in

a suspense and 20 g dextrose was added slowly in the solution. TIlen 15 g ufagar

powder was added in the solution and they were mixed thoruughly ,vilh a glass

rod. After 10 minutes ufboiling the medillln was lransfened in 250 illl conical

flask. Before auto cleaving the conical flask was closed with the cotton plug and

rapping willi aluminium foiLThe medium was autoelaved for 15 minutes a1121°C

and 15 lb/sq pressure. After autoc!aving the medium was used for euhure of

dilTercntmicroorganisms.

2.2.7 Sterilization Procedure:

In order to avoid any type of contamination by the test organisms the antibacterial

screening was done in laminar Hood and all types of precautions were highly

maintained. UV light was switched Oll an huur bdore working in the laminar

Hood. Petridishes and other gla,s\vare were s1erilized by autoc!aving at a

temperature of 121°C and pressure of 15 Ih/sq. inch for 20 minutes. Micropipet!'"

tips, cotton, forceps discs etc. were also sterilized.
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2.2.8 Preparation of subculture

Tn an ascptic condition undcr laminar air combinet, the test orgaJlIsms were

transferred fi-omthe pure cultures to tlie agar slants with help of a transfer loop to

have fresh pure cultures. The inoculated strains were thcn incubated for 24 h at

37°C for their optimum gro\\-1h.These fresh cultures were uscd for the sensitivity

(est.

2.2.9 Preparation of tbe test plates

The te~t organisms were transferred from the subculture to the test tubes

containing about 10 ml of sterilized agar medium with the help of a sterilized

transfer loop in an aseptic area, The lest tllbes Viere shaken by rotation to get a

uniform suspension of the organisms. The bacterial suspension was immediately

transferred to thc sterilized pctridishcs. The petridishes were rotated several times

clockwise and anticlockwise to assume homogenous distribution of the test

organisms in the media.

2.2.10. Preparation of the Discs:

Threc types of disc were used for antibacterial screening. They were:

A. Standard disc

B. Blank Disc and

C. Sample Disc.

The description of these disc were given below:

A. Standard Discs:

These were used as positive control to ensure the activity of standard

antibiotic ag.ainst the test organisms as well as for comparison of the response

produced by the known antibacterial agent v,"ith that of produced by the test

,ample, In this investigation, kanamycin (30 fIg! disc) standard disc was used as

the reference.
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B. Blank Discs:

These were used as negative eontl'ol which ensure that the residual solvent

(left over the disc even aner air drying) and the filter paper were not active

themselves.

C. Sample Discs with Test Sample:

Mcasured amount of each test sample was dissolved in specific volume of

solvent to obtain the desired cOlleentrations in an aseptic condition. Then discs

were ~oakedwith solutions oftest samples and dried.

2.2.11 Diffusion and Incubation:

The sample disc, the standard antibiotic discs and the control discs were

placed gently on the prcviously marked zone,; in the agar plates pre-incubated with

test bacteria. Thc plates werc thcn kcpt in a reti'igerator at 4"C about 24 h to a1l0\v

sufficicnt diffusion of the materials from the discs to the surrounding agar

medium, The plates were then inverted and kept in an incubator at 37QC for 24 h.

2.2,12 Determination of Antibacterial Activity by Measuring the Zone of
Inhibition:

Aftcr incubation the antibacterial activities of the test material were

determined by measuring the diameter of the zones of inhibition in millimeter with

tmnsparent scale.
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Antimicrobial Study
2.3.1 Results and Discussion

A total of eight compounds (four starting materials and four indolium <.:hloride

derivatives) have been tested for in vitro antimicrobial activity against Gram

positive and Gram negative bacteria as well as human fungal pathogens. The

selected microbes collected as fresh cultures from the ln~!ilute of Nutrition and

Food Science (INFS), University of Dhaka, Dhaka-IOOO. No clinically isolated

resistant strains were used for the present study. Tnterms uf diameters of zones of

inhibitions (mm), the antimicrobial aetivitics were measured. To avoid the

experimental and individual errors, all the experiments were performed thrice. The

mean value of the diameters of7Unes of inhibitors (M. OIZ) was taken as in disc

for detemlining antiminobial spectra, Sensitively test results were interpreted in

the table and were cumpared with a standard antibiotic kanamycin (30 !-i-gldise).

In the present invcstigation, the Gram positive as well as Gram negative bacteria

were used and were found to be completely rbistanl against four compounds 3, 4,

at dose level of 400 !-i-g/disc.

a. 2-iodonitrobenzene 1

Showed mild in vitro antimicrobial activity against sixteen bacteria. Among

them eompuund 1 causes the mean value of the diameters of zone of inhibition M.

DlZ was 7.5 for B. Cereus, B. Migarerium causes 10 M. DT?; value, Bacillus

sabtilis causes 9.1 M. OIZ, S. LII/eo 6.5 M. OIl, The M, DlZ value for Gram

positive bacteria ranges from 7.10 to [0. For Gram negative bacteria S. [!aratyphi

have 7.2 M. OIZ (mild) S. Ivphi 14 )1.1,DlZ (intermediate) V mimicus 8 M DTZ

(mild), E. Coli 7.1 M OIZ (mild), S. DJ!.~enleriaf' 7.5 M. DlZ (mild) P. aureus 7.5

M OIZ (mild).

Among the (jram negative bacteria, S, ty[!hi caused the intermediate

activity and Shigella boydii was completely resistant
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The antimicrobial activity towards human fungal pathogens, S. eerevaeeae

have 7.2 M. f)J7 (mild), C. a/bieans 8.1 M DIL (mild)A. nigar 10M. OIZ (mild).

b. 2-Iodoaniline 2

The average antimicrobial activity was 6.5 M, DIZ which indicated the

mild activity. The antimicrobial activities of Gram positive bacteria B. cereus 5.1

M. DlZ (mild) , B. Mega/erium 5.5 M. OIZ (mild) Baellfus Sublilies 6.5 M.OIZ

(mild), S. aureus 6.5M.DIZ (mild), S. Lulea 8M. DlZ (mild) were observed.

Among the Gram negative Bacteria S. para/yohi 6.5 M. DlZ (mild), S.

D'12l1l6.5 M. OIl (mild), V. parahemolvlicus 6.8 M. OIZ (mild), V. mimieus 7

M. OIZ (mild), E. coli 6.5 M. OIl (mild). S. dysenter/ae 6.5 M, DIl (mild), P.

aureus 7.5 M. nrz (mild), and Shigella boydii 6.1M. Dll (mild). Were obtained.

For human fungal pathogens S. cerevaceae 6.5 M. DIZ (mild), C. albicans

6.5 M. OIZ (mild),A. niger 6.5 M. Dll (mild) were obtained.

The antimicrobial activity towards the bacteria and fungus was mild.

c. 2-Iodoacetanilide 3

Thi~ compound was completeiy resistant against Gram-positive, Granl

negative as well as human fungal pathogens,

d. 2-(Trimethylsilylethynyl)acetanilide 4

Compound 4 was also eompietely resistant a2ninst the tested five Gram

positive, eight Gram negative and three fungus organisms.

e. N-Acetyl-2-actyiindoliumchloride 5

This compound was highly reactive towards the ,elected tested organisms.

When the mean vallie of the diameters of 70nc of inhibition M. OIZ was b'reater

than eighteen milJimeter indicated sensitive for Gram positive bacteria and for

Gram negative bacteria it was greater than] 6 mm. This compound was tcsted for
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two times at a dose level of 400 f-lg/dise and 200 f-lg/dise. For this compound the

size of the microbes ""ere higher.

The antimicrobial activity of N-Aeetyl-2-actylindoliumchloride 5 against

16 bac!eria of 400 ,ug/dise and 200 pg!dise were given as a table: 1.

Table-J: Comparison of different dose of comp 5.

SI. No. Quality Name of microbes M. DIZ values M. OIZ values
for 400 )-lg!<lisc 200 Ilg/disc(mm)
(mm)

I G (+) B. cereus 18.2 16.4

2 G (+) B. Megalerium 22 21.9

3 G (+) Bacillus sahti/is 14.5 14.4

4 G(-'-) S. aureus 17 15.4

5 G (+) S. Lurea 21.0 15.7

6 G(-) S, para/l,phi 14.51 16./
.

7 G (-) S. tvphi 30.1 16.2

8 G (-) V. parahf'mulvticus 21.0 18.1

9 G() V mimicus 17 14.5

10 G (-) E. coli 20 14.8

II G (-) S. dvsi!nteriae 16.5 17.4

12 G (-) p, aureus 19.5 14.2

13 G (-) Shigella bovdii 16 19.2

14 Fungus S. cerevaceae 17 13.7

15 Fungu~ C. alb/cans 17 17.7

16 Fungus A. niger 20 16.9

Among the five Gram positive bacteria the antimicrobial activity against S. Lulea

was highe'>! 21 M. OIZ, For Gram Negative l'uctcria, the highest M. OIZ wa';

found for S. tvphi (30) and Fungal activity was found for A. nigar 20 M. DlZ.
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f. NAcetyl-2-anisoylindOliumchloride 6

The antimicrobial sensitivity test for compound 6 gave the M. OIl value

flaetuated from 8 to 9. The M,DIl value indicated that the compound 6 was

resistant towards the tested baderia.

The M. DIl values for Gram positive bacteria at 400 f-lg!dise were B.

cereus 9.4 M. DIZ Bacillus sutlilis 8.4 M. DIl, B. Megaterium 8.9 M. OIZ, S.

aureus 9.6 M. DIl, S. Lutea. 7.4 M. DIZ were observed.

For Gram negative bacteria S. paratyphi 9.9 M. OIZ, S. Iyph; 9.6 M. DIZ,

V parahemolilycus 9.8 M. DIZ, V. mimicus 9.5 M. Dll, E. col; 8.7 M. DIl, ~

dysenleriae 9.2 M. OIl, P. aureus 8.4 M. OIZand Shigella boydii 9.8 M. OIl

were observed,

The activity against human fungal p'athogcns S. Cerevaceae 8.8 M. DIL C.

a/Means 9.6 M.OIl,A. Nigar 8.6 M. OIZ were obscrved.

g. NACetyl-2-benzoylindoliumchloride 7

The M. OIZ value ranges from 10 to 13, indicated resistmlt against the

sixteen bacteria. Compound 7 showed the second highest activity.

TIlC M. OIZ value for Gram positive bacteria B. Cereu.\" .10.5 M. ml:, IJ.

megater;um 13.2 M. DIl, Bacillus sllbtilies 9.9 M. OIl, S. aurells 11.4 M, OIZ S.

Lulea 11,9 M. DTZwere found.

Out for Gram negative bacteria S. paratyphi 12.4 M. VIZ, S. lvohi 11.9 M.

OIZ, V. parahemolvticlls 12.3 M. orz, V. mimicu.\"12.5 M. DlZ, E coli 9.9 M.

orz, S. dvsenteriae 11.8 M. DIZ, P. aureus 10.1 M. DIZ and Shigelfa hordn'

12.6M. orz were afforded.

In the human fungal pathogens S. cerevaceae 15.5 M. DIZ C. alb/cans 11.7

M. orz, A. N;gar 12.4 M. DIl were also reported,
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h. N-Acetyl-2-tolylindoliumchloride8

The antimicrobial test against 16 bacteria \"ith compound 8 gave the M.

])]Z value ranges from 8.6 to 10, which indicated resistant.

The mean value of the diameter of zone of inhibition against Gram positive

bacteria were given below.

B. cereus 8.6 M. OIZ JJ. Megaterium 9.9 M. OIZ, Bacilfus SJib/iIis8.3 M.

OIZ, S. aweus 9. I M. 01Z, S. Lutea. 8.7 M. OIZ were observed.

For Gram negative bacteria S. paratyphi 10.2 M. OIZ, S. typhi 9.7 M. DIZ,

V. parahemolitrcus 9.7 M. OIZ, V. mimicu;' 10.2 M. D1Z, E. coli 9.4 M. OIZ,-.£

dvsenteriae 9.8 M. OIZ, P. aureus 9.2 M, orZand Shigella boydil 9.1 M. D1Z

were also reported.

For human fungal pathogens S. cerevaceae 9.4. M. DIZ C. albicans 10.1

M. Dll,A, nigar 9.8 M. OIZ were found.

The comparison of antimicrobial activity of the starting materials M. 017 value

(mm) was given in table -2.

The comparison of antimicrobial activity of indole compound M. OIZ value (mm)

was given in tahle -3.
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Table- 2: Invitro antimicrobial activity of compound I, 2, 3, 4.

Potency per disc : 400 I-lg
Diffusion time ; 23 hours
Solvcnt usc : MeOHI CHCIl
Diameter of mnc of inhibition (mm)

Name of ili,~(~(,[Q(~H[OCH' 11dC::< Std
Microorganism o MICDCH,

20 J.lg

Comp.-l Comp.-2 Comp.-3 Comp.-4

Grall! (+) bacteria
B. cereus 7.5 5.\ - 37.30
B. Me alerium 10 5.5 - - 43.0
Bacillus 9.\ 6.5 - - 38.2
sabtilis
S. aureus 7.32 6.5 - - 37.2
S. iI/tea 6.5 80 - 32.0
Gram (-) bacteria
S. aralv hi 7.2 6.5 - - 30. I
S. ' hi 14.0 6.5 - 35.0
V parahemnly 8.0 63 - 41.0
ticus
V mimicus 80 7 17.0
F. coli 7.\ 6.5 - - 37.1
S. d senteriae 7.5 6.5 - 38.0
P. aI/reus 75 7.5 42.0
Shigella - 6.1 - 31.2
boydii
Funei
S. cerevaccae 7,2 6,5 - 32. I
C alhicaJ1.~ 8.\ 6.5 - 37.0
A. ni er 10 6.5 - 35

Interpretation of sensitivity test results:
Gram positive bacteria: Gram negative bacteria:
>18M.D1Z scnsitive >16mmM.DTZ sensitivc
14-18mmM.DlZ intermediate 13-16 mm M. DlZ intermediate
<14 mm M. DIZ resistant >13mmM.D1Z resistant

"-" indicatc no scnsitivity or zone of inhibition lowcr than 6 mm.
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Table- 3: In vitro antimicrobial activity of indolium chloride compound -5, 6, 7, 8.

Diffusion time : 23 hours
Solvent use :MeOHI CHel)
Diameter of zone of inhibition (mm)

QI:;;-w Ot;1~o,~@
~

Name of <h, ,(~: ",,;:, ",j, 0oc,"
Microorganism Comp.,5 Comp.-6 Comp.-7 Std

Comp."8 20 j-lg

Gram (+) bacteria 400~LgI 200.ug/ 400J.lgldisc 400)lgl disc 400~,gI disc
disc dis"

B. cereus 18,2 16.4 9.4 10.5 8.6 35,1
B. Me aterium 22 21.9 8.9 13.2 9.9 37.8
Bacillus 14.5 14.4 8.4 9.9 83 33.4
sub/ilis
S. aureus f7 15.4 96 11.4 9J 36.1
S. J.ulea 21.0 15.7 7.4 11.9 8.7 32.2
Gram bacteria
S ow hi 14.51 16.1 9.9 12.4 10.2 32.9
S. D!phi 30.1 16.2 9.6 11.9 9.7 33.6
v. varahemolv 21.0 18.1 9.8 12.3 9.7 37.5
ficus
V. mimicus 17 14.5 9.5 12.5 10.2 36.9

~i
20 14.8 8.7 9.9 9.4 34.7

S. senteria 16.5 17.4 9.2 11.8 9.8 36.3
P. aureus 19.5 14.2 8.4 10.1 9.2 36.9
S. !.ulea 21.6 15.7 7.4 11.9 8.7 35.5
Fun j

S. c:erevaceae 17 13.7 8.8 ]].5 9.4 31.3
C. albicans 17 17.7 9.6 11.7 10.1 37.2
A, ni er 20 16.9 8.6 12.4 9.8 33.3

Interpretation of sensitivity test results:

Gram positive bacteria: Gram negative bacteria:

>18 M. DlZ sensitive > 16 llllll M. 01Z sensitive

14-18mmM.DlZ intermediate 13 16 mm M. OIZ intermediate

<14 mmM. OIZ resistant >13mmM.DIZ resistant

"-" indicate no sensitivity or zone ofinhibition lower than 6 mm .
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2.3.2 Conclusion:

Sight synthesiLedcompounds havc been tested for in antimicrobial activity against

five Gram positive and eight Gram negative and three human fungal pathogens.

Mo;! of these compound dcmonstrakd mild to moderate antimicrobial adivity

against most of the test organism. Among tested compounds Indolium chloride

salts (5, 6, 7, 8) exhibited relatively greater inhibition of growth of the

microorganism. But 2-Indonitrobcnzene 1 and 2-Iodoanilinc 2 show mild activity.

In the case of compOlmdI and 2,

1 2

the -NOl group containing compound causcs relatively better antimicrobial

growth than -NHl groups.

We found that, the illdolium chloride exhibited relatively higher activity.

Investigation oflhe S-A-R (structure activity relations) of compounds 5,6,

7 and& 8 \vere given below:

o @I
N 8

H'j CI

COGI)

5

o

o

o

o

o
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From these strudure \\'e found that the indole ring causes the better microbial

gro\\'th. TIle substitnents at 2-position gave different activity.

-COR highest sensitively

-COCH] >18

-COPh 10-12

COCJ-L CH3 P 9 - 10

-COC6H4OCH,-p 8-9

The acetyl gronps showed highest activity. Varying substitution at the indule

moiety and subsequent antibacterial screening identified the 2-aeetyl functionality

as a new s(rudural alternative for optimal anti microbial property in the indole

class of compounds.
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