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Thosi, tit!o: "SYNTHESIS OF SUBSTITUTED TNTlOLES BY MET At. MEDIA n:D REACTlONS~

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 catalyzed reaction using Terminal alkyne
followed by base catalyzed reactions is reported. In this purpose different 2-iodo
acetanilide compounds were synthesized from m~substituted aryl amines by iodination
reaction (Seheme- I).

~

OC"' ~'"
I + I -'

R, R,
X, X,
4 ~ 3~'l,7,8,9

, CH'COOH,j11",0,lJl
1lO.(,~4-5h

~

ICOCH,
X,, ,
"x,

ti, 10,li

~-l.~,R=.(:~,.""'I
J X,=X,=!.R,='(:Il,
4, X,=H,R,=-CH,
5.6 X,=lX,=llR,=.('H,
7 X,=H,X,-I,Rl~'(:1
S X,=I,X,=llR,='(:1
9 X,.ll,X,-llR,--C1
10, x,=',X,=H,R,=<:1
II X,-H,X,.II,R,~-CI

Nil,.-l- Cu(OAc)"CH,COOH,I,
!LA Iwoe 9_IOhr

"" ,

Scheme-}
The hctcroannulation reaction was carried out by stirring a mixture of 2-iodo substituted
acetanilide and different terminal alkynes in presence of bis(ltiphenylphosphine)
palladium (11) chloride as a catalyst, Cu(l) iodide a~ a eo-catalyst and a base
lrielhylamine. The condensed product was then subjected to base catalyzed reaction with
sodium ethoxide in ethanol to afford the substituted indole (Schemc-2).

R,C=CH. ;n:::"x 1 (Ph,P)'pd<.'I,Cui, X;D;;\'~ I I x, ",-4''(Y' '."", +1
n~HCOCH Et,N.DMr, R N HCOCH,", '0 'H"4,6.,10 60-80C,6--30hr 12,J3 15,16,t7,t8

lNaOP.t1EtOllX R1 R, Comp, No, 80_8SoC 12hr
H -CHj -Ph 12
Ii -Cli] -C(CHu2Cl'b13 x~'~
! -CH] -Ph 15,20 "" I
I -CHJ -C(CH2);,CHJ 16 ,~ '
I -CHl -C(CH

'
)lCH, 17 20,21

I -CI -Ph 18,21

Scbeme-2

All the synthesized compounds were chllI'llcterized by lL,ingllOalytical data. obtained from
M.P, UV, IR, lHNMR and BC NMR.
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SUMMARY

Investigation incorporated in this dissertation titled, "Synthesis of substituted indoles by
metal mediated reactions" have been presented in two chaptcrs. 'I he first chaplet is the

introductory section, in which the hackground, biological action and the important
synthesis are presented, Chapter 2 is divided into two sections. Section one deal with the
rationale, results and discussion and conclusion 01" the synthesis of substituted indole.
Section 2 deals with the detailed methodologies and experimental procedures for the

synthesis of2,6- disubstitutcd indole derivatives, spectra and refcrences.

Cbapter-I
It represents the importance and synthesis of indolc derivatives. lndoles are a class 01"

fused heterocycles that are of increasing interest in synthetic and pharmaceutical
chemistry. In spite of thcir searee presence in nature, indole derivatives have proved

considerable interest drn: til their phllnnacological aclivitics. Variolls methods are knOWtl
tor the synthesis of indole derivatives but palladium catalyzed procedures tor the

synthesis of indole derivatives are limited in number.

Chapter-ll

Section -1

In this scction results and diseussion are presented. Here a 5trategy for the synthesis of

indole derivatives is reported through the palladium cataly~ed reaction of suhstituted 2-

iodoacetanilide and terminal alkynes.

In one pot reaction indole derivatives were obt:lined in few cases e.g with phenyl

acetylene but with hexyne und heptynll condensed products were produced. Then these

condensed products were cyclized to the indole derivatives by base eat:llyzcd reaction.

Thll yield "I" 5ubstituted indole in the case of phenyl acctylene (yield 52 %) with various
rn;elanilides was greater than that of the n- Hexyne (43 %) or I-Hcptync.Similarly the
yield of substituted indoe in the case of ill-toluidine (yield 65%) was better than lhat 01"

m-chloroanilinc (yield 42 %).

IV



Section -II

In this sectinn the general procedure for the synthesis of indole is described. For this

purposc first of ail ditTerent substituted iodo compounds were syntbesizcd from m-

substituted aniline by iodination reaction (Scheme-I).

~

'1'< X2
/- R,
X,

3,5. 7,8,9

Wh~>rC
1,2. R~ -CHJ,.t:1
3. X,~X2~I,RI~.t:H]
4. XI~H,Rl~.Cll.1
5.6. Xl~I'X2~Il,R,~.t:HJ
1. XI~H,X2~I,R,~.t:I
R. Xj-I,X2~H,R,~.t:1
9. XI~H,X2~II,Rl~-CI
10. Xl~I,X2~Il,R,~.t:I
II. XI~H,X2~II,RI=-(,1

Scheme-l

~

NHCOCHJ
, X,
'/- R,
X,
6, HI, II

The palladium-catalyzed reaction WIIScarried out by stirring of 2-iodo or 2, 4-<1iiodo-5

methyl or chloro acctanilides in DM!' (3.5 equiv.), in which Bis-(triphenyl phosphine)

palladium (II) chloride (3.5 mol %), Cui (8 mol %), Et]N (4 equiv.) were added a! 0° C

(Schcmc-l). Then terminal aikyne ww; added under N) atmosphere. Then thc reaction

mixture was stirred for 6-30 hours. After usual workup the crude products were purilied

by column chromatography using silica gel and pure substitute 2- alkynyl acetanilide 15,

16, 17,18 were obtained.

Substituted 2-alkynyl acetanilide ww; subjected to base catalyzed eyelization reaction for

the formation of substituted in<loles. 2. Alkynyl acetanilide was added to sodium

ethoxide (1.2-1.5 mmol) in ethanol (20 ml) and the mixture was stirred under a nitrogen

atmosphere for 1(}.12 hr at 80_85° C. After usual workup and purification by column

chromatography substituted indoles 12, 13, 20, 21 were obtained in moderate to good

yield~.

v
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R,

:M\'*'"'x 4-'JI+11'"
1 "'" ~ 2 1 A NHCOCH.J

12,13 J5, 16, 17,\9

NaDEtI EtOH

X R, R, Comv- No. 80-85° C 12 hr

H -CHJ ~Ph 12 ;O;AH -CH, -C(C~12)2C1IJ 13 ~ I I
I -CH] ~Ph 15,20 N
I -C1-1) -C(CII2)l(;fIJ 16 ' H', -CH, -C{CH2),CH) 17 '0,"
I ~CI ~Ph 18,21

Scheme-2

All the synthesi7.ed compounds were characterized by using analytical d:rta obtained from

M.P, UV, lR, IH NMR and Be NMR. The Spectrd of all the compounds and related

references are given here.
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Prefatory Note

All the solvents for reaction separation, extraction and reerystalization were purified and

the test was used as available commercially.
Analytical or laboratory grade solvents and chemicals werc used in all experiments and
these were procured from E. Merk (Germany) and Fluka (Switzerland). Reagent grade of
chloroform, n-hexane, clltylacetare, ethanol, acetone etc. were purified hy distillation at

the boiling point of the respective solvent. The following methods were used for the

purification and drying of the solvents.

I. Purificlltion of solvenls and reJlIgeuts

a) Dry ethanol (EtOH)

About 2 gm of clean and dry magnesium turnings and 0.125 gin of iodine were placed in
a dry 500 ml round bottom flask containing 3040 ml of reagent grade ethanol. The flask
was then fitted with a double surface condenser carrying a calcium chloride guard lube on
the top. The mixrnrc was warmed until the iodine disappeared, if a lively evolution of

hydrogen did not set in a further linle amount of Iodine was added. Heating was
continued until all the magnesium was covered into pasty mass ethanolate. About 230 ml
of commercial grade ethanoi was then added to the flask and rcfluxcd the mixture for an
additional hour. The resulting mixture was distilled off and the tim 10-15 ml of distillate
was discarded. Then the dry e!hanol was collected into a receiving flask from which it
was stored into a quick fit bottle.

b) Ethyl acetate

Ethyl acetate from E. Mark (Germany) was used directly as it was bought commercially.

2. Melting point
Melting points were determined on GaHenkamp (England) melting point apparatus and
paraffin oil bath were uncorrected.

VII



3. Infra-red (lR) spectra
The infra-red spectra were recorded on KBr pellet for lilms with a Shimadzu FTIR

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

4. Ultra-violet spectra
The UV spectra were recorded in dry EtOH with a Shimadzu UY spectrophotometer
from the Orion pharmaceuticals Co. Ltd, 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 pattcrn of an unknown
compound can be set up. 'H NMR (400 MHz) and IJC NMR (100 MHz) spectra were

recorded in deuteriochlorofonn (CDCh) with a Bruker DPX-400 spectrophotometer using
tetramethylsilanc (TMS) as internal standard at the Bangladesh Council of Scientific and

Industrial Research laboratories (BCSJR), Dhaka, Bangladesh and Department of
Chemical Engineering, lwate University, Japan. lH NMR (600 MHz) and llC NMR (I SO
MHz) spectra of some of my compounds were recorded in deuterlochlmoform (CDCh)

with a Jeol spectrophotometer using tetramethylsilane (TMS) as internal standard at the
Institute for Molecular Science laboratory, Okazaki, Japan.

6. Drying
All organic extracts were dried over anhydrous sodium sulfate (Na2S04) or magnesium
sulfate (MgS04) before concentration.

7. Evaporation
All evaporation were carried out under reduced pressure in Buchi rotatory evaporator (W.
Germany) with a bath temperature below 40" c.

VlII
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8. Column chromatography
Column chromatography ha, been successfully applied to separate the individU.11
compooents (having different Rt values) of mixture obtainoo from the reaction. This

technique was also employed for purification of the product.
A long cylindrical column (70 cm long and 2 em in diameter usually a burette type is
used) madc of glass drowns 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

eluant. A seperatory funnel fitted with a specially made quick fit stopper and fitted with
the eluant was placed at the top of the column and this served as a store of elullIlt.

Adjusting LheSLOPcork controlled the flow of the eluant. The column was prepared by
slurry method, silica gel being used as Lhestationary phase; the coiumn was made half
filled with various types of solvents as light petroleum, eLhyl acetate, chloroform, n-

hexane ele. and slurry of silica gel in the ehoscn solvent was poured into it, so that the
packing was compact and unifonn.
Making the column as quickly as possible and allowing the solvent Lo fall drop by drop
through the stop cork of the column removed air bubble. The mixture of the components

was then placed on the upper surface of Lheslurry of Lhesilica gel and the mixture was
covered in limited area hy some amount of dry silica gel. Then the solvenl mixlure was

passed through the column. The fractions were collected in the test tubes about 20 to 30
ml in each al a regular interval of time and respective tractions were detected by TLC.
The solvent used fur elution was chromatographically pUTe.

IX



CHAPTER-I

INTRODUCTION



INTRODUCTION

1.1 General remarks
The indole 1 moiety is common 10 a large number and wide variety of biologically

active rnrtural and synthetic compounds'. The presence of the indole nucleus in
biologically active compounds has led to the development of numerous approaches to

its synthesis for over onc hundred yeant Among the many more recent synthetic

targets containing indole moeity, the pbannacologically active Elb'Oll alkaloids 2, the

antitumor agent Ellipticine4 3, Rcserpine~ as II tranquillizer and Vincristine~ in the

treatment of leukemia have been widely known as effective drugs.

QQ
I
H

I

R

2

'"
NH ~

H

3

The indole skeleton containing Tryptophan7 4 is an essential amino acid and as such is

a constituent of mosl protein. Among the synthetic chemotherapeutics the fI-indolyl

acetic acid derivatives 5, indomethacin 6, are of value in the treatment of rheumatoid

arthritis7•



1.2 Importance of indole derivatives

1.2.1 As Acemotherapeutic and pharmacological agents

Indole nucleus has raised great interest in reccnt years due to their biological activities!'

Rand pharmacological studies'. Indole derivatives have many fold uses. Some of them

are mentioncd below:

Il) As Ilntibllcterilllllgents

Johsi et ulIO.1lreported the antibacterial activity of the following com]Xlunds 7, 8 and 9.

2



~
R

s~
FO

R:~
8

9

Recently Pan! el al1z and Shailaza Rani et aP also found anti bacterial activity in the

compounds 10 amI!1 respectively.

NNH-CO----iQ>--O
~o ""\£R'

I
H 10

R=H, 5-Me, 7_Me, 5-Br, 7-CI,
R' = H, Me, El.

R~j'NOO
N 0 I
~J H

"R=H. 7-CL5-Br

3

N



b) As antifungalllgents ..
Sailendra eI al14 prepared some important compounds 12-13 from isatin and

heterocyclic aromatic hydrazines which showed tremendous antifungal activity.

Sing el ails synthesized 14 and 15 have potential antifungal activity.

SlOYPh -S~°YPh

0 N-N 0 N-NH

0 N 0
I

14 H IS

Nizamuddin (.'1 0/16 Puzari i!f alP and Mahmood el 0118 also prepared some isatin

derivatives whieh were reported as antifungal agenlS.

c) As anticancer agents

The immuno-supprcssive and anticancerous (carcinoma) activitiesl9 of some indole
derivatives and given below,

N

A
~ s-R"
s

h
00

o
N
I
R

nereR=H,Ph 19
It' = CH3, Ch2Ph, CH2C02Et.

NH
NA,s
I
Ii

l8

N
I
R

o

4
(



Recentlv Islam 1.'/ 0120in collabomtion with National cancer Institute (NC!) of USA
ohserved that acylated /),.2, 1,3, 4, thaidiill".olinederivatives of isatin show potential
anticancerous activity against a number of cancer cells.

?OCH3
N--N

SANHNHCOCH3

o
~
H

R =n8r, CH3, N02, C02H
20

R

d) As Anticonvulsant agents

El-Gendy 1.'/ aPl and Gnrsoy et ap!' ZJ(1994-19960) prepared the compounds below,
showed potential anticonvulsant activities.

e) As cell migration inbibitors

Nigila 1.'/ alu synthesized some compounds from substituted indole which acted as cell
migration inhibitors for the treatment of inflammation, athemsclesis etc. The
compounds 23-26 were also reported to show significant anti-inflammatory activit~

"

5



o

o

S~NH

~)

~Nn,O

O~(R)"23Y
I - 0.5R = haloge 11~

R

o
24

CI

o
N

I 26S~S
W

. 'ti. dal agentt) As msec Cl

po sy"thesi7,.edSharma et a .
. .dal activilies.inseCtlCI

the following compounds . h showedof indole whie

x = H. f.
R=H,Ph. Ph
R'= halo-C,;l-I4,

6



29

g) As antimicrobial agents

Mohon el UrI in 1989 and 1995 and Patel et uf9 synthesized and studied some new
heterocycles from indole derivatives as potent antimicrobial agent which are designated

as 25 and 26.

h) As antiviral agents

The vivo arrtiinflueltt,al:!virus and antivacciniaJ3 virus activity of biologically active
compounds were detected. Several drugs dose (DL- nofirmocin), NSC, 72942) were
tested against thal virus. Isatin j/-thiosemicarbazone (NCS 721) also used as
reproducible activity againsl vacciniavirus.

~ ~ON-(NoNHCOCltxR
R~N-NH-C-CHXR ~~.A
~NAO lh R=II.Br. 30 N~

R = Ph, 3 - MeC6H.. ~6
X=O,S.

Some N-cyclopropane derivatives. 31 of indole and its j/-thiosemicarbawnes display

antiviral activity

i) As antidiabetes agents

The following spiro compounds 32 can inhibit the enzymatic activity of aldose
reductase and hence it is used as antidiahetes'u.

7



CI o
32

j) As antituberculosis agents

The indolizidine and indolizine 33 fimneworks represent a fundamental and important

class of heterocycles, which is used as antituberculosis agents, histamine r"h receptor

antagonists, and microtubule inhibito~.

H

1.2.2 As dying agents

Baey~ obtained a blue dye indophenin 34 by treating Isalio with concentrated H2S04
and crude ben7.ene.

o

s s

o

N,
0 '" " ).0

~

34 indophenin

The ;satin blue 34a and Pyrrole blue 34b were synthesi7.oo from indole derivatives as

powerful dying agent.

8 •



0 0
a N N 0

N 0 I I
I II II
II [satin blue 34b34. Pyrrolc blue

1.2.3 As polymeric substance

A series of polyindophcnincs have been prepared by the reaction of isalin with

thiophene under acidic conditionsJ7•

35

o s
o

o
~

"
o
36

o

These polymers could be reduced into the leueD form and they showed some conductor

properties.

1.2.4 As enzymatie agents

In the dehydrogenation of amino acids, isatin possesses an apparent enzyme like

activity. Vlhen a-amino acid is heated with isatin in aqueous solution, benzaldehydeJS

is produced.
In a series of organic catalysis, Langenbeckl'J reported that certain isatin and oxiindolc

derivatives possess enzyme like activity particularly in the dehydrogenation of amino

acid,

9



1.3 Synthesis of indole and substituted indole

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

has led to the development oClhe approaches to its synthesis.

A few oflhe approaches of the synthesis of indole derivatives are mentioned below.

Sandmeyer procedure

The most important and mostly used method was devoled by Sandmeyer. There arc two

process4\l. In the first process, thiocarhanilide is treated with lead carbonate and

hydrogen cyanide and converted into nitrile-anilide. This on treatment with ammonium

sulphide yields thioamide. It produces isatin (I) hy cyclization40 with sulfuric m.,-idand

subsequent hydrolysis.

I H,O

"
Sebeme-l

The second method (scndmeyert1, 42involves the formation ofa Isonitrosoacetanilide4z

from the condensation of aniline with chloralhydrate and hydroxylarvinc hydrocWoride

in pn:sence ofNazSO •. Cyclization of 42 with concentrated Sulfuric acid gives indole

derivatives.

~NH'" (I,C(II(O"),' NH,OH.HCICooc.HCI • ~ (NOH
- an~]<l_NazS04 A

o N 0

~

Cone.H2S041 ~ 42
o -.----,

~ 41
Scheme-2
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1.3.1 Palladium complexes ,in the synthesis of indole

Palladium complex.es have been used in the synthesis of organic compounds for over

twenty years. Palladium exists in two i;table oxidation states such as Pd (II) and Pd (0).

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

them are given below,

1.3.1.1 Coupling cyclization reaction

Coupling eyclization reaction4l can be used 10 the synthesis ofindoles. The reactions of

o-iodoaniline, u-lodoacetanilide, o-iodo-trifluoroacetanilide, and N- (o-iodophenyl)-

mcthanesulfonamide with tenninal alkynes were investigated in the presence of Pd.

CuI-PPh3 I KI-A120) and under solvent free conditions and mi"TOwave irradiation. A

mixture of coupling and eoupling-cyclization products were obtained when iodoaniline

(2 equiv) was allowed to react with phenyl acetylene. When o-iodo- acetanilide was

used instead of u-iodoanilines only indole product fonned (41%). The use of (0-

lodophenyl)-meUtane sulfonamide resulted in the exclusive formation of the indole in

good yield.

rAY'NHY
~ + RC=CH

I
43 44

~

H'
Pol-Cul-PPhj/KI-Al;zO). 0

SONcntlcss,M. W. d
;r R

4S

Y = H, COCF), COCH), S02CH)
R = Ph, P-CH)C6H4

Sebeme-3

+rQol
N R
I

46 H

The Palladium (0) catalysed coupling of aryl and vinyl tritluoride or halides with 2-

cthynyaniline, followed by palladium on catalyzed eycJization step, provides an

efficient and very versatile procedure for the synthesis of functionalyzed-substituted
indoles44.

II



0::'1
~

+R-X
"'" NH2

47 48

~R
Pd(O).~"'L Pd(II). rU-1

NH2 ~N~
49 I R

'" H
Scheme-4

+R,X l I'd catalyst,
co base

R,

The use of palladium catalyst in the development of new routes to indole derivatives.o;,

46,47 was investigated as shown in the ~chcmc-5.

3.AcyHndole bas been reported to be important therapeutic agents and useful

intermediates" for the preparation of pyridocaroazo\e alkaloids.

R

~
I R, ,Pd(pPh,), ~

~lI.lA k2
CO

JV"lUtN R NHCOCF]
I

52 H 51
x=I,OTf
R = alkyl, vinyl, aryl
R, = vinyl, aryl

Sdreme-S

1.3.1.2 Cuupling ohrenes by plliladation

o
53

R

o

Although the coupling of arenes by direct palladation is not an efficient process, it has

been used in several ca~es to synthesize functionalizcd indole ring system. Ellipticine 3
WlISmade by this proceSl/'.

ACOH/IO%CF,COOH •. Y
1-2 eq. Pd(OAC)" t1

Seheme-6

1.3.1.3 Palladium (II) catalysed amina'lon of olmos

o-Allyl anilines, which contain amine and olefin in the same molecules, were

efficiently converted into 2- methyl indoles using palladium (II) eatalysisSll,51

12



(Schcme-I). This process WllS thought to involve co.ordination of the olefin to Pd OIl

followed by inlramolecular amination.
Indoles such as 61 were also produced in a sloichometrie reaction including

transmetaialion, insertion, elimination and amination of olefins5~ in schcme-7.

QTJ(TFAh

NHAC
55

L2PdC4. [QPdCl] ~Cl ••

NHAC
56

CI]
~

-PdCh.
:::,....I NHAC

PdCI2 ••

" "
Pdq 00-oct ,r

:::,....I ~C
•

"- N"- Pd
N 'CI I
I AC

59 60 AC 61 45%

Schcme-7

1.3.1.4 Palladium Catalyzed Synthesis oflndoles by Direct Annulation

Palladium-Catalyzed Indole and A7,uindoles Synthesis by direct annulation of electron-
poor u-Chloroanilines and o-Chloroaminopyridines with Aldehyue was reported5.l.

Bolh chloro- anu bromoanilines might be used with equal efficiency. However, low

yields wee obtained when ortho-substituted anilines were used.

13
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Pd(dbah(5 mol%)
t.Bu]P.HBF4(lO mol%)

. -
AcOK (3equiv)

" hDMA, 120 C,9

R'

J<L-0V;
H

25-71 %

Seheme-S

1.3.1.5 Palladium (II)-eatalyl.ed (and "ther metal catalyzed) Reactions of A<tirines

Thermolysis of phenyl azirines 62 at tempenlture above 1700 C produced indoles, via a

nitrene intermediate. Palladium 01) chloride was used as catalyst in this process,
permitting it 10 ensure at 30° eM.

mPc -
PdCb[Ph(CNh)], cat,3iPC

Ph~<.R
rl N. 1 f')-(Ph

)-~ ~NAR

62\ ~~~_63__ / 64 I~%

R=H,Me,Ph

PhlfR
Ph N

Scheme-9
RhodilUll (0, Palladium (0), and Cobalt (0) complexes catalyzed a puzzling
dirnerization of azirincs 65 to produce indoles in variable yield.~S5-5li.

1.4Pd, CO

QL •
[Rn(CO)2C1h p

~I " -Phil 40 - 80% '>-R R=H,p-Me, co (CO N "I RP-OMe,p-Br PhH; 52 -95% H
'"om

Scheme-l0

14 •• '1(



1.3.2 PaUadium (0) lIDd Nickel (0) C(lmplex chemistry

While palladium (II) salts are electrophilic reagents, which react with olefins and

armes, palladirnn (0) complexes life strong nucleophiles and are most reactive toward

organic halides. Thc two most common, commercially available complexes of

palladium (0) catalysis are Pd(PPhJk and Pd(dbah (dba"" dibenzylideneacetone), which

is converted into Pd(PPh.1k,when treated with triphenylphosphate.

Both of these have been extensively used as catalysts in organic s)TIthesis. However, it

is frequently more convenient to generate palladium (0) catalysts insitu by reducing

palladium (11) catalysts precursors. Thus, treatment of Pd(PPhl}.>Ch with

diisobutylalumnium hydride or with CO or triethyl amine will generate the catalytically

active Pd(O) species "Pdln".Perhaps the most extensively used palladitun (0) catalyst

precursor, however in palladiwn (II) acetate, which is readily reduced insitu by a range

of compounds including carbon monoxide, oJefms, phosphates and tertiary aliphatic
amines such as triethyl of tri_n_butylaminc5ll. This causes some confusion in the

literature, since palladium (0) catalysis is involved but palladium (ll) acetate appears in

all the equations. Invariably, some reducing agent is present in these systcms and

palladium (0) catalysis is indeed involved.

15



,
~YR1:') 0

R.X+Pd(O)~~. R-Pd(Jl)-f!2...R-~-Pd(JI)-'

~

67 68

.HXI'#'--y -Pd(O) ROH
H,

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

R 69
I /d-', . R{-PdUJ)-'H"I\ • nsertxm 1-'
H Y \

71 y
72

R~y

73

Seheme-lI

1.3.2.1 Palladium (O}-catalyzed Alkynylation of Bromoanilines

O-Alkynyl anilines such as 76, made by palladium (0) catal)7ed cOllJlling of a1kynes
with fJ-hal" lIIIiline precursorsS!l-W were readily cycJized 10 indol.$ 50.

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

Scheme-12

16



In a related process, hydroboration of ethoxyacetyline gavc a vinylborane 77 which
under went I'd (0)- catalyzed oxidative addition I transrnetalalion to produce an indole
pre<:urssolI79.

•
R OEt\-.J Pdcat
/--\ J

, H r"Y
{ROllB U

77 ~ NHR

NHR'
60 - 97%

78

Sebeme-13

08 R

rQcj
N

79 k
60 - 99%

~~H,n-CgH13
R~ H, CH3CO

1.3.2.2 Palladium (0) catalyzed cydization of 2- halogenated N.allyl.,
N-vinyl, or N-Arylanilines to indoles.

O-Bromoanilines were easily N-allylated, producing substrates ideally suited for a I'd
(0) cataly".ed oxidative addition I olefin insertion approach to the indole ring system. As
a consequence, this route has been extensively developed. Both activatcd~l~ and
simple olefines64 inserted efficiently. The insertion product 80 of simple olefins
produces good yielded indoles 81 with catalytic amounts of palladium.

(('A A ,
Pd(OAC)2

,,
X-' • •c"' • A, N , NI I AR 80 R

81, R X Y , yields[%]

::0 Ph ) II 50-73PhCH2 H,
CO,Me

• A, Be CO"Me H 73

-5-Me,5,6(OMeh] 50-87
:-I, H J H

5~C02Mc,H

Seheme-14

Carbazoles65 were produced in good yield from diphenylamine such as 83 utilizing
oxidative addition I insertion chemistry.

17



3% Pd(OAC)2
£IJN, CHJCN
150~C

83
~
H

&heme-15

1.3.3 1t- Allyl palladium complexes in the synthesis of indoles

Fonnation of the indole ring via 11- Allyl pal1adiwn on intermediates6li•67 e.g. 85 and
88 is relatively uncommon. These two examples involve dicne insertion into (T-

arrylpalladiwn (11)species.

74%

CIPd0

70%

"

"j

~AC
86

NHAC

o

N(HgOACo ~dCb •.

NHAC 0
84

C(, ;:~~A~;~C",.
8i -~

Scheme-Hi
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1.3.4 Other Transition Metals in the Synthesis of indoles
1.3.4.1 copper (I)-catalyzed Cydization and condensation

Although palladium is by far the most exten~ively used transItIOn metal for the
synthesis and functionalization of indoles, many others have found at least limited usc
in this regard.

CN CNMeO
MeO

NaH, Cui •
d' HN DMF,I::. R N

R B,
90 91

ex:?
0
I

NaH, Cui •. I .......
OMF,/::, N

I I

" H H
93 80 - 90%

Schcme.J7

For instances copper (I) salts have been known 10eatal}'7£ the reactions of nucleophiles
with aromatic halides (e.g. the Hurtly reaction). Thus O-haloaryl enamines such as 91, (
R= Me, OMe, HJand 92 eyclizcd to indolcs in thc presence of copper (I) iodide in
excellent yield68, . Under similar conditions enolates condensed with o-iodoaniline to
produce indoles7o. O_Haloacetamides71 ("'.g. 94) also cycli;ed to indole derivatives
under these conditions, copper (I) oxide catalyzed the cycli7,.atioo of o-isocyano-
ph",oy!acetones to indolesT.!.

R~

~n"NHACR B,
94

R' =Me, OIl/ie- H
R2=Me

Cul,DMF ••
80"C Co'"d' N

I
95 AC
53 - 75%

s"hcme--t8

In fact the reaction between 2- iodoaniline and cuprous phenylaeetylide (R~ p'V was
found to be markedly solvent dependent. When OMF was used 2-phenylindolc R = ph
was obtained in 89% yield. When pyridine was used 2- alkynylaniline was obtained as
the exclusive product. However, it could be cyclized to 2- phcnylindole by warming
with catalytic amount of cuprous iodide in OMF at 1100C for 8 hours (Scheme-19).

19



DMF
175"e,22h

12ife
Bh

"

~R'
50 l~

leul,DMFllll" C, Kh

"" R'rgr:
"

Sebeme-19

The reactivity of halides was found to be in thc order I> Br> el. Furthennore the

presence of N-ethyl piperidine was found to decrease the efficiency of the syntheses,

indicating that strong co-ordination of copper could mask the ability of the metal to

cffeetthe initial alkylatiollS or 10 co-ordinates with the acetylene'J. Thc substitute of

halide and cyclization were thought to occur within the same copper complex"4

(sebeme-ZO).

jrl'.' .-r-~
",H.' If
"

~::' -rQQ--"
H H I

46 Il

Sclleme-20

1.3.4.2 Reductive Cyclizations Using Low-Valent Transition-Metal
Compounds.

Using low valent transition metals to reduce aromatic nitro groups to amines carried out
a number of indole syntheses. Which could then cydi:re with eleclrophilic groups in the
ortho position to form indoies. Tbcse typically involved o-nitro aryl enamines 96 and
reducing agents such as iron's, titanilUll (lin chIoride'6 and nickel boride '6.

20



Seheme-21

Dihydroisoindoles 100 were produced in excellent yield by KHFe(CO:U- promoted
reductive amination of o-dialdehydes7'l.

100
(XCHO
P I + RNI-12 KHFc(COl4 •. (CI NR

"""- CHO ~

99 _ 41 .
R - Me, PhCH1, Ar, "AM

o
Scbeme-22

Finally, o-nitrostyrenes such as 101 were reductively cyclized to indoles by metal
carbonyls, in a ~ess that must involve olefin activation by the metal, a~ well as nitro
group reduction .

--.~
N R

103 IH
30 -70%

M,

~R

~NHl
102

R=H,Ph,Mc'C01Me,C) I
M(COln=Fc(CO)s, RU3(CO)12,~(COlI6

'"

Seheme-23.

1.3.4.3 Rutbenium (II)-or Palladium catalyzed oxidative cyc!ization

Rutheniwn (II) chloridc- catalyzed oxidation of alcohols has been used to indoles in
modest yield, although the conditions are somewhat severe79.811.
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~OH

~"UR NH2
104

Ruel,lJ. ~
180"C ~,,)

R ~
98 H

Scheme-24

2.6- Dimethyl phenyl I isocyanide was converted in to 7- metyl indole 107 in a process
which must have involved C-B activation by the ruthenium (four catalytic cycles per
[RuH2(diphoshJ31,

Q RuH2(diphos)2 cal fA '"• I•140'C /'N R,- N
III I ,

N C H

"' 106 107
70%C

10'
Scheme-25

1.3.4,4 Cobalt - Catalyzed Cyclotrimerization Reactions

The cobalt eatalyscd cycJotrimcrization of alkynes and cocyclotrimcrization of alkyncs
and alkenes have been extensively developed for use in ol"h'IDlic synthesis!l2. The
synthcsisll) of compoWld 110 exemplify the usc oflhe later in the synthesis of indales.
Cobalt (I) complexes also catalyzed the addition of alkynes to diwcnes \0 produce N~
aminoindolcsll4112.
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,

Q ,
'"II CpCO(CO)l

+ • '"
OA{CH2}n

y N
y

(CH2)n~o,
108 109 110

III

1I2

Scheme-2li

1.3.4.5 Gold~Catalyzed Synthesis of Indolizin-7-ones

Ph

Ph

A gold catalyzed synthesis of 5,6- dihydro-8H-indolizin-7-ones from N-(pent-2-en-4-
ynyl)-p-Iactams has been reported&;.

II
o

,"R'IPrAuNTf2 (5 mol%)•THF (0.05 M), 4511C R4
5minto24h

60-90 % yield

Seheme-27

1.3.4.6 Rhodium (I)~Catalyzed Cyc!izatioD Reaction

A rhodium- catalyzed cycliwtion of O-alkynylphenols and anilines followed by
intenllolecular conjugate addition that succeeds with alkyl and aryl alkynesS6. In this
reu<.'tion,2,3- disubslituted benwfurans or indoles are obtained in one pot in good to
excellent yields.
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oc-;3E-Rl (EWG [Rh(cod)OI-Ih(3mol%) <y
I A + I I) •XH dioxane I H20 (2011), 90 C

X~NR20,

Seheme-28

1.3.4.7 Rhodium (1)- Catalyzed Amino-Claisen Rearrangement

Mild and facile preparations of 2-substituted or 2,J-disubstituted indole compounds
were achieved by RhH(CO)(PhJP).1(4-10 mol%)- catalyzed reaction of N-
propargylanilines in hexafluoroisoprupyl akohol(HF1P)87.

Seheme-29

1.3.4.8 Rhodium (1)- CatAlyzed Oxidative coupling Reaction

Indole was syhthesized viII rhodiwn catalyzed oxidative coupling of acelanilides and
internal a1kyncsllli. The current method takes advantages of a C-1I activation event to
provide indoles from simple and inexpensive anilines.

R'

Rl~ R3vrA,
42-82 %

•
•[Cp RhCI2h(2.5 mol%)

AgSbF,£lOmoJ%)
Cu(OAc)2.Hl)(1 equiv)
I-AmOH, \2011C, 5 min to 3 h

R1=4- OMe, 5-0Me, 3,5-<ii-OMe, 4-F, 4-Cl, 4-C02Me, 6-Me,
R ~Me,n-Pr,n-Hex,Ph
RJ= n-Pr, n~Hex, Ph, thiophen-2-yl, N-tosylindol-5-yl

EXt:" '"R-,- + R' -

'" A,

Scheme-30

1.3.4.9 Base mediated intrnmoleeular condensation

An elIicient base~mediated intramolecul;ar condensation of 2-(disubstituted amino)-
benzonitrilcs to 3- aminoindoles has been reported by Churl Min Seong et a189• 3-
aminoindoles was obtained lrom 2~disubstituted amino)- benzonitriles using NaH as a
base in DMF at 80° c.
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Ao,O, Et,N,
CH,O,

Sehcme-31

M. M.~,
---.-,CQ-o,

1.3.4.10 Pd (0)- Catalyzed Intramolecular Reaction

Daniel el ufO synthesized Indole-3-carboxylic add derivatives hy Pd (0)- Catalyzed
Intramolecular a--urylation ofjJ-{2-lodoanilino) esters. P.(2-Iodoanllino) e.~ters undergo
intramolecular a-arylation in the presence of Pd(PPhlM and potassiwn penoxide. The
reaction is a useful methodology for the preparation of indole-3- carboxylic acid e:;ter
derivatives.

Pd(O)

"'~
Seheme-32

• ci>
0OM,

R~ I""'- ,
~,

1.3.4.11 Miscellaneous Indole Synthesis

The copper catalyzed decomposition of aryl azides to produce nitrenes has been used to
syn[hesi?.e a number ofpyrrolindolcquinoncs91 114

o

MeO

N,

Cu(acac)} •Co<

M,O

o
114

Seheme-33

Aryl isocyanides were combined with earbene complexes (M= G, Mo, W) to produce
indoles, via kelenimine complexesY.!.'¥.l118.
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R2 R[JC): +(COh
115 N=C

+ ArNC

R'

R

&hemc-34

-
1J7

1.3.4.12 fndoles Via microwave-assisted Hemetsberger- Knittel
synthesis

lbe Hemetsbcrger-Knittcl indole synthesis involves the condensation hetween an
arylaldehyde and an uidoacetate to provide u-lIZidocinnamatcs which upon heating
give indoles'l4. The process has been applied using high boiling solvents such as xylene,
toluene, and mesitylene and a reaction time of approximately 4 h to obtain the
corresponding indolcs and a varicly of aromatic N-heterocycles in yields betwet:n 53%
and 79%.

o

~
""" Methyl2-azidoacetate crY""" OOMe MW, n-Hexane Ctr~'/ ----,-~.. • I OOMc
J(..fl NaOMe,,20Uc,4h~.-? 3 lorlc,IOmin,J5bar ~ ~

Scbeme-35

1.4 Indole reactions

Indole is a Il"-electron rich system. So, the typical reaction of indole is elcetrophilic
substitution. Some of the important reactions of indole derivatives are cited below.

1.4.1 Functionalization of indole Ihrough coupling

Indole itself undergoes direct palladation of 2- and 3- positions. This has been used to
make fused ring indole system c.g.", .••• 120,122 and 123 as well as 10 introduce olefinic
side chains at the position 124 or at the 2- position in 3- methyl indole!l6-lI!I.

26 t.
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119

o o
Pd(OACh •.
HOAC

R'

o

120 6-40%

RI=H,CI,Mc
R'=H,Me,C1

&beme-36

1/2 eq. Pd(OACh

AcOH

0 R=R N
I

122 M, 60%N
I '"H 121

R=Mc a
i/2 eq. P<J(OACh

N-Me

m 30%

Scheme-37

124

co"'"+ J'-.x AcOH!A •
.-:::::' N 1 eq. Pd(OAcl, """

I
R

R = Cl-heD, 502Ph, PhCH1, H
x=CN,C02Me,Ph

N
I
R 40 -70%

Scheme-38

lndole-]- carhohydrale under went lhal1ation primarily at the 4- position 126. In the
presence of a Pd(OAch as catalYSt'OO-IOl,transmeta1alion 10 palladium, followed hy
olefin insertion or reductive eliminations, ensured producing 4- a1kylated indoles in
modest yield(R= C0JMe, H) Thallium (ITI) probably serves lIS the reoxidant for
palladium(O).
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C02Me

"COO
Pd(OAC)Cat

~OMe

80%° on
'N

57%

Rl(11'Al1

ceo 6:)CHO'v---t TI{WAh, 0 I
~N) N

I I
125 R 126 R

Pd(OAC12Cat

(""ySnRJ

"jN
ArB(OHh

Pd(OAC12C"1

4'

7
128 R

~CHO"

UyJ
129 R

Schcmc-39

1.4.2 Ritter like reactions

The strongly c1cctrophilic [Pd(CH.1CN).HF.h promoted a Ritter like reUl.-'lionbetween
N-allyl-3-methylindole and nitriles, giving pyrazino [1, 2-a] indolest03 such as 134.
While interesting, this process was neither eJlicient nor general.
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W
130 LJ

ICo- "!II / I x-R

I ~~l 132 Pd+

I'd, •• Co""'" I RCN.

'" N
lJl I f

"-..f~Pd'2

R

co. C~
MeOH l

134 C02M6

R~Me 34%
Et 34%
Pn 35%

Schcmc-40

1.4.3 Palladium (0)- Catalyzed FunctionalizatioR of 1odoles

Palladium (0) catalysis has also been used extensively to functionalize indoles.
Chloropyrazincs 135 coupled to the 2~ JXlsition of indole in the presence of Pd(O),
probably by an oxidative addition I insertion processlO4.

!~~N)
I

1 H

~Pd cal•

IJ5
R~R3= Me, Et, iPr, Ph, H
Rl=jLPh

Schcmc-41

N R.1

Z I X
R N R2

136

45 - 79%

The 3-amino ethyl side chains of indoles were treated by a Pd(O)-catalyzcd
carbonylation"l' for example with ring closure to give 139.

29 •



Pd(OACh cat.
CO, Ph)P

Seheme-42

139

yN
N

I
91%

o

Palladium (0) catalyzed reactions of haloindoles are umong the most synthetically
useful processes and have been extensively developed for application in the synthesis
of 3,4- disuhstituted indole rin~ systems including ergot alkaloids. Introduction of
functionality at the 4- position ~ or indole using oonventional eleetrophilie indole
chemistry is dillicult, since the I., 2-, and 3. positionslll5 are considerably more
reactive.
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I-lg(OACh
HC10qILiCj

N
ITS

50%
143

J
Pd(OAC)2 cal
Et,N, p(O.Toni

'" y

146

N
I

"14S

J
Pd{OACh cat
Et¥.P''-y

HgOl

N
j L2PdC4Cal.

I ~Cl

"141 99% Be

J I, 0
N
I

Be 142 "
o

39
y=COlMe.81%

NPhth,77%

N

h
14'

Y= COlMe, 88%
ph,74%
NPhth,74%
C(MEhOIl,97%

Be

~U)
h

140 80%

J
Pd(OAC)) cat
Et)N, p(O.To03

/"-,
1

s"beme-43

1.4.4 Synthesis of E~otAlkaloids

An even more extensive use ofpalladiurn catalysis was seen in the total synthesis of the
methyl ester of (:!:}-N-acctylclavicipitic acid1U6 15t which involve as key steps Pd (II)-
catalyzed fonnation of the indole ring, rd (O}- catalY7,ed introduction of both Coring
side chain precursors and Pd (II) eatalyred fOl1T1alion of the seven membered ring.
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147

Be

o
148

Pd(OACh Cat, Et3N•
P(O-'!D03~

I'OH -

" MI IN COJMe N C02MeAC/
PdCb(MeCN)2cat \•orTSOH/A

0 0 \
N NI149 TI I150 TI

OH

•

15tb

N
I
H

I A,
IN,_

0 \'. ./
ISla

oNaBC4! NaICO]
ohv; 20 C

4:2: I MeOH I DMF I H20

Seheme-44

1.4.5 1t-Allyl palladium Complexes in the Functionalization of Indole

In scheme-44 n-AllyJpalladium (II) chemistry is more commonly used to elaborate
existing indole ring systems. The isoquinuclidine ring of ibogamineH17 154 and
cantharanthine107155 were synthesized by Pd (0) catalyzed allylic amination.
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153 45%

(I) I eq PdCl,(MeC"I),
AgRF,. Et,},' -0•(2) NaBH,
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H

Scheme-45

• 0• N,
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Other indole alkaloid synthesis has used Pd (0)- catalyzed allylie alkylation to elabonlte
nonindolic heterocyclic rings"'" such as 157 and 159.

~
ROCO

o
DMF, NaH •
Pd(drpoosh

o

158
N
I
H

NO,
Pd .cat •El)N, THF

Seheme-46
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1.4.6 Reductive cyclization (using low-valent Transition-metal
complex)

Tryptaminc derivatives such 160 were reductively cyclizcd to ,B-carbolines 161 by
NaBl~ and copper (II), Iron (III), or chromium (III) halidesu19•

10 IOUo
NaBH1, CUC12• 0 N

N NI FcCI" crCh IH H
160 161

n

&:bemc-47

1.4.7 CyciotrimerizatioD Reaction

Cyclotrimerization of alk~e and alkene of indole have been extensively developed for
use in organic synthesis 11 •

1.4.8 Direct Palladium catalyzed C-3 alkynylation of indoles

The direct palladium-<:ataly:red cou~ling reaction of indole; with alkynyl bromides was
described by Yonghong Gu et al II. In the presence of catalytic amount of PdCll
(PPh3n and 2.0 equiv. NaOAc, the coupling reaction ofindoles with alkynyl bromides
proceeded smoothly at 500 C 10 give the corresponding 3-alkynylindoles with high
regioselectivity in good to excellellt yields.

165

Pallad;mn catalyst b.,.,•THF, 50" C, 24 h

166

Scheme-49
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1.4,9 Nucleophilic aromatic substitution

When, chromium tricarbonyl fragment inserted inlo indoles, it undergo nucleophilic
aromatic substitution and lithiation. 'Ihis feature has been used to introduce
functionality at nonnally Wlreaetive position oflhe indole ring system.
This ehemistry allowed 5- chlorodihydro indoles to be converted into 5- methoxy
dihydroindoles by nucleophilic substitution of chloride by methoxideJl2 and complexed
indoles 167 were alkylated in the 4- and 7- positions (m~or and minor product
respectively) by carbanionsllJ, ll~.

y y
y

(1) W 0 0
(COhC~

(2) !l •. +
N N« R «It 168167 169

Scheme-50

Lithiation of oomplexed indoles 170 oecurred at the 4-position when the N-substitucnt
was largely but at the 2-, 4-, and 7- position when it was smalll15,

(CO);C,~

170 R

E

(I)BuW
(2) 2.1'0 ••

Cr(COb ~
171 Ii

Scheme-51
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1.4.10 Insertion of Car bene

The site of insertion of carbons generated by transition-metal-catalyzed decomposition
of a-diaweslers such as 173 depended strongly on the catalystl16.

0 0
R'

OR'
R

Pd(OAch 0 '"
N~

174

0 R'
0 R'

RI':J(OAc)4
173 0OR'

Rl = II. Me, [t, R2=iPrH N,
175 I,

W=Et, Me, R4= H, PhC1l2. Ts R

Scheme-52
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Present work: Synthesis of substituted indoles by metal mediated
reactions

2.1 Rationale

Indole nucleus is a class of fused heterocycles, has arose groat interest in recent years due
to their wide variety of biological aetivities'l7 and pharmacological studies"" and use lISa

common building block of a wide variety of alkaloids. Although various methods have
been developed previously for the synthesis of indoles but only a few of them were

mediated through palladium catalysis.
Palladium eatalysed"~ reactions have been extensively utilized for carboannulation11O and

hetero annulationl21 processes. Many researeh groups have reported the synthesis of
various aromatic heterocycles via paHadium-catalyzed Uflflulation of internal alkyncs)21.

Others have shown thc palladium-catalY7.ed cycHzations to be valuable synthetic tools for
the synthesis of a wide variety ofheterocyclcs using vinylic compounds, terminal alkynes,

31kenes and other substrates.
In recent years, our research group has developed methods for the synthesis of various
benzofused heterocyclic compounds c.g. benzofuransUJ isnindolinones1l4 and

isoquinolinonel~ by palladium catalyzed reaclions with terminal alkynes and acid

chloride.
Due to the natural occurrence and biological importance of the indole derivatives and lack
of convenient palladium precursors, we were interested in developing a genera! and facile
method tor the synthesis of indole derivatives. We became interested in the synthesis of
2,6-disubstituted indole derivatives through paiJadium catalyzed and base catalyzed

cyclization reactioos.

2.2 RESULTS AND DISCUSSION

Here an approach of the syothesis of substituted indoles through palladium-catal)'7ed
reactioo followed by base catalyzed eyclization is demonstrated. In this regards ditTerent

iodo compounds were synthesized Irom its parent amino compounds by iodination
reaction. Among the 'odo compounds 2, 4 d,substitutcd indo compounds were the major
product. Then this substituted iodo compound~ were converted to its acetanilide by using
acetic acid and acetic anhydride. 2, 4"diiodo-5-methy\ aniline 5, 5-chloro- 2, 4 diiodo-

aniline 8 and 5-chlorn- 2-iodoaniline 9 were stirred with acetic acid, acetic anhydride (I: 1)
and small amount of zinc dust at room temperature for half an hour. Then the reaclion
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mixture was rolluxed for 2-3 hours with constant stirring at 800 C giving 2, 4-diiodo--5-

mcthyl acetanilide 6, 5-chloro- 2,4 diiodo-- acetanilide to and 5-chloro- 2- iodoacctanilide
It with 65 %-70 % yield as shown in scheme-I.

'.,
~

' , X,

'" R,
X,

3,5, 7,8,9

Where
1,2. R--CHvCI
3. Xl~X.~I,RI--CH3
4. Xl~H,RI--CHJ
5,6. XI~I,X2~H,Rl--CHJ
7. X[-l-l,XJ-I,R,--CI
8. XI~I,X2~",R)~-C1
9. X[~H,X2~H,Rl~-Cl
10. Xl~I,X2~H,RI=-Cl
11. Xl~H,X2~11,Rl~CI

Scheme-!

~

ICOCH3
, X,

'" R,
X,
6, to, 11

2, 4-diiodo-5-methyl acetanilide 6, 5-ehloro- 2,4 diiodo- acetanilide to and 5-ehloro- 2-
iodoacetanilide 1t in DMF undcrwent facile reaction with tetminal alkynes in presence of

bis-(triphenyl phosphine) palladium (II) chloride (3.5 mol %) and triethylamine (4 equiv),
eupper iodide (8 mol 'Yo)under nitrogen atmosphere at room temperalure for I hour and
then at 60-80" C for 24 hours giving 2-ethynyl acetanilide with 55- 60 % yield, 2- Ethynyl
aeetanilide was then subjected to bast: eataly:.<edreaction with sodium ethoxide (1.2-1.5
mol%) in ethanol to afford the substituted indole~ 5-lodo--6- methyl - 2- phenyl indole 20
and 6- Chloro- 5- iodo - 2- Phenyl indole 2t in good yield, as shown in scheme-2.
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NaOEtl EtOH
X R, R, Compo No.

80_85° C 12 hr
Il -CAl .Ph 12
H -CAl -C{CH")2CH) 13 M\I -CH3 .Ph 15,20 ~ I I
I -CH, -C{CHihClh I' I ~ 1
I -CH.• -C(CH2))CA, 17 20,21
I -Cl .Ph 18,21

Scbeme-2

III the ca~e of 2-lod(>-5-melhyl acetanilide the desired fin:!1 indole producl 12, 13 were
produced in the line pOLreaction. Bul in olher cases the condensed product was produced at

first then it was cyc!ized to the indole. 2- EthYllyl acetanilide was added to sodium
e1hoxide (1.2-1.5 mmol) in ethallol (20 ml) aod the mixture were stirred under a nitrogen
almosphere for 4.5 hr at 8(}..85°C to yield 2,6- substituted indoles. In this case the yields

were 65 % for phenyl acetylene and 40-45 % for n-hexyne or I-heptyne.
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Table- 1: Synthesis of 2, 6-tiisubstituted indole through palladium catalyud reaction

followed by base catalyzed cyclization.

Entry Acetanilide Terminal alkyne Product Yield'
1%\

1 ~OCHl O-C=CH M\ 52, , ~ I I'6 CHJ ~h
3 CAl "2 '9:0Cll

'

I1C~ (CHihCH.l

~

43, , ~ I I
" CHJ ~ H2),CH.1, H,

"3
~OCH' Q----<=cH XxA 65

, ' "" INI
" 'H, CH, II Ph, ",

4 ~OC"' Q----<=cH

~

42

"
~ I I",

Cl ~ h,
"•

"Yield was calculated on the basis ofindn compound 3, 5, 9.

2.3. Syntbesis of starting materials

2.3.1 Iodination of3-substituted aniline

Meta touJidine, 1 and 3-chloro anilinc 2 has been used as starting materials because of it,

easy availability Hum commercial market. Iodination reaction was done as shown in the
following scheme-3 and scheme-4.
After usual workup the crude product was purified by chromatography on column of silica
gel with hexane: chloroform. Variou. type. ofpmduct were yielded in different ralio.

Scheme-J
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6: ~ ~ ~

' ,J" Cu(OAcll, I '" , '
+ "o '",+

~ CI 1"",120 C,9-lOhr I 6 , ", ,
7(24%) 8(53%) 9(12%)

Seheme-4

Table-2: Synthesis of2,4-disubstituted iodo aniline or acetanilide.

YIeld (\I••)was calculated on the base urthe amount of compound land 2

Entry Starting Condition Product Yield (n/.)
Material

*' /''" 10H,,,'6\~HJ, ,
" "CH,,

0: 12, Cu(OAch

~
I ,~ , '

"~ CH3COOH
-" ell,

CH3 ,
1200 C, 9 hr.

,
~OCH'

" 12" '",,,

'~
"

24
< I
7

0: 12, Cu(OAc)2

~
2 ,~ CH3COOH

"

53" .'I
A CI ,

"120 C,9hr. •
~"

I2
; .1

•
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•J



2.3.2 Characterization of starting materials

2.3.2.1 Characterization of2,4, 6-triiodo-5-methyl aniline 3

The structure was established from the study oflR, IHNMR and IJC NMR spectrum data.
2,4, 6-Triiodo-5-methy\ aniline was white erystal and obtained (yield 10 %), m.p. 136°C.

In the IR spc<::trum (fig-l) of the compound 3 1m: absmption band found at 3313.76 cm-'

was due to the \'Nilof the amine group. Where as bands at 1599.02 cm-] and 1420.60 cm-I

due to the double bond in the aromatie ring.

The 'H NMR ~pectrum {fig-2} of the compound showed, the peaks at a,r 8.04 (5, lH,CH)

due to the aromatic ring protons. The chemical shift position at Ii 4.78 was found in thc

fonn of singlet due to the NH, proton. The chemical shift position at 1\2.73 (s, 3H, -CH,)

was due to the aromatic methyl protons.

The structure of the compound 3 was further confirmed by its "c NMR data (Fig-3) at the
chemical shift position of 686.45.83.55,78.35 due to the Ar-Tcarbon, atl) 146.92 and at
143.96 in favor of C-NH and C-Clh carbon of the aromatic ring respectively. The

chemical shill position at Ii 35.98 in favors of Ar-CH, carbon, thc structure was finally
established ITom its DEPT (Fig-4) speclrum due 10 !.he presence of only one aromatic

carbon in the ring at 6146.84 and one aryl methyl earoon at 35.98.
The position of the carbon in the DePT spectrum further confirmed from the COSY
spectrum (Fig-5).

2.3.2.2 Characterizlltion of 2-iodo_5_methyl acetanilide 4

UV, IR, 'll NMR and llC NMR spectrum data established the structure of compound 4.
2-lodo-5-methyl acetanilide was white crystal and obtained (yield 22%).

In the lR spectrum of the compound (fig - 6) the absorption band found at 3315.4 (-NH)

em'] due te the VNH of the acetanilide group. where as a band at 1668.3 cm.1 due to the

presence of kew (-C=O) group in the acetanilide.

The IH NMR sp~'Ctrum (fig -7) ofthe compound showed, the peaks lit IiH7.67 (d, IH,CH,
J= 8.5 Hz) and lill 7.42(d, III, CH, J= 1.94 Hz) due to the aromatic ring adjacent protons.
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The chemical shin position at oS 7.03 (dd, lH, CH, J=I1.2 Hz) results from long-range

coupling of 2,4 protons. The chemical shift position at <57.46 was found in the form of

bl'Olldsinglet due to the NH proton.

The structure of the compound 4 was further continned by its BC NMR daw.(Fig-8) at the

chemical shilt position of S 168.52 due to the presence of (C=O) carbon, at S 142.03 in
mvor ofC-NH, 0 94.43 designed lor Ar-I, Ii 28.13 and 24.58 in support ofCO-CHj carbon

and Ar-CH.l carbon respectively.
From the DEPT (Fig-9) spectrum it is clearly shown that there are three tertiary carbons

present at 142.03, 138.1 I and 121.11 in the aromatic ring.

2.3.2.3 Characterization of of2,4-diodo-5-methyl aniline 5

The compound Wll.'8rm,," solid, m.p: 80°C, Rf Value: 0.56, (Hexane: Chloroform = I: I).
In the IR spectrum of the compound (fig -IO) the absorption band found at 3413.10 cm,l

due to the VNH of the aniline (-NH,) group, where as a band at 1599.98 em'" 1546.94,
1461.10 cm.1due to the double bond in the aromatic ring.

The lH NMR spectrum (fig - II) of the compound showed, the peaks at OH 7.94 (s,

IH,CH), iiH 6064 (s, lH, CH) due to the aromatic ring protons. The chemical shift position

at S 4.03 (s, 2H,NHl) was found in the form of brood singlot due to the NHl protons.

The strucrure of the compound 5 was further confinned by its I'C NMR dllta (Fig -12) at

the chemical shill position of 86.45 and 81.12 due to the presence of (Ar-I) carbon, at 0
146.90 due to the Ar-NH2, at /) 146.66 and at /) J42.25 due to the C-3 and C-S respectively,

at ii 115.55 designed for C-6 and at S 27.50 in support of Ar-CHl carbon respectively.
The structure of the compound 5 WjIS finally .,,;tablished from its DEPT- 135 (Fig -13)
spectrum. Where there lire only two aromatic CH carbons at 146.66 and 115.55 are found
in the DEPT spectrum. Another carnon at 27.50 represents the aromatic methyi group.

In UV spectrum (Fig -14), the value was found in the range ofA",.,.252.30 and 232.80 nm

2.3.2.4 Characterization of2,4-diodo-5-methylacetanilide 6

The compound was white erystal with m.p. 2150 C and R[ value: 0.58 (Hexane: ,f
Ethylacctatc = I: l).
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In the IR spectrum (fig - 15) of the compound the absorption baod found at 3265.54 cm-1

dueto the VNII of the acetanilide (-NH) group, whcre as a band at 1659.77 cm-l represents

the v"" of the acetanilide. The band at 1554.65 and 1512.22, Clll-1 represents the double

hond in the aromalic ring.
The 'H NMR spectrum (fig - 16) of the compound showed, the peaks at OH8.14 (s,
2H,CH) due to the aromatic ring protons. The chemical shin position at, Oil7.30 (s, IH,

NH) was found in the form ofa singlet due to the NH protons.

Tnc structure oCthe compound 6 was further confirmed by it~ lJC NMR data (Fig ~ 17) at

thc chemical shift position of 0 168.09 due to the presence of(C=O) carbon, at 0 142.03 in
favor of C-NH, /) 96 and 86 designed for Ar-I, at 0 138.38 designed for C-5, at Ii 146.79
lind at Ii 122.47 due to the C-3 and (-6 respectively, at Ii 27.90 and 24.88 in support of -

OeHl carbon and Ar-CH) carbon respectively.
The structure of the compound 6 was confirmed from the DEPT-135 (Fig ~ 18) spectrum.
In the dept spectrum there arc two -eH carbons present in the aromatic ring at 122.47 and

146.83.

The position of the carbon found in the Dept spectrum further confirmed from the COSY
(Fig-19) spectrum.

In UV (Fig - 20) spectrum, the value was found in the range of A,.,., 274 and 226 nm
indicated acetanilide group.

2.3.2.5 Characterization of 3-ehloro- 2, 6 diiodo-anilinc 7

The structure ofthe compound "'lIS chllracteri7.cd by its UV, IR and 'n NMR spectra.
In the IR spedrom of the compound (fig - 2/) the absorption band tound at 33]2.80 em.1

due to the VNH of the aniline (-NH1) group. The band at 1595.16, 1416.74 cm-1 represents
tile double bond in the aromatic ring. A strong band al 873.77 represents the eloro

compound.
The 'H NMR spectrum (fig -22) of the compound showed, the peaks at liH 7.53 (d,

lH,CH, J= 8.36 Hz), 6.58 (d, IH, J=8.37 Hz) due to the two adjacent aromatic protons.

The chemical shift position at li 4.87 (brS, 21-1,Nl'h) was found in the form of broad singlet

due to the NH2 protoll5.
In UV (fig -23) spectrum, the value was found in the range of Am""244 lind 234 nm
indicated aniline group.
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2.3.2.6 Chal'llcterizlltion of 5-chloro-1,4 diiodo-aoilioc 8

Thc compound was white crystal, m.p-75° C. Rr Value 0.91 (hexane: chloroform =1:1).

Tnthe IR ~pectrum (fig - 24) of the eompound the absorption band found at 3333.05 cm'[

due to the YNH of the aniline (-NH2) group. The band at 1613.48 cm-! and 1454.35 cm"

represent the double bond in the aromatic ring. A strong band at 877.63 represents the

c1oro compound.

The III NMR spectrum (fig. 25) of the compound showed, tbe peaks at OH 7.98 (s,

IH,CH), 6.83 (s, IH, CH) due to the two isolated aromatic protons. The chemical shift

position at (\ 4.27 (br S, 2H, NH2) was found in the fonn of broad singlet due to the NH2

protons.
The structure ofllie compound 8 was further confirmed by its lJC NMR data (Fig -26) al
the chemical shift position of 82.93 and 82.05 due to the presence of (Ar-I) carbon, at (\
147.9{)and at (\ 114.38 due to the C-3 lind C-6 respectively, at /) 147.79 due \0 the Ar-NH2

and at (\ 139.13 designed for C-5 earbon respectively.

The structure of the eompound 8 was further esroblishe<!from its DEPT (Fig -27)
Speelrum, where only two carbons in the aromatic ring at positions 147.80 and 114.38 are

Presented.
In UV spectrum (Fig -28), the value was found in the range ofA....,,274 and 250 nm.

2.3.2.7 Characterization of 5-chloro- 2-iodOll.oiline 9

• •The compound brown wlid, m.p_ 70 C, Rr VlIlue 0.58 Hexane: Chloroform (1:1).
In the IR spectrum 01"the compound (fig -29) the absorption band found at 3421.78 cm-I

due to the VNIlofthe aniline (-NH2) group. The band at 1621.20, 1463.03 cm-' represents

the double bond in the aromatic ring. A strong hand at 854.48 and 817.83 represents the
halogen compound.

The 'H NMR spectrum (fig - 30) of the compollnd showed, the peaks at iiH 7.50 (d,
lH,CH, J= 8.16 Hz). 6.30 (d, IH, J=7.46 H,,) due to the tw" udjucent aromatic protons.

The chemical shill: positi"" lit 1\ 3.73 (hr S, 2H, NH2) was JUnnd in the foml of broud

singlct due to the NH2 protons. A singlet in the position al 6.80 was due lO the aromatic
isolated proton in the C-6 posilion.
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2.4 Synthesis of2-Iodo-5-substituted acetanilide derivatives (6, 10, 11) of2-lodo-5-
substitnted aniline (5, 8, 9)

Different 2,4-diodo-5-suhstitutcd aniline 5, 8 lIud 9 was stirred with acetic acid and acetic

anhydride (l: 1) and small amount of zinc dust at room temperature for half an hour. Then
the reaction mixture was refluxed for 2-5 hours with constant stirring lit 80u C for the

formalion of2, 4-diodo-5-subsilluted acetanilide .. The hot rellctiun mixture was poured in
a thin stream inlo a 500 ml beaker containing 200 ml of cold water with constant stimng.
Filtered the crude product by using suction pump, washed with a little cold water and dried

upon Ii filter paper in the air. The desired product 6, 10, It was purified by crystallization

from ethanol.
NHCOCH,

CH,COOH,A<>,O,zn.I~-'

80" C,4-5 h Y'R
x,

6, 10, II
When:

5, 6. X, - 1,R=-eH,
8, 10. X, -1, R--{;j
~,ll.X,~II, R=-Cl

Scheme-5

Table.3: Synthesis of lodmlcetanilide derivatives of 5- substitnted aniline,

EDt Com "d Condition Product 'Yield %

~

CH3COOH, Ae;.O, III ~ocn,,
" "

n
,,; CH] 80° C, 2-3 h " H,,

I
5 ,

~

CH]COOH, Ae;.0, Zn
~H'2 "" ., 80u C, 4-5 h ,~,,

8
,
w

~

CH3COOH, AC20, ill
~H3

3
"

I' 65, ,
800 C, 4-5 h "9

,
n

'Yield ('Yo)was calcnlated on the based on the compound of 5,8,9
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2.4.1 (a) Characterization of2,4-diodu-5-mcthylacetanilide 6

The compound was trunsparent cryslal; yield 72%, m.p 214_215" C. R[ = 0.58, (Hexane:
Ethyl acetate = 1:1). The product was characterized by its IR, 'H NMR and IlC NMR

Spel.-irumdala.
In Ihe IR spectrum ufthe compound (fig- 15) the absorplion band found at 3267 em" due

to the VNJIof the acetanilide group, where as a band 3t 1659.77 em" due to the v'" of the
acetanilldc. Thc absorption band at 1554.85 and ]510.29 cm-l represenls the double bond

in the aromatic ring.
The lH NMR spectrnm (fig -16) of the compound showed, the peaks at IiH 8.13 (s, 2H,

CI.I), due to the arom;ltic protons. The chemical shift position at Ii 7 .30 (s, IB, Nil) was

fuund due 10the NH proton.
The structure ofthe compound 6 was further confirmed by its llC NMR data (Fig.- 17) at
the chemical shift position of 0 168.52 due to the presence of(C=O) carbon, at 0 142.03 in

favor 01"C-NH, alii 138.39 de,ignated for C-5, at Ii 146.77 and at 0 122.47 due 10the C-3
and C-6 respectively, at Ii 95.65 and at Ii 95.65 designed for Ar-I, Ii 27.90 and 24.88 in

support ofCO-CHj carbon and Ar-CH] carbon respectively.

2.4. t (b) Cbaracterization of 5-chloro- 2,4 diiodo- acetanilide 10

The compound was while '-T)'slal;yield 75%, m.p 1580C. Rf= 0.52 (Hexane: Ethyl acetate

=1 :1).
In the IR spectrnm of the compound (fig - 31) the absorption band found a13272 em" due

to the "Nil of thc acetanilide group, wherc as a band at 1658.81 em.' due to the v"" of Ihe
acetanilide grouo. The absorption band at 1568.15 and 1525.72 cm-' represent~ the double

bond in Ihe aromalic ring.

The 'H NMR spectrum (fig-32) ofthe e<>mpo"ndshowed, the peaks at IiH8.30 (s, I] {CH)
and allill 7.66 (d, lH) due to the aromatic protons. The dooblet at posilion 7.66 might be

duc 10the long rangc coupling in the aromalic ring. The chemical shift position at 0" 7.37
(s, IH NH) was found in the fOnDor sioglet due to the NH pmton.

Thc structure of the compound further confirmed by its '3C NMR spec:trum (Fig. 33) (100

MHz, CDCh). II was ObsclVed that the chemical shift at 0 168.0 (C=O), 147.68 (C-I),

139.18 (C-5), 139.18 (C-3), 136 (C-6), 121.79 (C-2) and 121.53 for C-4 respectively. The
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chemical shift at 24,79 indicated for -OCHj, and so Ihe llC NMR speclrum indicated the

presence of eight carbon atoms in the molecule corresponding 10 the formation of

compound 10.

2.4.1 (c) Characterization ofS-ehloro- 2- iodoacemnilide 11

The compound was white crystal; yield 65%, m.p 120-122GC. Rf = 0.52 (Hexane: Ethyl

aeetate=1:1).
In the IR spedrum of the compound (fig -34) the absorption band found at 3510 cm.1 due

to the "NI, of the acetanilide group, where as a band at 1653.99 cm-' represents the keto
group (C=O) of the acetanilide. The absorption band at 1581.66 and 1466.89 cm-'

represents the double bond in the aromatic ring.

The 'H NMR spectrum (lig - 35) of the compound showed, the peaks at 0117.73 (m, lB,
CH), 7.10 (d, lB. J=8.13), 7.30 (5,111, Cll) due to the aromatic protons. The mulliplate at

o 7.72 was results from thc long rage coupling with proton in the C-6 position. The

chemical shift position at oS 7.41 was found in the form of singlet due to the NIl proton.

The 13CNMR spectrum (fig _36) of the compound showed, the peaks at &: 168.45 due to

the C=O carbon, at 0 139.12 in favor of Ar-NH, at 0 138.39 designated for C-5, at 0 120.40
and at oS 119.29 due to the C-4 and C-6 respectively, at 0 91.06 designed for Ar-I and at oS

24.62 due to the -CHJ group attached to the L"=Obond.

Finally the structure of the compound 11 was eontirmed from the data obtained from
DEPT spectrum (fig - 37). Where lilOrtertiary caroons vanish oul of eight earbons found
in the nonnal lle NMR spectrum.

2.5 General procedure for synthesis of2, 6.disubstituted indoles

Bis.(triphenyl phosphine) palladium(lI) chloride (3.5 mol %), copper (11)iodide (8 mol %),
triethylamine ( 4 cquiv) were added to a solution of 2-iodo-5-methyl acetanilide (I mol) in

DMF (5ml).
The reaction mixture was stirred tor I h under a nilrogen almosphere lit room temperature,

Then terminal alkyne (R-C;;;;CH) (1.2 mol %) was added drop wise to the mixture, The

reaction mixture WIlS heated at 80_85° C for 24-30 hours with constant stirring as sho'MI in

lhe scheme-6.
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NHCOCH]

J~ (PPIl3hPdCl2 Cui MJ\i I
I + R~H '. "'"Et)N, OMF, 60-800C, 6-30 hr N RCH) CH) H
4 Where, 12 13

12,R=-Ph '
13,R = -(CHibCH]

Scbeme-6

Then it was evaporated 10 dryness under reduced pressure. The residue obtained was
extracted with chloroform, washed with distilled water, dried over anhydrous Na2S04,

filtered and concentrated under reduced pressure. The desired product (12, 13) was
obtained by column Chromatography on silica gel using n-Hexane: chloroform in different
ratio. Reaction of2-iodo-S-methyl acetanilide with Phenyl acetylene (entry I) gave product

in the highest yield (55 %) in the table 4.The reaction ofl-indo-5- methyl acetanilide with
n-Hexyne took place at lower tempenlture (600 C) bullonger time than phenyl acetylene.

Tablc-4: "Ynthesis of2, 6-disubstituled indoles ofl-ilMlo-S-melhly llcetanilide

Entry 2-iodo-5- Terminal Condition Product Yield
methyl Alkyne (%)

llcetanilide

~~" Q-ca:;H 80-85 C,

~
1 ' , 24'" ~ I I 52I _

('j-l, ~ h
J -II, n

~11'
H,C(H1CJ,C=CH 60 C, M;\2 ' , 30hr , J I 43J II,C U ( H,l,CH,, ' "

% Of yield Willibllsed on mol% of2_iodo-S.methyl acetllnilide

2.6.1 Cbaractem.atioD 6-metbyl-2-phenyl indole 12

The compound 12 (260 mg, 52%) was yellow solid, m.p-I22° C, Rfvalue 0.73 (n-Hexane:
Chloroform = 2:1).
In the JR spectrum (fig _ 37) "fthe compound the absmpti"n band found at 3420 em.' due

to the VNH of the indole ring, where as a weak band al 1491.66 em-I due to the V~.lH of the

secondary N-H of the indole ring. The absorption band al 1608.66 em-' and 1453.3gem-1
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represents the double bond in the aromatic ring. The absorption band at 1371.41 em" might

be due to the hending stretching ofthc -CHl group.
The 'H NMR spectrum (fig - 38) of the compound showed, the peaks at l)[]7.54 (s, IH,
CH), 7.50 (m, 2H, CH) in the aromatic ring, 7.30 (s, Il-l, =CII) due to the venylic protons.

The multiplate at l) 7.35 was results from the coupling with of the protons in the phenyl

ring. The chemical shift position at S 5.05 was found in the form of singlet due to the NH

proton.
"ibe chemical shift position at 2.70 represents the methyl group of the aromatic ring.
The llC NMR spectrum (fig -39) oftha compound showed, the peaks at 0< 148.06 and

144.92 due to the adjacent carbon of the indole ring.
"lbc compoWld shows the absorption in the IN spectrum (fig -40) in the region of 280-
300rnn.

2.6.2 Chantetcrizat;on of2-Hexynyl- 5- methyl indole 13

Thc compound 13 was white solid, Rr value 0.75 (n-Ilex!lIle: Chloroform 3:1).
In the IR spectrnm of the compound shows the absorption hand found at 3420 em-I due to

the VNHof the indole ring, where as a weak band at 1598.05 em.1 due to the VNIrof the
secondary N-H of the indoie ring. The absorption band at 1371.41 cm-' due In the -CH,

group.
The 'H NMR spectrnm (fig - 41) oFthe compound showed, the peaks atl)H 7.53 (d, TH,

CH) in the aromatic ring, 7.35 (m, 5H, CH) due to the coupling of the protons in the

phenyl ring.The chemical shill position at 0 4.80 was found in the form of ~ing1ct due to
the NH proton. The chemical shift position at 2.56 represents the methyl group of the

aromatic ring. The mulipJate at 1.48 and 2.41 represents the methylene (-eH2) protons.
The chemical shift position at 0.9 represents the methyl group of the hexyne.
The rJC NMR spectrum (fig -42) of the compound showed, the peaks at 0< 148.06 and

144.92 due to the adjacent carbon of the indole ring.
The absorption band found in the UV spectrum (fig -43) in the region of290- 350 nm.

2.7 General procedure for synthesis of 2-Alkynyl - 4 -iodo- 5~methyl

acetanilide
Bis-(triphenyl phosphine) palladium(ll) chloride (3.5 mol%), copper (II) iodide (8 mol%),
triethylamine ( 4 equiv) were added to a solution of 2, 4-diiodo-5-methyl acetanilide

(I mol) in DMF (5ml).
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The mixture was stirred for I h under a nitrogen atmosphere at room temperature. Then

tcnninaJ alkyne (R-C~H) (1.2 mol%) was added drop wise to the mixture. The reaction

mixture was heated at 60-800 C for 24-30 hours with constant stirring as shown in the

.<;cheme.5.

6, 10
I
ts, t6, t7, 18

Where,
15.R,~-OI3R,~-Ph
16. R, ~ -{;H,: R, ~ -C(CH,l:;CH,
17. R, ~ -("ti" Rl ~ .C(CH-,)~CHJ
18. R, ~ --Cl,R, --Ph

Scheme-7
Table-5: Synthesis of 2-Ethynyl- 4 ....•odo- 5- methyl and chloro acetanilide of 2-iodo-

5-methly or chloro acetanilide

V,eW (\I,,) WIIS bllsed on the amount (mmol) 0(2-lOd0-5 methly or chloro acetanilide

Entry 2-Iodo-5- Terminal A1kyne Condition Produet Vield
alkyl (%)

acetanilide
1

~H' ~H
80-85 C,

~~.
62

I , 24 hr

'< H, 'w,,
",

,~H'
11,C(Il,Cf,C==t:lI 60 C,

"~
37,~,

"

30 hr< '".u, ,
"

3
u;S:OCU'

C1IJ(CH,l4C==CH 60 C,

"~
33'"0(>(''', , 30 hr ~ '

'< . 11,
,c•,

"
4 i"'" ~H

80-85 C, '\}~~w 58, , 24 hr'< ,
"

,

"
. ..

,
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2.8 Characterization of2-Alkynyl- 4 -iodo- 5- methyl and chloro
acetanilide

2.8.1 Characterization of Pheny acetylene dimmer 14

During Sonogashira coupling a dimmer of phenyl acetylene 14 was produced. ]t \\fllS
separated by hexane with R{0.90 (100 % hexane) in the column chromatography. The
compound was greenish solid.

In the IR spedrum(fig- 44) ofthe compound the absorption band found at 2148.74 cm-r

represent the v""of the e~ bond in the dimmer.

The In NMR spcdrum (Jig- 45) oUhe compound showed, the peaks at OH 7.52 (d, 411,
CH, J= 6.84 Hz) was due to the similar CH proton of the C-2 and C-6 carbon 01"the hoth

phenyl ring. The chemical shift position at 0117.3.5 (m, 6H, CH) showed as multiplate due
to the long rangc coupling among the protons (C-3, C-4 and C-5) of the aromatic ling.
Thc coupling of the adjacent protons are clearly observed from the COSY (lig- 46)

spectrum.
The Uc NMR spectrum (fig -47) of the compound showed, the peaks at 0, 132.52,

129.27, 128.51 designated for similar carbon at C-2, C-3 and C-4 of the both ring. The
chemical shift at 121.89 represents the C-1 carbon orthe hath aromatic ring. The positions

at 0 81.63 and at 0 73.99 represent the acetylenic (C~) carbon respectively.

2.8.2 Characterization of2-Phcnylcthynyl-4 - iodu -5- mcthylaeemnilide 15

The compound 15 (yield 60%) MISyellow solid with Rf value 0.73 (n-Hexane: Chlorolonn
2:1). The struclUre of compound 15 was wssigned by spe<."traldata.

[n the IR spedrum (fig - 48) of the compound the absorption band found at 3293.51 em']

due to the VNH orthe acetanilide group, the band at 2214.32 cm'[ represent thc Veeofthc

""'" bond, where as a band at 1663.63 cm'] represcnts the V,"of the acctanilidc group.

The IH NMR spectrum (fig _ 49) of the compound showed, the peaks al OIl8.35 (s, IH,

CH) and at liH 7.91 (5, IH, CH) dlle 10the aromatic protons. The multiplale at Ii 7.51 - 7.33
was result, from the coupling with proton in the phenyl ring. The chemical ,hift position at

{;7.85 was found in the fonn of singlet due to the NIl proton.
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The llC NMR spectrum (fig _ 50) of the compound showed, the peaks at Ii, 168.45 due to

lhe C=O carbon, at 143.43 for C-2, al <; 140.92 in tavor of Ar-NH, at Ii 138.82 de:;ignaled

for C-5, at <; 98.30 and at Ii 82.64 due to the acety1enic (O"C) respectively. The chemical

shift position at <; 92.85 designed for Ar-I, at ()28.53 and at 25.02 duc to the G--CH] group
and aromatic methyl respectively.
In the UV (ng - 51) spectrum thc peak was found in the range 01'292-250 nm.

Completc analysis of the UV, IR, and IH NMR spectrum of this compound was agreement

with the structure accorded to it as synthesis of 2-Phcnylcthynyl - 4 -indo -5- methyl

acetanilide 15

2.8.3 Characterization of 2-Hexynyl-" -iodo. 5- methyl acetauilide 16

In lhe JR spectrum (fig-52) of the compound the abSO'lltion blind f"und al3299.30 em.1

due to lhe V~'Hof lhe acetanilide group, whcrc as a blind at 1665.56 cm.1 due to the v," of

the acelanilide group and the band at 2230.71 cm.1 represent the C;;;{;bond.

The 'H NMR spectrum (fig- 53) ofthc compound showed, the peaks at {ill 8.30 (s, 111,

CA) and 7.76 (s, 111,CII) due to the aromatic protons. The chemical shift position at <;
7.80 was found in Ihe fonn of singlet due to the NH proton. Thc chemical shift at 2.40 and
2.18 in the form of singlet represent the -DCI!) and Ar-CH] respectively_ The chemical

shift at 2.48, L60 and l.50 correspondence the -Clb- group of the hexyne. The chemical
shill at 0.96 in the fonn oflriplet represents the alkyl group of the hcxyne.
The lJC NMR spectrum (fig- 54) of the compound showed, the peaks at {ie 168.13 due to
the C=O carbon, 31 Ii 142.52 in favor of Ar.NH, at () 138.95 designated for C-5, at (i

119.84 due to the C--6 respect,vely, at Ii 76.87 Hnd at Ii 98.38 due 10 lhe acel)'lenic( C••C)

respectively, at 0 92.72 designed for Ar.l, and at Ii23.84 and 28.49 due to the -CAl and-
OCH, group respectivel)'.
The structure wa~ further c,mlinned from ilSDEPT (lig- 55) speclrum. There are only two
carbon in the aromatic ring at 139.84 and 119.84 represent the -CH orlhe aromatic ring.

2.8.4 Characteri~dion of2-Hcptynyl- 4 -indo-- S- mcthylll.cetll.oilide 17

The compound 17 (65 mg, 33%) was brown solid, m.p- 100°C and Rfvalue 0.73
(n-Hcxane: Ethylacctatc = 1:1).

53



In the lR spectrum of the compound (fig- 56) the absorption band found a13293.51 cm-I

due to the VNII of the acetanilide group, lVhere as a band at ]663.63 cm-I due to the Veoof

the acetanilide group and the band at 2224.93 em'] represent the C",c bond.

The 1MNMR spectrum (fig- 57) of the compound showed, the peaks at SH 8.31 (s, IH,

CH) and 7.77 (s, 1H, CH) due 10 the aromatic protons. The chemical shift posilion at S

7.81 was found in Ihe form of singlet due to the NH proton. The chemical shift at 2.41 and
2.19 in the form of singlet represent the -OCHJ and Ar-CHJ respectively. The chemical
shift at 2.48, 1.62 and 1.45, 1.38 correspondence the -{;H:!- group of the heptyne. The

chemical shift at 0.93 in the fonn of triplet represents Ihc alkyl group of the heptyne.

The llC NMR spectrum (fig- 58) of the compound showed, the peaks at So 168.50 due to

the C=O carbon, at S 142.48 in favor of Ar-NH, al S 138.95 designated for C-5, al S

119.73 due to the C-6 respectively, at S 74.47 and at S 98.38 due to the acetylenic (C",c)
carbon respectively, at S 92.72 designed for Ar-I, and at S28.40 and 31.14 due to the -{;HJ
and -oCHJ group respectively.
In the UV (lig- 59) spectrum the ahsorption band of the compound 17 shows in the region

290-320 run.

2.8.5 Characterization of3- Chloro- 2-Pbenylethynyl-4 - iodo acetanilide 18

The compound 18 (55 mg, 58%) was white solid, m.p-122u C, Rr value O.73(n-Hexane:
Chloroform 2:1).
In the IR spectrum oflhe compound (fig -60) the absorption band found at 3297.37 cm-1

due 10the VNtIof the acetanilide group, where as a band at 1664.60 cm-I due 10 the Vruof

the acetanilide group and the band at 2217.21 cm-l represent the ~ bond.

The IH NMR spectrum (ng - 61) or the compound showed, the peaks al StJ 8.50 (s, IB,
CI.n and at Su 7.94 (d, lB, CB) due to the aromatic protons. This proton causes the
coupling with the nearby proton. The multiplate at S 7.51 - 7.34 was results from the

coupling with proton in t1lephenyl ring. The chemical shift position at Ii 7.68 was found in
the form of singlet due to the NH proton.
The llC NMR spectrum (fig _ 62) of the compound showed, the peaks at lie 168.50 due 10

the C=O carbon, at Ii 109.89 and at Ii 96.64 due to the acetyJenic (C"C) carbon

54



respectively. The chemical shift position at Ii 98.88 designed for Ar-[, at 24.30 due to the

0-C1 h group.

2.9 Mechanism of palladium catulyzed reaclions of2-iodoacetllnilide with terminal

alkynes:

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

that the reactions proceed according to seheme- 8. It was observed that the presence of
palladium catalyst and base were very essential for the success of heteroannu[ation
reactions. The key steps of the possible mechanism were based on the following

observations.
It could be suggested that Pd (0) must be [he intermediate involved in the catalytic process.
The reduct;on nfPd (11)to Pd (0) in the presence nfEtjN and lerminal alkynes took place.

[n thc step-I, terminal alkynes wenl to react with Cu[ and EtJN to the Cu inversion in the

alkynes.
]n the step-H, the fonnation of Pd (0) from the interaction of bis-(triphenylphosphine)

palladium (H) chloride and cuprous acety[ide was proposed by HagiharallO
.

Tn step-Ill, the catalytic cycle substituted acetanilide oxidatively added to

bis(triphenylphosphine) palladium(O) to generate a 2-aniJide palladim (Il) complex A.
Then the tenninal a[kyne could be co-ordinated with palladium (Il) compleJ< A (Heek
reaction) giving rise to co-ordinated comp[eJ< B. The alkynyJ palladium compleJ< B
gencratL-d the original bis (triphenyl phosphine) palladium (0) {hrough the redlK'tive
elimination uf th.e substituted products to afford the 2-ethynyl acetanilide.
Bis(tripheny[pllOsphinc) palladium (0) could then continue the catalytic cyele.

The mechanism of the reaction is givcn below.

Step-I

HC=C_R

Step-TI

CuC=C-R +

HC=C-R ~~_ ••. (PPh3hPd-(C =C-Rh

I
R-C=C~C = C -R + (PPhJhPd (0)
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Step-III

f'lr-J
~~J\.R
•

(PI"',l,Pd (0) ex,I A' NHCOCII,

'uC=C--R

fPh.,

CQ""It'~~-R
.4' PPh,

HCaCH,

•SchemNl

2.10 Base eataly7.ed ~etion with 2-Ethynyl substituted acetanilide

The 2-Ethynyl-4 -iOOo- 5- methyl acetanilide IS and 2-Ethynyl - 4- 1000- 5- chloro
acetanilide 18was added to sodium ethoxide (1.2-1.5 mmol) in ethanol (20 ml) and the
mixture was stirred under a nitrogen atmosphere for 6-12 hr al80-85° C. After usual
workup the erude product was purified by column Chromatography on silica gel using n-
Hexane: Ethyl acetate (I: 1) to yield indole 20, 21 as shown in scheme-9.

,
HCOCH,

15, 18

I

NaOEt/nolt •• M\.'" I I
8()..85°C. 6.12 hr R "'" N

, H'

20.21

Scheme-9
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Table-6: Synthe'lis of 4-lodo -5-methyl or chlom- 2 - phenyl indole

Rntry 2-iodo-5-metbyl Condition Product Yield' (%)
acetanilide

1

~~'

80-85 C, 6

~

65
h, ~ I I

CH, ~
tH, '",

"2 Q 80-85 C,12

XtA
42

"<?=' h,
Cl I ~ I Ph\,, 21

"Yield' (%) calculated on the base of the amonnt of compound 15 and 18

2.11.1 Characterization 4 - indo -5 - metbyl- 2 - pheuylethylaniline 19

The struture of the compound 19 was established by obserbation of the IH NMR and IJ C

NMR spectra.
[n the IH NMR(fig-63) spectra the chemical ,hili was found in the position 0117.75(s, IB,
CH) and 6.64 (s, IH, - CH) represent the Cli of the aromalic ring. Where as the chemical

shift at the position lill 4.22 (s, IH, -NH2) represents the proton of the aniline. The
moitiplllle in the region 7.50-7.33 (m, 5H, CH) due to the aromatic phrotons and the Oll

2.34 (s, 31i, -CBJ) due to the aromatic methyl group.

IJC NMR spectrum (fig- 64) reveals the structure of the compound 19 at positions oSc

147.75,145.70,142.72,141.28,137.80,131.40,128.37, 128.32, 123.00, 115.45,
due to the aromatic ring carbons. The chemical shift at positions 107.95, 95.07, represent~
the acetylenle earbon~. The chemical shill at 84.22 due to the Ar-I and 28.07 for aryl
methyl respectively.

2.11.2 Charactcrization of 5-1000--6-methyl-2- phenyl indole 20

The compound 20 was yellow solid and Rrvalue' 059 (hexane: ethyillcetate= 1:I).
The 'H NMR spectrum (fig- 66) of the compound showed, the peaks at Ou7.53-7.48 (m,
2H, CH) of the protons of the m-toluidine ring and 7.33-7.31 (m, 5H, CH) due 10 the
isolated aromatic protons. A distinguish peak at position 659 was due to the venylic
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•
proton of the indole ring. The chemical shift position a\ & 4.37 was found in the fo,," of

singlet due to the Nil proton.

The llC NMR spectrum (fig- 67) of the c{lmpound ~howed, the peaks at 29.67 due to the

aromatic methyl. The peak at 85.38 is due to the Ar-I carbon. The peaks at 135.82 and
128.27 are due to the C-S and C-9 respectively. The peaks 31115.45 and at 98.38 might be
due to Ihe C-2 and C-3 re:;peclively. The peak at 112.01 represents the C-? carbon.

In the [JV spectrum (fig- 68) the peak was found in the range of266-216 om.

2.11.2 Characterization of6- Chloro ~ 5- indo - 2- PheD}'1indole 21

The compound 21 was brown semisolid, R[vaJue D.68(n-Hexane: Chloroform 2:1).
The 'u NMR spectrum (fig- 69) of the compound showed, the peaks at ()H 7.57-7.52 (m,

lB, CH) of the protons of the m-ehloro aromatic ring and 7.33-7.31 (m, 5H, CH) due to
the i~olated aromatic protons. A distinguish peak at position 6.79 was due 10 the venylic

proton oflhe indole ring. The chemical shift position at 0 4.49 was found in the form of a

singlet due to the NH proton,

The IJC NMR spa"1rum (fig-70) oflbe compound ~howed, the peaks at 88.20 is due to

the M-I carbon. The peaks at 137.89 and 128.27 are due to Ibe C-8 and C-9 respectively.
The peaks at 125.27 !IIldat 102.89 might be due 10the C-2 and C-3 respectively. The peak
at 113.67 represents the C-7 carbon.
In the UV spectrum (fig- 71) the peak was found in the range of366-226 Urn.

2.12 Mechanism of the base l'lltlllyzed cyclizatioo of iodo1es

The cyc1ization reaction of 2-EthyoyJ - 4 -iodo- 5- methyl and chloro acetanilide was
carried out by sodium cthoxide (1.2-1.5 mmol) in ethanol (20 ml).
The plausible mechanism for base catalyzed cycli7-ulion 01"indoles was shown in the

scheme- 10.
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J. In the first step cthoxide ion extract the proton from nitrogen and nitrogen bears the

negative charge.
2. The nitrol:,'enlItIlIcks the partially positive earbon of the alkyne and the partially negative
carbon attacks the proton of the alcohoJ availabJe in the soJvent system.

3. In the final step CH]COOH removed by hydrolysis during workup.

roI R
H

•

Scheme-IO
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2.13 Conclusion

Here we developed a convenient and facile method for the synthesis of 2, 6-disubstituted-

indole derivatives through palladium and base catalyzed reactions. The most important

features cflhe synthesis were that-

.:- Readily available inexpensive starting materials were used under relatively mild

conditions .
.:- Various lodoacetanilide compounds were synthesized successltilly .

.;. The approach of synthesis of indole from substituted iodo aniline by palladium-

catalyzed reaction was found 10bc inconvenient .

.:- The one pot synthesis of 2-Hexynyl- 5- methyl indole hy the palladium-catalyzed
reaction of2_iodn_5_methyl acetanilide is developed in mild condition.

(. The yield of substituted indole in the case of phenyl acetylene with various

acetanilides was greater than that of the n- Hexyne or l-Heptyne .

.:- The yield of substituted indoe in the ease orm-toluidine was better than that ofm-

chloroaniline .

.;. This methodology is also expected to be widely used in synthesis of indole skeleton

containing nalural products and spiro compounds .

.:- The synthesi:red indole derivative might sh.owantibacterial and antifungal activity.

•



CHAPTER-II

Section-II

Experimental

,



Experimental
3.1 Synthesis of starting materials
3.1.1 Iodination of ill.toluidine

Tnto a round bottom nask equipped with condenser 5 ml (0.05 mol) of meta toluidine.

11.61 gm (0.05 mol) of granulated iodine and 9.31 gm copper acetate (0.05 mol) were
placed. Then 50 ml of acetic acid was poured in to the mixture and was shaken the
contents of the flask steadily. finally the reaction mixture was ret1uxoo for 9-10 hours with
constant stirring at 120" C. The completion of the reaction was monitored by TLC. After

completion of the reaction, acetic acid was evaporated 1.0 dryness and was extracted with
chloroform. The product was neutralized by saturated solution of sodium hydrogen
carbonate (NaHeD]), free iodine was removed by using sodium thiosulfate solution, dried

with anhydrous Na2S0. and concentrated under reduced pressure.
The crude product was purified by column chromatography on silica gel with hexane:

chloroform in different ratio. i'lve compounds were detected but four compounds (3, 4, 5,
6) were isolated in different ratio.

6 (11%)$ ($2%)4 (22%)1

NH NHCOCH l'm2 NHCOCIl38H

2

J"ClI(OAc),.CH,COOIl'V",':"1 l,&~ "~~ '*'\ • + +""+""
& CH tem 120i)C, 9-10hr. '" CH3 A CH) CH]

3 CH31 r
I

3 (10",(,)

Seheme-l

i) Chanlcterizatioo of 2, 4, 6_triiodo_3_mclhyl aniline 3

Physical atRIe: White crystal
M.P: 136°C
RrVallie; 0.72 (Hexane: chloroform = 1:1)

lR (](Br): Vmax3403.45, 3313.76. 3050.47, 1599.02, 1420.60, 1362.73. 1080.16,868.95.
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'H NMR (600 MHz, CDCh): OJr 8.04 (~, IH,CH), 4.78 (s, 2H, NH2), 2.73(~, 3H, Ar-CH,).
lJC NMR (100 MHz, CDCI~): S" 146.93, 146.84, 143.97,86.45, 83.55, 78.35, 35.98.

DEPT: 146.84,35.98

ill CharacteriZlltion nfZ-iodn-5-methyl acetanilide 4

Physical state: White crystal
Rr Value: 0.65 hexune: chlomfonn (1: I).
UV (EtOH): 1..m~,252, 232, 212 nm.
IR (KBr): Vm~, 3315.4 (-Nll), 1668.3 (C=O), 1606.6, 1581.5, 1533.3, 1471.6, 1396.4,

1311.5,819,7
IH NMR (400 MHz, CJ)C1~): SH7.67 (d, lH,CH, J~8.5 H,,), 7.46 (s, lH, NHl, 7.42(d,

!H,CH, J= 1.94 Hz), 7.03-(dd, 1H, CH, J=I1.2 Hz), 2.36 (~, 3H,-OCH,), 2.13

(s, 3H, Ar_CH,).
lJC NMR (100 MHz, CDCIJ): S~ 168.52 (C=O), 142.03, 139,11, 138.11, 121.11,

119.02, 94.43, 28.13, 24.58.
DEPT: 139,09, 121.09, 119.02,18.13,24.58.

iii) Characterization of 2,4-diiodn-S-methyl aniline 5

Physical state: Brown solid
M.P: 80°C

Rr Value: 0.67 tn-Hexane: Chlorofonn = 1: I)
UV (EtOH): A,n",252, 232, 224 om.
IR (K8r): VmllX 3401.53, 3300.26, 2967.53, 2936.67, 1599.02, 1543.08 1459.17, 1257.61,

1021.33, 869.91, 616.27cm-1
•
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In NMR (400 MHz, CDClJ): ~ 7.94{s, IH,CH), 6.64(s, 1H, CH), 4.03(s, 2H, NH2),

2.27(s,3H,ArCHJ)

lJc NMR (100 MHz., CDCIJ): &, 146.90, 146.66, 142.25, 115.55, 86.45, 81.12, 27.50.

DEPT: 146.66, 115.55,27.50.

iv) Characterization of2,4-diiodo-5-methyl acetanilide Ii

Physical statc; While crystal

M.P: 215°C
R, Value: 0.58 (Hexane: Ethyl acetate = 1:1)

UV (EtOH) : Amwc 204, 274, 250, 226 om.
IR (KBI"): v••••3265.54, 3057.23, 297/.39, 2921.24, 2849.87, /659.77 (C=O), 1554.65,

1512.22, 1359.84, 1278.83,1032.90,870.88 em').
In NMR (400 MIh., CDC!): 6'18.14 (s, 2H, CII), 7.30 (s, IH, NH), 2.38 (s, 3H,-

OCB]), 2.21 (s, 3H, Ar-CHJ)
lJC NMR (100 MHz, CDCiJ): lie 168.24 (C=O), 146.83, 143.02, 138.40, 122.23, 95.33.

86.52,27.97,24.97.

DEPT: 146.83, 122.23

3.1.21odination of3-Chloro-aniliuc:

5 ml (0.05 mol) of3-Chloro-anilinc, 12.09 gm (0.05 nwl) of granulated iodine IIIId9.31 gm

copper acetate (0.05 mol) were placed one by one into a round bottom flask equipped with
condenser. Then 50 ml of acetic acid was poured in to the mixture and was shaken the

~ reaction mixture steudily. Finally the reaction mixture was reflllxed for 9-10 hOllrs with
;; constant stirring at 120° C. The completion of the reaction was mooitored by TLC

~ comparing with starting material. After completion of the reaction, acetic acid was
evaporated to dryness and was extracted with chloroform. The product was neutralized by
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a saturated solution sodium hydrogen carbonate (NaHCOJ), free iodine was removed by
using sodium tbio~ulrate solution, dried with anhydrous Na2SO. and concentrated under

reduced pressure.

The crude product was punlicd by column chromatography on silica gel with hexane:
chlorofonn in different ratio and three compounds were isolated.

"e.A- tl,Cu(OAch,CH,COOIJV tern 120~C, 9-1(}hT •C,,
7(24"1.)

Schemc-2

'~~" '-&'I + I"
/- /-

.1 Cl,
8(53%) 9(12%)

i) Characterization of 3-chloro- 2,6 diiodo-llniline 7

Physical state: Yellow Solid
MoP: 148°C

Rt Value: 0.78, hexane: chloroform (5:1).
UV (EtOH) : Am""244, 234, 210 nrn.
IR (KBr): v_ 3447.82, 3403.45, 3312.80, 2925.10, 1595.16, 1416.74, 1355.02,

1256.65,165.99,1031.93,873.77 em,l.

lHNMR (400 MHz,CDCh): OH 7.53 (d, IH,CH, J= 8.36 Hz), 6.58 (d, IH, j=8.37 Hz),

4.87 (bT S, 2B, NIh).
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ii) Characterization of 5-chloro- 2, 4 diiodo-llPiline 8

Physical st>lte: Whitc crystal
M,P: 75°C
R,-Vlllue : 0.90 hexane: chloroform (1:\).

lJV (EtOH) : A..", 290, 274, 250 om

IR (KBr): v""••341 0.50, 3333.05 (N-H,), 3071.69, 2925.10, ]613.48, 1454.35, 1360.80,
1022.29,877.63 cm.l.

IH NMR (400 MHz, CDCI,): IlH 7.98 (s, 1H,CH), 6.83 (s, lH, CH), S 4.27 (br S, 2H,

NH,)

'3C NMR(lOO MHz, CDC!,): Ilc 147.90, 147.79, 139.13, 114.38,82.93 and 82.05

DEPT: 147.80, 114.38

iii) Characterization of S_chloro_ 2_iodOllniline 9

r~
0',

Physical stllte: brown solid
M.P: 70°C

Rr Value: 0.58 Hexane: Chloroform (I :1).
UV (EtOH): Am", 258, 210 nm
IR (KBr): v""'" 3421.78, 3343.66, 2956.93, 2925.10, 2854.70, \621.20, 1463.03,

1289.44, \01.37, 854,48 and 817.83 cm'].
'H NMR (400 MHz, CDCIJ): ~ 7.50 (d, m,CH,J= 8.16 Hz), 6.30 (d, m,cn, J= 7,46

Hz), 6.80 (s, lH, CH), 3.73 (br S, 2H, NI'h).
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3.2.1 Preparation of2,4-diiodo-5-methylllcetanilide 6:

2,4-Diiodo-5-methyl aniline 5 wu:>stirred with acetic acid, acetic anhydride (I: 1) and
smallllmount of zinc dust at room temperature for half an hour. Then the reaction mixture

wu:>relluxed for 2-3 hours with constant stirring at 80" C. The hot reaction mixture was
poured in a thin stream inlo a 500 ml beaker containing 200 ml of cold waler with constant
stirring. Filtered the crude product by using suction pump, washed with a lillIe cold water

and dried upon a tiller paper in the air. The desIred product 6 was purified by

crystallization using ethanol.
The compound was tr.msparent crystal; yield 72%, m.p 214-215" C. Rr = 0.58 (Hexane:

Ethyl acetate = I :I).

~

OCH'

I"
< H,
I
6

IR (KBr): Vm•• 3266.51, 1659.77 (C=O), 1556.77, 1554.65, 1371.41, 1278.83, 1033.86,
870.88 Cm,l.

'H NMR (400 MHz, CDCI.J): OJ!8.13 (s, 2H,CH), 7.30 (s, lH, NH), 2.38 ( s,3H, OCHJ),
2.20 (s, 3H, Ar-CH,)

IJC NMR (100 MHz, CDC!,):&.. 168.75 (C~), 146.79, 142.%, 138.39, 122.47,95.65,

87.88,27.90,24.88.
DEPT: 146.76, 122.47, 27.88, 24.88
UV (EtOH) :).",,,, 274, 250, 226 nm

3.2.2 Preparation ofS....,hloro- 2,4 diiodo- acetanilide 10

5-Chloro- 2,4-diiodoaniline, 8 was stirred with acetic acid, acetic anhydride (1: 1) and
small amount or /inc dust at room temperature for half an hour. Then the reaction mixture
was rel1uxed for 2-3 hours with constant stirring at 800 C. After usual workup as it was

done before, the product, 10 was purified by "TYstailization process using ethanoL
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~COCH'

~I,
"

The compound was white crystal; yield 75%, m.p 1580C. Rr= 0.52 (Hexane: Ethyl acetate
~ 1: 1).

IR (KBr): Vmax3272.29 (N~H), 3084.23, 2923.17, 1658.8\ (C=O), 1568.15m, 1525.72,
1397.45, \280.76, 1089.80,867.98,603.73 em.l.

'HNMR (400 MHz, CDC~): OH 8.30 (5, iH, CH), 7.66 (d, IB, CH), 7.37(s, IB, NH),
2.23 (s, 3H, -OCHl).

IlC NMR (100 MHz, CDCh): Oe I 68.0(C=O), 147.68, 139.18, 136, 125.95, 121.79,

121.53,24.79.

3.2.3 Preparation of5-chloro- 2- iodoacemnilide II

5-ctdoro- l-iodoaniJine, 9 wa~ ~(irredwith acetic acid, acetic anhydride (I: I) and small
amount of zinc dust at room temperature for half un hOUT.Then the reaction millture was

relluxed for 2-3 hours with constant stirring at 80" C. After usual workup the prodU<'4 11
was washed with water and finally dried, recrystallized from ethanol.

',&:OC',
"
/- ,
11

The compound was white crystal; yield 65%, m.p 12()..l22" C. Rr = 0.52 (Hexane: Ethyl
acctate=l:l).

IR (KBr): Vrnax3510, 3395, 3237.57, 3095.80, 1653.99 (C=O), 1581.66, 1466.89,
1375.27,870.88, 569.97 em.'.

IH NMR (400 MHz, CDCll): <'iH 7.73 (m, 2H,CH), 7.10 (d, lH, CH), 7.41 (s, 1H, NH)
Uc NMR (JOOMHz, CDC!,,),~. 168.45 (C~), 140.\9, 139.12, \38.92, 120.40,

119.29,91.06,24.62.

DEPT: 140.166, 120.38, 119.28 and 24.59
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3.3 Synthtlllis of 6-melbyl-2-pbenyl indole 12

Bis-(triphenyl phosphine) palladium(ll) chloride (44.65 mg, 0.0636 mmol), copper (II)
iodide (27.77 mg, 0.145 mmol), triethylamine (734.27 mg, 7.27 mrno!) were added to a

solution of 2-iodo-5-methyl acetanilide (500 mg, 1.818 mmol) in DMF (Sml).

The mixture was stirred for I h under a nitrogen atmosphere at room temperature. Then

phenyl acetylene (212.58 mg, 2.811 mmol) was added drop wise to the mixture. The
reaction mixture was heated at 80-8S" C filr 24 hours with constant stirring. The reaction
mixture was evaporated to dryness under reduced pressure. The residue obtained was

extracted with chlorolOrnt (3x50 ml). The organic extracl was washed with distilled water

(3x50 ml), dried over anhydrous NalSO., filtered and concentrated under reduced pressure.

The desired product J2 was purified by column Chromatography on silica gel using 11-

Hexane: chlorofonn (3:1).

The compound 12 (260 mg, 52%) was yellow solid, m.p-122" C, R[ value 0.73 (n-Hexane:
Chloroform = 2: I).

lR (KBr): v""",3420.81, 3320.51, 3057.23, 2108.53, 1608.66, 1491.00, 1453.39, 749.36,
682.81 em-'.

'H NMR (41111MHz, CDCi.J): 5" 7.53 (m, 3H, CH), 7.35 (m, 5H, CH) 5.02 (brS, lH,
NH), 2.70 (s, 3H, -CHJ)

"c NMR (tOO MHz, CDC"): i\; 148.06, 144.93, 135.16, 131.54, 131.33, /28.57,
128.48, 128.35, 127.96, 122.78, 112.49, 104.96,94.83,91.29,84.95,28.32.

UV (EtOll): •••••••302, 296, 292, 288, 210 nm.
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3.4 Synthesi.~ of2-Hexynyl- 5- methyl indole t3

Bis-(tripheoyl phosphine) palladium(lI) chloridc(l8 mg, 0.025 mmol), eopper (H) iodide
(J I mg, 0.058 mmo!), triethylamine (293.78 mg, 2.908 mmol) were added to u sOlulion of

2-iodo-5-methyl a<;etanilide (200 mg, 0.727 mmol) in DMF(5ml).
The mixture was stirred for 1 hr under a nitrogen atmosphere at room temperature. Then
Hexyne (72.4 mg, 0.8724 nullol) was added drop wise to the mixture. The reaction mixture
was heated at 60° C for 30 hours with constant stirring. The reaction mixture was

evaporated to dryness under reduced pressure. The residue obtained was extracted with

chlorofOlm (3)<50 ml). The organic cxtract was washed with distilled water (3)<50 ml),

dried over anhydrous Na2S04, filtered and concentrated under reduccd pressure. The crude
mass 1NlIS purified by column Chromatography on silica gel using n_Hexane: chloroform

(3:1).

The compound 13 (85 mg, 43 %) was white solid and Rf value 0.75 (n-Hexane:

Chloroform 5:1).

~H)C H (CH2hCH)

13

'H NMR (400 MHz, CDCb): Oll 7.52 (d, 2H, CH), 7.35 (m, 2H, CH) 4.80 (hrS, IH,
NH),2.56 (s, 3H, -CH1) 2.41 (m,2H, -CHd, 1.48 (m, 211,.Cllr), 0.9 (s, 3H,

CH1)
lJC NMR (100 MHz, CDC!): 142.42, 140.87, 132.50. 129.20, 128.44, 119. 75, 11.91,

98.29, 28.41, 24.94, 22.05, 19.22, 13.56.
UV (EtOH): A",,,,346, 290, 278, 264, 216 nm.

3.5 Synthesis oCZ-alkynyl-4- ioda-5- methyl or chloro acetanilide

3.5.1 Synthesis of 2-Phcnylethynyl-4 - indo "5- methylacernnilide 15

Dis-(triphenyl phosphine) palladium(n) chloride(18 mg, 0.025 romnl), copper (II) iodide
(11.30 mg, 0.059 mmol), triethylamine (597 mg, 2.96 romol) were added to a solution of

2.4-diiodo-5-meth}'1 acetanilide (300 mg, 0.740 mmol) in DMF(5ml).
The mixture waS stirred for 1 h under a nitrogen atmosphere at room temperature. Then
phenylaeetylene (90.72 mg, 0.888 mmo1) was added drop wise to the mixture. The reaction
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mixture was hcatc<l at 80-85" C for 24 hours with constant stirring. The reaction mixture
was evaporated to dryness under reduced pres.>ure. The residue oblllined was extrncted
with chlnrolonn (3x50 ml). Thc org3Ilic extract was "'ashed with distilled water (3x50
ml), dried over 3IlhydrOlJsNU:lSO., filtered and concentrated undcr reduced pressure. The
crude mass was purified by column Chromatography on silica gel using n-Hex3Ile:
chloroform (3:1).

14

NHCOCIJ,

CH,,
"

During this reaction another product phenyl aectylene dimmcr 14 was also isolated using
n-Hexane (l00 %).

IR (KRr), v•••, 3277.11,3048.55,2931.85,2184.74, 1347.30, 1024.22,915.24, 755.14,

686.67.
lH NMR (400 MHz, CDCI,): IlH 7.52 (d, 4H,CH), 7.35 (m, 6H, CH).
BC NMR (100 MHz, CDCI,): lie 132.58, 129.28, 128.51, 121.90, 81.63, 73.99.
DEPT, 132.58, 129.27,128.51

The compound 15 (l85 mg, 62 %) was yellow crystal and Rf value 0.91(n-Hexane:
Ethylacctate = I: I).

IR (KBr), v""",3455.53, 3293.51, 3056.26, 2922.21. 2214.32 (C '" C), 1663.63 (C=O),
1554.65,1507.40, 881.48,753.22,689.56cm".

'" NMR (400 MH7~CDCI,); OH8.35 (s, IH,CH), 7.91 (5, IH, CH), 7.85 (s,ll-I, NH),
7.51- 7.39 (m, SH, CH), 2.24 (s, 3H, CHl), 2.0 (s, 3H, -O-CHj).

Be NMR (HI!)Mltz, CDCQ); lie 168, 14:1.43. 140.92, 138.82, 131.46, 129.06, 128.60,

121.39, 120.07, 98.30, 92.85, 82.64, 28.582, 25.0 I.
VV (EtOH); 1cma<292,284,258,210 nm.
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3.5.2 Syntbesis of2-Hexynyl- 4 -indo. 5- melbylacetanilide 16

Bis-{triphenyl phosphine) pal1adium(ll) chloride(2 mg, 0.0025 mmol), copper (II) iodide

(II mg, 0.059 mmol), triethylamine (298.96 mg, 2.96 mmol) were added to a solution of
2,4-diiodo-5-methyl acetanilide (200 mg, 0.50 mmol) in DMF{5ml).

The mixture was stirred for I h under a nitrogen atmosphere at room temperature. Then
Hexyne (73.8 mg, 0.888 mmol) was added drop wise to the mixture. The reaction mixture
wa~ heated at 60° C for 30 hours with constant ~tirring. The reaction mixture was

evaporated to dryness under reduced pressure. The residue obtained was extracted with

chloroform (3x50 ml). The organic extract was washed with distilled water (3x50 ml),

dried over anhydrous Na2S04, filtered and concentrated under reduced pressure. The crude

rna,s was purified by column Chromatography on silica gel using n-Hexane: EthyJacctatc
(1:1).

(CH,hCH,

\S'"COCH,,~
~

CH,,
16

The compound 16 (73 mg, 37 %) was white LT)'stalm.p- 1290C and Rf value 0.77 (n-
Hexane: Ethylacetate = 1:1)

IR (KBr): v""'"3447.82, 3299.30, 2930.89, 2871.07, 2230.71(C~), 1665.56 (C=O),
1560.44, 1464.96, 1288.47.884.38 ml.l.

IH NMR (600 MHz, CDCh): 3H 8.30 (s, lH, CH), 7.80 (s, lH, NH), 7.76 (5, lH, CH),
2.48(t, 21-1,-CH1), 2.40 (s, 3H, OCHl), 2.18 (s, m, -Cl-h), 1.60 (m, 2H, -Cl-h),
1.50 (m, 2H, -CH:!), (1.% (t, 3H, -CHl).

t~cNMR (100 MHz, CDCI.J): Oe 13.64, 19.31,22.13,25.01,28.49,30.76, 76.87, 92.72,

98.38, 112m, 119.&4,138.95, 140.97, 142.52. 168.13.
DEPT: 13.64, 19.31,22.13,25.01,28.49,30.76, 119.84, 140.97,
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3.5.3 Synthesis of2-Heptynyl- 4 -iodo- 5- methyl acetanilide 17

Bis-(triphenyl phosphine) palladium{lI) ehloride(12 mg, 0.0173 mmol), copper (II) iodide (
8 mg, 0.039 mmol), triethylamine (199.576 mg, 1.976 mmol) were added to a solution or
2,4-diiod\l-5~melhyl acetanilide (200 mg, 0.494 mmol) in DMF(5ml).

The mixture was stirred for 1 h under a nilrogen atmosphere at room temperatore. Then
Heptyne (56.9 mg, 0.593 mmol) was added drop wise to the mixture. The reaction mixture
was heated at 600 C for 30 hours with constant stirring. 'The reaction mixture was

evaporated to dryness under reduced pressure. The residue obtained was extracted with

chloroform (3x50 ml). The organic extract was washed with distilled water (3xSO ml),

dried over anhydrous Na2S04, filtcred and concentrated under reduced pressure. The crude

ltUlSSwas purified by column Chmmntograpby on silica gel using n-Hexane: Ethylacctate

(1:1).

The compound 17 (65 mg, 33%) was brovm solid, m.p- 1000 C and Rf value O.73(n-
Hexane: Ethylacetate (1:1).

IR (KBr): Vo",3293.51, 2957.89, 2928.96, 2856.63, 2224.93 (C"'C), ]663.63 (C=O),
1559.47,1512.22,1465.93.883.41

'" NMR (400 MHz, CDCI3): OH 8.31 (5, tH, CH), 7.81 (5, lH, NH), 7.77 (s, 1H, CH),
2.48 (t, 2H,-CH2), 2.41 (5, 3H, -OCH), 2.19 (5, 3H, Ar-CH), 1.62 (m, 2H,-

CH2), 1.45 (m, 2H, -CH2), 1.38 (m, 2H, ..CH2), 0.93 (t, 3H, -CHl).
Uc NMR (100 MHz, CDCh): Oc 168.50 (C=O), 142.48, 140.92, 138.88, 119.73,

11L92, 98.38, 92.72, 74.47, 3L J4, 29.68, 28.40, 24.94, 22.19, 19.5J, 13.97_

UV (EtOR): Am""242, 234, 212 nm.
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3.5.4 Synthesis 0(3- Chloro- 2-Phcnylcthynyl- 4 - iodollcetanilide 18

A mixture of 5-chloro 2,4-diiodo acel3nilide (100 mg, 0.237 mmol), bis-(triphenyJ
phosphine) palladium(ll) chloride(6 mg, 0.009 mmol), copper (11) iodide (3.62 mg, 0.02

mmol), triethylamine (95 mg, 0.948 mmnl) was stirred in OMF (5 ml) under nitrogen
atmosphere for 1 hour. Then phenyl acetylene (29 mg, O.29mmol) was added and heated

the reaction mixture with constant stirring at 80" C for 24 hours. The reaction mixture ",as
evaporated 10 dryness under reduced pressure. The residue obtained was extracted with

chloroform (3)<50 ml). The organic extract was washed with distilled w<lter (3)<50 ml),

dried (lVeranhydrous NulS04, liltered and concentrated under reduced pressure. The crude
mass was purified by column Chromatography on silica gel using n-Hexune: Ethyl acetate

(1:1).

~
C~~COCHJ

"
A

0',
18

The compound 18 (55 mg, 58%) was white solid, m.p_122° C, Rf value 0.73(n-Hexane:
Chlorofunn 2:1).

IR (KBr): Vm" 3297.37, 3057.23, 2930.89, 2217.21 (COOC),1664.60 (C=O), 1565.16,
1412.88, 1273.04,752.25 em.l.

'II NMR (400 Mllz, CDCi:J): 8118.50 (s, IH, CH), 7.94 (d,IH, CH), 7.68 (s, lH,
NH)7.51- 7.34 (m, 5H, CH), 2.24 (s, 3H, -oCHJ)

IJC NMR (100 MHz, CDCIJ): oc 168.50 (C=O), 147.68, 139.89, 132.33, 131.70, 13\ 57,
131.51, 129.15, 128.66, 128.37, 123.55, 119.67, 109.89,98.88, %.64, 24.30

UV (EtOH): Am"J 18, 292, 234 nm.
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3.6 ~'yntbe8i8 of 4 _1000 -5 - mctbyl- 2 - pbenyletbylaniline 19 and 5-Iod0-6-

mcthyl- 2- pbenyl indole 20

The 2-Phenylethynyl- 4 - iodo -5- methylacetanilide (45 mg, 0.119 mmol) was added to
sodium ethoxide (1.2-1.5 mmol) in ethanol (20 ml) and the mixture was stirred under a

nitrogen atmosphere for 4 hr at 80_850C. The reaction the reaction mixture was evaporated
to dryness under reduced pressure. Distilled water (200 ml was added to thc residue and it

was neutralized with dilute 6 N IICI, extl<lcted with. chlorofurm (3,,50 ml). The organic

extract was washed with. distilled water (3)<50ml), dried over anh.ydrous NazSO.., littered

and concentrated under reduced pressure. The crude residue wa~ purified by column
Chromatography on sHiea gel using n-Hexane: Ethyl acetate (l :1) to yield pure 4 - iodo-5

- meth.yl- 2 -phenylelhylaniline 19 and 5-iOOo-6-melhyl-2- phenyl indole 20.

,
19

20
h

3.6 a) Characterization of 4 - ioda -5 - methyl- 2 - phenylethylaniline 19

IR (KBr): Vmu 3420, 2925.10, 2853.13, 1252.79, 156.11cm-'.
In NMR (400 MHz, CDCb): IiH7.75 (s. 1Tl.CII), 750-7.33 (m, 511,CH), 6.64 (5, IH,-

Clf), 4.22 (s, lH, -NHz), 2.34 (s, 3H, -CHJ)

IJC NMR (100 MHz, CDCb): lie lie 147.15, 145.70, 142.72, 141.28, 137.80, 131.40,

128.37, 128.32, J 23.00, 115.45, 107.95, 95.07, 85.09, 84.22, 28.07.
UV (EtOH): 1c.m.x350, 292, 266, 222 nm.
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3.6 b) Cbaracterization of 5-1000-6- methyl- 2- phenyl indole 20
R, Value: 0.59 hexane; ethyl acetate (l :1).

UV (EtOH): Am", 266, 216, 210 nm.
IR (KBr): v""",2925.10, 2852.77, 2204.67, 1616.38, 1594.19, 12555.68, 753.22, 689.56

em.l.

IH NMR (400 MHz, CllCI3): 7.53-7.48 (m, 3H, eH), 7.33_7.JI{m, 4H, CH),

6.59 (s, IH, =CH), 4.37 (s, IH, NH), 2.44 (s. 3H, -cn).
13c NMR{100 MHz, CDeb); 137.80, 135.82, 131.42, 131.25, 128.37, 128.27, 115.45,

112.01.98.38, 85.10,29.67

3.7 Synthesis of6- Chloro - S- iodo - 2- Phenyl indole 21

The 3- ChlofO- 2-Phenylethynyl- 4 - iodo acetanilide (35 mg, 0.088 mmol) was added to

sodium cthoxide (1.2-1.5 mmol) in ethanol (20 ml) and the mixture was stirred under a
nitrogen almosphere for 4 hr a! liD_85°C. At lhe end of the reaction thc reaction mixwre

was evaporated to dryne5s under reduced pressure. Distilled water (200) ml was added to

the residue and il was neutralized with dilute 6N Hei, extracted with chloroform (Jx50

ml). The organic cxtract was washed with distilled water (3x50 m!), dried over anhydrous
Na2S0~, filtered and concentrated under reduced pressure. The crude residue was purified

by column Chromatography on silica gel using n-Hexanc: Ethyl aeetatc (I :1) to yield pure
6- Chlmo - 5- iodo - 2- Phenyl indole.

I~y~ I I
Cl ~ h

21

The compound 21 (I5 mg, 42 %) was brown semisolid, Rf value D.68(n-Hexane:
Chloroform 2:1).
1H NMR (400 MHz, CDCl3): lif{ 7.57-7.52 (m, 2H, CH), 7.35 (m, 5JJ, Cn), 6.79 (s, IH,

=CH) 4.49 (s, lH, NH)

Uc NMR (100 MHz, CDCb): Sc 148.68, 137.89, 132.33, 131.70, 131.47, 131.51,
129.15,128.27,125.27,122.55,113.67,102.89,94.18,88.20

UV (EtOH); A",~,366, 290, 226, 210 nrn.
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