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Thesis title: “SYNTHESIS OF SUBSTITUTED INDOLES BY METAL MEDIATED REACTIONS”

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 synihesis
of indole derivatives through palladivm calalyzed reaction wsing terminal alkyne
followed by basc catalyzed reaclions is reporied. In (his purpose different 2-iodo
acetanilide compounds were synthesized from m-substituled aryl amines by iodination
reaclion {Scheme-1).

NIl COCH;
Cu(0Acy, CH;COOH, [
120°C S-10hr
LY

1.2 ,_1, ".l' xY
Where
12, §=-§{:H1.I¢£ i CH,COOH, | Acy0, Zn
= =] R= 1}
. I H1R -('I‘H L MECL 45h
5.6 ij 11,11. CH,
T x =H,¥;— I, k= Cl oo n
E x: =1,X, =1L R11 L] HL%’”—‘
§ X =1L X=ILR=-C 1
10, X,=1X;=H R = R
o X, =H, X+ 1L, Ry =Cl 1
X
6 I0, 11
Scheme-1

The heteroannulation reaction was carried out by stiming a mixture of 2-iodo substituted
acgtanilide and different terminal alkynes in presence of bis{triphenyiphosphine)
palladivm ([1) chloride as a catalyst, Cu{l) iodide as a co-calalyst and a base
iriethylamine. The condensed product was then subjected to base catalyzed reaction with
sodium ethoxide in ethanol to afford the substituted indole (Scheme-2).

Ry CSCH,
X, I {PhyP1PaCl; Cul, '(\@\N/
R:EINHCGCP% ELyN. DM, HCOCH

|4_,5| 19 60-80" C, 6-30 e 12, 3 15,16, 17,18
NaORL/ FEOI
1? -C]:I".fg, -Plfh CDTZD . No. 80-85C 12hr
H -CHy -C{CH;};CH: 13 X
i -CH; -Ph 15,20 ! 1
[ CH; -C{CH,),CH; 16 1 N
I -CHy -C(CHCH; 17 2021
L -Cl  -Ph 18,21 '
Scheme-2

All the synthesized compounds were characterized by using enalytical date obtuined from
M.P, UV, IR, '"H NMR and "*C NMR.
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SUMMARY

Investigation incorporaled in (his disserlation titled, “Synthesis of substiluied indoles by
metal mediaied reactions” have been presented in two chapters. The first chapler is the
introductory section, in which the background, biological action and the important
synihesis are presenied, Chapter 2 is divided into two sections. Section one deal wilh the
rationale, resulls and discussion and conclusion ol the synthesis of substituted indote.
Section 2 deals with the detailed methodologies and experimental procedures for the
synthesis of 2,6- disubstituted indole derivatives, specira and references.

Chapter-1

It represents the importance and synthesis of indole derivatives. Indoles ere a class of
fused heterocycles that are of increasing interest in synthetic and pharmaceutical
chemisiry, In spite of their scarce presence in nature, indole derivatives have proved
considerable interest due to their pharmacologieal activitics. Yarious methods are known
for the synthesis of indole derivatives but palladium catalyzed procedures for the

synthesis of indole derivatives are limiled in number.

Chapter-11

Section -1

ln this section results and discussion are presented. Here a strategy for the synihesis of
indole derivatives is reporied through the palladium catalyzed reaction of substituted 2-
iodoacetanilide and lerminal alkynes.

In ong pot reaction indole derivatives were obuained in few cases e.g with phenyl
acetylene but with hexyne and heptyne condensed producis were produced. Then these
vondensed products were cyclized to the indole derivatives by basc calalyzed reaction.

The yield ol substituted indole in Lthe case of phenyl acctylenc (yicld 52 %) with various
acetarrilides was greater than that of the n- Hexyne (43 %) or |-Heptyne.Similarly the
yield of substituted indoe in the case of m-toluiding (yield 3%} was betler than thal ol
m-chioroaniling (yield 42 %).

Iy



Section 11

In this sectinn the general procedure for the synthesis of indole is described. For this
purpose first of all different substituted iodo compeunds were synthesized from m-

substituted aniline by iodination reaction (Scheme-1).

H, ICOCH,
é\ CU{DAI:}I CH3CUUH, 12
. -

R, 120"C 910hr Ry
X
1,2 -t 6 3,5 7,8,9
Wwh CH;COOH, Ac,y0, Zn
2T
1,2, R=-CHy, Cl 80'C[ 4-5h
3. X =X;=I,R=-CH,
4. X;=HR=LH,
5.6. X; =L X,=H, Ry=-CH,
7. X =H,X;=LR=-Ll NIICDCH3
£ X, =LX;=H,R=<CI
9. X, =H,X,=I[, Ry=Cl X
10, X =LX; =1,k =Cl R,
1. X, =H,X; =1L Ry =CI
Xt
6, 18, 11

Scheme-1

The palladium-catalyzed reaclion was carried oul by stiming of 2-iodo or 2, 4-diioda-3
methyl or chlore accanilides in DMF (3.5 equiv.}, in which Bis-(tripheny! phosphine}
palladiom (1T} chloride (3.3 mol %), Cul (8 mol %), Et:N (4 equiv.) were added al 0 C
(Scheme-2). Then terminal alkyne wus added under N; atmosphere. Then the reaction
mixture was stirred for 6-30 bours. AfRer usual workup Lhe crude producls were purified
by column chromatography using silica gel and pure substitute 2- alkynyl acetanilide 15,
16, 17, 18 were obtained.

Substituted 2-aikynyl acetanilide was subjected to base catalyzed cyclization reaction for
the formation of substituted indoles. 2- Alkynyl acetanilide was added to sodium
ethoxide {1.2-1.5 mmol) in ethanol {20 m!) and the mixture was stirred under a nitrogen
atmosphere for 10-12 hr al 80-85° C. After usual workup and purification by column
chromatography substituted indoles 12, 13, 20, 21 were obtained in moderate to good
yiglds.

*7.



E
R C=CH, 2
KII:EIN (PhyP}PdCL; Cui, o ] I 4 t
HcocH,  EnN.DMF, , N, K NHCOCH,

Ri 0
4,6.10 60-80" C, 6-30 b 12,13 15, 16, 17,18
NaOEt/ LtOH
3 R R Comp. No. 80-85°C 12 hr
H -CH; -Ph 12 XN
H CH: -C(CH2Ciy 13 ]
| -CH; -Ph 15,20 N
| CH: C({CH::CH: 16 1 , H ™2
i CH; -C{CH.)sCH: I7 021
| -Cl  -Ph 18, 21
Scheme-2

All the synthesized compounds were characlerized by using analytical data obtained from
M.P, UV, IR, 'H NMR and "C NMR. The spectra of all the compounds and related

references are given here.
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Prefatory Note

All the solvents for reaction separation, extraction and recrystalization were purified and
the test was used os available commercially.

Analytical or 1sboralory grade solvents and chemicals were used in all experiments and
these were procured from L. Merk (Germany) and Fluka (Switzerland). Reagent grade of
chioroform, n-hexane, cthylacetate, ethanol, acetone elc. were purified by distillation at
the boiling point of the respective solvent. The foliowing methods were used for the
purilication and drying of the solvents.

. Purilication of solvents and reagents

a) Dry ethanol (EtOH)

About 2 g of clean and dry magnesium tumings and 0.125 gm of iodine were placed in
a dry 500 m] round botrom flask coniaining 30-40 ml of reagent grade ethanel. The flask
was then fitted with a double surface condenser carrying a calcium chloride guard wbe on
the top. The mixmure was warmed until the iodine disappeared, if a lively evolution of
hydrogen did not set in a further linle amount of lodine was added. Heating was
continued until al} the magnesium was covensd into pasty mass ethanolate. About 230 ml
ol commercial grade ethanol was then added to the flask and refluxed the mixture for an
additional hour. The resulting minture was distilicd off and the first 10-15 mt of distiliate
was discarded. Then the dry ethanol was collected inio a receiving Mlask from which i
was storod into & quick [it boitie.

b) Ethyl acetate

Eihyl acetate from E. Mark {Genmnany) was used directly as it was bought commercially.
2, Melting point

Meliing points were detenmined on Gallenkamp {England) melting point gpparatus and
paralfin oil bath were uncomrected,

VII



3. Infra-red (1R) spectra
The Infra-red spectra were recorded on KBr pellet for films with a Shimadzu FTIR
spectrophotometer from the Department of Chemistry, BUET, Dhaka, Bangladesh.

4. Ultra-violet specira

The UV spectra were recorded in dry EtOH with a Shimadzu UV spectrophotometer
from the Orion pharmaceuticals Co. Ltd, [haka, Bangladesh.

5. Nuclear Magnetic Resonance (NMR) spectra

The NMR spectroscopy is very widely used for the detailed investigation of an unkpown
compound. Witk the help of this spectroscopy the structure or pattern of an unknown
sompound can be sct up. "H NMR (400 MI1z) and BC NMR (100 MHz) spectra were
recomded in deuteriochlorotorm {CDClsy with a Bruker DP X400 spectrophotometer using
tetramethylsilane (IM$S) as intemmal standard at the Bangladesh Council of Scientific and
Industrial Research laboralories (BCSIR), Dheka, Bangisdesh and Department of
Chemical Engineering, [wate Universily, Japan. 'H NMR (600 MHz) and "*C NMR (150
MHz) spectra of some of my compounds were recorded in deuteriochlorofom (CDCly,
with a Jeol spectrophotometer using tetramethylsilane (TMS) as intemal standard at the
Institute for Molecular Science laboratory, Okazaki, Japan.

6. Drying
All organic cxtracts were dried over anhydrous sodium sulfate (Na;S04) or magnesium
sulfale (Mg&0y) before concentraiion.

7. Evaporation

All evaporation were carried out under reduced pressure in Buchi rolatory eveporator (W,
Germany} with a bath tlemperature below 4¢ ¢ C.

VI



8. Column chromatography

Column chromatography has been successhully applied to separate the individual
components {having different R; values) of mixiure obuainod from the reaction. This
technique was also employed for purilication of the product.

A long cylindrical column (70 cm long and 2 cm in diameter usvally s buretie type is
used} made of plass 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
cluant. A seperatory funnel {itted with a specially made quick fit stopper and fitted with
the eluant was placed al the op of the column and this served Bs a store of eluamt.
Adjusting the siop cork controlled the flow of the eluant. The column was prepared by
slurry method, silica gel being used as the stationary phase; the column was madc half
filled with various types of solvents as light petroleum, ethyl acetate, chloroform, n-
hexane etc. and slurry of silica gel in the chosen solvent was poured into it, se that the
packing was compact and uniform.

Making the column as guickly as possible and allowing the solvent 1o fall drop by drop
through the stop cork of the column removed gir bubble. The mixiure of the components
was then placed on the upper surface of the slurry of the silica gel and the mixmre was
covered in limited area by some amount of dry silica gel. Then the solvent mixiure was
passcd through the column. The fractions were collected in the test tubes about 20 to 30
ml in each at a regular interval of lime and respective fractions were deiected by TLC.

The solvent vsed for elution was chromatographically pure.

1X



CHAPTER-I

INTRODUCTION



INTRODUCTION

1.1 General remarks

The indole 1 moiety is common to a large number and wide variety of biologically
active natutal and synthetic compounds'. The presence of the indole nucleus in
biologically active compounds has led to Lhe development of numerous approaches to
its synthesis for over one hundred vears’. Among the many more recent synthetic
targets containing indole moeity, the pharmacologically active Ergoi® alkaloids 2, the
antitumor ngent Ellipticine* 3, Reserpine” as a tranguillizer and Vineristine® in the
treatment of leukemin have been widely known as effective drugs.

The indole skeleton containing Tryplophan’ 4 is an essential amino acid and as such is
a constituent of most protein. Among the synthetic chemotherapeutics the B-indolyl
acetic acid derivalives 5, indomethacin 6, are of value in the treatment of rheumatoid
arthritis’.



1.2 Importance of indole derivatives

1.2.1 As Acemotherapeutic and pharmacological agents

Indole nucleus has raised great intercst in recent years due to their biological activities™
% and pharmacological studies®. Indole derivatives have many fold uses. Some of them

are mentioned below:

u) As antibacterial agents

flﬂ. 1

Johsi et ¢ reporied the antibaclenal aclivity of the following compounds 7, 8 and 9.
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Recently Pani ef o/'® and Shailaza Rani ef ali'® also found anti bacterial activity in the
compounds 10 and 11 respectively.
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b) As antifungal agents -

Sailendra e af'® prepared some important compounds 12-13 from isalin and
heterocyelic aromatic hydrazines which showed tremendous antifungal activity.

*O /@@ R

R=Cl CH;, NO3, OCH;

Sing ef ai'® synthesized 14 and 15 have potential untifungal activity.

S/\I/ \r,ph ?/-\ﬁ OYPh

Q OHNJ%D N——NH

I
H 15

Nizamuddin et af'® Puzari et g/’ and Mahmood er of'® also prepared some isatin
derivatives which were reported as antifungal agents.
ﬂ

CL @@[;%@

<) As anticancer agents

. . . . T .
The immuno-suppressive and anlicancerous (carcinoma} aclivilies® of some indole

NHCU\,J\

here R=H, Ph 17
R'= CHs, ChyPh, CHLCO, L,

derivatives and given below,

Sy
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Recently Islam ef af*® in collaboration with National cancer Institute (NCI) of USA
observcd that acylated A% 1.3, 4- thaidiazoline derivatives of isatin show polential

anlicancerous activity against a number of cancer cells.

COCH;
N—N

-@\—/t )\NI-H\IHCUCH;J,
N

R=CL Br, LH;, NO,, COH
20

d) As Anticonvulsant agents

El-Gendy ef o' and Gursoy er a*™ 2 (1994-19960) prepared the compoeunds below,

showed potential anticonvulsant activilies.

0
5/\}4
N\@\ N— NH—L—LH}{R’
X 0 ‘: |
H 5
here X=03 8
) N
R=H, Br O
I{r: Ph 3 - MﬂCQHd 22

¢} As cell migration inhibitors

Nigita et a** synthesized some compounds from substituted indole which acled as cell
migration inhbilors for the ireatment of inflammation, atherosclesis etc, The

compounds 23-26 were also reported to show significant anti-inflammatory activity™
19
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[} As insecticidal agent

pr Bl

Sharma ef aP’ synthesized the following compounds of indole which showed

inseclicidal activities.




£) As antimicrabial agents

Mohon ef a" in 1989 and 1995 and Patel et af® synthesized and studied some new
heterocycles finm indole derivatives as potent antimicrobial agent which are designated
as 25 and 26,

h) As antiviral agents

The vivo amiinfluenra™ virus and antivaccinia® virus activity of biologically active
compounds were detected. Severul drugs dose (DL- nofirmocin), NSC, 72942) were
testcd against thal viras. Isatin Ahiosemicarbazone (NCS 721) also used as
reproducible activity against vaceiniavirus.

NHcocmﬁ(

R. : N—NH—(— CH:-:R’ @

1. Br, 30 /\’
Pl'l 3. MEL&H&

x 0.5. 0

Some N-cvclopropane derivalives. 31 of indole and its Athiosemicarbazones dispiay

antiviral activity

i} As antidiabetes agents

The foliowing spiro compounds 32 can inhibit (he enzymatic activity of aldose
reductase and hence it is used as antidiabetes™.
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i} As antituberculosis agents

The indolizidine and indolizine 33 frumewuorks represent a fundamental and important
class of heterocyeles, which is used as antiluberculosis agents, histamine I3 recepior
antagonists, and microtubule inhibitors™.

1.2.2 As dying agents

Baeyer™ obtaincd a blue dye indophenin 3 by Irealing isatin with concentrated HoSO;

and crude benzemne.

O 0

Hz’ \.S/ S’/ ‘\N

34 indophenin H

The isalin blue 34n and Pymole blue Mb were synthesized from indole denvatives as
powerfu!l dying agent.



isatm bhue
3da

1.2.3 As polymeric substance

A series of polyindophenincs have been prepared by the reaction of isatin with
thiophene under acidic conditions”'.

These polymers could he reduced into the leuco form and they showed some conducior
properties.

1.2.4 As enzymatic agents

in the dehydrogenstion of amino acids, isalin possesses an apparcnt cnzymc like
activity. When a-amino acid is healed with isatin in aqueous solution, benzaldehyde™
is produced.

In a serics of organic catalysis, Langenbeck™ reported that cerlain isatin and oxiindole
derivatives possess enzyme like activity particularly in the dehydrogenation of amino

acid.



1.3 Synthesis of indole and substituted indole

The presence of the indole nucleus in a wide variety of biologically active compounds
bas led to the development of the approaches to its synthesis.
A few of the approaches of the synthesis of indole derivatives are meniioned beiow.

Sandmeyer procedure

The most important and mosily used method was devoled by Sandmeyer. There arc two
prucess®, In the first process, thiocarbanilide is treated with lead carbonale and
hydrogen cyanide and converied into nitrile-anilide. This on treatment with ammonium
sulphide yields thioamide. It produces isatin (1) by eyclization™ with sulfuric ocid and

subsequent hydrolysis.
PbCO N
@—1;: —CSNHCgH = = @ r\N g0, SOHD @ CSNH,
H - c.\ CoH
3 f gty
Ho
0
° H2S0
N N N—CHls
41 H H
40
Scheme-1
41, 42

The second method (sendmeyer involves Lhe formation of a Isonitrosoacetanilide™

from the condensation of amiine with chloralhydrate and hydroxylarvine hydrochleride
in presence of Nay80O,. Cyclization of 42 wilh concentrated Sulfuric acid gives indole

derivatives.

@ NOH
NHs - CLOCE + v Com v
CLCCHOH) + 1 HzDH-Hgl anhyd N2,5054

0 Conc. H;50, ' 42
[y

I
L 41
Scheme-2
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1.3.1 Palladium complexes in the synthesis of indole

Palladium compiexes have been used in the synthesis of orpanic compounds for over
twenly years, Palladium exists in two stable oxidation states such as Pd (If) and Pd ().

Indole can be prepared by many ways Lhrough palladium-mediated rcaction. Some of

them are given balow.,

1.3.1.1 Coupling cyclization reaction

Coupling cyclization reaciion®® can be used to the synthesis of indoles. The reactions of
p-iodoaniline, o-iodoacelanilide, o-iodo-trifluoroacetanilide, and A- {o-iodophenyl)-
methanesulfonamide with lerminal alkynes were invesligaled in the presence of I'd-
Cul-PPhs / KI-Al:Qy and under solvent free conditions and microwave irradiation, A
mixture of coupling and coupling-cyclization products were obtained when iodoaniline
(2 equiv) was allowed to react with phenyl acetylene. When o-iodo- acelznilide was
used instead of o-todoanilines only indole product formed {(41%s). The use of (o-
Indophenyl)-methane sulferamide resulted in the exciusive formation of the indole in

goud yield.
NHY NH;
_ Pol—Cul—PPhs / KI-AkO3
RC=
@I ¥ CH Solentless, M. W. F@I,/f\
I = R
43 44 ) 45
Y =H, COCF;, COCH;, 50+CH; + m
R="Ph, p'CH_';CﬁH.-; N R
J
46 H

Scheme-3

The Palladium {0} caialysed coupling of aryl and vinyl trifluonde or halides with 2-
ethynyaniline, followed by palladium (II) calalyzed cyclization step, pruvides an
cfhicient and very versatile procedure for the synlhesis of funclionalyzed-substituted

indoles™*.
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R
= SR

O\/\ +R_Xj@,©(\/ Pd{1 1) @UL
NH> NH, N

47 48 49 |
50 H

R

Scheme-4

The use of palladium catalyst in the developmeni of new routes to indole derivatives*™

#-47 was investigated as shown in the scheme-S.
3-Acylindole has bcen reported to be important therapeulic agents and useful
intermcdiates™ for the preparation of pyriducar’camle alkaloids.

PP,
+ RyX
@L_/[[ *TGCo; : Pd catalyst,
N NHCOCF, €O base
52 H

R
x=1, OTf
R =alkyl, vinyl, aryl 0
Ry =vinyl, aryl
]'ii B
53 H

Scheme-5
1.2.1.2 Coupling of arenes by palladation

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

been used in several cases to synthesize functionalized indole ring system. Ellipticine 3

wus maile by this prucess”.

TN ACOH/ 10% CF,CO0H N
1-2 eq. PA(OAC);, A P
Y
H

Scheme-6

1.3.1.3 Palladium (If) catalysed amination of olefins

O-Allyl anilines, which comtain amine and olefin in the sam¢ molecules, were

efficiently converted into 2- methyl indoles using palladium ¢11) catalysis™ %!

iz



{Scheme-1). This process was thought (o invelve co-ordination of the olefn to Pd (II)

followed by inlramolecular amination.
Indofes such as 61 were also produced in a stoichomeiric reaction including

transmetalalion, insertion, climination and amination of olefins™ in scheme-7.

TUTFA); PdC] o
L,PdCl, AN

NHAC NHAC
55 56
Ci
PdCl —PdCh PdCy
NHAC NHAC
57 58
PACh
- LI
———ungi
s *r‘
NHAC N Cl AC
59 6 AC 61 450
Scheme-7

1.3.1.4 Falladium Catalyzed Synthesis of Indoles by Direct Annulation

Palladium-Catalyzed Indole and Azaindoles Synthesis by direct annulation of electron-
poor o-Chloroanilines and o-Chloroaminopyridines with Aldehyde was reported™,
Boih chloro- and bromoanilines might be used wilth equal efficiency. However, low
yieids wee obtained when ortho-substitrted anilines were used.

13



Pd(dba)(5 mol%)

X ;

e 2 ) 0/\/Rz tBusD HBE,(10mol%e) ¢ ¢ B

L NI AcOK (3equiv) N
2

DMA, 120" C, 9h H
12076, 9 2571 %

X=Cl, Br
R'= 5-0,N, 6-0,N, 6-I'yC, 4-Me0,C, 7-MeO,C, 6-MeOC, 5-NC
R%= n-Pent, n-Hex, CH,CH(N{BoC(),)CO,Me, CH(Me}CH,CH,CH=CMe,,

CH.(3.4,5-Me,CgH,, Ph R2
ol Pd(dba),{5 mol%)
R@( ) C/_\/Rz 1-Bu,P HBT,(10 fnnl%)h N |
= NI DABCO (30equw) U N
2 DMA, 150° C, 9h H
42-76 %

R'=H, 5CI, 5F;C, 4-, 6- or 7-N
Scheme-§
1.3.1.5 Palladium (IF)-catalyzed (xnd other metal catalyzed) Reactions of Azirines

Thermolysis of pheny! azirines 62 st temperature above 170° C produced indoles, via a
nitrene intermediat:, Palladium (II) chlornide wwus used ws catalyst in this process,
permitiing it 1o ensure ar 30° CY,

Ph
Ph
R 170°C
Ph
M ?Iq R
| / 64 H
100%

62\

PACH|PWCN R}, cat30°C R =H, Me, Ph

Scheme-9
Bhodium (I), Palladium (0), and Cobalt () complexes calalyzed a puzzling

dimerization of azirines 65 to produce indoles in variable yields™™>.
I.4Pd, CO

P ' .

| [Rn(COYLCH, }
&5 PhH; 40 - B02%

R R=H,p-Me, Mla_/

P - OMe, p - Br 'hH; 52 - 953%

Scheme-10)
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1.3.2 Palladium {0) and Nickel (0) complex chemistry

While palladium (II) salts are electrophilic reagenis, which react with olefins and
arcnes, palladium {0) complexes are strong nucleophiles and are most reactive toward
organic halides. The two most common, commercially available complexes of
palladium (0) calalysis are Pd{PPh:)y and Pd{dba); (dba= dibenzylideneacetone), which
is c{)nw:ﬂéd into Pd{PPh;)y,when treated with triphenylphosphate.

Bath of these have been extensively used as catalysts in organic synthesis. However, it
is frequently more convenient 1o generate palladium (0) calalysts insitu by reducing
palladium (I1) catalysts precursors. Thus, treatinent of Pd(PPhihCl: with
diisobuiylalumrium hydride or with CO or triethyl aminc will generate the calalytically
active Pd{0) species “Pdl,".Perhaps the most extensively used palladium {0) calalyst
precursor, however in palladium (1) acctate, which is readily reduced insitu by a range
of compounds including carbon monoxide, olefins, phosphates and teriary aliphatic
amines such as tricthyl of iri-r-butylamine™. This causes some confusion in the
literature, since palladium (0} cetalysis is involved but palladiem (L} acetate appeers in
all the equations. Invariably, somec reducing apent is prescnt in these systems and
palladium {0} catalysis is indeed involved.
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F

R

|
’ R—Pd(iT)
RR 70

f
o
Cr

RX+ POy R—Pa(I)— £ L w R— L Pd(I—x

67 68
-HX F
/< 5y -Pd(ﬂ)lROH
Hx

HPd([l} X 0
74 ii ’
R—C—0—R
R 69
Pd—x
. R—PMgH—=x
H/’_( . [ME’I'LI:IH 3 IS
H ¥ —\
- Y
72 1
Rmﬁ“\},
73

Scheme-11

1.3.2.1 Palladium (0} catalyzed Alkynylation of Bromoanilines

(>-Alkynyl anilines such as 76, made by palladium {0} catalyzed coupling of alkynes
with o-halo aniline precursors™ ® were readily cyclized to indoles 50.

R
Br . T
RC=CH
laPdCh cat
MWHC(; Et

NHCO,EL Et;N, 100° C
75 76

() NaO Et
| {) A0
“f R
50 H
R = H, Bu, Ph, 65 ~ 93%

Scheme-12
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In a related process, hydroboration of ethoxyacetlyline gave a vinylborane 77 which
under went Pd (0)- catlyzed oxidative addition / transmetalation W produce an indole

]Jl'ﬁC!.]I‘SS(JI‘M 9.
K

R
K o DE
R Ok Pd cat 1—]&)
>:< I - —— |
i
' H HR N
{ROXB 60 - 97% ”
79 K
77 £

NHR 78 60 - 9%
F.F =H I‘l"‘CgHm
R= H, CH3CD
Scheme-13

£.3.2,2 Palladium (0) catalyzed cyclization of 2- halogenated N-allyl-,
N-vinyl, or N-Arylanilines to indoles.

{>-Bromoanilines were casily A-allylaied, producing substrales ideally suited for a Pd
(0} calalyzed oxidative addition / olefin insertion approach to the indole ring system. As
a conscqnence, this route has been extensively developed. Both activated®™ and
simple olefines™ inserted efficiently. The insertion product 80 of simple olefins
produces good yielded indoles 81 with calalylic amounts of palladium.

X
EEEEee——
M ey ~Cat
: N
|
R

8O

A R X y z yields[%]
' Ph
= ] B H S0-73
- ¢ PRCH-» r co, Me}
= Ac Br CO-Me H 73

-S—Mc,i,ﬁ{DMe]z] 50-87
. i : G 5—C0,Me,H

Scheme-14

Carbazoles®™ were produced in good yield from diphenylamine such as 83 wilizing
oxidative addition / insertion chemistry.

17



(:E 3% PAOAC), _
EiN, CH;CN
150°C

CO,H 23 4o Co

Scheme-15

1.3.3 - Alkyl palladium complexes in the synthesis of indoles

Formation of the indole ring via n- Allyl palladium ¢I) intermediates™ ¢ e.g, 85 and
88 is relatively uncommon. These two examples involve digne inscrtion into o
arryipalladium (1I) species.

I 45 1
AC
74% 86
!
f = Pd{OAC);Cat /}f’“ S
U PPhy, EGN o ® N =
NH, 2 pq i
: |~ H
87 W 88 = e
Scheme-16
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1,3.4 Other Tranosition Metals in the Synthesis of indoles
1.3.4.1 copper (I)-catalvzed Cyclization and cendensation

Although palladium is by fur the most extensively used transition melal for the

synlhesis and lunctionalization of indoles, many others have found at least limited use
in this regard.

CN

MeO Me() CN
= MaH, Cul
————————————— -
HN DMEFE, A R N
R BI‘
a0 o1

NaH, Cul
DME, A

H
93 RD - 90%
Scheme-17

For instances copper {[) salis have been known to catalyze the reactions of nucleophiles
with aromatic halides (e.g. the Hurtly reaction). Thus £*-haloary] enamines such as 91, (
R= Me, OMe, Hﬁ‘?and 92 cyclized to indoles in the presence of copper (I} iodide in
excellent yield® ®. tnder similar conditions cnotates condensed with o~iodoaniline to
produce indoles™. O-Haloacetamides™ {e.. 94) also cyclized to indole derivarives
under thesz condilions, copper {[) oxide calalyzed the cyclization of o-isocyano-
phenvlacelones to indoles™,

RZ

I[L‘ul DMF
T e o2 @i
R Br

R1=Me {OMe H 57 . 759,
= Me

Scheme-18

In fact the reaction between 2- iodoaniline and cuprous phenylacetylide (R1= ph) was
found to be markedly solvent dependent. When DMF was used 2-phenylindoic R® = ph
was obtained in 89% yield, When pyridine was used 2- alkynylaniline was oblained as
the cxclusive product. However, it conld be cyclized to 2- phenylindole by warming
with catalytic amount of cuprus iodide in DMF at 110° C for 8 hours (Scheme-19),

19



I
T DM, -
M 4

NEH, l
43 50
Cul, DMP
1109 C, Kh
2
;ﬁn"c @/ﬂ
—— =
Py
NIl

49

Scheme-19

The reactivity of halides was found to be in the order I> Br> Ci. Furthermore the
presence ol N-ethyl piperidine was found to decrease the efficiency of the syntheses,
indicating that strong co-crdination of copper could mask the ahility of the metal to
cifect the initial alkylations or to co-ordinales with the acetylene™. The substitute of
hatide and cyclization were thought to occur within the same copper complex™
{scheme-207.

Aot~ Ok +
L, 1 O ™ S O L,
J !

|
Ph 45 H
]

Scheme-20

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

Using low valent ransition melals (o reduce aromatic nitro groups W amines carried out
a number of indole syntheses. Which could then cyclize with elecm'}phlh(: groups in the
ortho position to form indoles. These typically involyed o-nitro aryl enamimes 96 and
meducing agents such as iron’”, titanium (1IT) chloride ™ and nickel boride™®.

20



97
¥ =NH;, NO;

M =Fe/HOAC / Silica gel, TiCly, NbB J’NHE-NH;

Scheme-21

Dihydroisoindoles 100 were produced in excellent yicld by KHIe{CQ), promoted
reductive amination of o—dialdehydesﬂ,

CHO
CHO
100
7 R=Me, PhCHy, Ar, @_{
0

Scheme-22

Finaily, o-nitrostyrenes such as 101 were reductively cychized o indoles by metal
carbonyls, in a ess that must involve olefin activation by the melal, as well as nitro
group reduction”™.

xR ,,MR
C(\/ M(COn =%
L, Bl L
NO, —
MHH, N R

1¢1 102 103 |

= H
R=H, Ph, Me, CO;Me, <\j>—( 30 - 70%
N

M{COY = Fe{CO)s, Rus(CO)yy, Rig(CO)y4

Scheme-23.

1.3.4.3 Ruthenium (IT}-or Palladium catalyzed oxidative ¢yclization

Rutheninm (I1) chloride- calalyzed oxidation of aleohels has been used to indoles in

modest vield, although the conditions are somewhal severe™ %
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OH
RuChl;
TR
R NH;

or

0
@L 4 o >SN0

NH2
Scheme-24

2.6- Dimethyl pheny! / isocyanide was converled in o 7- meryl indole 107 in a process
which must have involved C-I1 activation by the ruithenium (four calalylic eycles per

[RuH,(diphogy .

RUH;; T{;ﬁ]‘gs}z caih I
i )
N C H
i! L 106 i 107 70%
103
Scheme-25

1.1.4.4 Caobalt - Catalyzed Cyclotrimerization Reactions

The cobait catalysed cyclotrimerization of alkymes and cocyclotrimerization of alk}rnes
and alkenf:s have besn exiensively developed for use in orpanic S}rnthems The
synthesis® of compound 110 exemplify the use of the later in the synthesis of indoles.
Cobalt (1) mmp]cxeq also catalyzed the addition of alkynes 1o diarenes to produce N-

aminoindoles™ 112.
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[ ] . H CpCO(CO}z
)\{CHE} =y

X (CHz]n
108 109 110
LCCICI
’f
PFJI]
112 CeHyR
Scheme-16

1.3.4.5 Gold~ Catalyzed Synthesis of Indolizin-7-ones

A gold calalyzed synthesis of 5,6- dihydre-8H-indolizin-7-ones from N-(Pent-2-en-4-
ynyl)-fHlaclams has been rcpurlﬂ-d“.

O N
IPrAUNTE, (5 mol%)
F—
A R THF (0.05 M), 45" C
Sminto2d h
R'=H, n-Pr, CH,CH,OBn, Cy 60-90 % yield

R%= H, n-Hex, Ph

R! 'RL{C Hy)s~ ~(CHy)e-
R*=H, Me, Et, Bn
R'=H, Me, Et

Scheme-27
1.3,4.6 Rhodium (I)- Catalyzed Cyclization Reaction
A rthodium- calalyzed eyelization of (J-alkynylphencis and anilines followed by
intermolecular conjuyate addition that succeeds with alkyl and aryl a]k}fne:;“. In this

reaction, 2,3- disubstituted benzolurans or mndoles are obtained in one pot in good to
excellent yiclds.
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R‘t
@5 rEWG [Rh(cod)OH],(3 mol%) 4
-+ : ol
i | dioxane / H,O {20/1), 90° C X
X=NR", O
Scheme-28

1.3.4.7 Rhodium (I)- Catalyzed Amino-Claisen Rearrangement

Mild and facile preparations of 2-substituted or 2,3-disubstituted indole compounds
were  achieved by RhH(CO)Ph3P)(4-10 mol%)- calalyzed reaction of X-

propargylanilines in hexafluoroisopropy! a]cuhul{HF]P}m,

RhH{C N PhA P
A7 eryeHon - y 2 54 | V4
X R X X
i R
Scheme-19

1.3.4.8 Rhodium (I)- Catalyzed Oxidative conpling Reaction

Indole was syhihesized via rhodium catalyzed oxidative coupling of acelanilides and
internal alkynes™. The current method lakes advanlages of & C-I1 activation event to
provide indotes from simple and inexpensive anilines.

RZ

s H [Cp RhCL,]5(2.5 mol%)
R ¢ Rl g3 __ AuSHEL10 moi%) . R]_m_RS
o To Cu{(QAc);. Hy0(2 equiv) T N
+-AmOH, 120" C, 5 minto 3 h Ac
42-82 %

R'=4- OMe, 5-0Me, 3,5-di-OMe, 4-F, 4-Cl, 4-CO,Me, 6-Me
R’= Me, n-Pr, n-Hex, Ph
R’= n-Pr, n-Hex, Ph, thiophen-2-yl, N-tosylindol-5-y]

Scheme-30

1.3.4.9 Base mediated intramolecular condensation

An eflicient base-mediated mtmmelecul;ar condensation of 2-(disubslitnted amino)-
benzonitriles to 3- aminoindoles has been reported by Churl Min Seong et 1™, 3-
aminoindoles was obtained from 2<{disubstituted amino)- benzonitriles using NaH as a
base in DMF at 80° C.
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Scheme-31

==}

1.3.4.10 Pd (0)- Catalyzed Intramolecular Reaction

Danie} ef ai’ synthesized Indole-3-carboxylic acid derivatives by Pd (0} Calalyzed
Intramolecular a-arylation of f~{2-lodoanilino) csters. fH(2-lodoanilino) esters undergo
intramolecular ¢-arylation in the presence of PA(PPha)y and potassium penoxide. The
rcaction s a useful methodology for the preparation of indole-3- carboxylic acid ester
dedivatives.

0 OMe
O
1
R’"@J)\DME I;li} "*R/ !\
B SN
e

Scheme-32

1.3.4.11 Miscellaneous Indole Synthesis

The copper catalyzed decomposition of aryl azides to produce nitrenes huas been used to
synihesize a number of pyrrolindolcquinencs™ 114

O
MeO i~ Cu(acach
Cat
N3
O
113
Scheme-33

Aryl isocyanides were combined with carbene complexes (M= (G, Mo, W) to produce
indoles, via kelenimine complexes™ - 118.
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e
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Scheme-34

1.3.4.12 Indoles via microwave-assisted Hemetsberger- Knittel
sy nthesis

The Hemetsberger-Kniticl indole synthesis involves the condensation belween an
arylaldehyde and an aridoaceiate to provide m-azidocinnamares which upon heating
give indeles™. The process has been applied using high boiling solvents such as xylene,
loluene, and mesitylens and e reaction time of approximalely 4 h 10 obain the
corresponding indoles and a variety of aromatic N-heterocycles in yields between 33%

and 79%.

G

I = Methyl 2-azidoacetale l. s JOMe MW, n-Hexm:eh = | A "
- (] 4
s NaOMe,20° C, 4h N . 200°C, 10 min, 15 bar SN

H

Scheme-35

1.4 1ndole reactions

Indole is a melectron rich system. So, the typical reaction of indole is electrophilic
substitution. Some of the important reactions of indole derivatives are cited below.

1.4.1 Functionalization of indole through coupling
Indole itself undergoes direct palladation of 2- and 3- positions. This has been used to

make fused ring indole system e.g.™ * 120,122 and 123 as wel! as to introduce clefinic
side chains at the position 124 or at the 2- position in 3- methyl indole™ ™,
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HOAC

119 R

R! =H, Cl, Me
R2 = H, Me, CI

Scheme-36

QO 12 eq. PA{OAC), l
!’LEDH il -~

R=IR N

| — t
R ' 122 Me  goug

R = Me .
172 eq. PI{QAC),

©

?
H i

Scheme-37

X
T
b LNy _AOH/A I
1 eq. Pd(OAC),
N N
!
R

|
124 R 40 - 70%
K = CH;CO, 50:Ph, PhCH»>, H

x =N, C0O,Me, Ph
Scheme-38

Indoje-3- carbohydrale under went hallation primarily at the 4- position 126. In the
presence of a Pd(QAC): as ca[a]}'stm'm, (ransroetalation 1o pailadium, followed by
olefin insertion or reductive eliminalions, cnsurcd producing 4- alkylated indoles in
modesi yield(R= COyMe, H) Thallium (TIT} probably serves os the reoxidant for
palladium{0}.
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B 8025
96
RI{TFA) CHO
CHO CHO | Pd{OAC)HCat
oy ™QrJ ™
M N . | 70,
I I N
126 R 126 R Ar 97
CHO
ATB{OH), |
PA{OAC)KCat N
]
12¢ R
Scheme-39

1.4.2 Ritier like reactions
The strongly elecirophilic [Pd{CH;CN)4BF4j; promoied a Ritter like reaction between

N-ailyl-3-methylindole and nitriles, giving pyrazino [1, 2-a] indoles'™ such as 134.
While intcresting, this process was neither ellicient nor general.
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QL =)
N N
130 L// 131 Y

k/“"‘\ Pdi2

| CO

=

N MeOH
5
132 pd’ 133 “Pd 134 CO,Mg
] ] R=Me 34%
Et  34%
Prn  35%
Scheme-40

1.4.3 Palladium (0} Catalyzed Functionalization of Indoles

Palladium {{) catalysis has aiso been used extcnsively to functionalize indoles.
Chloropyrazines 135 coupled to the 2- position of indole in the presence of PA(0),
probably by an oxidative addition / insertion process'™.

R N. _R
H S - L4Pd cat
it P i F | _—
0
N RN ™
1 I

135
RL R = Me, Et, iPr, Ph, H 136
2 =[1. Ph
45 . 79%

Scheme-41

The 3-amino ethyl side chains of indoles were weated by a Pd(0)-catalyzed
carbonylation" for example with ring closure to give 139.
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137 PA(OAC), cat Oj/\’
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NH 4 N
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| Q
138 %

Scheme-42

Patladium (0) calalyzed reactions of haloindoles ure among the most synthetically
uscful proceases and have been extensively developed for application in the synthesis
of 3,4 disubstituted indole rin% systems including ergot alkaloids. Introduction of
funclionality at the 4- posilion ™ ol indole using conventional electrophilic indole
chemistry is difficull, since the 1-, 2-, and 3- ],'J-l::-sitit:-mam5 are considerably more
reactive.
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y = CO,;Me, 88% w LY 143 T5
nh, 74% 50%
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C(ME),011, 97% N
!
s
19 146

y = CO,Me, 81%
NPhth, 77%

Scheme-43

1.4.4 Synthesis of Erpot Alkaloids

An even more extensive use of palladium catalysis was seen in the tolal synthesis of the
methyl ester of (3)-N-acctylclavicipitic acid'" 151 which involve as key steps Pd (IT)-
catalyzed formation of the indole ring, Pd (0} catalyzed introduclion of both C-ring,
sidc chain precursors and Pd {1} catalyzed lormation of the seven membered ring.
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| PA(OAC), Cat_ P(OAC), Cat, BN _
EN - co,Me P{O-"T0;
N XS
147 1 NHAC 148 oH

CO;Me
PdCi;(MeCNjgcat -
or TSOH/ A

NaBH, /NayCO; +
hv; 20°C \ \
4:2:1 MeOH / DMF / H.O

Scheme-44
1.4.5 - Allyl palladium Complexes in the Functienalization of Indole
In scheme-44 w-Allylpalladium (1T} chemistry is more commonly wsed o elaborule

existing indole ring systems. The isoquinuclidine ring of ibogamine'™ 154 and
cantharanthine'™" 155 were synthesized by Pd (0} calalyzed allylic amination.
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Scheme-45

Other indole alkaloid synthesis has used Pd (0)- catalyzed allylic alkylation (o elaborate
nonindolic heterocyelic rings™" such as 157 and 159.

0
R ,u\/so Ar
Dul s sk [ Mo
D v/ IJMF, NeH N
H OAc Pd(diphos); H SO,Ar
156
SPh 157 Lo

Pd "cat
EizN, THF

158 H

Scheme-d6
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1.4,6 Reductive cyclization {using low-valent Transition-metal
complex)

Tryptaminc derivatives such 160 were reductively cyclized to f-carbolines 161 by
NaBIL and copper (11), ron (111}, or chromium ¢I1I) halides'".

O 1o

| FeCl, CrCly
H

160
Schemc-47

1.4.7 Cyclotrimerization Reaction

Cyclotrimerization of a]kame and alkene of indole have been exlensively developed for

. . T
UsC 1N organic S}’ﬂthﬂﬂlﬂ .

/\R‘f
CoCOCO),
TN e

Cat
\-._...-/

"
162 153
Sehome-48

164

1.4.8 Direct Palladium eatalyzed C-3 alkynylation of indoles

The direct paltadium-catalyzed coupling reaction of indoles with alkynyl bromides was
described by Yonghong Gu et al''. In the presence of cutalytic amount of PACl,
(PPhs)y and 2.0 equiv. NaOAc, the coupling reaction of indoles with alkynyl bromides
procecded smoothly at 56° C 10 give the corresponding 3-alkynylindoles with high
regioselectivity in good to excellent yieids.

N _ Palladium catalyst base
+ e r - | \
N THF, 50" C, 24 h N
H

iH

Scheme-49
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1.4.9 Nucleophilic aromatic substitution

When, chromium (ricarbonyl fragment inserted into indoles, it underge nucleophilic
arormnatic substitulion and lithiation. This feature has been used o introduce
functionality at normally unreactive position of the indole ring system.

This chemistry allowed 3- chlorodihydro indoles o be cunvr:rter.l mu} 5- methoxy
dihydroindoles by nucleophilic substitution of chioride by methoxide'? und comnplexed
indoles 167 were alkylated in the 4- and 7- posihons {major and minor product
respectively) by carbanions’'® 1",

N0} |
DR
N N
N | |

(COKCE Y ¥ I

R
167 o8 165

R'= H, Me, PhC}H,, R;38i, CO5t - Bu

_ >~CN e>~c02tﬂau,—< :>

Y =M, Me, CH.5iMe,

Scheme-50

Lithiation of complexed indoles 170 occurred at the 4-position when the N-substituent
was largely but at the 2-, 4-, and 7- position when it was small""®,

() BuW _()BuLi
e N1
] h
(COY:Cr CHCOY, |

R
170 171
R = Me, R3St E = MesSi, CO-at /

Scheme-51
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1.4.10 Insertion of Carbene

The site of inscrtion of carbons generaled by transition-melal-calalyzed decomposition

of e-dinroesiers such as 173 depended strongly on the cata]}rst“ﬁ.

0 0
, Pd(OQAc),
R -
QR
R
4 RI‘Q{U ﬁ.'l:]q
173 I

OR3

R'=11Me It, R=iPr,H
R = [, Me, R} = H, PhCH,. Ts

A

175

Scheme-52
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Present work: Syntbesis of snbstituted indoles by metal medisted
reactions

2.1 Rationale

Indole nucleus is a class of fused heterocycles, has arose great interest in recenl years due
to their wide variety of biological activitics'” and pharmacelogical studies'™ and use os 4
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 caialysed'" reactions have been exicnsively utilized for carboannulation '

and
hetero annulation’® processes. Many research groups have reporicd the synthesis of
various aromatic heterocycles via paliadium-calalyzed annulation of intemnal alkynes'™.
Others have shown the palladium-catalyzed cyclizations to be valuable synthetic tools for
the synthesis of a wide variety of heterocyeles using vinylic compounds, terminal alliynes,
alkencs and other substrates.

In recent years, our research group has developed methods for the synihesis of various

5 114 and

benzofused heterocyclic compounds e.g.  benzofurans'™  isoindolinones
isoquinolinone'® by palladium catalyzed reaclions with terminal alkynes and ocid
chloride.

Due o the natural occurrence and biological importance of the indole derivalives and lack
ot convenient pailadium precursors, we were intercsled in developing a general and facile
method tor the synthesis of indole derivatives. We became intercsled in the synthesis of
2,6-disubstituled indole derivatives through palladium catalyzed and base calalyzed

cyclization reactions.

2.2 RESULTS AND DISCUSSION

Here en approach of the synthesis of subslituled indoles through palladium-catalyzed
reaction followed by basc catalyzed cyclization is demonstrated. In this regards different
iodo compounds were synthesized [rom its parent amino compounds by iodination
reaction. Among the iodo compounds 2, 4 disubstituted iodo compounds were Lhe major
product. Then this substitulcd iodo compounds were converted 1o its aceianilide by using
avelic acid and acetic anhydride. 2, 4-diljodo-5-methyl aniline 5, 5-chloro- 2, 4 diiodo-
aniline 8 and 5-chloro- 2-iodoaniline 9 were sticred with acetic acid, acetic anhydride (1: 1)

and small amount of zing dust at room temperature for half an hour. Then the reaction
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mixiure was refuxed for 2-3 hours with constant stirring at 80° C giving 2, 4-diiodo-5-
methyl acetanilide 6, S-chloro- 2,4 ditodo- acetanilide 10 and 3-chloro- 2- iodoacctanilide
11 with 65 %-70 % yield as shown in scheme-1.

H, 1COCH, zx
&\ Cu(OAc);, CH;COO0H, I,
R 120°C %10 hr
b2 i ? 5,9
Wh CH}CUUH, ﬁEzD, n
Sre 0
1,2. R=-CH;, <l 80" C,| 4-5h
3. X] EXZ=I, R]= -C-H:s
4, Xy =H,R;=-CH;
56, X, =1, xz H, R] CH,
o XX mL RO HCOCH;
§ X =1X;=H R=-Cl X
9, ¥X;=H,X;=H,R=-Cl 2
10, X, =LX¥;=HR,=Cl R
1. X, =H, x2=u, m =l 1
X
6,10, 11

Scheme-1

2, 4-diiodo-5-methyl acctanilide 6, 5-chloro- 2,4 diiodo- aceranilide 10 and 5-chloro- 2-
iodoacetanilide 11 in DMF underwent facile reaction wilh terrminal alkynes in presence of
bis-{tripheny] phosphine) palledium (1T) chloride (3.5 mol %) and Lricthylamine (4 equiv},
cupper iodide (8 mol %) under nitrogen atmosphere at room temperalure for 1 hour and
then at 60-80" C for 24 hours giving 2-ethynyl acctanilide with 55- 60 % yield. 2- Ethynyl
acetanilide was then subjected to base calalyzcd rcaction withh sodivm ethoxide (1.2-1.5
mol%) in ethanol o afford the substituted indoles 5-Todo-6- methyl — 2- phenyl indole 20
and 6 Chlowo — 5- iodo — 2- Phenyl indale 21 in good yield, as shown in scheme-2.
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Rj
g
X, I Ry C=CH, (PhyP),PdCl, Cul, ]?CH\{ x D{f
-
R,:CENHCUCH3 Ets“ﬁ; DMF, 1 H , R HCOCH;
4,6,10 60-80"C, 6-30 hr 12,13 15, 16, 17,18

NaOE:/ LEtOH

X R; R; Comp. No.
80-857C 12 hr

1 -CH; -Ph 12
H -CH; -C{CH,),CH; 13 XN
[ -CH: -Ph 15, 20 ]
1 CH; -C{CH)CTI, 16 : ﬁ 2
1 -CH; -C{CH:):CH; 17 20, 2}
I -Cl  -Ph 18, 21

Scheme-2

In the case of 2-Todo-5-methyl acetanilide the desired (inal indole product 12, 13 were
produced in the ong pot reaction, Bul in other cases the condensed product was produced at
first then it was cyclized to the indole. 2- TGlhynyl acelanilide was edded to sodium
ethoxide (1.2-1.5 mmoly in ethanol {20 ml) and the mixre were stirred under a nitrogen
atmosphere for 4-5 hr at $0-85" C to vield 2,6 substituted indoles. In this case the yietds
were 65 % for phenyl acetylene and 40-45 % for n-hexyne or |-heptyne.
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Table- 1: Synthesis of 2, 6-disubstituted indole through palladium catalyzed reaction
followed by base catalyzed cyclization.

Eutry | Acetanilide Terminal alkyne Product Yield"
(%)

1 TICOCH, 52

=CH

2 HC H3 [IC=(C— (CH);CH;, m 43
Hy};CH,

63

3 : HEOCH, @—ECH

ch, N “Fn
20
4 COCH; a N 42
15\ o= L
cl N eh
2

*Yield was calculated on the basis of iodo compound 3, 5, %.

2.3. Synthesis of starting materials
2.3.1 lpdination of 3-substituted aniline

Meta toulidine, 1 and 3-chloro aniline 2 has been used es starting materials because of its
easy availability from commercial market. lodination rcaction was done as shown in the
foilowing scheme-3 and scheme-4.

After usual workup the crude product was purified by chromarography on column of silica
gel with hexane: chloroform. Various types of product were yielded in difTerent ratio.

11, Hy HCOCH, HCOCH,
L. CulDACH, mlqcmn T
CH, 1207 ¢, 9 hr.

1 3 unm 4{21%) 5 {ﬂ%} 6 {u%)

Scheme-3
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NH2 I. - H2
I, CulOAC);, . N
o om 120°C, &10 br i .|
I
2 T(24%) M53I%) H12%)
Scheme-d

Table-2: Synthesis of 2,4-disubstituted todo aniline or acetanilide.

Entry Starting Condition Product Yield (%)
Maierial
y |
2
H, L1,
!
3
HCOCH,
I
{5\ 22
CH;
4
H
4, L, , Cu(QAC), ’
1 52
: Cli;
CH, CH,COOH |
IZUU C, 9 hr. 5 1C0CH3
CH, 12

1
&
2
I 1
o, |
1
7

Hz Iz s CU(DAG}E H,
2 CH;COOH : 53
Ci

I}
120" C, 9 . 5

H;
K(B\. 12
i

"Yield (%) was calculated on the base of the amount of compound land 2
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2.3.2 Characterization of starting materials
2.3.2.1 Characterization of 2,4, 6-tritodo-5-methyl aniline 3

The structure was eslablished from the study of TR, 'H NMR and “C NMR spectrum dala.
2,4, 6-Vriodo-5-methyl aniline was while crystal and obtained (yield 10 %), m.p. 136°C.

In the IR spectrum (fig-1) of the compound 3 the absorption band lound at 3313.76 em’!
was due to Lthe w1 of the amine group. Where as bands at 1599.02 em” and 1420.60 cm™
duc o the double bond in the aromatic ring.

The "H NMR spectrum {fig-2} of the compound showed, the peaks at &; 8.04 (s, IH,CH)
due to the aromatic ring protons. The chemical shifl position at § 4.7€ was found in the
form of singlet duc to the NH; proton. The chemical shifi position al & 2,73 (s, 3H, -CHs}

was dug to the aromatic methyl protons.

The siructure of the compound 3 was further confirmed by ils 3C NMR data (Fig-3) at the
chemical shifi position of 8 §6.45. 83.55, 78.35 due w the Ar-T ¢arbon, al & 146,92 and at
143.96 in favor of C-NH and C-CII; carbon of the arometic dng respectively, The
chemical shifl position at § 35.98 in favors of Ar-CH3 carbon, the structure was linally
established from its DEPT (Fig-4) spectrum due w0 the presence of only one aromatic

carbon m the ring at 5146.84 and one ary] methyl carbon at 35.98.
The position of the carbon in the DCPT spectrum further conlirmed from the COSY

spectrum (Fig-5).

2.3.2.2 Characterization of 2-iodo-5-methyl acetanilide 4
UV, IR, 'I1 NMR and BCNMR spectrum data esteblished the structure of compound 4.
2-lodo-3-methy! acetanilide was while crystal and cbtained (vield 22%).

In the IR spectrum of the compound (fig — 6) the ebsorption band [ound at 3315.4 (-NH)
em™' due to the vy of the acetanilide group. where as a band at 1668.3 em’! duc to the

presence of kewo {-C=0) group in the acatanilide.

The '"H NMR speetrum (fig -7) of the compound showed, the peaks at 8y 7.67 {d, 1H,CH,
J= 8.5 Hr) and &y 7.42(d, 111, CH, J= 1.94 [1z} due to the aromatic ring adjacent protons.
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The chemical shilt position at § 7.03 (dd, 1H, CH, J=11.2 Hz) resuits from long-range

coupling of 2,4 protons. The chemical shifi position at 3 7.46 was found in the form al

broad singlel due to the NH proton.

The structure of the compound 4 was further contirmed by its C NMR dara (Fig-8) at the
chemical shilt position of 3 168.52 due to the presence of (C=0) carbon, at & 142,03 in
favor of C-NH, § 94.43 designed for Ar-, § 28.13 end 24.58 in support of CO-CHj; carbon
and Ar-CHj; carbon respectively.

From the DEPT (Fig-9) spectrum it is clearfy shown that there are three tertiary carbons
present at 142,03, 138.11 and 121.11 in the aromatic ring.

2.3.23 Characterization of of 2,4-diodo-S-methy! aniline 5

The compound was Brown solid, m.p: 80°C, R; Value: 0.56, (Hexane: Chloroform = 1:1).
In the 1R spectrum of the compound {fig —10} the abserption band found at 3413.10 cm’?
due to the viyn of the antlineg (-NHz) group, where as a band at 159998 cm”, 1546.94,
1461.10 cm™ duc to the double bond in the aromatic ring.

The "H NMR spectrum (fig — 11} of the compound showed, the peaks at 3y 7.94 (s,
1H,CH}, é 6064 (s, 1H, CH) due to the aromatic ring protons. The chemical shift position
st & 4.03 (s, 2H, NH;) was lound in the form of broad singlet due to the NH: protons.

The structure of the compound 5 was forther confirmed by its '*C NMR data (Fig -12) at
the chemical shilt position of 86.45 and B1.12 duc to the presence of {Ar-1) carbon, at &
146.90 due to the Ar-NH., at & 146.66 and at 5 142.25 due Lo the C-3 and C-5 respectively,
at & 115,55 designed lor C-6 and at § 27.50 in suppor of Ar-CH; carbon respeclively.

The structure of the compound 5 was hinally established Fom its DEPT- 135 (Fig -13)
spectrum. Where there are only two aromatic CH carbons at 146,66 and 115,35 are found
in the DEPT spectrum. Another carhon at 27.50 represents Lhe aromalic methy] group.

In UV spectrum (Fig -14), the value was found in the range of A, 252.30 and 23280 nm

2.3.2.4 Characterimtion of 2,d-diodo-5-methyl acetanilide 6

The compound was white crystal with m.p. 215° C end Ry value: 0.58 (Hexane:
Ethylacetatc = 1:1).
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In the IR speetrum (fig - 15} of the compound the absorption band found at 3265.54 cm”
dueto the v of the acetanilide (-MH} group, where as a band at 1659.77 em’ TEPTESENLS
the veo of the acetanilide. The band at 1554.65 and 1512.22, cm’’' represents the double
bond in the aromatic nng.

The 'H NMR spectrum (fig - 16} of the compound showed, the peaks at &y 8.14 (3,
2H,CH) dus to the aromatic ring protons. The chemical shift position at , 8y 7.30 (s, 1H,

NH) was found in the form of a singlzt due fo the N protens.

The simucture of the compound 6 was further confirmed by its 3¢ NMR data (Fig- 1 a
the chemical shift position of & 168.0% due to the presence of (C=0) carbon, & 6 142.03 in
favor of C-NH, 4 96 and 86 designed for Ar-l, al 4 138.38 designed for C-5, at 6 146.79
and at & 122,47 due to the C-3 and C-6 respectively, a1 & 27.90 and 24.88 in support of -
{OCH, carbon and Ar-CH; carbon respectively.

The structure of the compeund & was confirmed from the DEPT-135 (Fig — 15} spectrum.
In the dept spectrum there are two —CH 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— 1Y) spectrum.

in UV {Fig - 20) spectrum, the value was found in the range of kyex 274 and 226 nm
indicated acetanilide group,

2.3.2.5 Characterization of 3-chlore- 2, 6 diiodo-aniline 7

The structure of the compound was characterized by its UV, IR and 'ITINMR spectra.

In the IR spectrum of the compound (fig — 21) the absorption band found at 3312.80 em™
due Lo the vwy of the aniline (-NH:) group. The band ar 1595.16, 1416.74 ot TEpPTESENLS
the double bond i the aromatic ring. A swong band at 873.77 represents the clovo
compound.

The 'H NMR spectrum (fig -22) of the compound showed, the peaks at 3, 7.53 {d,
YH.CH, J= 836 Hz), 6.58 {d, 1H, J=8.37 Hz) due to Lhe two adjacent aromatic protons.
The chemical shill position at & 4.87 (brS, 2H, NI{2) was found in the form of broad singlet
due to the NH: protons.

In UV (fig -23) specirum, the value was found in the range of Aq.x 244 and 234 nm
indicated aniline group.



2.3.2.6 Characlerization of 5-chloro- 2.4 diicdo-anilinc 8

The compound was white crystal, m.p-75° C. Ry Value 0.91 (hexane: chloreform =1:1).

Tn the TR spectrum (fig - 24) of the compound the absorption band found at 3333.05 cm™
due to the wyp of the aniline {-NH:) proup. The band at 1613.48 cm” and 1454.35 em™
represcent the double bond in the aromatic ring. A strong band at 877.63 represents the
¢lore compound.

The 'f NMR spectrum {fig - 25} of the compound showed, the peaks at &y 7.98 (s,
1H,CH), 6.83 {s, 1H, CH) due Lo the two isolated aromalic prolons. The chemical shilt
position at & 4.27 ( br S, 2H, NHz) was found in the form of broad singlet duc to the NH»
proloms,

The structure of the compound 8 was funther confirmed by its B NMR dats {Fig -26) aL
the chemical shifl position of 82.93 and 82.05 due to the presence of (Ar-I) carbon, 8t &
147.90 and a 6 114.38 due to the C-3 and C-6 respectively, at § 147.79 due 1w the Ar-NH;
and at 6 139.13 designed for C-5 carbon respectively.

The structare of Lhe compound 8B was futher established from ils DEPT {Fig -27)
Spectrum, where only two carbons in the aromatic ring al positions 147,80 and §14.38 are
Presented.

In UY spectrum {Fig -28), the value was found in the range of A, 274 and 250 nm.

2.3.2.7 Characterlration of 5-chloro- 2-iodoaniline 9

The :.:hrnpuund brown solid, m.p- 70°C, R¢ Value (.58 Hexane: Chloroform (1 1

In the TR spectrum ol the compound (fig -29) the absorption hand found at 3421,78 o’
due to the vyp of the oniline (-NId:} group. The band at 1621.20, 1463.03 cm™ represenls
the double bond in the aromatic ring. A strong band al 854.48 and 817,83 represents the
halogen compound.

The 'H NMR spectrum (fig - 30) of the compound showed, the peaks at &y 7.50 (d,
iH,CH, J= 8.16 Hz). 6.30 {d, 1H, J=7.46 Hz) due 1o the two adjacent aromatic prolons.
The chemical shift position at § 3.73 (br &, 2H, NR;) was found in the form of broad
singlet due to the NH: protons. A singlel in the position at 6.80 was due to the aromatic
wolated prolon in the C-6 position.
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2.4 Synthesis of 2-Iodo-5-substituted acetanilide derivatives (6, 10, 11) of 2- lodo-5-
substituted aniline (5, 8, %)

Different 2 4-liodo-5-substituted aniline 5, 8 and 9 was sticred with acetic acid and acetic
anhydride (1: 1) and small amount of zinc dust at room temperature for half an hour. Then
the reaction mixtuee was refluxed for 2-5 hours with constant stiring at 80° C for the
formation of 2, 4-diodo-5-substiluted acetanilide. . The hot reactiom mixture was poured in
a thin stream inio a 500 m! beaker contmining 200 mi of cold water with constant stirring.
Filtered the crude product by using suction pump, washed with a little cold water and dried
upon & [lter paper in the air. The desired product 6, 10, 11 was purified by crystallization

from ethanol.
\ NHCOCH,
CH,CO0H, Acy0, Zn !
R 8°C45h - R
X, X,
5,89 6, 10, 11
Where

s, 6.X, =1, R=—CH,
8, 10. X, =1, R=CI
9,11, X, =ll, R==C]

Scheme-5

Table-3: Synthesis of Iodoacetanilide derivatives of 5- substituted aniline,

Entry Compound Condition Product “Yield(%)
H, CH,COOH, Ac,0, 7n|  NACOCIT,
1 T2
CH, 80°C, 2-3h "
I
5 6
? CH;COOH, Ae,0, Zn HCOCLL;
2 o8
) 80" C,4-5h |
i :
8 I
10
Ry CH,COOR, Ac,0, Zn COCH,
3 . 65
1 -
. 80°C, 4-5h .
H

“Yield (%) was calculated on the based on the compound of 5,8,9
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2.4.1 { a) Characterization of 2,4-divdo-5-methyl acetanilide &

The compound was trunsparent crystal; yield 72%, m.p 214-215" C. Ry = 0.58, (Hexane:
Ethyl acctate = 1:1). The product was chamacterized by its IR, 'H NMR and BC NMR
spectrum data,

In the IR spectrum of the compound (fig- 15) the absorption band found at 3267 cm™ due
0 the wyy of the acetanilide group, where as a band at 1659.77 em”’ due to the v, of the
acetanilide. The absorption band at 1554.85 and 1510.2% cm™ represents the double bond
in the aromatic ring.

The "H NMR spectrum {fig -16) of the compound showed, the peaks at & 8.13 {s, 2H,
CH}, due Lo the aromatic protons. The chemical shifi position at & 7 .30 (s, 1H, NII} was
found due to the NH proton.

The structure of the compound & was further confirmed by its *C NMR dala (Fig.- 17) at
the chemical shifl position of & 168.52 due to the presence of (C=0) cavbon, at 8 142.03 in
favor ol C-NH, a1 & 138.39 desipnated for C-5, at & 146.77 and al 6 122.47 due 1o the C-3
and C-6 respectively, at & 95.65 and at § 95.65 designed for Ar-1, 8 27.90 and 24.88 in
suppor of CO-CH; carbon and Ar-CHj carbon respectively.

2.4.1 {b) Characterization of 5-chloro- 2,4 diiodo- acetanilide 19

The compound was white crystal; yield 75%, m,p 158" C. Rp= 0.52 {Hexane: Ethyl acetate
=1:1).

In the 1R spectrum of the compound (fig - 31) the absorption band found at 3272 cm™ due
to the vy of the acetanilide group, where as a band at 1655.81 em™ due o the v, of the
acetenilide grovo. The absorption band at 1568.15 and 1525.72 cm™' represents the double
bond in the aromatic ring.

The 'H NMR spectrum {fig-32) of the compound showed, the peaks at 85 8.30 (s, 111 CH)
and at éyy 7.66 (d, 1H) due to the aromatic protons. The doublet at position 7.66 might ba
duc Lo the long range covpling in the aromatic ring. The chemical shift position at 8y 7.37
{s, 1H NH} was found in the form ol singlet due in ihe NH proton.

T'he structure of the compound further conlinmed by its '>C NMR spectrum (Fig. 33) (100
MHz, CDCls). [t was cbserved that the chemical shifi at 6 168.0 {C=0), 147.68 (C-1),
139.18 (C-5), 139.18 (C-3), 136 (C-6), 121.79 (C-2) and 121.53 for C4 respectively. The
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chemical shift at 24,79 indicated for -OCH;, and so the B NMR specirum indicated the
presence of cight carbon atoms in the molecule corresponding to the formation of

compound 10.

2.4.1 {¢) Characterization of 5-Chloro- 2- iodoacetanilide 11

The compound was white crystal; vield 65%, m.p 120-122" C. R = 0.52 (Hexane: Ethyi
acctate =1:1).

In the IR spectrum of the compound {[ig -34} (the absorption band found at 3510 em’! due
to the vy of the acetanilide group, where as a band at 1653.99 cm™ represents the keto
group (=0} of the acetanilide. The absorption band at 1581.66 and 1466.8% cm™

represents the double bond in the aromatic nng.

The "H NMR spectrum (lig — 35) of the compound showed, the peaks at &y 7.73 {m, 1H,
CH), 7.10 (d, 1I1. J=8.13), 7.30 (5, 111, CI1) due o the aromatic protons. The multiplate at
6 7.72 was results from the long rage coupling with proton in the C-6 position. The

chemical shifi position at 8 7.41 was found in the form of singlet due to the N protwon.

The "C NMR specirum (fig - 36) of the compound showed, the pesks at 8. 168.45 due to
the C=0 carbon, at & 139.12 in favor of Ar-NH, at 8 138.39 designated for C-5, at 6 120.40
and at § 119.2% due to the C- and C-6 respectively, at & 91.06 designed for Ar-1 and at &
24.62 due 1a the ~CH; group artached to the C=0 bond.

Finally the structure of the compound 11 was confirmed from the data obtained from
DEPT specirum (hig — 37). Where lour teriiary carbons vanish oul of eight carbons found
in the normal 1*C NMR spectrum.

2.5 General procedure for synthesis of 2, 6-disubstituted indoles

Bis-{tripheny| phosphine) palladium{Il} chlorde (3.5 mal %), copper ({11} iodide (8 mal %),
rricthylamine { 4 equiv) were added to a solution of 2-iodo-5-methyl acctanilide (1 mot} in
DMTF (Sml).

The reaction mixture was stirred for | h under a nilrogen aimosphere al room temperalure,
Then lerminal alkyne (R-C=CH) {1.2 mol %) was added drop wise to the mixture, The
reaction mixture was heated at 80-85° C for 24-30 hours with constant stirring as shown in
the scheme-6.
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NHCOCH;

] {PPh;}PdCl, Cul |
+ R—=CH * -
LN, DMF, 60-80° C, 6-30 ir N
CH, CH, H R
4 Where, 12,13
12, R=-Ph ’

13, R= -(fHﬂ:;CHg

Scheme-6

Then it was evaporaled 10 dryness under reduced pressure. The residue oblained was
extracted with chloroform, washed with distitled water, dried over anhydrous Na:S50.,
fillered and concentraled under reduced pressure. The desired prodect (12, 13} was
obtained by column Chromatography on silica gei using n-Hexanc: chloroform in different
ratio. Reaction of 2-iodo-5-methyl acetanilide with Phenyl ecetylene {entry 1) gave product
in the highest yield (55 %} in (he 1able 4.The reaction of 2-iode-5- methy! acetanilide with
n-Hexyne took place at lower temperature (60" C) but longer time than pheny! acetylene.

Table-4: synthesis of 2, 6-disubstituted indoles of 2-iodo-5-methly acetanilide

Entry 2-iodo-5- | Terminal Candition Product Yield
methyl Alkyne (Vo)
scetanilide
ICOCT; 80-85"° C,
;| Coo=cr | B [ ] -
N
0 CH, H h
, Uh 12
NCOCH; | HaC(H,CHC=CH|  60° C, iﬁ
2 T 30 hr 1'N| FiL
H,C 1 {CH;LCH;
3 3 13

% Of yield was based on mal% of 2-iedo-5-methyl acetanilide
1.6.1 Characterization 6-methyl-2-phenyl indole 12

The compound 12 (260 mg, 52 %) was yellow solid, m.p-122" C, Revalue 0.73 {(n-Hexane:
Chloroform = 2:1).
In the TR spectrum {fig - 37) of the compound the absorption band found at 3420 em™ due

tor the vyy of the indole ring, where as a weak band at 149].66 em” due to the vy of the
secondary N-H of the indole ring. The absorption band at 1608.66 em’ and 1453.39cm™
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represents the double bond in the arometic ring. The absorption band at 1371.41 cm™ might
be due to the bending stretching of the -CH; group.

The '"H NMR spectrum (g - 38} of the compound showed, the peaks at & 7.54 (5, 1H,
CH), 7.50 {m, 2H, CHY in the aromatic ring, 7.30 (s, 114, =CII) due to the venylic protons.
The mulliptate at & 7.35 was resulls from the coupling with of the protons in Lhe phenyl
ring. The chemical shilt position at § 5.05 was found in the form of singlet due 1o the NH
proton.

The chemical shift position at 2.70 represents the methyl group of the aromatic ring.

The C NMR spectrum {fig -39) of the compound showed, the peaks at &, 148.06 and
144,92 due 10 the adjacent carbon of the indole ring.

‘The compound shows the absorption in the UV spectrum (fig -40) in the region of 280-
300 nm.

2.6.2 Characterization of 2-Hexynyl- 5 methyl indole 13

The compound 13 was white solid, By value 0.75 (n-]fexane: Chloroform 3:1).

In the TR spectrum of the compound shows the absorption band found at 3420 cm™ duc (o
the vy of the indole ring, where as a weak band at 1598.05 cm™ doe 0 the vy of Lhe
secondary N-I1 of the indole ring. The absorption band at 1371.41 ¢m™ due w the -CH;
ETOup.

‘The 'H NMR spectrum (fig - 413 of the compound showed, the peaks at 8y 7.53 (d, TH,
CH) in the aromatic ring, 7.35 {m, 5H, CH) duc to the coupling of thc prolons m the
phenyl ring. Yhe chemical ghift position at 8 4.80 was found in the form of singlet due to
the NH proton. The chemical shifi position at 2.56 represents the methyl group of the
aromatic ring. The muliplate at 1.48 end 2.41 rcpresenis the methylene (—CHz} protons.
The chemical shift position at 0.9 represents the methyl group of he hexyne.

The C NMR spectrum {fig <12} of the compound showed, the peaks at & 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 of 290- 350 nm.

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

Bis-{triphenyi phosphine) palladiuwn([f) chloride (3.5 mol%), copper (I) iodide {8 mol%),

tricthylamine { 4 equiv) wers added to a solution of 2, 4-diiodo-5-methy] acetanilide

{1 mol) in DMF (5ml).
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The mixture was stimed for | h under a nitrogen atmosphere el room {emperature. Then
terminal alkyne {R-C=CH} (1.2 mol%) was added drop wise to the mixiurc. The reaction

mixture was heated at 60-80° C for 24-30 hours wilth constant stirring as shown in the

scheme-5.
HCOCH, ¥\ NHCOCH,
1 " 1y PAPh),Cly Cul N . _ .
2 Ei;N, DMF, 60-80° C, |
! 6-30 hr I
&, 10 15 16 17, 18 14
Where,

15. Rl = 'Clil Rz =-Ph

16. R! = -CH3f RZ = —C(CH;}}C-H}
17. By = CHy, Ry= ~C{CH1},CH,
18. R, = -Cl, By =-Ph

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

5-methly or chloro acetanilide

Entry | 2-iodo-5- | Terminal Alkyne | Condition Product Vield |
afyl (%)
acetanilide

1 ACGCH, 80-85" C, 62
. @—(ECH 4 hr MHUOCH;
H, Lh;
3 COCH; | ICULCHC=CH | 60 C, M mcomn, 37
I 30 hr
N 1 CH;
11
3 COCH; | CHL(CH,),C=CH 60" C,
I a0 hr
1
T IF o
4 ] T ELE @—(ECH Eﬂiif-hrt, F HCOCH, 58
| “a
13

Yield? (%) was based on the amount {(mmol) of 2-iodo-5-methly or chloro acetanifide
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2.8 Characterization of 2-Alkynyl — 4 —iodo- 5 methyl and chloro
acetanilide

2.8.1 Charucterization of Pheny acetylene dimmer 14

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

tn the IR spectrum{fig- 44) of the compound the absorption band found at 2148.74 cm”’
represent the vy of the e=c bond in the dimmer.

The "H NMR spectrum (fig- 45} ol the compound showed, the peaks at 8y 7.52 (d, 411,
CH, J= 6.84 Hz} was duc to the similar CI1 proton of the C-2 and C-6 carbon ol the hoth
phenyl ring. The chemical shifi position at & 7.3.5 {m, 6H, CH) showed as multiplate due
to the leng range coupling among the protons (C-3, C-4 and C-3) of the gromatic ring,

The coupling ot the adjacent protons are clearly observed from the COSY (fig- 46)
spectrum,

The “C NMR spectrum (fig -47) of the compound showed, the peaks at §, 132.52,
129.27, 128.51 designated for similar carbon at C-2, C-3 and C4 of the both ring. The
chemical shift at 121.89 represents the C-1 carbon of the both aromatic ring. The positions
at & §1.63 and at & 73.99 represent the acetylenic {C=C) carbon respectively.

2.8.2 Characterizmtion of 2-Phenylethynyl — 4 — iode -5- methylacetunilide 15

The compound 15 (yield 60%4) was vellow solid with Rg value 0,73 (n-Hexane: Chlgrolorm
2:1). The structure of compound 15 was nssigned by spectrat data,

in the [R specirum (fig — 48) of the compound the absorption band found at 3293.5] cm”
due to the vy of the acelanilide group, Lhe band at 2214.32 em’! represent the ve of the

c=c bond, where as a band at 1663.63 e’ represcnts the vo, of the acctanilide group.

The '"H NMR spectinnt {{ig - 49) of the compound showed, the peaks at 8y 8.35 (s, |H,
CH) and at 64 7.91 (s, I|H, CH) due io the aromatic protons. The multiplate at § 7.51 — 7.33

was results from the coupling with proton in the phenyl ring. The chemical shift position it
& 7.85 was found in the form of singlet due w0 the NI proton.
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The "*C NMR spectrnm {[ig — 50) of the compound showed, the peaks at 5, 168.45 due to
the C=0 carbon, at 143.43 for C-2, a1 6 140.92 in tavor of Ar-NH, at & 138.82 desipnated
for C-5, a1 4 98.30 and at 8 82.64 due (o the acetylenic (C=C) respectively. The chemical
shifi position at & 92.85 designed for Ar-1, at 3 28.53 and at 25.02 dug to the O-CH; group
and aromatic methyl respectively.

In the UV (lig — 51} spectrum the peak was found in the range ol 292-230 nm.

Complete analysis of the UV, IR, and TH NMR specirum of this compound was agreement
with the structure accorded to it as synthesis of 2-Phenylethynyl — 4 —iodo -5- methyl
acetanilide 15

2.8.3 Characterization of 2-Hexynyl — 4 —todo- 5- methy! acetanilide 16

in the TR spectrum (lig-52) of the compound the absorption band found al 329930 em?
dug 1o (he v of the acetanilide group, where as a band ar 1665.56 cm™ due to the v, of
the acetanilide group and the band at 2230.71 cm™' represent the C=C bond.

The 'H NMR spectrom (fig- 53} of the compound showed, the peaks at 8 8.30 {5, 111,
CH) and 7.76 (s, 111, CH) due 1o the aromatic protons. The chemical shifi position at §
7.80 was found in the form of singlet due to the NH proton. The chemical shifi at 2.40 and
2.18 in the form of singlet represent the -GCIIs and Ar-CH,y respectively. The chemieal
shifi at 2.48, [.60 and .50 correspondence the —CIIz:- group of the hexyne. The chemical
shifl at 0,96 in the form of iriplet represencs the alkyl proup of the hexyne.

The BC NMR spectrum {[ig- 54) of the compound showed, the peaks at 5, 168.13 due 1o
the C=0 carbon, at & 142.52 in favor of Ar-NH, at & 138.95 designated lor C-5, at &
119.84 due to the C-6 respectively, al & 76.87 and at & 98.38 due to the aceiylenic{ C=C)
respectively, at & 92.72 designed for Ar-[, and at 6 23.84 and 28.49 due to the -CH;j and -
OCH; gmup respectively.

The structure was further comfirmed from its DEPT {fig- 55) specirum. There are only two
carbon in the aromalic ring at 139.84 and 119.83 represent the -CH of the aromatic ring.

2.8.4 Characterization of 2-Heprynyl — 4 —iodo- 5- methyl acetanilide 17

The compound 17 (65 myg, 33%) was brown solid, m.p- 100° C and R vatue 0.73
(n-Hexane: Ethylaceate = 1:1).
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In the [R spectrum of the compound (fig- 56) the absorption band found at 3293.51 em”!
due to the vy of the scetanilide group, where as a band at 1663.63 om”’ due to the Voo Of

the acctanilide group and the band at 2224,93 em™ represent the C=C band.

The 'H NMR specirum {fig- 57) of the compound showed, the peaks at &y 8.31 (s, 1H,
CH) and 7.77 (3, 1H, CH) due 10 the sromatic protons. The chemical shifi position at &
7.81 was [ound in the form of singlet due to the NH proton. The chemical shift at 2.41 and
2.19 in the form of singlet represent the -CKCH; and Ar-CHj; respectively. The chemical
shifi at 2.48, 1.62 and 1.45, 1.38 comespondence the —CHz- proup of the heptyne. The
chemical shift at .93 in the form of triplet represents the alkyl group of the heptyne.

The *C NMR spectrum (fig- 58} of the compound showed, the peaks at 8, 168.50 due to
the C=0 carbon, at § 142,48 in favor of Ar-NH, a1 3 138.95 desipnated for C-5, at §
119.73 due to the C-6 respectively, at & 74.47 and at & 98.38 due to the acetylenic { C=C)
carbon respectively, at & 92.72 designed for Ar-l, and at 6 28.40 and 31.14 due to the CH;
and —OCHj, proup respectively.

In the UY {fig- 59} spectrum the absorption band of the compound 17 shows in the region
290-320 nm.

2.8.5 Characterization of 3- Chloro- 2-Phenylethynyl — 4 — iodo acetanilide 18

The compound I8 (55 mg, 58%) was white solid, m.p-122" C, Ry value 0.73(n-Hexane:
Chloroform 2:1},

In the IR spectrum of the compound {[ig -60%} the absorplion band found at 3297 37 cm’
due 1o the v of the acetanilide group, where as a band at 1664.60 cm” due to the v, of
the acetanilide group and the band at 2217.21 cm™ represent the C=C bond.

The 'H NMR spectrum (lig - 61) ol the compound showed, the peaks at & 8.50 {s, 1H,
CIT) and at & 7.94 (d, 11, CI1) due to the ammalic protons. This proton canses the
coupling with the nearby proton. The multiplate at & 7.51 — 7.34 was results from ihe
coupling with proton in the phenyl ring. The chemical shilt position al § 7.68 was found in
the form of singlet dus te the NH proton,

The "*C NMR spectrum {[ig — 62) of the compound showed, the peaks at . 168.50 due 10
the C=0 carbon, at & 109.89 and at & 96.64 due to the acetyienic (C=C) carbon
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respectively. The chemical shifi position at & 98.88 designed for Ar-[, at 24.30 due 10 the
D—CH; group.

2.9 Mechanism of palladium catalyzed reactions of 2-iodoacetanilide with terminal
alkynes:
Although the detailed mechanism of the reaction is yet to be clarified, it can be perceived
that the reactions proceed according to scheme- 8. 1t was observed that the presence of
paliadium calalyst and base were very essential for the success of heleroannulation
rcactions. The key steps of the possible mechanism were based on the following
observations.
Tt ¢could be suggested that Pd (0} must be the intermediate involved in the catalytic process.
The reduction of Pd (11 to Pd (D) in the presence of EtzN and terminal alkynes took place,
In the step-1, terminal alkynes went to react with Cul and Et;N to the Cu inversion in the
alkynes.
In the step-11, the formation of Pd (0) from the interaction of bis-(iriphenylphosphinc)
patladium (11} chloride and cuprous acetylide was proposed by Hagihara'*®.
In step-lll, the catalytic cycie substituled aceranilide oxidatively added 1o
bis{triphenylphosphine} palladium(0) to generate a 2-anilide palladim (Ti) complex A.
Then the terminal alkyne could be co-ordinated with pelledivm {1i) complex A (Heek
reaction) giving rise to co-ordinated complex B. The alkynyl palladivm complex B
generated the original bis (tripheny! phosphine) palladium (0) through the reductive
elimination of the substitoted products to afford the 2-ethynyl acelanilide.
Bis(triphenylphosphine) palladivm {0) could then cantinue the catalytic cyele.

The mechanism of the reaction is given below.

Step-1

®
He==cgp —2LESN _ cuc==cr + EuNH

Step-TI

HC==CR  + Pd(PPhy),Cl, ——= (PPhy),Pd—(C ==C-R },

R—C==C —C 2= C—R + (PPhy},Pd (0)
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Step-1IT

(PPho,Pd () CL, |
NHCOC
L ['Ph,
N' “p |
+ P'd—l
ﬂ\b*/i{ A @:‘l’hq
@ HCOCH,
™ NHCOCH,
=R
PPhs
Pd
PN g Cl
PPhs
HCOCH,
B
Scheme-#

2.10 Base catalyzed reaction with 2-Ethyny! substituted acctanilide

The 2-Ethynyl — 4 —iodo- 5- methy] acetanilide 15 and 2-Ethynyl — 4- lodo- 3- chloro
acelanilide 18 was added to sodium cthoxide (1.2-1.5 mmol) in ethanal (20 ml) and the
mixture was stirred under a nitropen atmosphere for 612 hr at 80-85” C. ARer usual
workup the crude product was purified by column Chromatography on silica gel using n-
Hexane: Ethyl acetate (1:1) to yield indole 20, 21 as shown in scheme-9.

H
NaEW L) - | I
BN-83" O, 612 hr
[ o E 2
1
20, 11
15,18
Scheme-9
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Table-6: Synthesis of 4-lodo —5-methyl or chloro — 2 — phenyl indole

Entry | 2-iodo-3-methyl | Condition Product Yield® (%)
acctanilide
1 80-85"C, 6 I\, 65
MHOTCH,
hr | |
CH, N
I 20
15 U
2 B0-85"C, 12 [ 42
Q. ) \
%C HHOOCH, hr | l
¢\1 ci N
1 21
18

Yield® (%) calculated on the base of the amount of compound 15 and 18

2.11.1 Characterization 4 - indo -3 — methyl — 2 — phenylethylaniline 19

‘The struture of the compound 19 was cstablished by obserbation of the 'HNMR and I? €
NMR spectru

[n the 'H NMR {fig-63) spectra the chemical shifl was found in the position 87, 7.75 (s, 1H,
CHY and 6.64 (s, IH, - CH} represent the Cil of the aromalic ring. Where as the chemical
shift at the position &; 4.22 (s, 1H, -NH:) represents the prolon of the aniline. The
multiplate in the region 7.50-7.33 {m, 5H, CH) due to the aromatic phrotons and the §y;
2.34 (s, 311, -CHj) due 1o the aromatic methyl group.

'5C NMR spectrum (fig- 64) reveals the structure of the compound 19 at positions 8¢
147.75, 145.70, 142.72, 141 28, 137.80, 131.40, 128.37, 128.32, 123.00, 115.43,

dug to the aromatic ring carbons. The chemical shift at positions 107.95, 95.07. represents
the acetylenic carbons, The chemical shift at 84.22 duc to the Ar-1 and 28.67 for aryl
methyl respectively.

2.11.2 Characterization of 5-Todo-6- methyl — 2- phenyl indole 20

The compound 20 was vellow solid and Ry value: 0.59 (hexane: ethyl acetate= 1:1).

The 'H NMR specirum (fig- 66) of the compound showed, the peaks at 8;; 7.53-7.48 (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 0.5% was due o the venylic

57



proton of the indole ring. The chemical shifi position a1 & 4.37 was found in the form of
singlet due to the NI proton.

The PC NMR spectrum (fig- 67) of the compound showed, the peaks at 29.67 due to the
aromatic methyl. The peak at 85.38 is due to the Ar-l carbon. The peaks at 135.82 and
128.27 are due i the C-8 and C-9 respectively. The peaks at 115.45 and at 28,38 might be
due to the C-2 and C-3 respectively. The peak at 112.01 represents the C-7 carbon.

In the UV spectrum (fig- 68) the peak was found in the range of 266-216 nm.

2.11.2 Characterization of 6- Chloro — 5- iodo — 2- Pheny! indole 21

The compound 21 was brown semisolid, Ry value 0.68{n-Hexane: Chloroform 2:1).

The '"H NMR specirum (fig- 69} of the compound showed, the peaks at 8, 7.57-7.52 {m,
2H, CH) of the protons of the m-chlore aromatic ring and 7.33-7.31 (m, 3H, CH) due to
the isolated aromatic protons. A distinguish peak at position 6.79 was due to the venylic
proton of the indole ring. The chemical shifl pesition at & 4.49 was found in the form of a
singlet due to lhe NH proton,

The "*C NMR spectrum (fig-70) of the compound showed, the peaks at 88.20 is due to
the Ar-I carbon. The peaks al 137.89 and 128.27 are due to the C-8 and C-9 respecrively.
The peaks at 125.27 and gt 102.89 might be due to the 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 of 366-226 nm.

2.12 Mechanism of the basc catalyzed eyclization of indoles

The cyclization reaction of 2-Lthynyl — 4 —iodo- 5- methyl and chloro acelanilide was
carried out by sodium ethoxide (1.2-1.5 mmol} in ethanol {20 ml).
The plausible mechanism for base catalyzed cyclization of indoles was shown in the

scheme- 10.
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1. In {he [irst step cthoxide ion extract the proton from nitrogen and nitrogen bears the

negative charge.
2. The nitrogen atiacks the partiaily positive carbon of the alkyne and the partially ncgative

carbon atlacks the proton of the alcohol avuilable in the solvent system.
3. In the [iral step CH;CCOH removed by hydrolysis during workup.,

EtU
C?T/R r:— C—R
O O =00
H
lumh m:H3
mcr I
—
T R -CH,COO0H 'T R
H COCH,
Scheme-10
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2.13 Conclusion

Here we developed a convenient and facile method for the synthesis of 2, b-disubstituted-
indole derivatives through palladium and basc calalyzed reactions. The most important

fealures of the synthesis were that —

o>

L3

Readily available inexpensive slarting matcrials were used under relatively mild
condilions.

Yarious ledoacetanilide compounds were synthesized successfully.

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

calalyzed reaction was [ound to be inconvenient.

The one pot synthesis of 2-Hexynyl- 5- methyl indole by ihe palladium-catalyzed
reaction of 2-iodo-3-methyl acelanilide 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 1-Heptyne.

The vicld of substituted indoe in the case of m-toluidine was betier than that of m-

chlomaniling,

This methodology is also expected to be widely used in synthesis of indole skeleton
conuining naiural products and spiro compounds.

‘The synthesized indole derivative might show antibacterial and antifunpal activity.



CHAPTER-I11
Section-I1

Experimental



Experimental

3.1 Synthesis of starting materials

3.1.1 Iodination of m-tolnidine

Tnio a round boitom {lask equipped with condenser 5 ml (0.05 mol) of meta toluidine.
1161 gm (0.05 mol) of granciated iodine and %.31 om copper acetale (0.03 mol) were
placed , Then 50 ml of acetic acid was poured in to the mixiure and was shakcn the
contents of the flask steadily. Uinally the reaction mixture was refluxed for 9-10 hours with
constant stirring at 20" C. The completion of the reaclion was monitored by TLC. Afer
completion ol the reaclion, acelic acid was evaporaled o dryness and was exiracted with
chioroform, The product was neutralized by saluraled solution of sodium hydrogen
carbonale {(NaHCO,), free iodine was removed by using sodium thiosulfate solution, dried
with anhydrous Na;S0O, and concentrated under reduced pressure.

The crude product was puriflied by column chromatography on silica gel with hexane:
chioroform in different ratio. Five compounds were detected but four compounds {3, 4, 5,

6) were isplared in different ratin.

H, NH, HCOCH, | NH; NHCOCIL,
Iy , Cu(OAS). CLECOOI ‘\[?:’1 +1 . .
tem 120° C, %10 hr. CH CH, CH,
K
1 3{10%) 4 {2252} 5 (51%) 6 (12%)

Scheme-1
i) Characierization of 2, 4, #-tritodo-3-methyl] aniline 3
Hy
I e
CH;

e

Physical state: White crystal

M.P: 136°C

R ¥alue: 0.72 (11exane: chlomform = 1:1)

IR (KBr}: vipg, 3403.45, 3313.76, 305047, 159902, 142060, 136273, 1080.16, 568.95,
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"H NMR (600 MHz, CDCly): &y 8.04 (s, 1H,CH), 4.78 {s, 2H, NH3), 2.73(s, 3H, Ar-CH3).
B NMR (100 MHz, CDCL): 8¢ 146.93, 146.84, 143,97, 86.45, 83.55, 78.35, 35.98.
DEPT : 146.84, 3598

i) Characterizution of 2-iodo-5methyl aceimnilide 4

NHCOCIH,

Ny,
4
Physical state; While crysal

R Value : 0.65 hexane: chloroform (1:1).

UV (ECOH) : Ao 252, 232, 212 im.

TR (KBr): vime 3315.4 (-N11), 1668.3 (C=00, 1606.6, 1581.5, 1533.3, 1471.6, 1396.4,
1311.5,819.7

0 NMR (400 MHz, CDCl): 5y 7.67 (d, 1H,CH, J= 8.5 Hs), 7.46 (s, 1H, NH), 7.42(d,
tH,CH, J= 1.94 Hz), 7.03-(dd, 1H, CH, )=11.2 Hz), 2.36 (s, 3H,-OCH3), 2.13
(s, 3H, Ar-CH3).

3¢ NMR (100 MHz, CDCly): 8- 168.52 (C=0), 142.03, 139,11, 138.11, 121.11,
119.02, 94.43, 28.13, 24.58.

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

iii) Characterization of 2,4-diiodo-5-methyl aniline 5

H,

Physical state; Brown solid

M.P: 80°C

R; ¥alue: 0.67 {n-Hexane: Chloroform =1: 13

UV (EtOH) ; hp.r 252, 232, 224 nm.

IR (KBr): vy 3401.53, 3300.26, 2067.53, 2936.67, 1599.02, 1543.08 1459.17, 1257.51,
C1021.33, 86991, 616.27em.
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TH NMR (400 MHz, CDCl;): 5, 7.94(s, 1H,CH), 6.64(s, 1H, CH), 4.03(s, 2H, NH>),
2.27(s, 3H,ArCH3)

3C NMR (100 MHz, CDCly): & 146.90, 146.66, 142.25, 115.55, 86.45, 81.12, 27.50.

DEPT: 146.66, 115.55, 27.50.

iv) Characterization of 2 4-diiodo-5-methyl acetanilide 6

HCOCH,

Hy

p—

Physical state; White crystal

M.P: 215°C

R Yalue: 0,58 (Hexane: Ethyl acetale = 1:1)

UV (E{OH) : h 204, 274, 250, 226 nm,

IR (KBr): v 3265.54, 3057.23, 2971.39, 2921.24, 284%.87, 1659.77 (C=0), 1554.65,
1512.22, 1359.84, 1278.83,1032.90, 870.88 cm™.

TH NMR (400 MHz, CDCls): 8,y 8.14 {3, 2H, CID), 7.30 (s, IH, NH), 2.38 (s, 3H.-
0OCI3), 2.21 (s, 3H, Ar-CH3)

3¢ NMR (100 MHz, CDCL): 8¢ 168.24 (C=0), 146,83, 143.02, 138.40, 122.23, 95.33,
86.52, 27.97, 24.97.

DEPT: 146.83, 122.23

3.1.2 Fodination of 3-Chloro-aniline:

5 m! {0.05 mol) of 3-Chloro-aniline, 12.09 gm {0.05 mol) of granulated iodine and 9.31 gm
copper acetate (0.05 mol) were placed one by one into a round bottom flask equipped with
caondenser. Then 50 ml of acetic acid was poured in to the mixturc and was shaken the
reaction mixture steadily, Finally the reaction mixture was refluxed for 9-10 hours with
constant stiring at 120° C. The completion of the reaclion was monitored 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 sawsrated solution sodium hydmogen carbonate (NaHCOjy), free iodine was removed by
using sodium thiosulfate solution, dried with anhydrous Na;5( and concentratcd under

reduced pressure.

The crude product was purilicd by colimn chromatogrephy on silica gel with hexane:

chlornform in different ratio and three compounds were isolated.

n NH;
NH3 I I I Ha
1y, Co(OAc), ,CH,COOH N + 1
ol
op o 120° C, 9-16 br 1 " C
‘ 1

H24%) 8(53%) H12%)

Scheme-2

i) Characterization of 3-chloro- 2,6 diiedo-aniline 7

Physical state: Yellow Solid

MLP: 148°C

R, Value : (.78, hexane: chloroform (5:1).

UV (EtOH) : by 2944, 234, 210 nm.

IR (KBr): v 344782, 3403.45, 3312.80, 2925.10, 1395.16, 1416.74, 1355.02,
1256.65, 165.99, 1031.93, 873.77 cm™.

'H NMR (460 MHz, CDCly): &y 7.53 (d, I1H.CH, J= 8.36 Hz), 6.58 {d, |H, }=8.37 Hz),
487 (br S, 2U, NIH,).
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ii) Characterization of S—chloro- 2, 4 diiodo-aniline B

NH,

€l

—

Physical state: White crystal

M.P: 75°C

R, Vulue : 0.90 hexane: chloroform (1:1).

UV (EtOH) ¢ Amax 290, 274, 250 nm

1R (KBI): Voo 3410.50, 3333.05 (N-Ha), 3071.69, 2925.10, 1613.48, 1454.35, 1360.80,
1022.29, 877.63 cm’.

TH NMR (400 MHz, CDCl5): 8y 7.98 (5, 1TH,CH}, 6.83 (s, 1H, CH}, $4.27 { br §, 2H,
NH2)

C NMR (100 MHz, CDCls): 3 147,90, 147.79, 139.13, 114.38, 82.93 and 82.05

DEPT: 147.80, 114.38

iii} Characterization of 5-chloro- 2-ivdouniline 9

gel

9

Cl

Physical state: brown solid

M.P: 70°C

R, Yalue: .58 Hexane: Chloroform (1:1}.

UY (ECOH) : hx 258, 210 nm

TR {KB#): v 3421.78, 3343.66, 2956.93, 292510, 2854.70, 162120, 1463.03,
1286.44, 101.37, 854,48 and 817.83 cm”.,

'"H NMR (400 MHz, CDC): 5y 7.50 (3, 111,CH, J= 8.16 Hz), 6.30 (d, 1H,CI1, J=7.46
13z), 6.80 {5, |1H, CH), 3.73 {br §, 2H, NI1;}.

05
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3.2.1 Preparation of 2,4-diicdo-3-methyl acetanilide 6:

2,4-Diiodo-3-methyl aniline § was stirred with acetic acid, acctic anhydride (1: 1) and
smalil amount of zinc dust at room temperature (or half an hour. Then the reaction mixture
was refluxed for 2-3 hours with constant stirring at 80" C. The hot reaction mixture was
poured in & thin strenmn inte a 500 ml beaker containing 200 mi of cold waler with constant
stirring. Filtered the crude product by using suction pump, washed with a liltle cold water
and dried upon a filier paper in the air. The desired product & was purified by
crysuatlization using cthanol.

The compound way transparent crystal; vield 72%, m.p 214215 C. R = 0.58 (Hexane;
Gihyl acetate =i:1).

COCH,

Hy

IR (KBr): Vo 3266.51, 1659.77 (C=0), 1556.77, 1554.65, 137141, 1278.83, 1033 .86,
870.88 cm™.

'H NMR (400 MHz, CDCl): 8y 8.13 (s, 2H,CH), 7.30 (s, 1H, NH), 2.38 ( 5.3H, OCH;),
2.20 (s, 3H, Ar-CHy}

3¢ NMR (100 MHz, CDCly): 3¢ 168.75 (C=0), 146.79, 142.96, 138.39, 122.47, 95.65,
87.88, 27.90, 24.88.

DEPT: 146.76, 122.47, 27.88, 24 88

UV (EAOH) : s 274, 250, 226 am

A.2.2 Prepamtion of S<hloro- 2,4 diiodo- acetanilide 10

5-Chlore- 2 4-diiodoaniline, 8 was stirred with acetic acid, acetic anhydride (1: 1) and
small amount of 2ing dust ar room temperature for half an hour, Then the reaction mixture
was refluxed for 2-3 hours with constant stirming at 80" C. ARer usual workup as it was

dong before, the product, 10 was purified by crystallization process using ethanol.

i)

ik



COCH;

!
10

The compound was white cryslal; yield 75%, m.p 158" C. Ry= 0.52 (Hexane: Ethyl acetale

=1:1).

IR (KBr): v, 3272.29 (N-H), 3084.23, 2923.17, 1658.81 (C=0), 1568.15m, 1525.72,
1397.45, 1280.76, 1085 80, 867 98, 603.73 em.

"H NMR (400 MHz, CDCly): 64 8.30 (s, [H, CH), 7.66 (d, 113, CH}, 7.37(s, IH, NH),
2.23 (s, 3H, -OCH;).

B NMR (100 MHz, CDCly): 8¢ 168.0(C=0), 147.68, 139.18, 136, 125.95, 121.79,
121.53,24.79.

3.23 Preparation of 5-chloro- 2- iodoacetanilide 11

5-Chloro- 2-iodoaniline, 9 was slirred with acetic acid, acetic anhydride (1: 1) and small
amount of zinc dust at room femperature for half an hour. Then the reaction mixture was
refluxed for 2-3 hours with constant stirring at 80" C. Afler usual workup the product, 11

was washed with water and lnally dried, recrystallized from ethanol.

HCOCH;
|
1

11

The compound was white cryslal; yield 65%, m.p 120-122° C. Ry = 0.52 (Hexane: Ethyl
acctate =1:1).
TR (KBr): v 3510, 3395, 3237.57, 3095.80, 1653.99 (C=0), 1581.66, 1466.89,

1375.27, 870.88, 569.97 cm”'.
TH NMR (400 MHz, CDCI5): 54 7.73 (m, 2H,CH), 7.10 (d, 1H, CH), 7.41 (s, IH, NH)}
3C NMR (100 MHBz, CDCly): 5 168.45 (C=0), 140.19, 139.12, 138.92, 120.40,

119.29, 91.06, 24.62.
DEFPT: 140.166, 120.38, 119.28 and 24.59
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3.3 Synthesis of 6-methyl-2-phenyl indote 12

Bis-(tripheny] phosphine) palladium([1) chloride (44.65 mg, 6.0636 mmol), copper (II)
iodide (27.77 mg, 0.145 mmol), tdethylamine (734.27 mg, 7.27 mmol) were added 10 3
solution of 2-iodo-5-methyl acetanilide ( S00 mg, 1.818 mmol} in DMF {5ml).

The mixture was siirred for 1 h under a nitrogen atmosphere ai room temperature. Then
phenylacetylene (222.58 mg, 2.811 mmol) was added drop wise to the mixture. The
reaction mixture was heated st 80-85° € for 24 hours with conslant stirring. The reaction
mixture was evaporated 1o dryness under reduced pressure, The residue oblained was
extracied with chloroform (3250 ml), The organic extract was washed with distilied water
(3x50 ml), dried over anhydrous Na;$0s, hiltered and concentraled under reduced pressure.
. The desired product 12 was purified by columnn Chromatography on sifica gel using n-
Hexane; chloroform (3:1).

|
N
CH, H Tk
12

The compound 12 (260 mg, 52%) was yellow solid, m.p-lﬂ“ C, R; value 0.73 (n-Hexane:
Chioroform = 2:1).

IR (KBr): v, 342081, 332051, 3057.23, 2208.53, 1608.66, 1491.00, 1453.39, 749.36,
682.81 cm’.

'H NMR {400 MHz, CDCly): 8y 7.53 (m, 34, CH}, 7.35 (m, SH, CH) 5,02 (brS, 1H,
NH), 2.70 (s, 3H, -CH;)

3¢ NMR {10 MHz, CDCL): 3 148.06, 144.93, 135.16, 131.54, 131.33, 128.57,
128.48, 128.35, 127.96, 122.78, 112.49, 104.96, 94.83, 91.29, 84.95, 28.32.

UV {(ECOH) & hng 302, 206, 202, 288, 210 nm.
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3.4 Synthesis of 2-Hexynyl- 5- methyl indole 13

Bis-(triphenyl phosphine) palladium(11} chloride(18 mg, 0.025 mmol), copper (1[) iodide
{11 mg, 0.058 mmol), triethylamine (293.78 mg, 2.908 mmol} were added 10 2 solulion of
2-iodo-5-methyl 2cetanilide ( 200 mg, 0.727 mmol) in DMF{3ml),

The mixture was stimed for | hr under a nitrogen atmosphere at room temperature. Then
[exyne {72.4 mg, 0.8724 mmol) was added drop wise to the mixiure. The reaction mixture
was heated at 60" C for 30 hours with constant stiming. The reaction mixture was
evaporated to dryness under reduced pressure. The residue oblained was extracted with
chloroform {3x50 ml). The osganic cxuact wes washed with distilled waler {3x50 ml),
dried over anhydrous Na; S0y, filtercd and concentrated under reduced pressure. The crude
mass was purified by column Chromalography on silica gel using n-Hexane: chloroform
(3:1).

The compound 13 {85 meg, 43 %) was white solid and R value 0.75 (n-Hexane:
Chloroform 5:1).

L
N
H;C H (CHy),CH;
13

"M NMR (400 MHz, CDCl): 8y 7.52 (d, 2H, CH), 7.35 (m, 2H, CH) 4.80 {brS, 1H,
NH), 2.56 (s, 3H, -CHy) 2.41 (m, 2H, -CH,-), 1.48 {m, 2t1, -Cli2), 0.9 (s, 3H,
CH3)
130 NMR (100 MHz, CDChL): 142.42, 140.87, 132.50. 12920, 128.44, 119. 75, 11.91,
08.29, 28.41, 2404, 22.05, 19.22, 13.56.
UV (EtOH) : A, 346, 290, 278, 264, 216 nm.

1.5 Synthesis of 2-alkynyl-4- iodo-5- methyl or chloro acetanilide

3.5.1 Synthesis of 2-Phenylethynyl — 4 — iodo -5- methylacetanilide 15

Dis<{triphen¥! phosphine} palladium(IT) chlonide{18 myg, 0.025 mmaol), copper (IT) iodide
{11.30 mg, 0.059 mmol), ricthylamine (597 mp, 2.96 mmol} were added to a solution of
2. 4-diiodo-5-methy] acetanilide { 300 mg, 0.743 mmol) in DMI{5ml}.

The mixture was stirred for 1 k under a niwogen atmosphere at oom temperalure. Then
phenylacetylene (90.72 mg, 0.888 mmel) was added drop wise 1o the mixture. The reaction
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mixture was heated at 80-85° C for 24 hours with constant stirring. The reaction mixture
was evaporated 10 dryness under reduced pressure. The residue obmained was extracted
with chlomolorm (3x50 ml). The orpanic extract was washed with dislilled water {3x50
ml), dried over anhydrous NazS0y, hiltered and concentrated under reduced pressure. The
crude mass wuos purified by column Chromatography on silica gel using n-Hexane:

chloroform (3:1).
O NHCOCI !

|
|
§

\ /"

CH
14 i b

15

Dwring this reaction anotber product phenyl acetylenc dimmer 14 was also isolated using
n-Hexane {100 %o).

IR (KBr): v 3277.11, 3048 55, 2031 85, 2184.74, 1347.30, 1024.22, 915.24, 755.14,
686.67.

"H NMR (400 MHz, CDCl5): 8,; 7.52 (d, 4H,CH), 7.35 (m, 6H, CH).

BC NMR (100 MHz, CDCly): 8¢ 132.58, 129.28, 128.51, 121.90, 81.63, 73.99.

DEPT : 132.58, 129.27,128.51

The compound 13 {185 mg, 62 %} was yellow crystal and Ry valuge 0.91(n-Hexane:
Ethylacctate = 1: 1L

IR (KBr): vi, 3455.53, 3293.51, 3056.26, 2922.21. 2214.32 {C = (), 1663.63 (C=0),
1554.65, 150740, 881.48, 753.22, 680.56 cm™.
TH NMR (400 MHz, CDCly); 51 8.35 (s, 114,CH), 7.91 (5. [, CH), 7.85 (s, 1H, NH),
7.51-7.39 (m, 5H, CH}, 2.24 (s, 3H, CH3), 2.0 (s, 3H, -0-CHj).
BC NMR (100 MTiz, CDCly): §c 168, 143.43. 140.92, 138.82, 131.46, 129.06, 128.60,
121.39, 120.07, 98.30, 92.85, 82.64, 28.582, 25.01.
UV (EtOH) : hge 292, 284, 258, 210 nm.
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3.5.2 Synthesis of 2-Hexynyl — 4 —iodo- 5- methyl acetanilide 16

Bis{triphenyl phosphine} palladium((l} chloride{2 mg, 0.0025 mmel}, copper (H} iodide
{11 mg, 0.059 mmol), tricthylamine (298.96 mg, 2.96 mmol) were added to a solulion of
2.4-diiodo-3-methyl acetanilide ( 200 mg, 0,50 mmol) in DMF{Sm!).

The mixture was stimed for | h under a nitrogen atmosphere at room lemperature. Then
Hexyne (73.8 mp, 0.888 mmol) was added drop wise i the mixture. The reaction mixture
was heated at 60° C for 30 hours with constant stiming. The reaction mixture was
cvaporated to dryness under reduced pressure, The residue obtained was cxlracted with
chioroform (3x50 mb). The organic extract was washed with distilied water (3x50 mb),
dried over anhydrous Na;S0,, fillered and concentrated under reduced pressure. The crude
mass was purified by column Chromalogrophy on silica gel ustng n-Hexanc: Ethylacetaic
{1:1).
(CHy :CH;y
N\ COCH;

CH;,
1

16
The compound 16 (73 mg, 37 %) was white crystal mp- 129° C and Ry value 0.77 (n-
Hexane: Fthylacetale = 1:1)

1R (KBr): v 3447.82, 320930, 2930.89, 2871.07, 2230.71{C=C), 1665.56 (C=0),
1560.44, 1464.96, 1288.47. 884.38 cm™.

1H NMR (600 MHz, CDCl): 3, 8.30 (s, 1H, CH), 7.80 (s, [H, NH), 7.76 (s, 1H, CH),
2.48¢t, 21 -CH,), 2.40 (s, 3H, OCHy), 2.18 (s, 3¢, -CH3), 1.60 (m, 2H, -CHy),
1.50 {m, 2H, -CHy), .96 {t, 3H, -CHy).

3¢ NMR (100 MHz, CDCh): 8¢ 13.64, 19.31, 22.13, 25.01, 28.49, 30.76, 76.87, 92.72,
9%.38, 112.01, 119.84, 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 of 2-Hepiynyl — 4 —iodo- 5- methy! acetanilide 17

Bis-(triphenyl| phosphine) palladium{1T) chloride(12 mg, 0.0173 mmeol), copper (i1} iodide {
£ mg, 0.039 mmol), triethylamine (199.576 mg, 1.976 mmol) were added to a solulion of
2,4-diiodo-5-methyl acetanilide { 200 mg, 0.494 mmol} in DMF(5ml).

The mixture was stirred for 1 h under a nitrogen armosphere at room temperature. Then
Heptyne (56.9 mg, 0.593 mmotl) was added drop wise W the mixture. The reaction mixture
was heated at 60° C for 30 hours with constant stiring. The reaction mixmre was
evaporatod o dryness under reduced pressure. The residue oblained was cxtracted with
chloroform (350 m!). The organic extract was washed with distilled water (3x50 mil),
dried over anhydrous Na»50y, tilicred and concentrated under reduced pressure. The crude
mass was purified by column Chromatography on silica gel using n-Hexene: Elhylacetate

(1:1).

(CH2)4CH,
HCOCH
\\ 3

CH;
I

17

The compound 17 (65 mg, 33%) was brown solid, m.p- 100° C and R value 0.73(n-
tHexane: Ethylacetate (1:1).

1R (KBT): Vo 3293.51, 2957.89, 2928.96, 2856.03, 2224.93 (=), 1663.63 (C=0),
1559.47, 1512.22,1465.93, 883.41

'H NMR (400 MHz, CDCl3): 5, 831 (s, 1H, CH), 7.81 (s, 1H, NH), 7.77 {x, 1 H, CH),
7.48 (t, 2H,-CHy), 2.41 (s, 3H, -OCH3), 2,19 (s, 3H, Ar-CHy), 1.62 (m, 2H, -
CHa), 1.45 (m, ZH. -CHz), 1.38 (m. 28, CH>), 0.93 (4, 3H, -CH3).

B NMR (100 MHz, CDCh): 5c 168.50 (C=0), 142.48, 140.92, [38.88, 119.73,
111.92, 98.38, 92.72, 74.47, 31.14, 29.68, 28.40, 24.94_22.19, 19.51_ 13.97.

UV (ECOH) : b 242, 234, 212 nim.
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3.5.4 Synthesis of 3- Chloro- 2-Phenylcthynyl — 4 — iodo acetanilide 18

A mixture of 5-chloro 2 d-diiodo acetanilide (100 mg, 0.237 mmol), bis<{triphenyl
phosphine) palladium{li) chloride(6 mg, 0.00% mmol), copper (1) iodide (3.62 mg, 0.02
mmol), triethylamine {95 my, 0.948 mmol) was stimed in DMF (5 ml} under nittogen
atmosphere for 1 hour. Then phenyl acetylene (29 mg, 0.29mmol) was added and heated
the reaction mixlure with constant stirting at 80" C for 24 hours. The reaction mixture was
evaporated 1o dryness under reduced pressure. The residue oblained was extracled wilh
chlorofarm (3x50 ml). The orpanic extract was washed with distilled water (3x50 ml),
dried over anhydrous Naz S0y, hltered and concentrated under reduced pressure. The crude
mass was purified by column Chromatography on silica gel using n-Hexane: Ethyl acetate

(1:1).

S}

c% HCOCH,

Cl
I

The compound 18 {35 mg, 58%) was whitc solid, m.p-lzzﬂ C, Ry value 0.73(n-Hexane:

Chlotoform 2:1).

IR (KBr): v, 3297.37, 3057.23, 2930.89, 2217.21 (C=C), 1664.60 {C=0), 1565.26,
1412.88, 1273.04, 75225 cmy.

"H NMR (400 MHz, CDCly): ;1 8.50 (s, 1H, CH), 7.94 (d,1H, CH), 7.68 (s, IH,
NH)7.51-7.34 (m, SH, CH), 2.24 (s, 3H, -OCH;)

HC NMR (100 MHz, CDCly): 3¢ 168.50 { C=0), 147.68, 139.89, 132.33, 131,70, 131,57,
131.51, 129.15, 128.66, 128.37, 123.55, 119.67, 109.89, 9'3:38, 96.64, 2450

UV (EHOH) : Argy 318, 292, 234 nm.
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3.6 Synthesis of 4 - indo —5 — methy] — 2 — phenylethylaniline 19 and 5-Iodo-6-
methyl — 2- phenyl indole 20

The 2-Phenylethynyl — 4 — iodo -5- meihylacetanilide (45 mg, 0.119 mmeof} was added to
sodium ethoxide {1.2-1.5 mmol) in cthanol (20 m!) end the mixture was stirred under a
nitrogen atmosphere for 4 hr ar 80-85” C. The reaction Lhe 1eaction mixture was evaporated
to dryness under reduced pressure. Distilted waier (200 ml was added to the residue and it
was neulratised with dilute 6 N HCH, extracted with chioreform (3x50 mi). The organic
extract was washed with distilled water (3x50 ml), dried over anhydrous Na; SOy, filtered
and concentated under reduced pressure, The crude residue was purified by column
Chromatography on silica pel using n-Hexane: iithyl acetale {1:1) to yield pure 4 - jodo -5
— methyl — 2 — phenylethylaniline 19 and 5-10do-6- methy] - 2- pheny! indote 20,

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

IR (KBr): voex 3420, 2925.10, 2853.73, 1252.79, 756.11cm™,

'H NMR (400 MHz, CDCly): 847.75 (s, 111, CH), 7.50-7.33 (m, 5I1, C13), 6.64 (s, 1H, -
CID, 4.22 (s, 1H, -NHy), 2.34 (5, 3H, CHa)

3¢ NMR (100 MHz, CDCh): 0 3¢ 147.75, 145.70, 142.72, 141.28, 137.80, 131.40,
128.37, 128.32, 123.00, 115.45, 107.95, 95.07, 85.09, 84.22, 28.07.

UV (ECOH) 1 A 350, 292, 266, 222 nm.
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3.6 b) Characterization of 5-Todo-6- methy] - 2- phenyl indole 20

R; Value : 0.59 hexane: ethyl acetate {1:1).

UV (EtOH) : Ao 266, 216, 210 nm.

1R (KBr): v, 2925.10, 285277, 2204.67, 1616.38, 1594.19, 12555.68, 753.22, 689.56

em.

'H NMR (400 MHz, CDCls): 7.53-7.48 {m, 3H, CH ), 7.33-7.31{m, 4H, CH),
6.59 (s, 1H, =CH), 4.37 (s, 1H, NH}, 2.44 (5. 31, -Cl1:}.

3¢ NMR (100 MHz, CDCLy): 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 of 6- Chloro — 5- iodo — 2- Phenyl indole 21

The 3- Chloro- 2-Phenylethynyl — 4 — iodo acelanilide (35 mg, 0,038 mmol) was added 10
sodium cthoxide {1.2-1.5 mmol} in athano! (20 mb) and the mixlure was stirred under a
nitrogen atmosphere for 4 hr ai 80-85° C. At the end of the reaction the reaction mixture
was evaporaled o dryness under reduced pressure. Distilled water (200) ml was added 10
the residue and it was neutralized wilh dilute 6N HCI, exiracted with chloroform {3<50
ml). The organic extract was washed with distilled water {3x50 mi}, dried over anhydrous
Na;80,, filtered and concentrated under reduced pressure. The crude residue was purified
by column Chromatography on silica gel using n-Hexang: Ethyl acetate {1:1) to yicld pure
6 Chloro — 5- iodo — 2- Phenyl indoie.

N
| |
¢ N pn
21

The compound 21 (15 mg, 42 %) was brown scmisolid, Ry value 0.68(n-Hexang;
Chloroform 2:1).
'H NMR (400 MHz, CDCly): 8¢ 7.57-7.52 (m, 2H, CH}, 7.35 (m, 511, CH), 6.79 (s, 11,
=CH) 4.49 (s, 1H, NH)
3¢ NMR (100 MHz, CDCL): & 148.68, 137.89, 132.33, 131.70, 13147, 131.51,
(2915 12827, 12527, 122.55, 113,67, 102.89, 941,18, 88.20
UV (EvOH) ; 3, 366, 290, 226, 210 nm.
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Fig-20: UV Spectrum of compound 6.
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Fig-45: ! H NMR Spectrum of compound 14.
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