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Thesis title: "Synthesis of some indole derivatives thro

palladinm catalysed and Friedel-Crafts Reaction"
Abstract

In view of the 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 catalysed reaction using
trimethyl silylacetylene followed by Friedel-Cralts acylation reactions is reported.
The heteroannulation reaction was carried out by stiring a mixture of 2-
iodoacetanilide 3  and  (rimethylsilylacetylene in  presence of  bis(-
triphenylphosphenc) palladium(Il)chloride as a catalyst, Cu(ljiodide as a co-
catalyst and a base triethylaminc . The condensed praduct was then subjected to
Ericdel-Crafts acylation reaction with acid chlorides to afford the N-acyl-2-acyl
{Aroy))-indolium chloride 5-8.
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NHCOCH;

() RCOC] {CH2CORO
(3) Anhyd AICl:;, RT, 2 h
R Comnpound
-CHjy 5 N
-CgHa MeO-p G @E@*fﬂr{
“Ph 7 "N of
-CgHa Me-p 8 128

(5-8) COCII;

In vitre antimicrobial activity of N-acyl-2-acy! (Aroyl)indolivm chloride 3-8
werc evaluated. The N-acyl-2-acyl (Aroyliindolium chloride showed more
sensitivity against gram-positive and grayn-negative bacteria as well as human
fungal pathogens. ‘
Varying substitution at the indole moicty and snbsequent antimicrobial screening
identificd the C-2-aceryl fimctionality as a new structural alternative for optimal
antimicrobial property in the indole class of compounids.
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SUMMARY

Investigation incorporated in this dissertation cntitled, "Synthesis of some
indole derivatives through combined palladium catalysed and Friedel-Cralls
Reaction” have been presented in two parts. Part -1 is divided into two scctions,
{he first section is the introductory section, in which the background, bivlogical
action and the important synthesis are prescnted. Seetion 2 deals with the detailed
methodologies and experimental procedures [or the synthesis of 2-substituted
indole derivatives and results and discussion of the synthesis.

Part 11 is for biological studies. This part contain, intreduction, results and
discussion and cxperimental of the biological activity of the compound.

Part I:

Section -1

It represents the importance and synthesis of indolc derivatives. Indoles are
a class of fused heterocycles that are of increasing intercst in synthetic and
pharmaccutical chemistry. In spite of their scarce presence in mnature, indole
derivatives have proved considerable intcrest due to their pharmacological
sctivities. Various methods are known for the synthesis of indole derivatives but
palladium catalysed procedure for the synthesis of indole derivatives are Jimited in
number.

In section [1: We report a new strategy for the regioselcetive synthesis of
indole derivatives 5-8 through combined the pafladiumn catalysed and ['riedel-Craft
reactions of 2-Todoacetanilide 3. The palladium-calalysed rcaction was usually
carried out by stirring of 2-iode acctanilide 3 in DMT (3.5 equiv.) in which Bis-
(tripheny| phosphine) pailadium (11} chloride (3.5 mol%), Cul (8 mol %) Et:N
(4 equiv.) was added at 0 "C. Then trimethylsilylacetylenc (2 equiv.) was added
under N; atinosphere.

2-{'1‘rimelh}'lsilyielhyn}'l}acelanilidc 4 was subjected to Triedel-Crafts
acylation reaction. 2-(Trimeihylsilylcthynylacetanilide 4 was dissolved in 1,1.2,2-

tetrachloroethane and anhydrous aluminiun chloride {1 equiv.} was added to the

1Y
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mixture at 0 °C. Then acyl chloride {1 equiv.) was added lo the mixture and
continued stirring for 2 h at room temperatore. Afer usual workup and
purification by column chromatography 2-acyl{aroyl)N-acyl indolium chloride 5-8

were obtained in good yields.

-
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: (PPhy)y PAC],
DMF, L3N, Cul,
N

HCOCH; 50 /24h

@ | RCOC! {CHCORO
(3 Anhyd AICL, RT, 2h
R Conipound
-CHa 5 A
(CgHs MeQp 6 @)—COR
-Ph 7 N P
-CgHa Mﬂ-p 8 ’

Part I1: Biological activity

Section I represents the background of biological actvity.
Section 1l represents the biological test, the methodology and resulls and
discussion of the synthesized compounds.
Among the synthesized compounds Indolium chloride 5-8, exhibited relatively
great inhibition of growth of the microorganism. The highest sensitive compound
was compound 3,

Varving substitution at the indole moicty and subsequent antimicrobial

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

optimal antimicrobial property in the indole class of compounds.



Prefatory Note

All the solvents used for reaction separalion, extraction and recrystalization
were purified and the tesl werc used as available commercially.

Analytical or laboratory grade solvents and chenicals were used in all
experiments and these were procured from E. Merck (Germany) and Fluka
(Switzerland). Reagent grade of chloroform, n-hexane, ethylacetate. methanol,
ethanol, acctone 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 used for the porification and

dryving of the solvents.

1, Purification of solvents and rcagents

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 {lask containing 30 to 40 ml of reagent
grade inethanol. The flask was then fitted with a double surface condenser
carrying a calcium chloride guard tube on the top. The mixture was warmed until
the iodine disappeared, if a lively evolution of hydrogen did not sct in a further
little amount of iodine was added. eating was continued until all the magnesivm
was converled into pasty mass methanolate. About 230 ml of commercial grade
methano! was then added 1o the fluxed and refluxcd the mixture lor an additional
hour. The resulting mixture was distilled off and the first 10 — 15 ml of distillate
was discarded. Then the dry methanol was collected into a receiving flask from

which it was stored into a quick fit boitle.

Vi



b. Dry Ethanol (EtOH): *~= ~ 5 o
Ihis solvent was purified in cxactly analogous manner as described with

methanol.

¢. Anhydrous acetone:
The acctone was heated under rcflux with successive quantities of
polassium permanganate until the violet colour persists. It was then dried by the

addition of anhydrous potassium carbonate filtered and distillate. The distillate

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

d Chloreform (CHCly):

The commercial product was contained up to 1-percent ol ethyl alcohol,
which was added as a siabilizer. The alcohol was removed by the following
procedurcs.

(i} The chlorolorm was shaken six times with ahout half its volume of water then
dried over anhydrous calcium chloride for at last 24 hours and distilled.

(i) The chloroform was shaken three times with a small volume (5 percent) of
concentrated sulphuric acid, thoroughly washed with water, dried with anhydrous
potassium carbonate and distilled water. Pure chloroform had bp. 61°C / 760 mm
ihe solvent when free [rom alcohol, was kepl in the dark 1o avoid the

photochemical formation of phosgene.

e. Petrolimin ether (PE):

The laboratory grade petrofeum ether was Tractionally distitled and then

fractions having the boiling point 40-60°C.

f. Ethyl acetate (ILA):

Fthyl acetate from E. Mark (Germany) was fractionaled and collccted at

787C/760 nm.
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2. Melting point
Melting points were determined on Callenkamp (England) melting point

apparatus (England) and paraffin oil bath were uncorrected.

3. Infra-red (IR) spectra
The Infra-red spectra werc recorded on KBr pellet for films with a
Shimadzu FTIR Spectrophotometer from the Department of Chemisiry, BUET,

Dhaka, Bangladesh. The absorption bands were expressed in cm’.

4, Ultra-Violet spectra
The UV spectra were recorded in dry EtOH with a Shimadzu UV Visible
spectrophotometer at the Depariment of Chemistry, BUET, Dhaka, Bangladesh.

5. Nuclear Magnetic Resonance (NMR) Spectra

The NMR Spectroscopy 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 be sct up. *H NMR (400 MHz) and *C NMR
(100 MI1z) spectra were recorded in deutcriochoroform (CDCly) with a Bruker
DPX-400 spectrophotometer (400 MHz) using tetramethylsilane {TMS) as internal
standard at the Bangladesh Council of Scientific and Industrial Rescarch

laboratorics (BCSIR), Dhaka, Bangladesh.
6. Drying

All organic cxtracts were dried over anhydrons sodimm sulfate (Na,S0,) or

magnesium sulfate (Mg50;) before concentration.

WVIII



7. Evaporation
All evaporatiou werc carried out under reduced pressure in Buchi rolatory

evaporator (W. Germany} with a bath tempcrature below 40°C.

8. Column chromatography

Column chromatography has been successfully applied to separate 10

individual components (having different R¢ values) of the mixture obtained from
the reaction, This technique was also employed for purification of the praduct.
A long cylindrical column (70 cm long and 2 ¢m 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 control the
flow of the cluant. A separatory funncl fitled with a specially made quick tit
stopper and fitted with the cluant was placed at the top of the column and (his
served as a storc of eluant.]

The (low of the eluant was controlled by adjusting the stop cork The
column was prepared by slurry method, silica gel being used as the slationary
phase, the column was made half filled with various type of solvents as light
petroleumn, ethyl acetate, chloroform, n-hexane, methano!l etc. and slurry of silica
gel in the chosen solvent was poured inlo it, so that the packing was compact and
uniform.

Air bubble was removed 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 npper surlace of the slurry of
the silica gel and (he mixturc was covered in limiled area by some amount of dry
silica gel. Then the solvent mixture was passed throuph the column, The fractions
were collected in test tubes about 20 to 30 ml in each at a regular interval of time

and respective fractions were detected by TI.C. The solvent used for €lution was

chromatographicalty purc.
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INTRODUCTION



INTRODUCTION

1.1 General remarks

indole nucleus 1. is common to a large number and a wide variety ol
biologically active natural and synthetic compounds'. The Synthesis and
functionalization of indoles have been the object of research for over one hundred
years beginning with synthetic studies of indole based dyes®. Among the many
more recent synthelic target the pharmacologically active Ergm3 alkaloids 2, the
antitumor agent Ellipticine® 3, Reserpine® as a tranquiltizer and Vineristing® in the
ireaiment of leukemia have been widely known as ellective drugs.

The indole skelcton containing Tryptophan® 4 is an essential amino acid
and as such is a constituent of most protein. Among the synthetic chemothera
peutics the B-indolyl acetic acid derivatives 5, indomethacin 6, are of value in the
trealment of rheumnatoid arthitis’, some of the importance and synthesis of indele

derivatives are described below.




1.2 Importance of indole derivatives

1.2.1 As Chemotherapeutic and pharmacological agents
Indole nucleous has arosed great interest in recent years due te their
biological activities"® and pharmacological studies®. Indole derivatives have many

fold uses. Some of Lthem are mentioned below:

a) As antibacterial agents

Johsi et al'™' reported the antibacterial activity of the following

compounds 7, 8 and 9.



5
ﬁ:"j R2
H H F Tf 0
F Cl R
Me €l F.Cl

Recenily Puni et af'* and Shailaza Rani e of'® also found antibacterial
activity in the compounds 10 and 11 respectively.

NNH—CU@O
1
R
O A
]
H 10

R=H, S-Me, 7-Me, 5-Br, 7-Cl,
Rt = H, Me, Lt.



b} As antifungal agenis

Sailendra et af** prepared some important compounds 12 — 13 from isatin
and  heterocyelic  aromatic  hydrazines  which  showed  (remendous

antilungalactivity.

eate el e

Cl 10
R=Cl CH;, NO,, OCIj;

Sing et al'? synthesized 14 and 15 have potential antifungal activity.

}/Ph

@Lﬂq/LG” CL,U "

Nizamuddin ef af'® Puzari e af'" and Mahmood ef &/'° also prepared some isatin

derivatives which were reported as antifungal agents.
O

Cww %@ o

¢) As anticancer agents

. . . . T
The immuno-suppressive and anticancerous {carcinomaj activities = of

some indole derivatives are given below.



Cu\ WCu\

here R=H, Ph 13

18 R'= CH;, ChyPh, CH,CO5EL,
Recently Islam et a*" in collaboration with National Cancer Institute {NCD)
ol USA observed that acylated A*~1.3,4-thaidiazoline derivatives of isalin show

potential anticancerous activity against a number of cancer cells,

COCH,

/|NL

R 57" “NHNHCOCH,
0

N
H

R = CL B, CHy, NO», CO,H
20

d) Anticonvulsant agents

El-Gendy ef a*' and Gursoy et o> 2 (1994-96) prepared the compounds

below, showed potential anticonvulsant activities.

S/\](,D
N
@f&\@\ N NH—t—CHXR
0
1H|»I CHs @\—i
H 2
kere X=0,15
R=H, Dr IO
R = Ph, 3 - MeC¢H, 23



e} As cell migration inhibitors

Niigila et @/** synthesized some compounds from substituted indole which
acted as cell migration inhibitors for the tratment of inllammalion. atherosclesis
etc. The compounds 23-26 were also reported to show significant anti-

inflammatory activity =~ %,

O

S)LNH R _
,H @Tﬂh‘f ”
0
0 ®)n STN“ JS
23 24 l!l]\I

I |
© Tl H
[t =halegel n=0-5 R=halogel n=0-5

N oy
QUL IOr “
NT N N C:| Vi
Hr“‘“ S/K 26

|
25 18

Q X \:/

) As insccticidal agent
Sharma er af" synthesized the foliowing compounds of indole which

showed insecticidal activities.



N
o

N M
| 7 R—N
R/ 28
27

x =1, F.
R =H, Ph.
R/= hﬂ]U'Cﬁl'Id_, Ph

g) As anti microbial agents
Mohon ef /> in 1989 and 1995 and Patel et aF*? synthesized and studied
some new heterocycles from indole denivalives as potent antimicrobial agent

which arc designated as 25 and 26.

h) As antiviral agents

The vive amtiinfluenca® virus and antivaccinia™  virus activity of
hiclogically active compounds were delected. Several drups dosc (DL-
noflirmocin), NSC. 72942) were™ tested against that  virus, Isatin -
thiosemicarbazone (NCS 721) also used as reproducible activity against vaccinia

Virus.

NNHCOCHXF
: __N—NI I—L—[‘IIXR m

b R=1,Br, 0 N*’N“T

29 R = Ph, 3 - MeCgH,, 1\/0
X=0,8

Some AN-cyclopropane derivatives 31 of indole and 1its [(-thiosemicarbazones

display antivirus activity,
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31

_N—NH—
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i) As antidiabetes agents
The following spiro compounds 32 can inhibit the enzymetic activity of

aldosc reductase and hence it is used as antidiabetes™,

H
0 N

cl >:0
o
=0

33 1

1.2.2 As dying agents

Bacyer” obtaincd a blue dye indophenin 33 by treating Isatin with

concentrated F.50, and crude henzenc,

0

4° N
@N/ \\“S MS/“_“*-‘ @

I
H

indophenin
33 H P

The 1satin blue 34a and Pyrrole blue 34b were synthesized {rom indole dertvatives

as powerful dying agent.



H Isatin blue

Pyrrok bhn

1.2.3 As polymeric substance

A scries of polyindophenines have been prepared by the reaction of isatin

with thiophene under acidic conditions™".

f

N
PSS

|
) I

335
\ x
: ¥ C
i H

These polymers can be reduced into the leuco form and they showed some

36

conducior properties.

1.2.4 As enzymatic agents
In the dehydrogenataton of amino acids, isatin posscsses an apparent
enzyme like aciivity. When c-amino acid is heated with isatin in aqueous solution,

benzaldehyde™ is produced.



In a series of organic catalysis, Langenbeck™ reported that certain isatin
and oxindele derivatives possess enzyme like activily padicularly in the

dehvdrogenation of amino acid.

1.3 Synthesis of indolc and substituted indole
The presence of the indole nucleus in a wide varicty 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
bolow,
Sandmeyer procedure

‘The most imporiant and mostly used method was developed by Sandneyer.
There were two process® . In the [irst process, thiocarbanilide is treated with lead
carbonate and hydrogen cyanide and converled into nitrile-anilide, This on
trecatment with ammoenium sulphide vields thicamide. It produces isatin (1) by

cyclization® with sulfuric acid and subsequent hydrolysis.

PhCO CN
@—N—csmﬁcﬁns——h—@\ | S(NH CSNH
| HCN s CEH-_;M* [
NN -

H N Ll
37 ! gy et
|
O 38 . H 3
@E@:o 0 @\—/E Ha$0,
N N7 NG
41 H H
40
Scheme-1

The sceond method {Sendma}'er]ﬂ'ﬂ mvolves the formation of a Isonitroso-
acctanilide™ from the condensation of aniline with chloralhydrate and hydroayl

arvine hydrochloride in presence of Nag80,. Cyclication ol 42 with cone. sulluric

acid gives indolc derivatives,

10



/,NDI-I
NHy + + NHLOH HC Cone. HC1
CHLCCHOH), Ol A Na,SO,
N

/D | ©
0 < ConeHS0, H 42

N

b4

Scheme-2

1.3.1 Palladium complexes in the syntheses of indole

Palladium complexes have been used in thc synthesis of organic
compounds for over twenty years. Palladium exists in two stable oxidation states
Such as Pd{II} and PdJ{0).

Indole can be prepared by many ways through paIIadimﬁ mediated reaction,

Some of them arc given below.

1.3.1.1 Coupling cyclization reaction

Coupling cyclization reaction™ can be used to the synthesis of indoles. The
reactions of o-iodoaniline o-10docetanilide, o-iodo-trifluoroacetanitide, and N-{o-
odophenyl)-methanesulfonamide with terminal alkynes were investipated. In the
presence of Pd — Cul — PPh, / KI = Al;O;. and under solvent free conditions and
microwave irradiation. A Mixture of coupling and coupling-cyclization products
were oblained when iodoaniline (Z cquiv.)) was allowed (o react with
plenylacitytene, When o-lodo-acelanilide was used instead of o-iodoanilins only
indole product formed (41%}. The use of {o-lodophenyl}-methane sulfonamide

resulted in the exclusive formation of the indole in good yicld.



NHY NH;
+ RC=CH Pol—Cul—FPPh; / KI-ALO4 -

Sohentless, M. W. P

I e

43 44 45 R
Y= H, COCF;;, CDCH3, SDQCH3 + @hL
R =Ph, p~CH3CgH,4 N '
I
46 H
Scheme-3

The Palladium (0) cataiysed coupling of aryl and vinyl trifluoride or halides
with 2-cthynyaniliue, f[ollowed by palladium (TI) catalysed cyclization step,
provides an efficient and very versatile procedure for the synthesis of

functionalyzed substituted indoles™.

= Pd(O) R
+R_X_H©(\’ ey |
NH, NH,
47 48 49

S0 I

Scheme-4

The use of palladium catalysis in the development of uew roules (o indoele

s 4B A4TAR
derivativeg™ ™

was investigated as shown in the scheme —5.
3-Acylindole have been reporied to be important therapeutic agents and

useful intermediates *° for the preparction of pyridocarbazole alkaloids.



R . RX
kz'LU?. ! Pd catalyst,
NHCOCE, CO base

31 R,
x=10Tf '
R = alkyl, vinyl, aryl 0
R, = vinyl, aryl
]‘iI It
53 H

Scheme-5
1.3.1.2 Coupling of arenes by palladation

Alithough the coupling of arenes by direct palladation is not an efficient

process, it has been used in several cases to synihesize functionalized indole ring

system. Ellipticine 3 was made by this pmcessm.

- N =
ACOLL/ 10% CF;COOH ‘ ‘ N
-2 eq. PA(QAC), &4
N e q. Pd( Tz N e
)

Scheme—6

1.3.1.3 Palladium (II) Catalysed amination of olefins

O-Allyl anilines, which contain amine and olelin in the same molecule.
were efficiently converted into 2-methyl indoles using palladium (I1) catalysis®""
(Scheme-1). This process was thonght to involve ce-ordination of the olefin to

Pd(l1) followed by intramolecular amination.
Indoles such as 61 were alse produced in a sloaichometric reaction

including transmetalation, iusertion, elimination and amination of olefines®? in

scheme-7.
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TTEA), PAC] o
L,PdCl, L~

NHAC NHAC
a3 56
Cl
PdC] —PdC] PdCL

57 58

Pdt:[1
Ofx;: : ~

61 45%
Scheme—7T

1.3.1.4 Palladium ([I)-catalysed (and other metal catalysed)
Reuctions of Azirines,

Thermolysis of phenyl azirines 62 at temperatures above 170°C produced

indoles, via a nitrene intermediate. Palladium (11} chloride catalysed ihis process,

62 \
1 Uﬂ%

PACL[PRCN),)], cat30°C R = H, Me, Ph

permitting it to cnsure at 30°C>.

Ph,

R 17°C
i — T -
Ph N

Scheme—8

Rhodium(T), Palladiumn(0}, and Cobalt{() complexes catalysed a puzeling

dimerization of azirines 65 to produce indoles in variable yields™ ™%,

*



L4Pd, CO

—MN i
[Rn(CO);Cl; }‘
6 PhH; 40 - Bﬂ%?

R R=H,p-Me, [COACOY
P - OMe, p-Br FPhH; 52 - 95%

Scheme—9

1.3.2 Palladium (0) and Nickel{0) complex chemistry

While palladium (I} salls ere electrophilic reapents which react wiith
alelines and arenes, palladium (0) complexes are streng nucleophiles and arc most
reactive toward organic halides. The two most common, commercially available
complexes of palladium (0) catalysis are Pd{PPh;); and Pd{dba), (dba =
dibenzylideneacetone}, which is converted into Pd{PPhy);, when treated with
triphenyl phosphane.

Both of these have been extensively used as catalysts in organic synthesis.
IHowever, it is frequently more convenicnt to generate palladium (0} catalysis
insitu by reducing palladium (1) catalyst precursors. Thus, treatment of
Pd{PPh;},Cl; with diisobutylaluminum hydride or with CO or (riethy! amine will
generale the catalylcally acltive Pd(0} species "Pdl,". Perhaps the most extensively
used palladium (0) catalyst preeursor, however, in palladium (I} acetale, which is
readily reduced insilu by a range of componnds including carbon monoxide,
olefins, phosphanes, and teriiary aliphatic amines such as friethyl or tri-n-
butylamine™. This causes some confusion in the litcrature, since paltadium (0)
catalysis is involved bul palladium (II) acetale appears in all the equations.
lnvariably, some reducing agenl is present in these systems and palladium (0)

calalysis is indeed mvolved.
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1.3.2.1 Palladium(0)-catalysed Alkynylation of Bromoanilines

O-Alkynyl anilines such as 76, made by palladium(0} catalysed coupling of
alkynes with o-halo aniline precursons™ " were readily cyclized to indoles 50.

Bn R
RC=CH =
I_.g Pdi ]2 Joat
WNHCO 2 Ft

NHCO-Et Et;N, 100F C
75 76

() NaO Tt
™

rl R
50 H

R =H, Bu, I’h, 65 - 93%
Scheme—11



[0 a releated process, hydroboration of ethoxyacetyline gave a vinylborane

77 which under went Pd({))-catalysed oxidative addition / transmetalation to
produce an indole precussor®! 79,

R
R
R  OE 2Ot o
Pd cat H
T 1 ; |

' NHR N
(RO),B ijl\/ 60 - 97% 0
77 ’ R
NHR =8 60 - 99%

Rﬂr= H, n—Cgl 14
R=1[, CHL,CO

Scheme-12

1.3.2.2 Palladium{0) catalysed cyclization of 2-halogenated
N-allyl-, N—vinyl, or N—Arylanilines to indoles.
O-Bromoanilines were easily N-allylated, producing substrates ideally
suited for a Pd{0} catalysed oxidalive additien / olefin insertion approach o the
indole ring system. As a consequence, (his roule has been extensively developed.
Both activated®™ " and simple olefines™ inserted cfTicieutly. The insertion product

80 of simple olefins good yielded indoles B1 with catalylic amounts of palladium.

A
_-...._u.h-.
M mmy G
z N
]
R

80

A R X y 2 vields[%]

!

>0 PhCH, Br Ph H 50-73

CO,Me

H Ac Br CO;Me H 73
-S—Me,s,ﬁ(we}z] 50-87
- 1 ,H

H, H i H FLOMe

Scheme—13
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Carbazoles were produced in good yield from diphcnylamines such as 83 utilizing

oxidative addition / insertion chemistry.

@: 3% PA(OAC),
Ei:N, CH.CN
150°C

CO-H CO,H

Scheme-14

1.3.3 n-Ally palladium complexes in the synthesis of indoles
Formmalion of the indole ring via n-allyl palladium (I1) intermediates ¢.g. 85
and 88 is relalively uncommon. These bwo examples involve diene inserlion inlo

c-arylpalladium (II} species,

fCJ\
HEOAC rd
LPdCY N
NHAC O NHAC
84 i 85 |
AC
T4%, R6

PA(OAC),Cat /) A —-
PPhy, TN . @ L
N||2
P ﬂ
87 /\’/ 88 L %
a0

Scheme—15

-
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1.3.3 Other Transition Metals in the Synthesis of indoles.
1.3.3.1 Copper(I)-catalysed Cyclization and condensation

Alihough palladium is by far the most extensively used (ransition metal for
the synthesis and functionalizaiion of indoles, many others have found at least

[imited use¢ in this regard.

CN CN
MeO N MeD
aH, Cul
N DMF, A R N
R Br
%0 91
x
MNaH, Cul
MF, A
N
o2 ]!1 H
03 80 - 20%
Scheme-16

For instances copper(l} salts have long been known to catalyse the reactions of
nucleophiles with aromatic halides (c.g. the Hurlly reaction). Thus O-haicaryl
cnamincs such as 91, R = Me, OMe, IT and 92 cyclized to indoles in the presence

d*%°  Under similar conditions enolatcs

of copper(l) indide in excellent yiel
condensed with o-iodeaniline to produce indoles™. O-Haloacetamides'' {e.g. 94}
also cyclized to indole derivatives under these conditions, copper(l) oxide

catalysed the cyclization of o-isocyanoe-phenylacetones to indoles™,

R2
I[’_,ul DME
NHAC  80°C
34 Br

R =Me, OMe H 53 - 75%
=Me

Scheme—17



In fact the reaction between 2-iodoaniline and cuprous phenylacelylide (R’
= ph} was found to be markedly solvent dependent. When DMF was used 2-
phenylindole R* = ph was obtained in 89% yicld. When pyridine was used 2-
alkynylaniline was obtained as the exclusive product. However, it conld be
cyclized to 2-phenylindole by warming with catalylic amount of cnprous iodide in

DMF at 110°C for 8 hours (Scheme~18)

I
— DME,
@f + CUC=C—R 175°C, zzh"@U\ ;
N B

NH; |
43 S0 2
Cul, DMF
110«C, 8h
120°C P
Py
NI,

49
Scheme-18
The reactivity of halides was found to be in the order T > Br = Cl.
Furthermore the presence of N-cthyl piperidine was found to decrcase the
cfficicncy of the syntheses, indicating that strong co-ordination of copper could
mask the ability of the metal to effect the initial alkylations or to co-ordinate with

the acetylene™. The substitucnr of halide and cyclization were thought to occur

within the same copper complex’™ (Scheme—19)

.= o |
S — P Cul
L Sy ¢ —» |
¢ — i @ Ay [ |
Ii s "N Pk
NH, (j: Py o \H }|~f
H
43 Ih I Ph 46 H
Scheme—19
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1.3.3.2 Reductive Cyclizations Using Low-Valent Transition-Metal
Compounds.

A number of indolc syntheses used iow valent transition 1netals to reduce
aromatic nitro gronps to amines, which could then cyclize wilh electrophilic
groups in the ortho position to form indoles. These typically involved o-nitro aryl
enamines 96 and reducing agents such as iron™, titanium (Ii1) chloride™, nickel

. 77
boride"".

¥= NHE& hDZ
M = Fe /HOAC / Silica gei, TiCly, NiB / NHE-NH;._

Scheme-20
Dihydroisoindoles 100 were produced in excellent yield by KHFe(CO),

promoted reductive amination of o-dialdehydes™.

CHO
CHO
100
” R = Me, PhCH,, Ar, [3_;
O

Scheme-21
T'inally, o-nitrostyrenes such as 101 were reductively cyelized to indoles by
medal carbonyls, in a process which must involve olelin activation by the metal, as

well as nitro group reduction’.

21
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2y R . )
CL/\/ _M(CO)y %
NO, —
NH N7 TR

101 2
|
102 103 o

R=H, Ph, Me, CO,Me, @—{ 30 - 70%
N
M(CO) = Fe(CO)s, Ruz(COY 2, Rhe{COM6
Scheme-22

1.3.3.3 Ruthenium(II)-Or Palladium-Catalysed Oxidative
Cyelization
Ruthenium (II) chloride-catalyscd oxidation of aleohols has been used to

form indoles in modest yicld, although the conditions are some what severe™ %,

OH
RUCIzlj,
180°C
R NH;,

or

@ PN

NH2
Scheme—23

2,6-Dimethy! phenyl / isocyanide was converied into 7-methyl indole 107
in a process which must have involved C-=H activalion by the ruthenium (four

catalytic cyveles per RuHE(diphus.)zj“.
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RuHj(diphos); cal
140°C -

N
Il i 106 107
C

105
Schemc~24

1.3.3.4 Cobalt-Catalysed Cyclotrimerization Reactions

The cobalt catalysed cyclotrimerization of alkynes and cocyclotrimerization
of alkynes and alkenes have been extensively developed for use in organic
synthesis™, The synthesis® of compound 110 examplify the use of the later in the
synthesis of indoles. Cobalt {I) complexes also catalysed the addition of alkynes (o

diazenes to produce N-aminoindoles® 112,

x X
x
EN] . H CpCOCO),
)‘\ — ¥ N
0 CH =t .
108 109 119
R Ph
R—@—N:NQR L,COCl \O\—/”:
M Ph
111 }"]JI-I
' |
112 CellR
Scheme—25

23



1.3.3.5 Miscellaneous Indole Synthesis

The copper-catalysed decomposition of aryl azides (o produce nitrencs has

been used to synthesize a number of pyrrolindolequinones®” 114.

&
Me0) = Cu{acach
et DTt
Cat
N3

O

113

Scheme-26

Aryl 1socyanides were combined with carbene complexes (M = G, Mo, W)

to produce indoles, via kelenimine complexes™ 118,

R R Ol ﬂr\ Oat
o) M={  —=  N=c=C
R’ e Nps
115 N=C M R
ARG 116 ©0) 117
R' - 1
, i lArNC
R ] RE
-
;0
e
h
R H R
118
Scheme-27

1.4 Indole reactions

Indole is a m-electron rich system. So, the typical reaction of indole is

electrophilic substitution.
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1.4.1 Functionalization of indole through coupling

Indoles ilself undergoes dirict palladation of 2— and 3- posilions. This has
been used to make fused ring indole systems e.g. *™ ' 120, 122 and 123 as well as
to introduce olelinic side chains at the 3-position. 124 or at the 2-position in 3-

methyl indole 7'~%.

|

HOAC
]
119 R i
Rl =H, (], Me
R2=H, Me, C]
Scheme-28
0
0 172 cq. POAC)
AcOH "
OL L T )—~"
—-
ria R
4y
R =Me

o=
112 eq. PA{OAC),

Scheme--29
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X
oSy _AOHIA | oS
N 1 eq. PA(OAc),
| |
R R
R= Cl'l_;CO, SDEPh, r"hCI‘Ig, I
= CN, CDQME, Ph

40 - 70%

Scheme-30
Indole-3-carbohydratc under went ThaHation primarily al the 4-position 126. In

3% transmetalation (o palladium, followed

the presence of a PA{OAC), as catalyst
by olefin msertion or reductive climinations, ensured producing 4-alkylated
indoles in modest yield (R = CO;Mc, H) Thallium (1II) probably serves as the

reoxidant for palladium(0).

CU}ME

PA(OAC)Cat |

WDM& N
|
0 127 R B0%
B
i
o6
RICTFA); CHO
CHO CHO | pdfOACKCat ||
TICTPA) 2 .
O QLT [y™ oy
: |
T;J i . 125 R ST%
125 R 126 R N Ar 97
CHO
ArBOI), |
PHOACK,Cat
}
120 R
Scheme-31
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1.4.2 Ritter like reactions
The strongly clectrophilic [Pd{CH;CN),;BF,]; promoted a Ritier like
reaction between N-allyl-3-methylindole and nitriles, giving pyrazino [1,2-a]

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

general.
“““‘-.]J,E[i-z
(ﬁ:n ) oo
N N N
N I | co |
N MeOH N
132 Pd" 133 pd* 134 COMg
] ) R=Me 34%
Et  34%
P 35%%
Scheme—32

1.4.3 Palladium (0)-Catalysed Functionalization of Indoles

Palladium {0) catalysis has also bheen used cxtensively to functionalize
indoles. Chloropyrazines 135 coupled to the 2-position of indole in the presence of

PA(0}, Probably by an oxidative addition / insertion process””.

CFJ ROE

I.

135
R! R* = Me, Et, iPr, Ph, H 136
HZ= H: Ph

45 -79%
Scheme—233
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The 3-amino ethyl sidc chains of indoles were trcated by a Pd(0)-catalysed

carbonylation ' for example with ring closure to pive 139,

137 o Pd{OAC); cat W
+ j\ CQ, PhsP N YN 0

|
NH H N

| 139
138 , 91%

Scheme—34

Palladium (0)-catalysed reactions of haloindoles arc among the most
synthetically useful processes and have been extensively developed for application

in the synthesis of 3.4-disubstituted indole ring systems including ergot alkalaids.

1494

Introduction of functionality at the 4-position of indole using conventional

clectrophilic indole chemistry is difficull, since the 1—,2— and 3—positions'™ are

considerably more reaclive.
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| _HCIO4LC]
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I N
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I
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N LN, pfO.Tol)
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N
f PHOAC) cat
18 GtyN-2= >y .
144 Br |
y = CO,Me, 88% TS
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NPhth, 74% |
CME),OH, 97% N
|
TS
1 146

y=C0.Mc, B1%
NPhth, 77%

Scheme—-35

1.4.4 Synthesis of Ergot Alkaloids

An even more extensive use of palladium catalysis was scen in the total
synthesis of the methyl cster of (+)-N—acetylclavicipitic acid'”! 151 which involve
as key steps Pd{Il)-catalysed formation of the indele ring. Pd(0} -catalysed
introduction of both C-ring side chain precursors and Pd(11} catalysed {ormation of

the seven membered ring.
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Scheme—36

1.45 =w-Allylpalladium Complexes in the Functionalization of
Indole '

In scheme—36 n-Allylpalladium {TI) chemistry is more commonly used to
glaborate  existing indole ring systems. The isoquinuclidine ring  of
jbogamine'®154 and cantharanthing'™ 155 were synthesized by a Pd(0)-catalysed

allvlic armnation
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Y O )
152 I'iI
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153 45%,

(13 1 cq PAC1{MeaCN,
AeBF, Et,N
12} NaBIL g N

154 R 155 C0O;Me
Scheme-37
Othcr indole aikaloid synthesis have used Pd{0)-catalysed allylic alkylation

to claborate nonindolic heterocyclic rings'™ such as 157 and 159.

O

1 som
s N
I OAc

DMF, NaH ,
Pd(diphosh I S0, A1
156 SPh 157 Sph
0
ROCO

2 Me(,C NO;

Pd “cat
| Et;N, THF
N
158 [-ll
Scheme-38
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1.4.6 Reductive cyclization (using low-valent Transition-metal
complex)

Tryptamine derivatives such 160 were reductively cyclized to B-carbolines

161 by NaBI, and copper (11), Iron {I1I}, or chromium (111) halides'®.

N
0

N N NaBHj, CuCl,

| FeCly, CrCh

H

160

Scheme—39
1.4.7 Oxidative eyclization

Palladium on carbon catalyscd oxidative cyclizatien to 163.

\F"Me
had /4 pdiC
)/ . 200°C, - H,
R.-"

162

Scheme—40
1.4.8 Cyclotrimerization Reaction

Cyclotrimerization of alkyne and alkene of indole have been extensively

developed for use in organic synthesis'®,

R.l'

‘,//"| [ CpCOC0),

© / -
\ — x
O
164 163
Scheme—41

32



1.4.9 Nucleophilic aromatic substitution
When, chromwum iricarbonyl fragment inserted into indoles, it underpe
nucleophilic aromaltic substitution and lithiation. This feature has been used to
introduce functionality at normally unreactive position of the indole ring svstem.
This chemisuy allowed 5-chlorodihydro indoles to be converted into 5-
methoxy dikydreindoles by nucleophilic substitution of chloride by methoxide'””
and complexed indoles 167 were alkylated in the 4- and 7- posilions {major and

monor product respectively} by carbanions'®'%,

R
¥ ¥
Y e |
[ o - |
l“f N
N |
(CD)gCI‘ Pl{ j . R” R R.-'
167 169

R'= H, Me, PhCH,, R,Si, CO4t - Bu

RO — e>—C‘~I e>7c01t—au,4< )

Y =H, Mg, CH,5iMe,
Scheme—42

Lithiation of complexed indoles 170 occurred at the 4-position when the -

substituent was largely but at the 2-, 4-, and 7- position when it was small' ™",

(]) BuW {1) BulLi
(2) 2.F8 2
,q
(CO)Cr JI Cr(co};, 1

R
170
R = Me, RaSi I = Me;8i, COat /’

Scheme—43
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1.4.10 Ynsertion of carbene

The site of inserlion of carbones generaled by transition-metal-catalysed

decomposition of a-diazocsters such as 173 dependend strongly on the catalyst' 2.

'y 0
. Pd{0Ac);
OR3
R
Rhp(OAc)y
173 iy

Oord

Rf= [, Me, L,  RE=iPrH 18 de
R = Ft, Me, R* = H, PhCI,, Ts R
Scheme—44
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PART-I

Section-]I

Synthesis of N-Acyl-2acyl (aroyl) indole derivatives



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

1.2.1 Rationale (objectives):

[ndole nucleus 1s a class of fused heterocycles, has arose great interest in recent
years due to their wide varicty ol biological activities '** and pharmacological
studics '** and 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 them were mediated through pattadium catalysis.
Palladium  cataiysed'” reactions have been extensively  utilized for
carboannulation ''® and hetero annulation’? processes. Many research groups have
reported the synthesis of various aromatic helerocyeles via palladium catalysed
annulation of internal alkynes''®, Others have shown the palladium catalysed
cyclizations to be valuable synthetic tools for the synthesis of a wide varicty of
_heterocycles using vinylic compounds, terminal alkynes, allenes and other
substrates.

In recent years, our research group has developed methods for the synihesis of
various benzotused helerocyelic compounds e.g. benzofurans'™ isoindolinones
and isoquinolinone'®® by palladium catalysed reactions with tcrminal alkynes and
acid chioride.

Due 1o Lhe natural occurrence and biclogical imporiance of the indole derivatives
and lack of convenient paliadium catalysed proccdures lor their synthesis, we were
interested in developing a general and facile method for the synthesis of indole
derivatives. We became interested in the synthesis of indole derivatives through
combined palladium catalysed and Friedel-Crafis reactions.

1.2.2 Resuits and Discussion:

Here we demonstrale a novel approach where a regio-selective synthesis of 2-
subslituted indoles (5-8) through palladium catalysed reaction followed by
Friedel-Crafis acylation and simulataneous cyelization. 2-ledo acetanilide 3 in

DMF underwent facile reaction with trimethylsilyl acetylene in presence of bis-
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(tripheny! phosphine) palladium (1) chloride (3.5 mol1%) and triethylamine (4
equiv.), cupper iodide (8 mo1%) under nitrogen atmosphere at room temperature
for 24 hours giving 2-(lnmethylsilyl)ethynyl acctanilide 4 with 63-65% yield. 2-
(TrinethylsilyDethyny! acetanilide 4 was (hen subjected to Friedel-Crafis reaction
wilh acid chloride (1 mol cquiv.) or acetic anhydride 1o afford the 2- substituted

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

-
ST

! (PPhs); PACK
DML, PN, Cdl,
NHC

OCH; 250 /241

NHCOCH,;
RCOC! {CH,CO%0

4
(3) Anhyd AICL;. BT, 2 h
R Comp. No.
-CH; 5 \
'Cﬁ{ '14 Mel) =P 6 @ COR
-Ph 7 N le
-CeHy Me-p 8 g C

H
(5-8) COCH;,
Scheme-1

An ice cold solution of 2-(trimethylsilylethynyDacetanilide 4. anhydrous
aluminjium chloride (3 mo! equiv.) and acid c¢hloride (1 mol Cquiv.) or acetic
anhydride (1mol equiv.} in tetrachioroethane, 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
30-55 for acetic anhydride,
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Table-1: Synthesis of N-acetyl-2-acyl(arovl)

Cralts acylation reaction,

indolium chloride through Friedel-

Entry RCOCI Compound Yield” %
5-8
4 CH-COCI |
1 e &0
HfiCJ !
5 CooH
4 (CH;C0),0 |
2 N7 55
Hfj(.‘l |
5 COCH,
G
CH.O COC)
3 4 ’ @ jﬂL Q 61
. rjlot:H, 5
O leao
4 4 N7 60
HfICJ
COCH, 7
CH COCH © f
5 4 3@ 8 @ 65
T
COCH, 8
!

"Yicld % was calculated on (he basis of compound 4,




1.2.2 A Staring materials:

Synthesis of 2-iodinitrobenzene §:

2-Tpdonitrobenzene 1 have been used as staring materials because of their easy
avatlability [rom 2-mitroaniline. Diazotization of 2— miroaniline followed by

Sandmeyer lodination with potassium iedide allorded 2-iodonitrobenzene 1 as

shown in the scheme-2.

NH, I
@: NaNO,, HCLKI @
NO, 0-35°C. NO,

Scheme -2 1

The compound was yellow amorphous solid, yicld 80.7%, mp 48-49°C. R; value
0.83 (LA : PF = 1:4).

The product was characterized by its IR, UV, 'H NMR, UV spectroscopy.

In the IR spectrum (Fig-1) of the compound bands at 1581.5 and 1517.9 e was
observed due to the benzene v, stretching and bands at 1330 and 1296 em™ due
to  un.gslreaching.

In the '"H NMR spectrum (Fig 2. 3) of the compound, the pcaks were found at &
8.04 (1H. d, 5= 8 Hz, 8 7.85 (1H, d}, 5 7.49 (1H, 1), § 7.27 (1H, 1).

In the UV spectrum (Fig. 4). The L., valuc was found in the range of 312.2 and
321.8 nm.

Synthesis of 2-lodoaniline-2:
2-lodonitrobenzene was treated with glacial acetic acid in presence ol iron powder
to afford the 2-iodoaniline. The compound 2 was characlerized by iheir

satisfactory spectroscopic (IR, 'HNMR, IR) data.



1 L 1
pgla. acetic acid
E
Fe powder
NO, d NI

1 2

Scheme -3

The compound was found as & transparent crysialline solid, yield 68%, mp 589-
60°C. Ry value 0.51 (hexane 100%).

The product was characterized by its IR, UV, 'H NMR spectroscopy.

In the TR spectrum (Fig-5) of the compound, a band at 3392, 3288 ¢m™ indicated
the presence of NI4;.

In the "H NMR spectrum (Fig. 6,7) of the compound, the peaks were found at 8
7.63 (1H, d, J= 8Hz, Ar-H), & 7.13 (14, t, J= 8 Hz, Ar-H), 5 6.74 (1H, d, I= 8 Hz,
ArH), 6 6.47 (1H, t, J= 8 He, Ar-I1), The broad singlei was found at the 5 value of
4.00 for NH;,

In the UV speetrum (Tig. 8) , the peaks were found in the range of 296.00, 23§,
219and 212 nimn.

(iii) Synthesis of 2-iodoacetanilide 3

2-iodoaniline 2 was stimred with acetic acid and acetic anhydride at 0°C for two
hours and stirred 24 hours at room temperature for the formation of 2-

indoacetanilide.

I

I AcOH, Ac;0
4] =
OC-2h NHCOCH;

NHy  pro24p
2 3

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

= 0.36 {pet. ether 100%).

The product was characterized by its IR, UV, "H NMR spectroscopy.

In the IR spectrum of the compound (Fig.%) the absorption band found at 3273
em”' due to vy of the anilide group, where as a band at 1660.6 em™' was duc to vy,
band of the anilide,

The "HNMR spectrum (Fig. 10, 11) of the compound showed, the peaks at § 8.15
(IH, 8}, & 7.75 (1H.d, J=8 Hz), duc to the aromatic protons. The chemical shift
posilion at & 7.42 was found in the form of broad singlet due to the NIT proton.

In the UV spectrum (Fig. 12) the peak was found in the range of 224 .40 nm,

1.2.2.B (i) Synthesis of 2-(Trimethylsilylethynyl} acctanilide 4:

2- (Trimethysilylethynyl) acetanilide 4 was prepared by the palladium catalysed
reaction of 2-iodoacctanilide with trimethylsilylacetylene. The crude product on
fractionation over column chromatography using pet ether: chlorelorm (3.1) as

solvenl syslem gave purc product.

-

- Cal

L (PPhy) PACh +3y ST TS
DME, EtN, Cil,

NHCOCH;

NHCOCH; 24§ RT
4

3
Scheme -5

The compound was transparent, crystalling solid, yield 63-65%, mp 94°C, R; value
0.44 (PE:CHCl;= 3:1% This componnd was characterized spectoscopically,

In the 1R spectrum {(KBr} (Fig.13} of the comnpound, the band in the range of 3327
cm” indicated the presence of v.yy . The absorption band at 2158 cm™ due to Ve
where as a band at 1690 cm™' for the characleristic of v, stretching was observed.
In the "HNMR speetrum (400 MHz, CDClL) (Tip. 14) a singlet at 8 0.30
corresponded to SiMes (9H, 8). The peak at § 2.21 was assigned to CH; (3H, 8). A
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broad singlet at § 7.95-8.03 for NH Proton was obscrved. The rest of the peaks
were found at 6 7.01, 7.32, 7,41, 8.39 for Ar-H which were multiplets.

In the *C NMR spectra (100 MHz, CDCL3), § 0.1 for CH; of SiMe; and 24.7 for
CHj of COCHj;. 168 for CO were observed. The singlet at 100.2 & 102.2 indicated
C of C=C. The rest were 111.5, 11R.9, 123.1, 129.9, 131.4, 139.5 for aromatic
carbons.

In the UV Spectrum (EtOH), (Fig-16) the A 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-iedo-
acctanillide 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. Tt 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 were
based on the following observations,

It could be suggested that Pd(0) must be the intermediate involved in the catalylic
process. The reduction of PA(II) to Pd (0) in the presence of Ety N and lerminal
alkynes took place.

In the step-1, trimethylsilyacetylene went to react wilh Cul and Et;N to the Cu
inversion in the alkyne.

In the step-II, the formation of Pd{0} from the inleraction of bis-(triphenyl
phosphine} palladium (II} cholorde and cuprous acelylide was proposed by
Hagihara''?,

In step-III, the catalytic cycle 2-iodoacetanilide 4 oxidaiively added 1o bis-
(triphenylphosphine} paliadium (0} to generaie a 2- anilide palladium (I1) complex
A. Then the teniminal alkyne could be co-ordinated with palladium (IT) complex A

(Heek reaction) giving risc to co-ordinated complex B.
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The alknyi palladium complex B generated the original bis (iriphenyl phosphinc)
palladium (0} through the reductive elimination of the substituied products to
afford the 2-(irimethylsilylethynyl) acetanilide 4. Bis(iriphenyl phosphing)
palladium (¢) could then continue the catalytic cycle.

The mechanism of the rcaction 15 given below.

Step-1

Cul, Et;N @ O
HC=C $iMe;———————» CnC=C SMe; + E;;N HI

Step-I1
CuC=C SiMe; + PA(PPhy ;Ch— (PPhyp'd—(C=C SiMes )

|

Me3SiC=C~-C=C SiMes + (PPhy);Pd0)

Step-111
(PPhy) Pdm)\< @
MNHCOCH,
PP hi
Pl:l—l
Pl‘h;
A NIICOCH,
52
Yo T CuC=C—5ide,
PP]]; o siMe
WICOCEH,
B
{Scheme- &)

1.2.2.C (i) Friedel-Crafits acylation reaction:
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1.2,2.C {i) Friedel-Crafts acylation reaction:

2-{Trimeihylsilylethynybacctanilide 4 was subjected o reacl with acetyl chloride /
-acelic anhydride/ in presence of tetrachloroethane and anhydrous aluminium
chloride at 0°C temperature. lhe crude product (5-8) was purified by

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

7
SN
@\/‘\/ RCOCI (CH;C0)0 @U\
L LT o @
Nicocy,  CRCHEHCR, AlCh 1~N P COR
4 {00C) /

= Cl‘li, C.qu O‘Mﬂvp, Ph: Cﬁl_IJ.ME-p CDCIIq

Scheme -7

1.2,2.C. (IT) Charactcrization of the produets,

2-Acctyl-N-acetyl indolium chloride 5 was obtained form acetyl chloride/acetic
anhydride.

This compound 5 was colouricss erystalling solid with mp (84-86"C) and R, value
=0.26 (PE: CHC15 2:1).

In the IR spectrum (KBr), (Fig. 17} of the compound 5, the band in the range at
3221.9 e’ due to NI stretching vibration, the baud al 1684 em’! for veag and
]652 et for Vamide 0 Were observed.

In the 'FINMR spectrum (400 MIlz, CDCl3), (fig-18) a singlet at 8 2.2
corresponded to COCH; (S.3H). The peak at 8 2.18 due o the three protons of
HNCOCHj;, a singlet at 6.1 dug to the pesks of =C-I1 and a broad peak at 11.06 lor
NH proton {bs, 1H} werc obtained.

lu the PC NMR spectrum (100 MHz, CDC14), (fig-19) the peaks at & 194 and.
185.3 for the carbon of CO and 8 28.4 & 6 23.15 lor ¢carbon of —CH; group were
observed. The rest of the pcaks 168.89, 140.15, 133.83, 129.06, 122.41, 122.46,

121.0, 98.02 wcere obtained for aromatic carbon and double bonded carbons.
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In the UV spectrum (EtOH) : (Fig.20) of the compound A, value were found in
the range of 334, 305.4, 259.8, 213 and 207.8 nm.

N-acetyl-2anisoy] indolium chloride 6

The compound 6 was while crystalline solid, mp 113°C and R; value. 0.30
{CHC1y: PE=2.1)

In the IR spectrum (KBr), (Fig21) the stretehing vibration of N at 3327.9 em’.
and the absorption band at 1683 em” due to v, co and 1610 em™ duc to veg

were found.

In the '"H NMR spectrum (400 MHz, CDC15), (Fig.22,23) a singlet at & 2.22 was
for COCII; and another singlet at 8 3.88 duc to OCH;. A peak at § 6.7 indicated
vinylic proton (8, IH, = C-H) A broad band at 6 11.04 indicated NH. The rest of
the peaks at 8 6,97 (d,2H, =8 Hz) § 7.12 (d, 1H,J= 8 Hz) 5 7.51 (t, 1H, ]= 8Hz),
87.77(d. 1H,J=8Hz)§ 791 (d, 2d, J=8 112} & 8.62 (d, |H, J= 8Hz) peaks due to
aromalic protons were observed.

In the “C NMR spectrum (100 MHz, CDCl,) (Tig. 24), the chemical shift
positien for the carbons of CO at 8 193.46 and & 180 and C-of CI1; at 55.53 and
2548 were observed. The rest ol the peaks at 6 168.93, 63.41, 159.83, 133.6,
F31.17, 128.995, 126137, 123,38, 121.46, 114.09, 94.00, 77.34. 76.70 were for

aromatic carbons and double bonded carbons,
In the UV specteum (EtOH) : (Fig. 23) the Ao, valne were {ound in the range of
380.80, 360.6, 238.0 207,80 nm.

Macetyl-2-benzoyl indolium chioride 7:

The compound 7 was yellow crystalline solid, mp. 64°C, Ry value 0.17 (PE:
CHC1:=4:1).

In the ¥R spectrum {(KBr) {fig. 26), (he stretching vibrations were found in (he
range of 1691.5 and 1606 cm” for uc;g and 3320 em™'for vy

In the "H NMR spectrum (400 MHz, CDXC13), (Fig. 27, 28}, a singlet at 5 2.2 due
io the proton of COCIT; and another singlet at & 6.79 duc to the proton of =C-H

44



were observed. Aromatic protons peaks at § 7.13 (t, LH), 7.5(m. 411), 7.81 {d. 1H),
7.94(d, 2H), 8.64 (d, 1H) and a broad singlet 11.8 due NH proton were [ound.

In the C NMR spectrum (100 MHz, CDCl3)(Fig. 29), the pcaks of carbon for
CO groups were found in range of 8 194.7t and 179.53. 'Lhe peaks at 25.49 cm’!
was due to CH, carbon. The peaks for double bonded carbon and aromatic carbon
werc in the range of & value 140.11, 13399, 133,84, 132.58, 129.15, 128.82,
126.91, 123.13, 122.76, 121.51, 94.99 77.34, 77.03, 76.71.

In the UY spectrum (C1OH) : Fig.30), the A, valuec were found in the range of
356.6, 236.6, 205.8 nm.

d) Acacetyl-2-tolyl indolium chloride 8.

The compound § was white amorphous solid, mp 82-83°C. and Ry value 0.14 with
CHCl;: hexane (2:1).

In the IR speetrum (KBr) (Fig-31), a band at 3323 cm’! due to Ly and a band
1687 ent’! due to Ve and anothér band 1569 cm™’ for veg of amide were observed.
In the 'H NMR spectrum (400 MHz, CDCly) (Fig- 32, 33), a singlet at & 2.21 (S,
31} was due to the protons of CHs groups and another singlet at & 2.41 (s, 3H) duc
to the proton of COCH; groups and the peak at & 6.8 (s, IH) due to the proton of
vinylic proton were found. Chemical shilt positions at & 7.11 (t, 111}, 7.27 (d. 2H3},
7.49 (t, 1H). 7.78 (d, 1H), 7.83 (d, 2I1). 8.63 (d, |H) duc 1o arematic carbon and
broad singlet at & 11.07 (bs, 1H) wcre observed.

In the C NMR speetrum (100 MHz, CDCI5)(Fig-34), showed the chemical
shift position of CO proups in the range of 3 194.21 and & 179.86. Ihe peaks at
168.89, 143.45, 139,97, 133.74, 130.97, 129.56, 128.04, 126.90, 122.4, 121.4,
77.0% were found due to aroneatic and double bonded carbon. The chemical shift
position of ~Cl1; group were found in the range of 6 25.43 and 21 62.

In the UV spectrum (CtOM) (Fig 35) the Aq,. values were found in the range of
361, 256.6 and 206 nm.
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Table 2: Comparison of spceira of indole derivatives.

11.04 (br. S, 1H,NH)

23.15 (CH; of PhCH;)

Compound IR (cm-1) 1H NMR (5} 12C NMR (3) UV om
3221.9 (ungd  12.18(S, 3H, COCH3) 194 (C of NCOCH,) 207.8
o | 1684 (o) 2.2 (8, 3M,NCOCI;) 185 (C of COCH3) 238.8
1652 {veg) [6-1 (5, 1H,=C-H) 23.4 (C of NCOCH;) 334.0
11.6 (br. S, 1H, NH) 23.15 (C of COCHs)
3327.9 (unw) 1222 (8, 3H,COCH;3) 193.4 (C of NCOCH3) 207.8
1683 (Ugo) 3.88(S,3M,-0-CH3) 180 (C of COPH) 238.0
1610 (Uee) [6.7 (S, |H,=C-H) 2548 (C of CH3) 360.6
11.04 (br. S, 1H, NH)
3320.0 {unm) 2.2(5, 5H,COCIIL) 194.71 (€ of NCOCH3} 205.8
1691(Leg) 6.79 (S, 1H,=C-H) £79.53 (C of N COPh) 236.0
1606 (veo) 11.08 (br. S. THNH)  [25.49 (C of CH3) 356.6
3325.0 (o) |2.21(8, 3H,COCH,) 194.2 (CO of COCHS,) 216.0
1687(ugg) 2.41(8, 3IL,CH3) 179.86 (CO of COPh}) 256.0
1569 (vco) 7(S, 1H=CH) 2543 (CH; of COCH) 361.0




1.2.2.C (iii) Mechanism of Friedel-Crafts acylation reactions
The acylation of 2-(lrimethylsilyl)cthylacelanilide 4 was carried out by an acid
chloride or acetic anhydride in the presence of a Lewis acid (Anhyd. AICl;). The

most lkely mechanism for Fricdel-Crafls acylation was shown in the scheme-7.

In the first step Lewis acid catalysed method, an acylium carbocation (C) was
formed [rom complex (A). In the step I trimethylsilyl gronp acted as an electron
donor and partial negative charge was developed on the terminal triple bounded
carbon. The generated anion complex (E) was attacked by the acylium ion (C) to
tfonm the complex (F) which was a carbocation. In step ITT the carbonium () was
attacked by the anion AICly (B}, fumished the rearrangement and the departure of
SiMe; and finally the forimation ot indole ring,.

Step-1:

)
7 & & ||
RCOCH  + AICh— R—C—Cl—AICKL —> R—C@-{—h— A

s e
=i . -

(RCOWRO 9
. i
A | C e D
I
R = CH;, Ph, p-Me0O-CgHy; p-MeCcll4 " AB b

Step- 2:

Q‘“/SMW 5: g e 0
O - @ﬁl 3+ @(ll!_R Gf CCR
NHCOCH, - ., @ L e
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% -COR 5 ~COR
A SMe,  + AICL) —* (
3 @ o
NH B NH  +SiMeyAlCl,
U)\
F

H cocH,

(Scheme-7)

1.2.2.D. Conelusion:

For the first time, we have developed a convenient, general and facile method for
the synthesis of N-acyl-2-Acyl (aroy]) indolium chleride from the reaction of 2-
iodoacetanilide with irimethylsilylcetylene by a (PhsPpRPdCi-Et;N-Cul system,
followed by Friedel-Crafis rcaction. The most imporiant [eatures of the synthesis
were that readily available inexpensive starting materials were used under

relatively mild reaction condilions.

Also, no toxic and hazardous compounds were produced by this procedure. This
reaction was highly regiosclective in case of palladivm-eatalvsed and Fricdel-
Crafts reactions. Through this methodelogy biologically active indole derivatives

may easily be synthesized,
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1.2.2.E. Experimental

(i) Z-iodonitrobenzene-1

5.0 g (0.036 mol) of 2-nitreaniline was stirred with 7.5 gm (4.1 ml) of conc.
H,504 and 40 m! of watcr for 1 hour. The mixlure was cooled in a freczing point
(0-3°C) and was stirred mechanically. A solution of 2.5 gm (0.036 mol) of sodium
nitrite in 7.5 ml of water was added to the mixiure. The [illratc was poured into an
ice cold solution of 10 gm (0.06 mol) of potassium iodide in 30 ml water with
stirring, The precipitate formed was collecled by [iltration under reduced pressure

and washed wiih water and finally dricd, recystallized [rom ethanol.

The titled compound 2-iodonitrobenzene 1 (7.25 g, 80%) was found as yellow
solid, m.p. 48-49°C, (1it 49-51°C) Re value = 0.83 (LA: PE = 1:4).

IR (KBr): dna 1581.3, 1517.6, 1330, 1296, 1020, 779, and 723 e

'H NMR (400 MHz, CDCl3): § 8.04 (111, d,J =8 Hz), § 7.85 (1H, d, J=8Hz), 3
749 (1M, 1, =8 Hz). 8 7.27 (111, t, I = 8 Hz).

UV(EtOH) Aae c 313.2, 231.80 nm.

(i) 2-iodoaniline 2

Into a round bottom [lask equipped with a reflux condeuser, 5 gm {0.02 mol) of 2-
iodonitrobencene and 3,92 gm (0.07} mol of granulated iron was placed. 8.47 gm
(8 ml) of glacial acetic acid 48 m} (1.84 mol) cthanel were then pourcd one by one
into the mixture and was shaken the contents of the flask steadily. Finally the
mixturc was refluxed for 3 hours and diluted with 100 ml of water. Then the
mixture was necutralized with dil. NaOH {aq) zolutirn, [he product was separated

by steam distillation and finally extracted with CHCT;. The organic layer was

washed with water, dried over sodium sulfate and dried.
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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, R;
value 0.51 (cycle hexane 100%).

TR (KBr}: vpa 3392.6, 3288 .4, 3184.3, 1622, 1473.5, 1438, 1006.8, 7483, 644.2

el

'H NMR (400 MHz. CDCL}: § 7.63 (1H, d, J = & Hz, Ar-H), 7.13 (11,1, T = 0.8
Hz, Ar-H), 6.74 (11, d, T = 8 Hz, Ar-H), 6.47 (114, t, ] = 8 Hz, Ar-H). 4.00 (1H,
br. s, WH).

UY (EtCH) : A5, 296.00, 238,219 and 212 nm.

(i) 2-Iodoacetanilide 3

2-lodoaniline 2 (2.2g, 0.01 molc) was stirred with acetic acid (5 ml, 0.08 mole)
and acetic anhydride (1.02 gm, 0.01 mol) at 0°C. Afler 1wo hours stirring at 0°C
the reaction mixture was allowed to rcact at room (emperature and stirred over
night. The reaction mixture was diluted with water and extracted with chloroform
(3x50m}, washed with distilled water, dried with anhydrous Na,50; and

concentrated under reduced pressure.

The crude mass was purilicd by chromatography on a column of silica pel wilh
cluant pet cther: chloroform, 1o obtain the tiled compound 3 (1,88 gm, 72%) a5 a

whitc crystalline solid with mp 108 — 109°C | Ry value 0.36 (pel ether 100%).

IR (KDr): 3273.0, 1660.6, 1573.8, 15294, 1463.9, 1433.0, 1411.8, 1292.2,
1253.6, 1014.5, 750.3, 663.5 cm™.

'H NMR (400 Mz, CDCl,): § 8.15 (1H, s, AcH), & 7.75 (1H, d, J = 8 H7, Ar-
H), 7.31(IH,1,] =8 Tz Ar-H), 6.82 (IT1,t, = 8 Hz) 7.42 {1H. br. 5, NH).

UV (ELOH) : Ay 224,40 mm.
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{iv) 3-Trimethylsilylethyny! acetanilide 4

Bis-(triphenyl phosphing) palladium (11} chloride. (47.074 mg, 1.916 m mal),
copper II iodide {29.19, 1.9 mol), niethylamine (774.064 myg, 1.916m mol} were
added to a solution of 2-iodeacctanilide {500 mg, 1.916 m mol) in DMT (5 ml).

The mixture was stirred for 1 hour under a nitrogen atmosphere at room
temperature. Then trimethylsilyl acetylenc (375.53 mp, 1.916m mol) was added
dropwise to the mixture, stirring continucd for 24 hours at room temperature. The
reaction mixture was evaporated to dryncss under reduced pressure. The residue
obtained was extracted with chloroform {(3x50 ml). The organic exiract was
washed with distilled watcr (3x50 1nl), dried over anhydrous Na,SOy, filtered and
concentrated under reduced pressure. The crude mass was purified by column
Chromatography on silica gel using pet cther: Chloroforin (3:1). The compound 4
(292 1ng, 63-65%) was a transparent crystailine solid with mp. 94 (Ry value (.44
PE : CHCI(2:1).

IR (KBr) v 3327, 2158, 1695, 1672, 1576, 1516, 1444 cm ™.

'H NMR (400 MH.CDCL3) 8 0,30 (9H, S), 2.21 (3H, S). 701 (I1H. br. t, T = 8.0
Hz Ar-H), 7.32 (1H, td, ] = 8.3, Hz), 7.41 {1H, dd, ] = 8.0, Hz), 7.95 — 8.03 (1H,
m), 8.39 (111, br. d, ] = 8.3 H=z).

BCNMR (100 MHz, CDCl3} § = 0.10(q), 24.7(q), 100.2(s), 102.2(s), 111.5(s),
118.9(d), 123.1{d). 129.9(d), 131.4(d), 139.5(s), 168.0(s).

% ol C (67.09), H(7.43), N (6.03).

UV (EtOH) X5 296.2, 250.8, 2074 nin.

Anal. Cald. for CI3HI7SING: C.67.48; H, 7.40; N, 6.05. Found: C, 67.09; H,
7.43; N, 6.03.

(v) a. Macytyl-2- acetyl indolium chloride 5

To the compound 2-trimelylsilylethynyl} acctanilide 4 (200 mg, 0.866m, mol)

dissolved in 1,1,2,2-tetrachloroethane (5 ml) anhydrous aluminium chloride
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(346.75 mg, 2.59 ml mol) was added at 0°C. Then acetyl chiortde (67.9 mg, 0.866
m mol} was added to the cold solution dropwise. The mixture was allowed to
warm up 1o room temperature and stirred further at room temperature (25°C) for
two hours. The reaction mixture pourced into cold hydrachloric acid solution [5 ml.
I2(N) HCIL in 250 ml IM;0]. The organic layer was extracted with chloroform
(3x50 ml). The combined organic layer was washed with watcr, 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 colnmn
chromatography (Hexane: Chloroform = 2:1) over silica gel and then crystallized
from ethanol. The acylation product 5 {20 ng, 60.00%) was found as colourless
crystalline salid with mp (84 - 86°C), R, value = 0.26 PE : CHCI;(2:1).

TR {(KBr}. viae 3221, 1684, 1652, 1608, 1576, 1560, 1502, 1130, cm™",

'H NMR (400 M1z, CDCly) : 6 11.06 (bs, 1T, NH) 8.59 (d, IH, J = & 17, Ar —
H), 7.46(d, IH, I = 8 H7, Arn-H), 7.65(1, 1H, ] = 8 Iz, Arn-H), 7.05 (¢, 1H, ] = 8
I17, Ar-H), 6.10(s, 1H, =C-H), 2.18(s, 3H, NCO ~ CHj), 2.12 (s, 3H, COCIT3)
“CNMR (400 Milz, CDCL): 185.31 (CO), 168.85(0), 140,152, 133.83, 129,06,
122,41, 121.02, 98.02, 55.83, 25.40 (CH3) 23.15 (CH;).

UV (EtOH) A5 334, 305.4, 259.8, 238.4, 213.6, 207.80 nm.

b) Aacytyl-2- acetyl indolium chloride 5

To an ice cold solution of 4 (200 mng, 0.866m, mel) in tetrachloroethanc (5 1nl}
acelic anlydride (7.31, 0.86 m mol) and anhydrous aluminivm chloride (346.75mg,
2.397m mol) were added. The mixture was warmed np to room temperature and
stirred [urther for two hours.

Then the inixture was poured into ice-cold solution of dil. HCI [(25 m! 12(N) HCI
in 250 1nl] and the organic layer was extracted with CHCI; (3x50 ml). washed
with distilled H,0(2x30 mi), saturated NaHCO; solution (2x30 ml} and distilicd

water (230 ml) again. Afier drving over anhydrous Na,SO, and rewnoval of
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solvent the residue was obtained. The crude mass was purified by columa (Silica
gel). Elution with hexane-chlorolorm (2:1) fumished the product 5 (110 mg, 55%)
as 4 colonrless solid with mp. 84-86°C. Ry value 2:1 (PF : CHCI)

IR, UV, '"HNMR, "CNMR specira of this compound were identical with that of

the same compound obtained from acety! chloride.

c) Macetyl-2- anisoyl indolium chloride 6

To an ice cold solutien of compound 4 (200 mg, 0.866 m mol) in 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 the above procedure
and workup the crude mass was obtained, which was purified by column
chromatography (Silica - gel). Elution with hexane-chlorotorm 1:2) furnished the
desired product 6 (122 mg, 60 %) as a white crystal, mp 112-113°C, Ry value (0,30
CHCl: PE=2:1)

IR (KBr) : vga 3327.9, 1683.7, 1610, 1576.7, 1500, 14.13, 1360, 1175, 1040
cm”.

'H NMR (400 MHz, CDCL) : 8 11.04 (br. s, 111, NH), 8.62(d, 1H, J = 0.02 Hz,
Ar=H) 7.91(d, 2H, J = 0.02 Tz, Ar-H), 7.77(d, 1H, ] = 0.02 Hz, Ar - H), 7.5141,
1H, J = 0.018 He. Ar-H), 7.12(d, iH, 1 = 0.18 Hz, Ar - H), 6.97(d, 2H, ] = 0.02
Hz, ArH}, 6.70(s, 1H, = C-H), 3.88(s, 3H, — OCI13), 2.22 (s, 3H, COCH;)
SCNMR (400 MHz, CDClL):8 193.46(C0O), 180(CO), 168.93, 16341, 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 (CI1).

UV(ELOH) A, 380.80, 360.6, 238.0, 20740 nm.

MAcetyl-2-Benzoyl indolium chioride 7
To an ice celd solution ol compound 4 (200 mg, 0.866 m mol) in tetrachloroethanc

{5 mi), benzoylchloride (0.12 gm, 0.866 m. mol) and anhvdrous aluminium
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chlonide (0.35 gm, 2.59 mnol) were added. After following the above procedure
and usual workup, the crude mass was obtained and purificd by c¢olumn
chromatography (Silica- gel). Elution with hexanc-chloroform (1:2) afforded
product 7 (120 mg. 60.00%) as a white crystaliine solid, mp 64-65°C.

IR (KB1): vy, 3320, 1691, 1606, 1560.3, 1521, 14.90, 1442.7 and 1415.7em™".

'H NMR (400 Mz, CDCl3) : 8 11.08 (br. s, 1H, NI), 8.64 (d, 1H, J = 8 Hez,
Ar-H}7.94(d, 2H, J = 8 Hz, Ar-13), 7.81(d, 1H, J = § Hz, Ar H), 7.5 {m, 4H, ] =
7.2 He, Ar-H), 7.13(t, 1T1, J = 8 Hz, Ar - H), 6.79(S, 111, =C-H}, 6.70(s, 1H, =
C-I1), 3.88(s, 3H, -~ OCH,), 2.2 (s, 3H, CH3).

YCNMR (100 MHz, CDCL3): & 194.71{C0Q), 179.53(C0O), 140.11, 133.99, 133.84,
133.38, 131.17, 129.15, 128.82, 126.91, 123.13, 122.76, 121.51, 94.99, 77.03,
76.71, 25.39(CH3), 25.48 (CIT,).

UV (E1OH) A, 356.60, 236.6, 205.8 nm.

AHActyl-2-tolyl indolium chioride 8

To an ice cold soluiion of 4 (200 mg, 0.866 m mol} in tetrachlorocthane (5 mi), -
benzoylchloride (0.12 gm, 0.866 m. mol} and anhydrous aluminium chloride (0.35
gm, 2.59 i mol) were added. Under the same reaction cc-nditinl‘m and usual
workup, the crude mass was obtained and purified by column chromatography
(Silica- gel). Elution with hexane-chloroform (1:2) gave the desired product 8 (130
mg, 63%) as a white amorphous solid, mp 64-65°C.

IR(KDBr): vy 3323, 1687, 1569, 1508, 1446, 1423, 1365, 1190 and 756 cm™..
UY{EIOH) Apay 361.4, 256.6 and 216.6 nm.

'H NMR (400 Mz, CDCIy) 1 11.07 (br. s, [H, NH), 8.63 (d, 1L, T = § Hz, Ar-H)
7.94(d, 2M, I = 8 Hz, Ar-H), 7.83(d, 2H, I = 8 Iz, Ar — H), 7.78 (d, 1H, J =8 Hz,
Ar-H), 749 (t, 1H, 1 = 7.2 Hz, Ar - H), 7.27(d, 2H, J= 7.2, Ar-H), 7.1, 1H, J=
8, Hz, Ar-Il), 241(s, 3H, COCHy), 2.21 (s, 3H, CH,).
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Fig 4: UV spectrum of compound 1.
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Fig 8: UV spectrum of compound 2,
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Fig 12: UV spectrum ol compound 3.
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Scan Speed: Fast

Slit Width. 2.0
Sampling Interval: 0.2
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Fig 16: UV spectrum of compound 4.
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File Name: AFsD

Created: 12,12 121103
Data: Original

Measuring Mode'  Abs,
Scan Speed: [Fast

513t Width: 2.0
Sampling Interval: 0.2

Mo, Wavelength {rim.} Abs.
I 334.00 3.5338
2 30540 38380
3 25580 21261
4 238.80 39781
2 213.60 25186
& 207.80 25381

Fig 24: UV spectrum of compound 3.
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File Name: AFGS

Created  12:21 1271405
Data: Orieinaf

Measuring Mode:  Abs,
Scan Speed, Fast
S1ir Whdth: 2.0
Sampling Interval: 0.2

Mo, Wavelenpth (nm} Abs.
1 380.80 3.0846
2 360.60 39994
3 238,00 29850
4 207 80 23087

- Fig 25: UV spectrum of compound 6.
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File Mame: AITT

Creared:  11:23 12712703
Data: Criginal

Mensuring Mode:  Abs.
Scan Speed: Fast
513t Width: 2.0
Sampling Interval: 0.2

Mo, Wavelength {nm ]
I 336.60
2 23660
K| 20580

Fig 30: UV spectrum of compound 7.

Abs.
3.1597
24587
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PART-11

Section-I

Antimicrobial activities of indole derivatives



2.1 Introduction

Human struggle against the allliction discase, decay and death in elemal. The
deterioration of human population due to an cnhanced prevalence of infections
discases is becoming a global problem’. The contemporary treatment of infection
disease involves administration of & muiti drug regimen over a long period of time,
which has led to the rapid emergence of multi drug resistantstrains plus a high
level of paticnt noncompliance'. The prevalence of mulii drug resistant superbugs

like methicillin- resistant Stapfyli coccws aureus and Vancomnxcin resistant

Enterococcus faecium centinus to provide inpetus for the research and discovery

to overcome thus resistance problen: is to design new and innovative agents with a
completely different mode of action, so that, no cross-resislance with the present
therapeuticals can oceur. Bangladesh is predominantly an agricultural country,
depending mainly on crop plants, agriculture and forest products for its economic
development. Although creps play a vital role in economy of the country and
aproecological conditions are favourable for the production of various crops, the
vield of crops is often poor, Plant disease caused by different micro-organisin play
a sufficient role. Various chemical are used (o protect or to kill the pathogenic
microorganism. Seme chemicals deo not kill the microorganisms. They simply
inhibit the microbial growth. This phenomenon is called ‘stasis’. But some
chemicals are called ‘pesticides® on the basis of kinds of pathogenic
microorganisms. Pesticides may be different types c.g. Fungicides, Viricides eie.
The world bactericide and fungicide have oripinated from latin words: bacteria,
fungus and caedo. The word cacdo means “to kill”. Thus literally speaking a
bactericide and fungicide would be any ageney, which have the abilily 0 kill a
bacteria of fungus. By comnmon usage, the word is restricied to chemicals. Henee
the words bactericide and fungicide would mean a chemical capable of killing
hacterta and fungus respectively,

A pood pesiicides should be toxic to the parasie or inhibit the germination of its

spores withoul causing phytotoxicity. A number of chemicals were used to control
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the microbial pathogen of heman and oiher animals as medicine. The nuinber of
chemicals available for plant dicases control run into hundreds, alihough all are
not equally safe, effective and popular. Also different types of organic, aromatic,
inorganic and heterocyclic compounds are employed as antibacterial agents. Salts
of loxic metals and organic acids, organic compounds of mercury and sulfur,
quinenes and heterocyclic nitrogen compounds are the major fungicides in use
today.

Many aromatic compounds have significant antimicrobial activity and have been
developed into fungicides. Somc of these are in commercial use. Examples of this
aroups of fungicide arc Decoxn (Dimethylaiminobenzenediazosodiumsulfonate),
[iconil {Tetrachloroisohpthaloutrile} eic. Heterocyclic uitrogen compound used as
[unpicides mcluded glyodin 2-hepto-decay-2-imidazolin  acetate), Oxine (8-
hydroxy quimoline) etc.

It was found from the literature that nitrogen and sulfur containing heterocyclic
compounds showed marked antimicrobial activities™, when heterocvelic part like
imidazoles, nitroimidazole etc. become attached to carbohydrates’, their efficacy
to inhibit fungi of bacteria sharply increased.

It was also found that large number of biologically active componnds possess
aromalic and heteroaromatic nucleus. It 1s also known that, if an active nucleus is
linked (o another nucleus, the resulting molecule may possess greater potential for
biological activity®, The benzene and substiluted benzene nuclei play an iniportant
role us conunon denominators for various biological activities. It was abserved
that many a titne the combination of two or more nucleus cnhanced the biological
ptofilc many fold than its parent nuclei. S. M. Shehab™®, a post praduate student
of Chilagong University laboratory. performed aniifungal activities of
heterocvelic nitrogen compounds. He used fonr plant pathogenic fungi such as,

Fusarium equiseti, Macrophomma phaseoling, Alternaria alternata  and

Curvidaria lunata. He found pood inhibition against these tested organisms.
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S. Rahman'', showed that antimicrobial activities of the alkaloids of three plant
leaves. The alkaloid fractions were screened against cight pathogenic bacteria. Fiz.

Shigelia dysenteriae, Shigella sonnel, Salmonella typhi, Bacillus _oubtilis, B.

Mepaterium, B. cereus, Staphylococeus aureux, FPseudomonas aertcinosa. The

highest zone of inhibilion was recorded apainst Salmonella tvphi.
5. M. Shehad'*". a former research student of organic laboratory in Chittagong
University carried out antifungal activities of a series of acylated D-mannose

derivatives, He used four phytopathegenic fungi, such as, Macrophomma

phaseoling, Fusarium egquiscti, Alterneria alternara and Curvilaria lunata, Most

of the tested chemicals showed good inhibition (more than 50% growth against the
above organism).

S. M. Abe Kawasar'*" also a former graduate student of the same laboratory
carricd out in wire antibacterial activitics of a series of acylated uridine

derivatives. TIe used ten bactcria such as, Staphviococcus auwrceus, Bacilius

megaterium, Bacillus cercus, Bacillus subtilis, Excherichia cofi, Salmonelia typhi,

Shigelia dysenterial, Shicella dvsenterial INABA-ET (vibrio) and Sarcing futea. Tt

was observed that most of the acylated compounds exhibited modcrate to pood
antibaclenial activity,
M. Fakruddin'® carried out antifungal activities of fussed pyrimidine. He used five

human pathogenic  bactena, viz. Baciflus _swbiiflies, Bacillus megaterium,

Staphylocecens  awrens,  Salmonella  tphi,  Escherichia _coli and  four

phytopathogenic fungi Viz Firticilliu SP, Fusariom solanae, Aspergilivg SP,

Pencitium SP. He found that some of the tested chemieals showed very effective
antibacterial and antifungal activity.

Recently, our groups synthesized 2-substituted benzofuans'’, isoindolinone and
isoquinelinone'®, and tested their anti baclerial and antifungal activities, The
synthesized compounds demonstrated mild to significani growth inhibilors against
antibiotic —susceptible standard and clinicaily isolated strains of Gram positive and

(Gram nepative bacteria as well as human fungal pathogens.
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PART-II

Section-11

Methodology of the antimicrobial study



2.2.1. Materials and Methods;

Bactcria and fungi were responsible for many infection diseascs. The increasing
clinical of drug resistant microbial pathogens has lent additional urgency of
antimicrobial research. The anlimicrobial screening which was the first stage of
any agent. Lhis test measures the ability of each antimicrobial agent to inhibit the
in vizre microbial growth,
The ability may be estimated by cither of the following three methods.

1} Disc diffusion method

i) Scrial diffusion method

11} Bio autographic method.
This disc diffusion technique (Bauer ef af *.1966) was widely accepted n vifro
investigation for preliminary screeming of agents which may possess any
antimicrobial activity. It was csscntially a guantitative ol quahifative lest indicating
the seusitivity or resistance of the microorganisms to the materials. However, no

distinction between bacleriostatic of bactericidal activity cau be madce by this

method. (Roland™, R, 1982).

2.2.2. Principle of disc diffusion method

Solutions of known concentration (ug/ml} of the test samples were made by
dissolving measured amount of the defined volume of solvents. Dried and
sterilized filter paper discs (6 cin diameter} were then impregnated with known
amounts of the test subslance using micropipette. Discs containing the test
material were placed on nutricnt agar medium uniformly sceded with the test
microorganisms. Standard antibiotic dices and blank discs {impregnated with
solvent) were used as positive and negative control.

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

During this time dricd dises absorb water from the surrounding media and then the

test materials were dissolved and diffused out of the media. The physical law
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controls the diffusion of moleculcs lhrouph agar gel. As a result there was a
gradua[ change of test materials concentration in the surrounding the dmcs The
plates were then incubated at 37°C for 24 h to allow maximum gmwth of the
organisms. If the test matenals had any antimicrobial activity, it would inhibit the
growth of the microorganisms piving a clear, distinct zone called “Zone of
Inhibition”. The antimicrobial activity of the test agent was determined by
measuring the diameter of zone of inhibition expressed in millimeter,

The experiment was camried out more than once and the mean of the reading was
required (Bauer et o' 1966). In the present study some pure compounds were

tested for antimicrobial activity by disc dillusion method,

2.2. 3. Experimental

2.2.3.A. Apparatus and reascnts

Filter paper dises - Screw cap test tube

Sterile cotton Auto clave

Micro pipette Nutrient Agar Medium
Laminar air [low hood Inoculating loop
Relvigerator Sprit bumer

Chloroform Nose inask and hand gloves
Patridishes Incubator

Sterile forceps Ethanol

2.2.3.B. Test of organisms:

The bacterial stains nscd for the experiment were collected as pure cultures from
the Institute of Nutrition and Food Science (INFS), University of Dhaka. Both
(Germ positive and Gram negative organism and fungi were taken for the test and

they were listed below:
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List of Test bacteria

1. {zram positive

2. Germ negative

Bacillus cereus

Esherichia cafi

Bacilius megaterinm

Salmonella paratyphi

Bacilius subtilies

Salmonella typhi

Staphylo coccus aureus

Vibrio parahemolyticus

Saarcing futeq

Vibrio mimicus

Shigella dysenferie

P aureus

List of Test Fungi

Fungi

Aspergillus niger

Candida albicans

Saccharo myces cerevisiae.
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2.2.4. Test of materials:

Compound | Name of the Compounds Structure of the
Nao. Compounds

1. 2 = lodomitrobenzens @:J
(o]

1
2. 2 - Todoamine @I
N

2
3. 2- lodoacetanilide [
: :.\'HCEJ'L‘H:

3
4, 2- I'rimethylsilylethynylacetanilide . ul
= 3] ~
s
1
By
5. MN- Acelyl —2— acetyl indolium chloride @ |
3
H lﬁ1 L
< L0,

o. M- Acctyl —2— anisoylindoliumchloride a..
I
L1 O

o, B
7. M- Acetyl —2-benzoylindoliumchloride @ | @
37e
i ILI a
L0k, 7
8. N- Acely] -2-tolylindoliumchloride @ I @
H T{IG [
€ncH. &
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2.2.5 Culture Medium

Mueller-Hinton {MI4) medium and Potato Dextrose Agar {(PDA) were used for
making plates on which antibacterial and antifungal sensitivity tests were carried
out respectively. The antibacterial aciivity of the metals were deteeted by disc
difiusion method [Baver ef af', 1966)] and antifungal activity of the materials were
assessed by food poison. Technigue [Miah et @' 1990 and Groves ef al,™* 1962].

This media were also used to propare fresh culiures.

2.2.6 Mediwm used:
The medium used were Nutrient Agar (NA) and potato dextrose Agar (PDA). The

composition and preparalion procedure of NA and PDA were described below.

2.2.6.A. Composition of Nutrient Apar Medium:

Ingredients Amount {gm/Lit)

Peplone 5.0gm

Sodium Chloride 5.0 pm

Beel extraci 1.5 em

Yeasl exlract .5 gm

Apar 14.0

pH {at 25°C) 7.2-7.6
Procedure:

To preparc required volume of flus medium, Calculated amount of each of the
constituent was taken in a comical Mask and distilled water was added to it make
the required voluine. The contents were heated in a water bath to make a clear
solution, The pH {at 25°C) was adjusted at 7.2-7.6 using NaOH or IICL. 10 ml and
5 ml of the medium was then transferred in serew cap test ubes to prepare plates
and slants respectively. The test tubes were then capped and sterilized by
autoclaving at 15-ths/sq pressure at 121°C for 20 minntes. The slants were used

for making fresh culture of hacieria that were in turn used for sensitivity study.
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2.2.6.8 Composition of Potato Dextrose Agar:

Ingredients Amount {pm/Lif)

Potato 200.0 gm

Dextrose 20.0 gm

Agar 15.0 gm
Procedure:

200 gm of sliced potalo was boiled in 300 ml distilled waler and extract was
decanted afler 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. Then 15 g of agar
nowder was added in the solution and they were mixed thoroughly with a glass
rod. Aficr 10 minutes of boiling the mediumn was translemed in 250 ml conical
flask. Defore auto cleaving the conical flask was closed with the cotton plug and
rapping with aluminiom foil, The medium was autoclaved for 15 minutes at 121°C
and 15 lb/sq pressure, AHer autoclaving the medium was used lor cullure of

different microorganisms.

2.2.7 Sterilization I'rocedure:

In order to avoid any type of contamination by the test orgamsms the antbacterial
screening was done in laminar Hood and all types of precautions were highly
maintained. UV light was switched on an hour before working in the laminar
Hood. Petridishes and other plassware were sterilized by auvioclaving at a
temperature of 121°C and pressure of 135 |bfsq. inch for 20 minutes. Micropipette

tips, cotton, forceps discs ete. were also sterilized.
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2.2.8 Preparation of subculture

In an ascptic condition under laminar air combinet, the test organisms were
translerred from the pure cultures to the agar slants with help of a transfer loop to
have fresh pure cultures. The inoculated strains were then incubated for 24 h at

37°C for their optimum prowth. These fresh cultures were uscd for the sensitivity

tesl.

2.2.9 Preparation of the test plates

The test organisms were transferred from the subculture to the test tubes
containing about 10 m! of sterilized agar medium with the help of a sierilized
transfer loop m an aseptic area. The lesl tubes were shaken by rotation to get a
uniform suspension of the organisms. The bacterial snspension was immediately
transferred to the sterilized petridishes, The petridishes were rotated several times

clockwise and anticlockwise to assume homopenous distribution ol the test

organisms in the media.

2.2.10, Preparation of the Dises:

Three tyvpes of dise were used for antibacterial screening. They were:
A. Standard disc
B. Blank Disc and
C. Samplc Disc.

The description of these disc were given below:

A. Standard Dises:

These were nsed as positive control to ensure the activity of standard
antibiotic apainst the test organisms as well as for comparison of the response

produced by the known antibacterial agent with that of produced by the test
sample. In this investigation, kanamycin (30 pg/ disc) standard disc was used as

the relerence.
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B. Blank Discs:

These were used as negative control which ensure that the residual solvent
{left over the disc even aller air drving} and the filter paper were not active

themselves.

C. Sample Dises with Test Sample:

Mecasured amount eof each test sammple was dissolved in specific velume of
solvent to oblain the desired concentrailons in an aseptic condition. Then discs

were soaked with solutions of test samples and dnied.

2.2.11 Diffusion and Incubation:

The sample disc, the standard antibiotic discs and the control discs were
placed gently on the previcusly marked zanes in the agar plates pre-incubated with
lest bacteria. The plates were then kept in a refrigerator at 4°C about 24 h to allow
snfficicnt diffusion of ithe materials {rom the discs to the surrounding agar

medium. The plates were then inverted and kept in an mcuobator at 37°C for 24 h.

2.2.12 Determination of Antibacterial Activity hy Measuring the Zone of
Inhibition:

After incnbation the antibacterial activities of the test material were

deterinined by measuring the diameter of the zones of inhibition in milliineter with

fransparent scale.
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PART-11

Section-111

RESULTS AND DISSCUSSION



Antimicrobial Study

2.3.1 Results and Discussion

A total of eight compounds (four starting materials and four indolium chloride
derivatives) have becen tested for in vifrs antimicrobial aclivily apainst Gram
positive and Gram ncgative bacteria as well as human fungal pathogens. The
selected microbes collected as fresh cultures from the Instlilule of Nutrition and
Food Science (INFS), University of Dhaka, Dhaka-1000. No clinically\ isolated
resistant strains were used for the present study. In terms of diameters of zones of
inhibitions {pun), the antimicrobial activitics were measured. To avoid the
experimental and individual crrors, all the experiments were performed thrice. The
mean value of the diameters of zones of inhibitors (M. DIZ) was taken as n disc
for determinipg antimicrobial spectra. Sensitively test results were interpreted in
the table and were compared with a standard antibiotic kanamycin (30 pg/disc).

In the present investigation, the Gram posilive as well as Gram negative bacteria

were used and were found to be completely resisiant against four compounds 3, 4,

at dose Ievel of 400 up/ disc.

a. 2-iodonitrocbenzene 1

Showed mild in vitre antimicrobial activity against sixteen bacteria. Among
them compound 1 causes the mean value of the diameters of zone of inhibition M.
DIZ was 7.5 lor B, Cereus, B Migaterium causes 10 M. DIZ value, Bacillus
sabtilis causes 9.1 M. DIZ, § fwea 6.5 M. DIZ, The M. DIZ value for Gram

pasitive bacteria ranges from 7.10 to 10, For Gram negative bacteria S. paratyphi

have 7.2 M. DIZ {mild) S #yphi 14 M. DIZ (intermcdiatc) ¥ mimicus 8 M DIZ

(mild), E_Coli 7.1 M DIZ (mild), 5. Dysen terige 7.5 M. DIZ (mild) P_aureus 7.5
M DIZ (mild).
Among the Gram negative bacteria, S. ¢yphi caused the intermediate

activily and Shigella bovdii was completely resistant.
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The antimicrobial activity towards human fungal pathogens, . cerevaceae

have 7.2 M. DIZ (mild), € aibicans 81 M DIZ (mild) A, aigar 10 M. DIZ (mild).

b. 2-Iodoaniline 2

The average antunicrobial activity was 6.5 M, DIZ which indicated the
mild activity. The antimicrobial activitics of Gram positive bacteria B cerews 5.1
M. DIZ (mild} , B._Megateritem 5.5 M. DIZ (mild) Baciffus Subtilizs 6.5 M.DIZ
(mild), 8. awreus 6.5 M.DIZ (mild), §_Lufea 8 M. DIZ (mild} were observed.

Among the Gram negative Bacteria S, paratyphi 6.5 M. DIZ (mild), 5.
tyohi 6.5 M. DIZ (mild), V. parahemolvticus 6.8 M. DIZ (mild}, ¥ mimicus 7
M. DIZ (mild). E_coli 6.5 M. DIZ (mild). 8 dvsenteriae 6.5 M, DIZ (mild), £.
aureus 7.3 M. DIZ (mild), and Shigefla boydii 6.1 M. DIZ (mild}. Were oblained.

For human funpal pathogens S. cerevaceae 6.5 M. THZ (mild), C_albicans
6.5 M. DIZ (mild}, 4. niger 6.5 M, DIZ (mild) wcre obtained.

The antimicrobial activity towards the bacteria and fungus was mild.

C. 2-lodoacetanilide 3
This compound was completely resistant against (ram-posilive, Gram

neeative as well as human fungal pathogens.

d. Z2-(Trimethylsilylethynyi)acetanilide 4
Compound 4 was also completely resistant against the tested five Gram

positive, cight Gram ncgative and three fungus organtsms,

e. N-Acetyl-2-actylindoliumchloride 5

This comnpound was highly reactive lowards the sclected tested organisms.
When the mean value of the diamcters of zone of inhibition M. DIZ was grealer
than eighteen millimeter indicated sensitive for (Gram positive bacteria and for

(iram negative bacteria it was greater than 16 mm. This compound was tested for
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two times at a dose level ol 400 pp/disc and 200 pg/disc. For this compound the

size of the microbes were higher,

The antimicrobial activity of N-Acetyl-2-actylindoliumchloride 5 against

16 bacieria ol 400 ug/disc and 200 pg/disc were given as a table: 1.

Table-1: Comparison of different dose of comp 5.

S1. No. | Quality | Name of microbes M. DIZ values | M. DIZ values
for 400 pg/disc | 200 upg/disc(mm)
(mm)

i G (+) B. cercus 18.2 16.4

2 G (+) B. Megaterium 22 21.9

3 G(+) Bacillus sabtilis 14.5 14.4

4 G i) S. aureus 17 154

5 G () S. Lurea 21.0 15.7

6 (7 {-} 3. paraiyphi 14.51 16.1

7 G- S. tvphi 30.1 6.2

8 G (=) V. parahemolyticus 21.0 18.1

9 G (-} V. mimicus 17 14.5

10 Gi(-) £ _coli 20 14.8

11 G(-) S. dvsenteriae 16.5 17.4

12 G (-} P, aureus 19.5 14.2

13 G- Shigella boydii 16 19.2

14 Fungus | S cerevaceae 17 13.7

15 Fungus | £ albicans 17 17.7

16 Fungus | A. niger 20 16.9

Among the five Gram positive bacteria the antimicrobial activity against 5. Lufeq

was highest 21 M. DIZ | For Gram Ncgative bacteria, (the highest M. DIZ was

found for S. fyphi (30} and Tungal activity was found for 4. nigar 20 M. DIZ.




f. M Acetyl-2-anisoylindoliumchioride 6

The antimicrobial sensitivity lest {or compound 6 gave the M. DIZ value
flactnated from 8 to 9. The M.DIZ value indicated that the compound ¢ was
resistant towards the tested bacteria.

The M. DIZ values for Gram positive bacteria at 400 pg/disc were 8.
cerews 9.4 M. DIZ. Bacillus sutlifis 8.4 M. DIZ, B. Megaterium 8.9 M. DIZ, S.
aureus 9.6 M. DIZ, 8. Lutea. 7.4 M, DIZ werc observed.

For Gram negative bacteria S. paratyphi 9.9 M. DIZ, S tvphi 9.6 M, DIZ,
V. parahemaoliiyens 9.8 M, DIZ, ¥V, mimicus 9.5 M. DIZ, E. coli 8.7 M. DIZ, S.

dysenteriae 9.2 M. DIZ, P. qureus 8.4 M., DIZand Shivelia boydii 9.8 M. DIZ

were observed.

The activity against human fungal pathogens 5. Cerevacege 8.8 M. DIZ C.
albicans 9.6 M. DIZ, A. Nigar 8.6 M, DIZ were obscrved.

g. MAcetyl-2-benzovlindoliumchloride 7

The M. DIZ value ranges from 10 to 13, indicaied resistant against the
sixteen bacteria. Compound 7 showed the second highest activity.

The M. DIZ value for Gram positive bacteria 8, eerens (105 M. DIZ, £
mepaterivin [3.2 M. DIZ, Bacfiius subtilies 9.9 M. DIZ, 8. qurens 11 4 M, DIZ 5.
Lutea 11.9 M, DIZ were found.

But for Gram negative bacteria S, paretyphi 124 M. DIZ, 8§ spphi 11.9 M,
DIZ, V. parakemofpticns 123 M. DIZ, V. mimicus 12.5 M. DIZ, E coli 9.9 M.

DIZ, S. dysenteriae 11.8 M. DIZ, P aureus 10.1 M. DIZ and Shigefla bovdii

12.6M. DIZ were afforded.
In the human lungal pathogeus S. cerevaceae 15.5 M. DI1Z C._atbicans 11.7

M. DIZ, A. Nigar 12.4 M. DIZ were also reported.



h. MAcetyl-2-tolylindoliumchloride 8

The antimicrobial test against 16 bacteria with compound 8 gave the M.
D17 value ranges from 8.6 to 10, which indicated resistant,

The mean value of the diameter of zone of inhibition against Gram positive
bactenia were given below.

B. cereus 8.6 M. DIX B Mepaterium 9.9 M. DIZ, Baciffus subtilis 8.3 M.
D172, S anrews 9.1 M, DIZ, S Lutea. 8.7 M. DIZ were obscrved.

For Gram negative bacteria 8. paratyphi 10.2 M. DIZ, 8. fphi 9.7 M. DIZ,
V. parahemolitveus 9.7 M. DIZ, V. minricus 10.2 M. DIZ, E. cofi 34 M. DIZ, S
dysenteriae 9.8 M. DIZ, P. aureus 9.2 M, DIZand Shigefla boydin 9.1 M. DIZ

were also reported.

For human fungal pathogens S_cerevaceae 9.4. M. DIZ C. albicans 10.1
M. DIZ, 4. nigar 5.8 M. DIZ were found.

The companison of antimicrobial activity of the starting materials M. DIZ valuc
{mm) was given in table -2,
The comparison of antimicrobial activity of indole compound M. DIZ vaiue (mm)

was given in table -3.
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Table- 2: In vifio antimicrobial activity of compound 1, 2, 3, 4.

Potency per disc : 400 up

Diffusion time
Solvent usc

: 23 hours

: MeOQH/ CHCl;
[Mameter of zone of inlubition (mun)

Name of the [ I @[f s | Std
Microorganism ©:r~;02 @fmﬁ NHCOCH, ©:\I/r;\ﬁ;cm 20 pg
Comp.-1 | Comp.-2 Comp.-3 Comp.-4

Gram (+) bacteria

B cereus 7.5 5.1 ] - - 37.30
B. Megaierium 10 5.5 - - 43.0
Bacifius 9.1 6.5 - - 38.2
sabtilis

S. aureus 7.32 6.5 - - 37.2
S. Lutea 6.5 3.0 - - 32.0
{Gram (-) bacteria

S, paratvphi 7.2 6.5 - - 30.1
8. typhi 14.0 6.5 - - 35.0
V. parahemaly 8.0 6.3 - - 41.0
ticus

V. mimicus 8.0 7 - - [7.0
E coli 7.1 6.5 - - 37.1
5. dysernterioe 7.3 6.5 - - 380
P aurens 1.5 1.5 - - 420
Shigelia - 6.1 - - 31.2
| boydii

Fungi

S. cerevaceae 7.2 6.5 - - 32.1
. albicais 6.5 - - 37.0
A. riger 6.5 - - f 35

[nierpretation of sensiivity test results:

Gram positive bacteria:

{3ram neqative bacteria:

=18 M. DIZ

= onsitive

> 16 mm M. DIZ = sensitive

14-18 mm M. DIZ = infermediate

13-16 mun M. DIZ = inlermediate

<14 nun M. DIZ = resistant

> 13 mm M, DIZ = resistant

4 M
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Table- 3: In vitro antimicrobial activity of indelium chleride compound -5, 6, 7, 8.

Diftusion time  : 23 hours

Saolvent use : MeQH/ CHCI,

Diameter of zone of inhibition (mm})

. 7 -
Name of the Qfl::'%\l'-/ %ﬂ;’;f@, %@ @%T@
Microorganism | ¢ _ ’ Lo Std
Comp.-3 Comp.-6 Comp.-7 Comp.-8 20 pg
Gram (+)} bacteria 43'[12!;15-,! Zg?ygf A0ug/ disc 400ug! disc 400p2/ disc
158 150

E. cerens 182 | 164 9.4 10.5 8.6 35.1
B, Megaterium | 22 21.49 8.9 13.2 9.9 37.8
Bacifius 14.5 | 144 8.4 6.9 8.3 33.4
serbtilis

S. aureus 17 15.4 0.6 11.4 9.1 36.1
S, Luteq 21.0 { 157 7.4 11.9 8.7 32.2
Gram (—) bacteria

S paratypl 1451 | 16.1 9.9 12.4 10.2 32.9
| S._tuphi 301 | 16.2 6.6 il1.9 9.7 33.6
V_ parahemoly | 21.0 | 18.1 08 12.3 a.7 37.5
tieus

V. mimicus 17 14.5 9.5 12.5 10.2 36.9
E coli 20 14.8 8.7 9.9 9.4 34.7
8. dysenteria 165 | 174 9.2 11.8 9.8 36.3
P. aureus 19.5 | 14.2 8.4 10.1 G2 36.9
5. Lutea 21.6 | 157 7.4 11.9 8.7 35.5
Fungi

S, cerevaceae 17 13.7 8.8 11.5 9.4 31.3
C. albicans 17 17.7 9.6 11.7 10.1 37.2
A niger 20 16.9 8.6 12.4 9.8 333

Interpretation ol sensitivity test results:

aram positive bacteria:

Gram negative bacteria:

=18 M. DI = sensitive

= 16 nun M. DIZ = sensitive

14-18 mm M. DIZ = intemmediale

13-16 mm M. DIZ = intermediate

<14 mm M. DIZ = resistant

> 13 mm M. DIZ = resistant

*— indicale no sensitivity or zone of inhibition lower than 6 mm .
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2.3.2 Conclusion:

Light synthesized compounds have been tested for in antimicrobial activity against
ftve Gram puositive and eight Gram negative and threc human [ungsl pathogens.
Most of these compound demonsirated mild to moderate antimicrobial activity
against most of the test organism, Among tested compeunds Indolium chloride
salts (5, 6, 7, B) cxhibited relatively greater inhibition of growth of the
microorganism. But 2-Indonitrobenzene 1 and 2-Iodoaniline 2 show mild activity,

In the case of compound 1 and 2,

©:I |
NO, ©:NH1

1 2
the -NO; group containing compound causes relatively better antimicrobial

growth than —-NH, groups.
We Tound that, the indolium chloride cxhibited relatively higher activity.
Investigatiou of the S-A-R (structure activity relations) of compounds 5, 6,

7 and & 8 were given below:
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From these siructure we found that the indole ring causes the better microbial

growth. The substituents at 2-position gave different activity,

-COR highest sensitively
-COCH, > 18

-COPh 10~ 12
-COC¢Hy CHyp 9~ 10
-COCHOCH;-p 8~9

The acetyl proups showed highest activity., Varying substitution at the indole
molety and subsequent antibacterial sereening identificd the 2-acetyl funciionality
as a new sirucilural altemative for optimal anti microbial property in the indole

class of compounds.
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