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Thesis title: Synthesis of 2, 5-disubstituted indoles by metal mediated reactions. 

                                                           Abstract  

   Indole derivatives are one of the most privileged structure motifs frequently found in natural 

products, pharmaceuticals, functional materials, and agrochemicals. Synthesis and biological 

evaluation of indole derivatives have been a topic of special interest to organic and medicinal 

chemist. Here a conv enient method for the s ynthesis of  2, 5 -disubstituted indole derivatives 

through pa lladium c atalyzed c ross-coupling r eaction followed by b ase cat alyzed and 

palladium catalyzed intramolecular cyclization reaction is reported. In this purpose, 2-iodo-4-

substituted-N-ethanoyl a nilines 4, 7 were synthesized b y t he i odination of  t heir pa rent 4 -

sustituted anilines using I 2, (CH3COO)2Cu in CH3COOH. The cross-coupling reaction of 2-

iodo-4-substituted-N-ethanoyl anilines 4, 7 with terminal alkynes 11-13 were carried out in the 

presence of  ( Ph3P)2PdCl2, C uI, a nd E t3N i n DMF a t 60 -80°C f or 24 -48 h unde r ni trogen 

atmosphere t o yield 2 -alkynyl-4-substituted-N-ethanoyl a nilines 14-18. T he c ondensed 

products 14, 15, 17 were subjected to base catalyzed  cyclization by EtONa in EtOH at 80°C 

for 4 -6 h to yield 2, 5 -disubstituted-1H indoles 20, 22 along w ith a cyclic b y pr oducts 2 -

alkynyl-4-substituted anilines 21, 23, 24. The condensed products 15-17 were also subjected 

to intramolecular cyclizaton by PdCl2 in CH3

 

CN at 80°C for 0.5-2 h to yield 2, 5-disubstituted 

–N-ethanoyl indoles 25-27 only. 

 

   In vitro antimicrobial a ctivities of  the  s ynthesized compounds 4, 7, 14-18, 25-27 were 
evaluated. None of  t he c ompound showed inhabitant a ctivity a gainst t he gram pos itive a nd 
gram negative bacteria as well as human fungal pathogens. 



 v 

                                                         SUMMARY 
 

   Investigation incorporated in this dissertation titled, “Synthesis of 2, 5–disubstituted indoles 

by me tal me diated reactions” have been pr esented i n f our c hapters. T he f irst c hapter i s 

introductory section, in which the back ground, biological action and the important synthesis 

are pr esented. The cha pter •• deals w ith rationale, results and discussion, mechanism, and 

conclusion f or t he s ynthesis of  2, 5 -disudstituted i ndoles. The chapter • •• deals w ith the 

detailed methodologies and experimental procedure for the synthesis of the 2, 5-disubstituted 

indoles, spectra, and reference. The chapter •V deals with the antimicrobial screening of the 

synthesized product. 

 

Chapter • 

   It r epresents t he importance and s ynthesis of  i ndole de rivatives. Indoles ar e a class fused 

heterocycles that are the constant interest in synthetic and pharmaceutical chemistry. In spite 

of their scarce presence of nature, indole derivatives have proved considerable interest due to 

their pha rmacological a ctivities. V arious m ethods a re know n f or t he s ynthesis of  i ndole 

derivatives but convenient palladium catalysed procedure for the synthesis of indole is limited 

in number. 

 

Chapter •• 

     In this section the results and discussion are presented. Here a convenient approach for the 

synthesis of  s ubstituted i ndoles de rivatives t hrough p alladium c atalyzed r eaction of 4 -

substituted-2-iodo-N-ethanoyl aniline w ith terminal a lkynes.The condensed pr oducts were 

subjected to base catalyzed and palladium catalyzed cyclization. 

     The yields (%) of the condensation reactions are slightly higher for phenyl acetylene and 

 n-hexyne ( 65-70 %) compared with n-heptyne (60 % ) w ith di fferent aryl i odide. For t he 

condensation reaction between aryl i odide and phenyl acetylene showed faster reaction 

compared with n-hexyne or  n -heptyne in the identical c ondition. The c yclization of  4 -

substituted-2-(1-alkynyl)-N-ethanoyl aniline 16-18 using palladium chloride in acetonitrile to 

afford  2, 5-disubstituted-N-ethanoyl indole 25-27 in good yield. Base catalyzed cyclization of 

substituted-2-(1-alkynyl)-N-ethanoyl aniline 14, 15, 18  using sodium ethoxide in ethanol gave   

2, 5-di substituted-1H indole 20, 22  along with 4-substituted-2-(1-alkynyl) aniline 21, 23, 24. 



 vi 

Chapter ••• 

     In the experimental section the general procedure for the synthesis of indole is described. 

For this purpose first of all, different aryl iodide were synthesized from 4-substituted aniline 

using iodine-copper acetate in acetic acid. The palladium catalyzed reactions were carried out 

by stirring the mixture of 4-substituted-2-iodo-N-ethanoyl aniline 4, 7, terminal alkynes 11-13 

(1.2 mol equiv.), bis(triphenylphosphine) palladium(••) chloride (3.5 mol %), copper(•) iodide 

(8 mol %) and triethylamine (4 mol equiv.) under nitrogen atmosphere in DMF(5-8 mL)  at  

60°-80°C f or 24 -48 ho urs.  A fter us ual w orkup c ondensed p roducts 4-substituted-2-(1-

alkynyl)-N-ethanoyl ani line 14-18 with 60 -68% yields w ere obt ained. T hen  t he c ondensed 

products 14, 15, 17 were subjected to  base catalyzed cyclization using sodium ethoxide (1.2-

1.5 mol equiv.) in ethanol at  80°C under nitrogen atmospheres to afford   2, 5-disubstitued-1H 

indole derivatives 20, 21 . The condensed product 15-17 were also subjected to palladium(••) 

chloride(10 mol %)  catalyzed cyclization in acetonitrile at 80°C to afford 2, 5-disubstitued-N-

ethanoyl indole 25-27 in good yield. 

 

Chapter •V 

   In t his c hapter a ntimicrobial s creening of t he synthesized c ompound were r eported. T his 

contains introduction, methodology, results and discussion, conclusion and reference. In vitro 

antimicrobial activities of the synthesized compounds 4, 7, 14-18, 25-27 were evaluated. None 

of t he c ompound showed inhabitant a ctivity against t he g ram positive a nd g ram n egative 

bacteria as well as human fungal pathogens. 
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                                                     INTRODUCTION 

 

1.1General remarks  

 

   Indole1 derivatives a re one  of  t he m ost pr ivileged s tructure m otifs frequently f ound i n na tural 

products, pha rmaceuticals, f unctional m aterials, a nd a grochemicals.1 Owing to the great s tructural 

diversity o f bi ologically a ctive indol es,2-4 indole r ing s ystem ha s be come an  i mportant s tructural 

component in many pharmaceutical agents. This is exemplified by the amino acid tryptophan 2  serves 

as a pr ecursor f or t wo che mically closely related hormones s erotonin 3 as va soconstrictor5 and 

neurotransmitter,6 circadian rhythmmelatonin 4 exhibits a ,7a free radical scavenger & antioxidant.7 b, c, d 

 

  

                          

          

              1                               2                                                    3                                       4                                                                                 

 

 

1.2 Importance of indole derivatives 

 

1.2.1 As Chemotherapeutic and pharmacological agents                                     

 

        Substituted i ndoles s keletons a re widely f ound i n bi oactive compounds of  m edicinal i nterest.8

 

 

Indole derivatives have many fold uses. Some of them are mentioned bellow: 

1.2.1.1 As antiviral agent. 

        i) The synthetic c ompound Arbidol 5 has a bility to elicit pr otective br oad-spectrum a ntiviral 

activity against a number of human pathogenic respiratory viruses.

    

9 

http://en.wikipedia.org/wiki/Circadian_rhythm�
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                                 5                                                                                            6 

    Arbidol is used as antiviral treatment for influenza infection in Russia.10 Antiviral effects of Arbidol 

have also been reported against hepatitis C and hepatitis B viruses.

  ii) Indolyl a ryl sulfones 6 bearing t he 5 -chloro-4-fluoro s ubstitution pa ttern a t t he 

11,12 

indole ring a re 

potent inhibitors of HIV.

 

13 

iii) S. Guo et al14

            

synthesized t he i ndole derivatives 7, 8, 9 displayed mode rate inhi bitory activities 

toward Bacillus anthracis and Mycobacterium tuberculosis. 

               

                                                                                                                                     10 

 

iv) Merk NNRT agent L-737, 12615

                         

 10 has the antiviral activity against wt-HIV-1. 

1.2.1.2 As anti cancer agent: 

 

i) Vinblastine 16,17  11   is used as che motherapeutic age nt t o treat a va riety of  ne oplastic di seases 

including Hodgkin’s disease, chronic carcinoma, acute and chronic leukemia’s, lymphosarcromas and 

a variety of other cancer.18

 

  

 



                                                                              4 
. 

                                

                                                        11                                                              12 

  

 ii) Dashwood et al19 claimed the first direct evidence of pure anti-initiating activity by a natural anti 

carcinogen indole-3-carbinol 12 found in human diet. The compound 12 has the potential therapeutic 

benefit against br east ca ncer.20 Tetramer 13 is a bout 5 -fold m ore a ctive t han 12 in s uppressing the 

growth of human breast cancer cell.

 

21 

                                              

                                                                     13                        14 

 

 iii) N-Heterocyclic Indolyl Glyoxylamides 14 is an orally active anticancer agents,22

 

  exhibited a broad 

spectrum of  anticancer a ctivity not  onl y i n m urine l eukemic cancer cells but  a lso i n hum an gastric, 

breast, and uterus cancer cell. 

iv)The palladium complex 15 trans-[Pd (harmine) (DMSO) Cl2] exhibits a greater anticancer activity23 

 

against different cancer cell line. 

http://en.wikipedia.org/wiki/Anticarcinogen�
http://en.wikipedia.org/wiki/Anticarcinogen�
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v) Pyrazolo [1, 5 -a] indole derivatives 16 has growth inhibitory activities against human cancer cell 

lines.24

.                

                                                                     

           

                                    15                                                                          16 

                                                                            TfO- 

1.2.1.3 As antitumour agent: 

= tri fluoro methane sulfunate 

 

i) Ellipticine 17 is used as antitumour agent.

 

25 

ii)Antitumour  4-[1-(Arylsulfonyl-1H-indol-2-yl)]-4-hydroxycyclohexa-2, 5-dien-1-ones 18 showed 

selective in vitro inhibition of cancer cell lines of colon and renal.

 

26 

 

 

                               

                                     17                                                          18 

 

 

 

1.2.1.4 As antibacterial agent. 

 

i) A ntibacterial a ctivity of ramiflorines 19 could be  us ed a gainst t he m ost c ommon G ram-positive 

pathogens.

 

27 
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                                                                          19 

 ii) A  nove l Indole a nalogue 20 that inhi bits the G ram ne gative bacteria Pseudomonas aeruginosa 

growth.

 

 28 

iii) Indole-3-carboxylidine-DL-valine 21 has found to sensitive against E.coli.

                                                                           

29 

                                                          

    

                                     20                                                                                21 

1.2.1.5 As anti fungal agent 

  The i ndole a nalogue 1 -halogenobenzyl-3-imidazolylmethylindole de rivative 22 exerted significant 

antifungal a ctivity30

 

 against C. albicans and 23 exhibited 16 -fold hi gher t han t hat o f r eference 

itraconazole. 

                         

 

 

                                          22                                                         23 
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. 

1.2.1.6 As insecticidal agent 

 12-epi-Hapalindole J isonitrile 24 at 26 µM killed 100% of the larvae of the dipterans31

 

 Chironomus 

riparius within 48 h. 

                                                                     

                                                                 24                                                                                                                                                                                        

1.2.1.7 As anti diabetics 

 i) The synthesized indole analogue 25 was found to be very potent insulin sensitizer32 

                    

comparable to 

clinically used drug rosiglitazone. 

                  

 

                                                      25                                                             26                                                  

                                                                                                    

 

 ii) Lidorestat  26 congeners as highly potent and selective inhibitors of aldose reductase for treatment 

of chronic diabetic33

 iii) T he indol e a nalogue 27 which e xhibits a  nove l selective f or t he t reatment of  t ype 2 d iabetes 

Mellitus.

 complications. 

34                                          
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. 

                                       

                    

                                                                  27 

1.2.1.8 As anti-inflammatory drug  

i) Indometacin 28 is a non-steroidal anti-inflammatory d rug 35commonly used to r educe fever, pain, 

stiffness, and swelling. It works b y inhibiting the production of  prostaglandins, molecules known to 

cause these symptoms. It is an effective tocolytic agent.

 

36 

                                                                                            

            

                                                                 28 

 

 ii) Etodolac37 29 and Tenidap38 30 are also non steroidal anti-inflammatory drugs (NSAIDs).Tenidap 

is a n i nhibitor of  pr ostaglandin i nterleukin-139

           

 production i n the bod y used f or the tr eatment of  

rheumatoid arthritis and osteoarthritis. 

                                          

 

                                  29                                                                             30 

http://en.wikipedia.org/wiki/Non-steroidal_anti-inflammatory_drug�
http://en.wikipedia.org/wiki/Fever�
http://en.wikipedia.org/wiki/Pain�
http://en.wikipedia.org/wiki/Inflammation�
http://en.wikipedia.org/wiki/Prostaglandin�
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1.2.1.9 As Psychotropic drug 

Lysergic acid diethylamide 31 was used in psychiatry to enhance psychotherapy.

                                                

40,41 

                     

                                                                    31 

1.2.1.10 As Antidepressants 

The synthesized indole analogue 32 is an efficient treatment of depression.

                                    

42 

 

                                  

                                                                32 

1.2.1.11 As antihypertensive  

 Ajmalicine 33 is an antihypertensive drug used in the treatment of high blood pressure.

                                            

43,44 

                  

 

                                                                33      

 

 

 

 

 

http://en.wikipedia.org/wiki/Antihypertensive�
http://en.wikipedia.org/wiki/Drug�
http://en.wikipedia.org/wiki/Blood_pressure�
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1.2.1.12 As antihistamine 

i) Latrepirdin 34 is an antihistamine drug used clinically in Russia.45

ii) The indole analogue 35 is a  antihistamine drug.

  
46  It h as anti-inflammatory effects47 and has been 

demonstrated to be superior to traditional antihistamines in the treatment of pruritus (itching).

 

48 

 

                                               

                                                     34                                       35 

1.2.2 As photolytic agent 

The indole derivatives 5-methoxy-2-phenylindole 36 is used in photolysis study.

 

49 

                                              

                                

                                                                     36 

1.2.3 As indole alkaloids synthesis 

The i ndole de rivatives 2-ethoxycarbonyl-6-methoxy-3-methylindole 37 is us ed i n i ndole a lkaloids 

synthesis.

                                              

50  

 

                                                                               37 

 

http://en.wikipedia.org/wiki/Antihistamine�
http://en.wikipedia.org/wiki/Drug�
http://en.wikipedia.org/wiki/Russia�
http://en.wikipedia.org/wiki/Antiinflammatory�
http://en.wikipedia.org/wiki/Pruritus�
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1.2.4 Used for synthesis of coenzyme 

  The indole derivatives 38, 39 is used in the synthesis of coenzyme PQQ (pyrroloquinoline quinone) 

analogs.
 

51, 52 

                                         

                                    

           

                               38                                                                                   39 
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                                               Indole synthesis   

           1.3 The indole nucleus is one of the most important heterocycles due to its presence in a vast 

number of bioactive natural products, pharmaceuticals, and agrochemicals.53 Synthesis and 

functionalization of indoles have been the subject of intensive research for over 100 years, and a 

variety of well-documented traditional and modern methods are now available.54,55 However, the 

development of general and efficient methods for preparation of functionalized indoles from simple 

and easily accessible starting materials remains an active research field.56 

•  well established classical methods. 

In this context the synthesis 

of indole derivatives have been categorized into three main types as follows:  

• metal-catalyzed indole  synthesis without  a Pd catalyst. 

• Pd-catalyzed indole synthesis. 

 

1.3.1 Classical methods 

i) Fischer indole synthesis 

Fischer indole synthesis produces indole from a (substituted) phenyl hydrazine and an aldehyde or 

ketone under acidic conditions.

                                      

57, 58       

 

                                           Sceheme-1 

   

The venerable Fischer indole synthesis 59, 60 have been used both new and old, and to the large-scale 

production of  i ndole pha rmaceutical i ntermediates. A  one -pot s ynthesis of  i ndoles f rom 

phenylhydrazine hydrochloride and ketones in acetic acid with microwave irradiation.

                

61-63 

 

                  40                                                                         41 

                                                        Scheme-2 

http://en.wikipedia.org/wiki/Indole�
http://en.wikipedia.org/wiki/Phenylhydrazine�
http://en.wikipedia.org/wiki/Aldehyde�
http://en.wikipedia.org/wiki/Ketone�
http://en.wikipedia.org/wiki/Acid�
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. 

      The the rmal c yclization of N-trifluoroacetyl enehydrazines l eads t o i ndoles ( or i ndolines) unde r 

relatively mild conditions.

 

64 

 

              42                                          43 

 

 

 

                       44                                           45                                                 46                       

 

                                                            Scheme-3 

ii) Bartoli indole synthesis  

In  Bartoli indole synthesis  ortho-substituted nitro arenes reacts with vinyl grignard reagents to form 

substituted indoles.
 

65-68 

                

                                                           

                                                             Scheme-4 

   

 

http://en.wikipedia.org/wiki/Nitro_compound�
http://en.wikipedia.org/wiki/Aromatic_hydrocarbon�
http://en.wikipedia.org/wiki/Vinyl�
http://en.wikipedia.org/wiki/Grignard_reagent�
http://en.wikipedia.org/wiki/Indole�
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Adrian Dobbs greatly enhanced the scope of the Bartoli indole synthesis by using an ortho-bromine as 

a directing group, which is subsequently removed by AIBN and tri butyltin hydride.
 

69 

 

            

                  47                                                                              48                                                                  49         

                                                     

                                                             Scheme-5 

 

 iii) The Madelung i ndole s ynthesis70 produces ( substituted or  uns ubstituted) indoles by t he 

intramolecular cyclization of N-phenylamides using strong base at high temperature. 

                                      

        

                                                        Scheme-6                                                                               

The Classical Madelung indole synthesis was modified by Houlihan71 which utilizes BuLi or LDA as 

bases unde r m ilder conditions. F or e xample, b enzylphosphonium s alts s uch a s undergo f acile 

cyclization to indoles under thermal conditions.72,73 The basecatalyzed version of this reaction has been 

adapted to solid phase synthesis.
 

74 
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                                      52                                                                     53 

                                                            Scheme-7 

iv)Leimgruber–Batcho indole synthesis 

The L eimgruber–Batcho i ndole synthesis75,76 

   

involves t he c onversion of  a n o-nitrotoluene t o a  • -

dialkylamino-o-nitrostyrene w ith dimethylformamide a cetal, followed by reductive c yclization to an 

indole. 

  

 

           

    54                                                       55                                                     

                                        Scheme-8 

 

      Ochi and co-workers have used this protocol to prepare 6-bromo-5-methoxyindole for use in the 

synthesis marine bromoindoles.77 

6-amino-7-ethoxycarbonylindole f rom t he a ppropriate o-nitrotoluenes.

 Showalter et al. synthesized 6-amino-5-ethoxycarbonylindole and  
78 The L eimgruber–Batcho 

method has been used to make C-4 substituted indoles for e laboration to conformationally-restricted 

analogs of  indolmycin,79 and for the synthesis of  arcyriacyanin A.80 It has been used in a large-scale 

synthesis of  6-bromoindole.81
 An i mportant e xtension of  t his i ndole r ing s ynthesis i s t he 

functionalization of the  int ermediate • -dialkylamino-o-styrene. Clark a nd c o-workers ha ve acylated 

this intermediate enamine to yield which was converted to indole  after reductive cyclization .82 
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Scheme-9 

\

 Among a va riety o f ne w s ynthetic t ransformations, t ransition-metal-catalyzed reactions ar e some of  

the m ost a ttractive m ethodologies f or s ynthesizing he terocyclic c ompounds, s ince a  t ransition-

metalcatalyzed reaction can directly construct complicated molecules from readily accessible starting 

materials under mild conditions. This may be exemplified as follows: 

1.3.2 Metal-catalysed indole synthesis without a Pd catalyst 

i) Rhodium 

 The Rh-catalyzed hydroformylation of functionalized anilines leads to tryptophanols and tryptamine.83 

 

    60                                        61                                                                 62 

 

                                                             Scheme-10 

                                                    

The cationic Rh(I) dicarbonyl complex [Rh(mim2- CH2)(CO)2]+BPh4 -

 bisimidazolylmethane ligand (mim ) N-methylimidazol-2-yl), was synthesized by Messerle et al.

, containing a bidentate 
84 and 

proved to be an  ef fective c atalyst f or t he i ntramolecular h ydroamination of  al iphatic and  ar omatic 

alkynes.85 
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                                                             Scheme-11 

 

[Rh(mim2- CH2)(CO)2]+BPh4 -

                                                                           

   

 

ii) Titanium 

 Ti-induced reductive cyclization of oxo amides leading to an indole ring.86 This coupling reaction 

leads to the total syntheses of the indole alkaloids(-)aristoteline,87camalexin,88 flavopereirine  and other 

indolo[2,3-a]quinolizine alkaloids,88,89 and secofascaplysin.89 

indoles 

The reaction is general for simple  
90 including highly strained examples (2,3-dibutyl-1-methylindole 87). It is also particularly 

useful for the preparation of 2-arylindoles.

  

91 

                   

                             65                                                           66 

                        

                                                          Scheme-12 

    

 two new titanium complexes92, Ti(NMe2)2-= (dap)2 and Ti(NMe2)2(SC6F5)2(NHMe2), that catalyzed 

the hydroamination of terminal and some internal alkynes by 1,1-disubstituted hydrazines  at 75-

100°C.   
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                                                                        Scheme-13 

 

 iii) Zarconium 

  Intramolecular alkene insertion into a zirconium-stabilized aryne complex  and subsequent oxidation 

has been used to prepare 3, 4-disubstituted indoles,93 tryptophans and serotonin analogs94 and 

dehydrobufotenine.95

 

              69                                                        70                                            71 

                                                   Scheme-14 

iv) Copper 

 Castro et al. were the first to discover the metal-catalyzed cyclization of  o-alkynylanilines to indoles 

using copper.96-99  Castro’s discoveries include the copper acetylide coupling with o-iodoanilines and 

the CuI-induced cyclization of o-alkynylanilines to yield indoles. 

 

72                                                             74                                                          73 

                                               Scheme-15 

The Castro indole synthesis has been used to prepare • -C-mannosylindole.100 
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75                                      76    

                                                       Scheme-16 

An interesting copper(I)-catalyzed cascade reaction for the synthesis of 2-(aminomethyl)indoles has 

been recently reported.101

N-protected o-ethynylaniline, paraformaldehyde and an amine in a process whereby a molecule of 

water is the only by-product. 

 This protocol implies the three-component coupling reaction of an 

                                 

                                                

77                                        78                                  79 

 

                                                   Scheme-17 

v) Chromium  
Substituted indoles are formed from anilino-substituted Fischer chromium carbenes having o-alkenyl 
substituents on the benzene ring.

                                      

102 

 

80 81 

                                                         Scheme-18 
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vi) Molybdenum: McDonald and Chatterjee have discovered the molybdenum promoted cyclization of 

2-ethynylanilines to indoles.

  

103 

                               

81 83            

                                                                 Scheme-19 

vi)Tin: Tin-mediated cyclization of 2-alkenylaryl isocyanides and tributyltinhydride on to the triple 

bond of the trimethylsilylacetylene produced the indole with no endocyclization to a quinoline.

 

104, 105 

 

           85                                                84                                            86 

                                                    Scheme-20 

vii) Zinc: 

 A environmentally friendly and convenient one pot method for the synthesis of substituted indoles 

starting from commercially available arylhydrazines and terminal alkynes in a reaction promoted by 

Zn(OTf)2 or ZnCl2.

                               

106 

 
                    87                                     88                                          89 

                                                                      Scheme-21 
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viii) Platinum 

M.Malacria, L. Fensterbank, and co-workers devised an expedient route to 2,3- functionalized indoles 

from N-allyl o-propargyl anilines using of PtCl2 or a protic acid as catalyst.107 

 

                                                              Scheme-22 

 ix) Gold  

 Sodium-gold (III) complexes 108 

                      

catalysts reaction between  o-alkynylaniline derivatives and alkene 

containing unsaturated carbonyl compounds to get 2-substituted 3-alkylindoles. 

 

                                                        

                                                                          Scheme-23 

x) Tungsten 

N. Iwasawa and co-workers109 reported using a starting materials amines and [W(CO)6]  as catalyst 
under photo irradiation conditions leads to N-fused tri- and tetra cyclic indoles. 

 

 

                     93                                                                                    94 

 

                                                                       Scheme-24 
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2.1.3   Pd-catalysed indole synthesis 

 

   Palladium catalyzed reactions, generally tolerant of a wide range of functionalities and therefore 

applicable to complex molecules, have achieved an important place in the arsenal of the practicing 

organic chemist. Almost every area of the organic synthesis has been deeply influenced by the 

profound potential of this versatile transition metal, modifying the way organic chemists design and 

realize synthetic processes.110,111

 

 Because of its catalytic nature, palladium-catalyzed synthesis can 

provide access to fine chemicals, agrochemical and pharmaceutical intermediates, and active 

ingredients in fewer steps and with less waste than classical methods. 

  Pd(II)- and Pd(0)-Catalyzed Reactions, Phosphine Ligands, and Additives: 

    Both palladium(II) salts and palladium(0) complexes have been used in indole chemistry. 

Palladium(II) salts are fairly electrophilic species and tend to react with electron-rich compounds such 

as alkenes, alkynes, and arenes. The most commonly used palladium(II) salts in indole chemistry, are 

commercially available PdCl2 and Pd(OAc)2,112 very often utilized as complexes of the type PdX2L2 

(where L stands for a ligand) such as PdCl2(PPh3)2, Pd(OAc)2(PPh3)2,113 and PdCl2(MeCN)2.114

 

.  

  The typical reaction of palladium (II) salts with alkenes or alkynes affords • -complexes(scheme 25) 

which because of the decreased electron density at the carbon-carbon multiple bond can undergo an 

intermolecular or intramolecular nucleophilic attack across the coordinated olefinic or acetylenic 

moiety. Intramolecular nucleophilic attack with nitrogen nucleophiles on •  -palladium complexes  

close to the carbon-carbon multiple bond is particularly useful for the  synthesis of indoles. 

    With arenes, palladium(II) salts typically Pd(OAc)2 can produce palladation intermediates 

(compounds containing carbon-palladium • -bonds) (Scheme 25). This palladation intermediates can 

give rise to homocoupling reactions,115 acetoxylation reactions,116 or in the presence of alkenes, vinylic 

substitution reactions.

  Palladium(0) complexes contain a d

117 

10 palladium and are usually nucleophilic. Coordinatively 

unsaturated Pd(0) complexes react with  covalent polar and nonpolar X-Y bonds (for example,  N-H,  

C-H, C-X, or C-O) via an oxidative addition  process producing X-Pd(II)-Y derivatives                                                         

(containing an electrophilic palladium), which depending on reaction conditions, can undergo a variety 

of transformations. A great deal of indole chemistry is based on the oxidative addition of vinyl, aryl, 

heteroaryl halides, or triflates to generate addition intermediates containing  • - carbon-palladium(II) 
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bonds (Scheme 25) in an initial step of their catalytic process, including the reactions involving indolyl 

halides and triflates. The reaction of palladium(0) complexes with allylic esters, typically acetates or 

carbonates, affords  • - allylic palladium complexes (Scheme 25) which can undergo a nucleophilic 

attack at one of the allylic termini to afford allylation products.118

 

  

                       

 

                                                             Scheme-25 

 Strategies in the palladium-catalyzed Synthesis of indole derivatives: 

  Cyclization reactions usually involve the assembly of the functionalized pyrrole nucleus on a 

benzenoid scaffold. Most of the alkyne-based palladium-catalyzed approaches to the assembly of the 

pyrrole ring  and alkene-based  precursors containing nitrogen nucleophiles and carbon- carbon double 

bonds are shown bellow.. In addition to alkyne- and alkene-based procedures, strategies for the 

construction of the functionalized pyrrole nucleus are based on the intramolecular vinylation and the 

Buchwald/ Hartwig, N-arylation process.

 

119 

                               
  Retro synthetic representation of the alkyne based palladium-catalyzed assembly of the pyrrole ring. 
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 Retro synthetic representation of the alkene based palladium-catalyzed assembly of the pyrrole ring. 

 

Assembly of the pyrrole nucleus contained in the indole system 

i)Cyclization of o-alkynylanilines and o-alkynylanilides catalyzed by Pd(II) Salts. 
 
  Treatment of o-(phenylethynyl)acetanilides with PdCl2 in acetonitrile results in smooth cyclization to 
N-acyl- 2-phenylindoles, from which free NH indoles are obtained by deacylation with alcoholic 
potassium hydroxide120,. The process occurs under conditions consistently milder than those described 
by Castro et al. 121

                

 for the synthesis of indoles from o-iodoanilines and cuprous acetylides. 

 

 

 

                                                                       Scheme-26 
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  The versatility of the palladium-catalyzed cyclization was demonstrated in the synthesis of novel 

optically active tryptophan analogues from aniline-containing acetylenic amino acids.122  

 

                                                          Scheme-28 

 

ii) Cyclization of o-alkynylanilides  

. 

A broad range of 2, 3-disubstituted indoles can be prepared from o alkynyltrifluoroacetanilides and 

aryl, heteroaryl, and vinyl halides or triflates,123 allyl esters,124 alkyl halides,125 and alkynyl bromides126 

by using Pd(0) catalyzed. With aryl, heteroaryl, and vinyl halides or triflates123 

                                             

reactions were carried 

out according to the conditions shown in Scheme .                                  

                                    

                                             101                                 102 

                                                     Scheme-28 
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iii)Intermolecular cycloaddition of o-iodoanilines and o-iodoanilides with internal alkynes  

 2, 3-disubstituted indoles were isolated in good to excellent yields.127a,b by treating o-iodoaniline or 

the corresponding N-methyl, N-acetyl, and N-tosyl derivatives with an excess of the internal alkyne 

and a sodium or potassium carbonate base and 1 equiv of LiCl or Bu4

5 mol % of PPh

NCl and occasionally adding  

3

                                  

 at 100°C in DMF.                 

 

                                 103                 104                     105 

                                              Scheme-30 

iv) Cyclization of o-alkynyl-N-alkylidene-anilines  

Yamamoto et al.128 

                                 

reported a palladium-catalyzed indole synthesis in which a new carbon-carbon 

bond formed  between the C-2 and the C-3. In this synthesis 2-(1-alkynyl)-N-alkylidene anilines 

undergo a palladium-catalyzed cyclization to give 2-substituted 3-vinylindoles.                          

 

                                                                           Scheme-31 

v) Cyclization of o-Halo-N-alkynylanilides and o-Iodo-N-propargylanilides 

o-halo-N-alkynylanilides and o-halo-N-propargylanilides  were employed as the starting alkynes to 

construct the functionalized pyrrole ring. Witulsky and co-workers129

 

 reported the palladium-catalyzed 

reaction of o-halo-N-alkynylanilides with primary or secondary amines to give the interesting class of 

2-aminoindoles. 
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108 109 

                                              Scheme-32 

vi) Grigg et al.130 reported a cascade process leading to indoles containing polycyclic substituents at 

the C-3 starting from o-iodo-N-propargylanilides and norbornene.               

 

                                                                    Scheme-33 

 Cyclization of Alkenes 

i) o-Halo-N-allylaniline: The first synthesis of indoles based on the intramolecular Heck reaction was 

described by Mori et al.131

 

 from o-halo-N-allylanilides containing the side-chain olefin conjugated to a 

carbonyl group. 

              
                                                                      Scheme-34 

ii) o-Haloanilino enamines : Formation of indole derivatives from o-haloanilino enamines132 (derived 

from o-bromoanilines and 1,3-dicarbonyls) were subjected to cyclization conditions and afforded the 

desired products in low to moderate yields at high temperature. 
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             116                                                                            117 

                                    Scheme-35 

iii) o-Iodoanilines with an allene functionality connected to the nitrogen atom: o-iodoanilines with an 

allene functionality connected to the nitrogen atom were indeed cyclized to indoles.133
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                                                     Scheme-36                                                                                                        

iv)  o-Allylanilines: Hegedus et al.134 described an intramolecular version of the reaction in which o-

allylanilines underwent palladium-assistedcyclization to 2-methylindoles. 

 

 

                                                           Scheme-37 

v) o-Vinylanilines: Hegedus and co-workers reported the successful palladium-catalyzed preparation 

of indole from o-vinylaniline.135 



                                                                              30 
. 

                             

                                  122                                                                  

                                                      Scheme-38 

vi) o-Nitrostyrenes: Watanabe et al.136 described the preparation of indoles via reductive N-

heteroannulation in the presence of carbon monoxide, catalytic amounts of PdCl2(PPh3)2  and an 

excess of SnCl2 (Sn/Pd ) 10:1).  

 

           123                                                             124 

                                             Scheme-39 

 vii) o-Vinylphenyl Isocyanide: The three-component reaction of aryl iodides, o-vinyl isocyanide, and 

diethylamine was found to give 2, 3-disubstituted indoles according to Scheme .137 

 

 

                                                 Scheme-40 

Cyclization via intramolecular coupling of vinyl halides onto aromatic positions  

  In this type of cyclization the oxidative addition site is located in a vinylic fragment tethered to the 

benzenoid ring. This synthetic strategy was applied to the preparation of indole carbamates from 

phenolic carbamates containing a bromovinylic fragment bound to the nitrogen atom.138  
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                                                      Scheme-41 

 

Cyclization via Intramolecular C-N Bond Forming Reactions 

   The C-N bond forming reaction to the direct formation of indole rings by intramolecular N-arylation 

were also reported.  The conversion of o-(2,2-dibromovinyl)-phenylaniline and o-(2,2-dibromovinyl)-

phenylacetanilide into 2-functionalized   indoles through domino palladium-catalyzed coupling-

cyclization reactions according to the conditions shown in Schemes.139 

 
        129                                                                                                           130 

 

         131                                                                                                 132 

                                                   Scheme-42 

1.4 Functionalization of the preformed indole system 

Reaction with Pd(II) salts 

Fujiwara and coworkers described a reaction in which the indolyl unit is involved in the regioselective 

addition to the carbon-carbon triple bonds of ethyl alkynoates.

 

140 
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                            Scheme-43 

Reaction with organopalladium complexes 

The selective targeting of C-H bonds in the presence of free NH functionality141

 

 was carried out in the 

presence of the inexpensive and easy to handle MgO, which presumably affords an indolylmagnesium 

hydroxide. 

 

                                                         Scheme-44 

A mild, Pd(OAc)2-catalyzed regioselective cross-coupling between indoles and potassium 

aryltrifluoroarylborates gives 2-aryl indoles in moderate yields in the presence of Cu(OAc)2 in acetic 

acid at room temperature.142 

 

136 137 

            Scheme-45           
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  An efficient, practical, and highly regioselective direct palladium-catalyzed C-3 arylation of electron-

rich free (NH)-indoles with various aryl bromides under ligand less conditions in refluxing toluene in 

the presence of K2CO3 as the base can be run outside a glove box without purification of solvent and 

reagents.

 

143 

 

 

                                                  Scheme-46 

Reaction with alkenes 

Heck and co-workers144 showed that 5-bromoindole reacted with methyl acrylate to give the 

corresponding vinylated indole in 53% yield. Hegedus et al.145 showed that 4-bromo-1-tosylindole 

could be readily converted into a number of 4-substituted 1-tosylindoles via the Heck reaction with 

electron poor, neutral, and electron-rich olefins.  

 

                                                 Scheme-47 

 

Reaction with alkynes 

 Yamanaka etal.146 described the palladium- catalyzed cross-coupling of 3-iodoindole derivatives with 

terminal alkynes under Sonogashira147 conditions. 
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                                                 Scheme-48 

Reaction with organozinc compounds 

 Hegedus et al.148

 

 applied the Zn-based methodology, known as the Negishi reaction, to the selective 

functionalization of the C-3 position of a 3-iodo-4-bromo indole. 

 

           144                                                                             145       

 

                                                 Scheme-49 

Reaction with nonorganometallic nucleophiles  

  Gribble et al.149  prepared the t riphenylphosphonium salt  from 1-(phenylsulfonyl)-3-indolyl tr iflate 

and triphenyl phosphine. 
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                                                       INTRODUCTION 
  
4.1  Bacteria and  fungi are responsible for m any infectious di seases. The i ncreasing cl inical 
implications of  drug resistant fungal and ba cterial pa thogens have l ent additional urgency to 
antimicrobial dr ug research. T he d eterioration of  hum an popul ation due  t o e nhance of  
prevalence of infections diseases is becoming a global problem1

 
.  

    It was found from the literature that nitrogen and sulfur containing compounds showed 
marked microbial activities2-6. In the vast heterocyclic structural space, the indole nucleus 
occupies a position of major importance. Many indole derivatives, including fused derivatives, 
form the basis of a range of pharmaceuticals7, 8 and a high level of activity continues in the 
search for new indole-based medicinal agents.9, 10 The known compound 5-nitro-2-phenyl-1H-
indole (INF55) is an inhibitor of the NorA efflux pump in the human pathogenic bacterium 
Staphylococcus aureus.
 

11 

     Recently, our groups synthesized 2-substituted banzofurans,12

  isoquinolinone
 isoindonone and 

13

 
 and tested their antibacterial and antifungal activities. 

  In our present study, a total of two 4-substituted-2-iodo-N-ethanoyl aniline 4, 7, five  
4-substituted-2-(1-alkynyl)-N-ethanoyl aniline14-18, three 2, 5-disubstituted indole derivatives  
25-27 have been tested for antimicrobial activity against five Gram positive and nine Gram 
negative bacteria as well as four human fungal pathogens. 
 
 
 
4.2 Materials and methods 
The antibacterial activities of furan derivatives were s tudied against thirteen bacteria and the 
activities of  t he s ame compounds were a lso s tudied against t hree fungi. For t he de tection of  
antibacterial activities the disc diffusion method was followed. 
 
The antimicrobial screening which is the first stage of antimicrobial drug research is performed 
to ascertain the susceptibility of various fungi and bacteria to any agent. This test measures the 
ability of each test sample to inhibit the in vitro fungal and bacterial growth. This ability may 
be estimated by any of the following three methods. 
a) Disc diffusion method 
b) Serial dilution method 
c) Bioautographic method 
Among t he a bove m entioned t echniques t he di sc di ffusion14 is a  w idely a ccepted in vitro 
investigation for preliminary screening of test agents which may possess antimicrobial activity. 
It is  essentially a  quantitative or qualitative test indicating the sensitivity or resistance of the 
microorganisms to the te st ma terials. However, no distinction between bacteriostatic 
bactericidal activity and bactericidal activity can be made by this method.
 

15 

4.3 Principle of disc diffusion method 
In this classical method, antibiotics di ffuse f rom a  confined source through the nut rient agar 
gel and create a concentration gradient. Dried and sterilized filter paper discs (6 mm diameter) 
containing the test samples of known amounts are placed on nut rient agar medium uniformly 
seeded with the test microorganisms. Standard antibiotic (Doxacilina) discs and blank discs are 
used as pos itive and negative control. These plates are kept a t low temperature (4°C) for 24 
hours to allow maximum diffusion of the test materials to the surrounding media. The plates 
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are then inverted and incubated at 37°C for 24  hours for opt imum growth of  the organisms. 
The te st ma terials ha ving a ntimicrobial pr operty inhi bit mic robial g rowth in the me dia 
surrounding the discs and thereby yield a clear, distinct area defined as zone of inhibition. The 
antimicrobial activity of the test agent is then determined by measuring the diameter of zone of 
inhibition expressed in millimetre. 
 
In the present study the crude extracts, fractions as well as some pure compounds were tested 
for antimicrobial activity by disc di ffusion method. The experiment i s carried out  more than 
once and the mean of the readings is required’ 

 
4.4 Experimental 
4.4.1  Apparatus and reagents: 
Filter paper discs  Petri dishes   Inoculating loop 
Sterile cotton            Sterile forceps              Spirit burner 
Micropipette            Screw cap test tubes             Nose mask and Hand gloves 
Laminar air flow bood           Autoclave    Incubator  
Refrigerator             Nutrient agar medium             Ethanol 
Chloroform 
 
 
 
4.4.2 Test materials  
 
Table 1: List of compounds used for antimicrobial activities  
 

Comp
. No 

 Name of the test chemicals Molecular structure 

 
 
4 

 
 
2-iodo-4-methyl-n-ethanoyl aniline 
 

               
 
 
7 

 
 
4-chloro-2-iodo-N-ethanoyl aniline 

 

            
 
 

14 

 
 
4-methyl-2-(phenyl ethynyl)-N-ethanoy laniline 

 
        

 
 

15 

 
4-methyl-2-(1-hexynyl)-N-ethanoyl aniline 
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16 

 
 
4-methyl-2-(1-heptynyl)-N-ethanoyl aniline 

 

       

 

 
 

17 

 
 
4-chloro-2-(1-hexynyl)-N-ethanoyl aniline 
    

 
 

18 

 
 
  4-chloro-2-(phenylethynyl)-N-ethanoyl aniline 
                                      

     
 
 

25 

 
 
2-butyl-5-methyl-N-ethanoyl indole 

    
 
 

26 

 
 
2-pentyl-5-methyl-N-ethanoyl indole 

     

 
 
 

27 

 
 
2-butyl-5-chloro-N-ethanoyl indole 

 

    
 
 
4.4.3 Test organisms 
The microbial strains used for the experiment were collected as pure cultures from the Institute 
of N utrition a nd Food S cience ( INFS), U niversity o f Dhaka. B oth gr am pos itive and g ram-
negative organisms were taken for the test and they are listed in the Table 2. 
 
:  
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List of test microorganisms  
 

Gram positive Bacteria Gram negative Bacteria Fungi 
Bacillus cereus Esherichia coli Candida albicans  
Bacillus megaterium Pseudomonas aeruginosa Aspergillus niger 
Bacillus subtilis Salmonella paratyphi Sacharomyces cerevaceae 
Staphylococcus aureus Salmonella typhi  
Sarcina lutea Shigella boydii  
 Shigella dysenteriae  
 Vibrio mimicus  
 Vibrio parahemolyticus  

 
 Composition of culture medium 
Nutrient a gar m edium ( DIFCO) ( Table 14 ) w as us ed i n t he pr esent s tudy for t esting t he 
sensitivity of the organisms to the test materials and to prepare fresh cultures. 
 
4.4.4 Composition of nutrient agar medium. 
a. Nutrient agar medium 
 

Ingredients Amounts 
Bacto peptone 0.5 gm/litter 
sodium chloride  0.5 gm/litter 
Bacto yeast extract 1.0 gm/litter 
Bacto agar 2.0 gm/litter 
Distilled water q.s. 100 ml  
pH 7.2-7.6 at 25oC 

 
b. Nutrient both medium  
 

Ingredients Amounts 
Bacto beef extract  0.3 gm/litter 
Bacto peptone  0.5 gm/litter 
Distilled water q.s.  100 ml  
pH 7.2±0.2 at 25oC 

  
c. Mulet-Hunton medium  
 

Ingredients Amounts 
Beef infusion  30 gm/litter 
Casamino acid   1.75 gm/litter 
Starch  1.15 gm/litter 
Bacto agar  1.70 gm/litter 
Distilled water q.s. 100 ml  
pH 7.3±0.2 at 25oC 
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d. Tryptic soya both medium  
 

Ingredients Amounts 
Bacto tryptone  1.7 gm/litter 
Bacto soytone  0.3 gm/litter 
Bacto dextrose  0.25 gm/litter 
Sodium chloride  0.5 gm/litter 
Di potassium hydrogen phosphate  0.25 gm/litter 
Distilled water q.s  100 ml  
pH  7.3 ± 0.2 at 25oC 

 
Nutrient agar medium (DIFCO) is the most frequently used and also used in the present study 
for testing the sensitivity of the organisms to the test materials and to prepare fresh cultures.  
 
4.5 Preparation of medium 
Amount of each of the constituents was taken in a conical flask and distilled water was added 
to i t to make the required volume. The contents were heated in a water bath to make a  clear 
O1Ut The pH (at 25°C) was adjusted at 7.2-7.6 us ing NaOH or HCI 10  ml and 5 m l of  the 
medium was then transferred in screw cap test tubes to prepare plates and slants respectively. 
The test tubes were then capped and sterilized by autoclaving at 15-lbs pressure at 1 21°C  for 
20 minutes. The slants were used for making fresh culture of microorganisms that were in turn 
used for sensitivity study. 
 
4.6 Sterilization procedure 
 
To a void a ny t ype of  contamination a nd c ross c ontamination b y t he t est or ganisms the  
antimicrobial screening was done in Laminar Hood and all types of precautions were strictly 
maintained. U V l ight was s witched on a n h our be fore working i n t he Laminar hood. 
Petridishes and other glassware were sterilized by autoclaving at a temperature of 12 1°C and a 
pressure of I 5-lbs./sq. inch for 20 minutes. Micropipette tips, cotton, forceps, blank discs etc. 
were also sterilized by UV light. 
 
4.7 Preparation of subculture 
 
In an aseptic condition under laminar air cabinet, the test organisms were transferred from the 
pure cultures to the agar slants with the help of a transfer loop to have fresh pure cultures. The 
inoculated strains were then incubated for 24 ho urs at 37°C for their optimum growth. These 
fresh cultures were used for the sensitivity test. 
 
4.8  Preparation of the test plates 
The test organisms were transferred from the subculture to the test tubes containing about 10 
ml of melted and sterilized agar medium with there of a sterilized transfer loop in an aseptic 
area. The test tubes were shaken by rotation to get a uniform suspension of the Organ isms The 
microbial suspension was immediately transferred to the sterilized Petridishes. The petridishes 
were rotated several t imes clockwise and anticlockwise to assure homogenous distribution of 
the test organisms in the media. 
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4.9 Preparation of discs 
 
Three types of discs were used of antibacterial screening. They were: 
(a) Standard Discs 
(b) Blank Discs and 
(c) Sample Discs 
 
 
 
The descriptions of these discs were given below: 
 
 
(a) Standard Discs 
These w ere us ed as pos itive c ontrol t o e nsure t he a ctivity of  a ctivity o f s tandard a ntibiotic 
against t he t est or ganisms a s w ell a s for comparison of  t he response p roduced b y t he know  
antibacterial agent with that of produced by the test sample. In this investigation , (30µg/disc) 
standard disc was used as the reference. 
 
(b) Blank Discs 
These w ere us ed as ne gative c ontrol w hich e nsures t hat t he r esidual s olvents ( left ove r t he 
discs even after air-drying) and the filter paper were not active themselves. 
 
(c) Preparation of Sample Discs with Test Sample 
Measured amount of each test sample was dissolved in specific volume of solvent to obtain the 
desired c oncentrations i n a n a septic c ondition. Then di scs w ere s oaked w ith s olution of  t est 
samples and dried. 
 
4.10 Diffusion and incubation 
The sample discs, the standard antibiotic discs arid the control discs were placed gently on the 
previously marked zones in the agar plates pre-inoculated with test microorganisms. The plates 
were t hen kept in a  r efrigerator a t 4°C  f or about 24 hour s ups ide dow n t o a llow S ufficient 
diffusion of the materials from the discs to the surrounding agar medium. The Plates were then 
inverted and kept in an incubator at 37°C for 24 hours. 
 
4.11 Determination of the zone of inhibition 
 
The a ntimicrobial pot ency o f the  te st a gents a re me asured by th eir a ctivity to prevent the  
growth of the microorganisms surrounding the discs which gives clear zone of inhibition. 
 
After incubation, the antimicrobial activity of the test materials was determined by measuring 
the diameter of the zones of inhibition in millimeter with transparent scale. 
 
4.12 RESULTS AND DISCUSSION 
 
The a ntimicrobial a ctivities of  of  t he t welve s ynthesized c ompounds derivatives w ere 
examined in the pr esent s tudy. The ant ibacterial act ivities of  2 -iodoanilin or  a cetanilide 
derivatives were studied against thirteen bacteria such as Bacillus cereus, Bacillus megaterium, 
Bacillus subtilis, Staphylococcus aureus, Sarcina lutea, Escherichia coli, Pseudomonas 
aeruginosa, Salmonella paratyphi, Salmonella typhi, Shigella boydii, Shigella dysen!eriae, 
Vibrio mimicus, Vibrio parahemolyticus and the activities of the same compounds were also 
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studied against three fungi such as Candida albicans, Aspergillus niger, Sacharomyces 
cerevaceae. All compounds were soluble in chloroform and only one compounds was showed 
no    inhibitory activity against microbial growth.table-3. 
 
The antibacterial activities were measured in terms of diameters of zone of inhibition in (mm). 
All e xperiments w ere pe rformed thrice to minimize the  e xperimental pl us indi vidual e rrors. 
The m ean va lue of  t he di ameters of  z one i nhibition ( M.DIZ) w as t aken a s i n di sc f or 
determining antimicrobial s pectra. Sensitivity t est r esults ar e and were com pared with a 
standard antibiotic doxacilin (30µg/disc). 
 
 

 

 

Table 5.3: Antimicrobial activities of test samples of B.daigremontianum 

Test microorganisms  Diameter of zone of inhibition (mm) 

 4 7 14 15 16 17 18 25 26 27 Doxacilin 

Gram positive bacteria  

Bacillys cereus  - - - - - - - - - - 42 

Bacillus megaterim  -  - - - - - - - - 43 

Bacillus subtilis  - - - - - - - - - - 43 

Staphylococcus aureus  - - - - - - - - - - 43 

Sarcina lutea - - - - - - - - - - 43 

Gram negative bacteria  

Escherichia coli  - - - - - - - - - - 44 

Pseudomonas aeruginosa  - - - - - - - - - - 42 

Salmonella paratyphi  - - - - - - - - - - 43 

Salmonella typhi - - - - - - - - - - 43 

Shigella boydii  - - - - - - - - - - 42 

Shigella dysenteriae  - - - - - - - - - - 43 

Vibrio mimicus  - - - - - - - - - - 40 

Vibrio parahemolyticus  - - - - - - - - - - 42 

Fungi  

Candida albicans  - - - - - - - - - - 41 

Aspergillus niger  - - - - - - - - - - 43 

Sacharomyces cerevacea  - - - - - - - - - - 42 

 
 
Antimicrobial activities of test samples  
 
* potency per disc 250µg 
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Gram (+) Bacteria:    Gram (-) bacteria  
Interpretation of sensitivity test results: 

18mm (M.DIZ)  = Sensitive   >16mm (M.DIZ)  = Sensitive  
14-18 mm (M.DIZ)     =Intermediate                13-16 mm (M.DIZ)   =Intermediate  
>14mm (M.DIZ)  = resistant   >13mm (M.DIZ)  = resistant  
 
 
 
 
 
 
 
 
 
 
Conclusion 
 
 Nine synthesized compound have been tested for in antimicrobial activity against five gram-
positive and e ight gram-negative bacteria as  well as  three human fungal pathogens. None of 
these compound demonstrated antimicrobial activity against the test organism.  
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                                         Experimental 

3.0 General Experimental 
 

 Melting points were determined in open capillary tubes on Gallenkamp (England) melting point 

apparatus and are uncorrected. IR spectra were recorded on a Shimadzu FTIR spectrophotometer. 
1H NM R and 13

(TLC) was performed on precoated silica gel 60F-254 (E. Merck), and the spots were visualized 

with UV lig ht. Column c hromatography w as pe rformed on s ilica ge l (60–120 m esh). 

Bis(triphenylphosphine)palladium(II) chloride and other reagents were purchased from E. merck 

(Germany) and Fluka (Switzerland). 

C N MR s pectra w ere recorded on a Bruker D PX-400 spectrophotometer 

(400MHz) using tetramethylsilane as internal reference. Analytical thin-layer chromatography 

 

3.1 Synthesis of starting materials  
 

3.1.1 Iodination of 4-methyl aniline 1  

In a 250 mL round bottom flask, provided with a reflux condenser, a mixture of  5 g (46.65 mmol) 

of 4-methyl aniline 1, 9.313 g (46.65 mmol) of granulated iodine and 11.84g(46.65mmol) 

copper(••)acetate was stirred in 70 mL of glacial acetic for 30 min. The reaction mixture was 

refluxed for 12 hr with constant stirring at 120°C .The progress of the reaction was monitored by 

TLC. At the end of the reaction, the reaction mixture was allowed to cool at room temperature. 

The precipitate of copper (•) iodide was removed by filtration and the filtrate was poured into 

water and extracted with chloroform (3×50 mL), the combined chloroform extracts washed with 

sodium hydrogen carbonate solution, sodium thiosulfate solution, distilled water, dried with 

anhydrous sodium sulfate and concentrated under reduced pressure. The crude product was 

purified by column chromatography on silica gel using  n-hexane/ethyl acetate (4:1) as eluant and 

three compounds 3, 4, 5 were isolated. 

                                                                            25%                   45%               20% 
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2, 6-di iodo-4-methyl aniline 3 

                                                 

                                                              3 

Physical state: Yellow solid. 

mp. 110° C. 

Rf

IR (KBr): •

 Value: 0.85 (n-hexane/ethyl acetate = 4:1) 

max 3406.1 & 3317.3 (-NH2), 3037.7(sp2C-H), 2898.8 (sp3C-H), 1608.5 & 1460.0 

(C=C) cm-1. 
1H NMR (400 MHz, CDCl3): • H 7.45 (s, 2H, C-3 & C-5), 4.19 (s, 2H, -NH2), 2.15 (s, 3H, Ar-

CH3

  

) 

2-iodo-4-methyl-N-ethanoyl aniline 4 

      

                                       

                                                  4 

Physical state: brown crystalline solid. 

mp. 125-130°C. 

Rf 

IR (KBr): •

Value: 0.6 (n-hexane/ethyl acetate = 4:1) 

max 3265.3(-NH), 1654.8(C=O), 1290.3(C-N) cm-1

 
. 

1H NMR (400 MHz, CDCl3): • H 

7.32 (br s, 1H, -NH), 7.12 (d, 1H, J=8.0 Hz, C-5), 2.26(s, 3H, -CO- CH
7.99 (d, 1H, J=8.0 Hz, C-6), 7.59 (s, 1H, C-3),  

3), 2.10(s, 3H, Ar-CH3
 

). 
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4-methyl-N-ethanoyl aniline 5 

                                                                     

                                                                       5 

 

Physical state: Brownish crystalline solid. 

mp. 148-151°C 

Rf

IR (KBr): •

 Value:  0.40 (n-hexane/ethyl acetate = 4:1) 

max 3292.3(-NH), 3255.6, 1662.5 (C=O), 1602.7, 1550.7, 1510.2, 1454.2, 1402.2, 

1365.5, 1321.1 and 819.7 cm-1. 
1H NMR (400 MHz, CDCl3): • H 

7.08 (d, 2H, J=8.4 Hz, C-3 & C-5), 2.28(s, 3H, -CO- CH

7.52 (br s, 1H, -NH), 7.35 (d, 2H, J=8.4 Hz, C-2 & C-6),  

3), 2.12 (s, 3H, Ar-CH3

 

). 

 

 

 

3.1.2 Iodination of 4-Chloro aniline 2  

 

   In a 250 mL round bottom flask, provided with a reflux condenser, a mixture of 5 g(39.21mmol) 

of 4-chloro a niline 2, 9.95g (39.21 m mol) o f g ranulated i odine, 7.8 28 g  (39.21 m mol)  of 

copper(••) a cetate w as stirred in 70 mL of   ac etic aci d for 30 m in. The r eaction mixture w as 

refluxed for 12 hr with constant stirring at 120°C .The progress of the reaction was monitored by 

TLC. A fter completion of  t he r eaction, t he r eaction m ixture w as a llowed t o c ool at r oom 

temperature. The pr ecipitate of copper (•) iodide w as r emoved by f iltration and the f iltrate w as 

poured into water and extracted with chloroform (3×50 mL). The chloroform layer was washed 

with s odium h ydrogen car bonate solution, sodium t hiosulfate s olution, water, dried w ith 

anhydrous s odium s ulfate and concentrated under r educed p ressure.   The c rude pr oduct was 
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purified w ith c olumn c hromatography on silica gel us ing n-hexane/ethyl acet ate(4:1) as el uant, 

three compounds 6, 7, 8 were isolated. 

 

                                                                                                  

          2                                                                  6                     7                  8                                                             

                                                                            30%                 40%           15% 

 

4-chloro-2, 6-di-iodo aniline 6 

 

                                  

                                           6 

Physical state: Yellow powder. 

mp. 127-129°C. 

Rf

IR (KBr): •

 Value: 0.9 (n-hexane/ethyl acetate = 4:1) 

max 3408.0 & 3317.3 (-NH2), 1604.7& 1442.7(C=C), 1402.2, 860.2 cm-1. 
1H NMR (400 MHz, CDCl3): • H 7.60 (s, 2H, C-3 & C-5), 4.59 (s, 2H,-NH2

4-chloro-2-iodo-N-ethanoyl aniline 7 

). 

                                      

                                                   

                                               7 
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Physical state: White crystalline solid.  

Rf

IR (KBr): •

 Value: 0.5(n-hexane/ethyl acetate = 4:1) 

max 3274.9 (-NH), 1658.7(C=O), 1577.7, 1568.0, 1521.7, 1463.9 1375.2, 1288.4 cm-1

 
. 

1H NMR (400 MHz, CDCl3): • H

7.36 (br s, 1H, -NH), 7.30 (dd, 1H, J= 8.0 & 2.0 Hz, C-5), 2.22 (s, 3H, -CO- CH

 8.15 (d, 1H, J= 8.0 Hz, C-6), 7.74 (d, 1H, J= 2.0 Hz, C-3),  

3

4-chloro-2-iodo aniline 8 

).  

   

                                               

 

                                                 8                                                   

Physical state: Light brown crystalline solid. 

mp. 40-42°C 

Rf

IR (KBr): •

 Value: 0.70(n-hexane/ethyl acetate = 4:1) 

max 3408.1 & 3317.3 (-NH2), 1604.7 & 1442.7(C=C), 1402.2, 868.0 cm-1. 
1H NMR (400 MHz, CDCl3): • H 7.58 (d, 1H, J=2.3 Hz, C-3), 7.08 (dd, 1H, J=2.3 & 8.4 Hz, C-5), 

6.64(d, 1H, J=8.4 Hz, C-6), 4.07 (s, 2H, -NH2

 

). 

 

 

3.1.3 Iodination of 4-methyl aniline 1 in propanoic acid. 

    

    In a 50 mL round bottom flask, provided with a reflux condenser, a mixture of 1.008 g(9.33 

mmol) of 4 -methyl aniline 1, 2.369 g (9.33 mmol) of granulated iodine and 1.862 g(9.33 mmol) 

copper(••)acetate were stirred in 15 mL  propanoic acid for 30 min. The reaction mixture was 

refluxed for 12 hr with constant stirring at 130°C .The progress of the reaction was monitored by 

TLC. At end of the reaction, the reaction mixture was allowed to cool at room temperature. The 

precipitate copper (•) iodide was removed by filtration and the filtrate was poured into water and 

extracted with chloroform (3×25 mL). The combined chloroform extract was washed with sodium 

hydrogen carbonate solution, sodium thiosulfate solution, distilled water, dried with anhydrous 
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sodium sulfate and concentrate under reduced pressure.   The crude product was purified with 

column chromatography on silica gel using   n-hexane/ethylacetate(4:1) as eluent, two compounds  

3, 9 were isolated. 

                 

                    1                                                                       3                           9 

 

4-methyl-N-propanoyl aniline 9 

 

                        

                           9 

Physical state:  White crystalline solid. 

Rf

IR (KBr): •

 Value: 0.6 (n-hexane/ethyl acetate= 4:1) 

max 3303.8(-NH), 1664.5(C=O), 1610.5, 1544.9, 1521.1, 1309.6(C-N), 813.9cm-1

 
. 

1H NMR (400 MHz, CDCl3): • H 7.37 (d, 2H, C-2 & C-6), 7.22 (br s, 1H, -NH), 7.09(d, 2H, J=8.0 

Hz, C-3 & C-5), 2.35 (quart, 2H, -CO-CH2-), 2.29 (s, 3H, Ar-CH3), 1.22(t, 3H, -CH3

 

).  

 

 

3.1.4 Preparation of 2, 6-di iodo-4-methyl-N-eyhanoyl aniline 10 

  In a 100 mL round bottom flask equipped with a reflux condenser, a mixture of 3.2g  

 2, 6-diiodo-4-methyl aniline 3, acetic acid, acetic anhydride (1:1:1) mol ratio and small amount of 

zinc dust were stirred at room temperature for half an hour. The reaction mixture was refluxed for 

3 hours with constant stirring at 80° C. The hot reaction mixture was poured in a thin stream into a 

500 m L beaker containing 200 m L o f cold water with constant s tirring. The c rude p roduct was 
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filtered and washed with a little cold water and dried upon f ilter paper in air. The product 10 was 

purified by crystallization process using ethanol. 

 

 

 

               3                                                                                    10 

 

2, 6-diiodo-4-methyl-N-ethanoyl aniline 10 

Physical state:white solid  

mp. 135-138°C 

Rf

IR (KBr): 3159.2(-NH), 2997.2, 2916.2(C-H), 1676.0(C=O) 1579.6 & 1452.3 (C=C)cm

 Value: 0.6 (n-hexane/ethyl acetate= 4:1) 
-1. 

1H NMR (400 MHz, CDCl3): • H 7.68(s, 2H, C-3 & C-5), 6.99(-NH), 2.26(s, 3H, -CO-CH3), 2.22 

(s, 3H, Ar-CH3

 

). 

 

3.2 Synthesis of 2-alkynyl-4-substituted -N-ethanoyl aniline 14-18 

 

3.2.1 Synthesis of 4-methyl-2-phenylethynyl-N-ethanoyl aniline 14 

 In a 50 m L round bottom flask equipped with a reflux condenser, a mixture of 2-Iodo-4-methyl-

N-ethanoyl aniline 4 (0.5gm, 1.818 mmol), bis(triphenylphosphine) palladium(••)chloride 

(0.044g, 0.063 mmol), copper(•)iodide (0.027 g, 0.145 mmol), triethylamine(0.734 g, 7.272 mmol) 

was stirred in 7 ml DMF under nitrogen atmosphere for 1 hour at room temperature. Then Phenyl 

acetylene 11(0.222 g, 2.186 mmol) was added drop wise and the solution was heated at 80-85°C 

for 23  hour s. T he m ixture w as t hen e vaporated to dr yness und er reduced pr essure, t he residue 

extracted with chloroform ( 3×50 m L), t he combined c hloroform extracts w ashed w ith di stilled 

water (3 ×50 mL), dried over a nhydrous N a2SO4, f iltered a nd c oncentrated unde r r educed 
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pressure. The residue was purified by column chromatography on s ilica gel using n-hexane:ethyl 

acetate (5:1) to yield the pure 4-Methyl-2-phenylethynyl-N-ethanoyl aniline 14. 

 

                                                                                                                           

               4                                                                                                       14 

 

4-Methy-2-phenylethynyl-N-ethanoyl aniline 14 

                                

                                                      14 

Physical state: White crystal 

mp.128-129°C  

Rf

IR (KBr): •

 Value: 0.75 (n-hexane/ethyl acetate = 5:1) 

max 3296.1 (-NH-), 3041.5, 2214.1 (C• C), 1654.8 (C=O), 1583.4, 1533.3, 1492.8, 

1396.4, 823.5, 756.0 cm-1. 
1H NMR (400 MHz, CDCl3): • H 8.27(s, 1H, C-6), 7.89(s, 1H, –NH), 7.52-7.30, 7.15 (m, 7H, Ar-

H), 2.30(s, 3H, -CO-CH3), 2.22 (s, 3H, Ar-CH3).  
13C NMR (100 MHz, CDCl3): • c

24.83(ethanoyl-CH

 167.96(C=O), 136.49(Ar-NH),133.00, 132.97, 131.85, 131.55 

130.47, 128.82, 128.55, 122.40,119.66, 118.11, 111.70(Ar-C), 95.96 & 84.45(C• C),  

3),  20.50 (Ar-CH3

 

). 

3.2.2 Synthesis of 2-(1-Hexynyl)-4-methyl-N-ethanoyl aniline 15  

   In a 50 mL round bottom flask equipped with a reflux condenser, a mixture of 2-iodo-4-methyl-

N-ethanoyl aniline 4 (0.5gm, 1.818 mmol), bis(triphenylphosphine) palladium(••)chloride (0.044g 

, 0.063 mmol), copper(•)iodide (0.027 g, 0.145 mmol), triethylamine (0.734 g, 7.272 mmol) was 

stirred in 7 ml DMF under nitrogen atmosphere for 1 hour at room temperature. Then 1-Hexyne 
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12 (0.178 g, 2.181 mmol) was added and the solution heated at 60°C for 48 hours. The mixture 

was then evaporated to dryness under reduced pressure, the residue extracted with chloroform 

(3×50 mL). The combined chloroform extracts washed with distilled water (3×50 mL), dried over 

anhydrous Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography on silica gel using n-hexane/ethyl acetate (8:1) to yield the pure 2-(1-

Hexynyl)-4-methyl-N-ethanoyl aniline 15. 

 

               4                                                                                             15 

2-(1-Hexynyl)-4-methyl-N-ethanoyl aniline 15 

 

                                 

                                                            15 

Physical state: Brown crystalline solid. 

mp.84-86°C 

Rf

IR (KBr): •

 Value: 0.80 (n-hexane/ethyl acetate = 5:1) 

max 3274.9 (-NH-), 2956.7, 2933.5, 2223.8 (C• C), 1664.5(C=O), 1587.3, 1525.6, 

1488.9, 1363.6, 1301.9, 829.3 cm-1. 
1H NMR (400 MHz, CDCl3): • H  8.21 (d,1H, J=8.4 Hz, C-6), 7.84(br s, 1H, –NH), 7.15(s,1H,C-

3), 7.07(d, 1H, J=8.4 Hz, C-5), 2.49(t, 2H, J=7.2 Hz, C-3•), 2.25(s, 3H, -CO-CH3

2.17 (s, 3H, Ar-CH

), 

3

1.50 (sex, 2H, J= 7.2 & 6.8 Hz, C-5• ), 0.96 (t, 3H, J=7.2 Hz, -CH

), 1.63(quin, 2H, J=7.2 and 6.8 Hz, C-4•),  

3).  
13C NMR (100 MHz, CDCl3):  • c 167.91(C=O), 136.54(Ar-NH), 132.74, 131.81, 129.59, 118.99, 

112.46(Ar, C), 97.33 & 76.17 (C• C), 30.83(C-3•), 24.83(ethanoyl-CH3

 20.63 (Ar-CH

), 22.08 (C-4•), 

3), 19.25(C-5•), 13.59(-CH3

 

). 
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3.2.3 Synthesis of 2-(1-Heptynyl)-4-methyl-N-ethanoyl aniline 16 

 

    In a 50 mL round bottom flask equipped with a reflux condenser, a mixture of 2-iodo-4-methyl-

N-ethanoyl aniline 4 (0.5gm, 1.818 mmol), bis(triphenylphosphine) palladium(••)chloride 

(0.044g , 0.063 mmol), copper(•)iodide (0.027 g, 0.145 mmol), triethylamine (0.734 g, 7.272 

mmol) was stirred in 7 ml DMF under nitrogen atmosphere for 1 hour at room temperature. Then 

1-Heptyne 13 (0.178 g, 2.181 mmol) was added and the solution was heated at 60°C for 48 hours. 

The mixture was then evaporated to dryness under reduced pressure. The residue ex tracted with  

chloroform (3×50 mL), the combined chloroform extracts washed with distilled water (3×50 mL), 

dried over anhydrous Na2SO4

 

, filtered and concentrated under reduced pressure. The residue was 

purified b y column chromatography on s ilica gel us ing n -hexane/ethyl acetate (8:1) to yield the 

pure 2-(1-Heptynyl)-4-methyl-N-ethanoyl aniline 16. 
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2-(1-Heptynyl)-4-methyl-N-ethanoyl aniline 16 

 

                               

                                                16 

Physical state: Brown crystalline solid. 

mp. 64-65°C 

Rf

IR (KBr): •

 Value: 0.80 (n-hexane/ethyl acetate = 5: 1) 

max 3274.9 (-NH), 2933.5, 2219.9 (C• C), 1662.5 (C=O), 1522.5 cm-1. 
1H NMR (400 MHz, CDCl3): • H 

7.16(s, 1H, C-3), 7.07(d, 1H, J=8.0 Hz, C-5), 2.48(t, 2H, J= 6.8 Hz, -C• C-CH

8.21 (d, 1H, J=8.4 Hz, C-6), 7.84 (br s, 1H, –NH),  

2-),  
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2.25(s, 3H, -CO-CH3), 2.18 (s, 3H, Ar-CH3), 1.64(quin, 2H, J=7.2 & 6.8 Hz, C-4•), 1.49-1.24 (m, 

4H, C-5• & C-6•), 0.92 (t, J=7.2 Hz, 3H, -CH3). 
13C NMR (100 MHz, CDCl3):  • c 167.94(C=O), 136.48(Ar-NH), 132.73, 131.80, 129.59, 118.91 

& 112.38(Ar-C), 97.42 & 76.09(C• C), 31.18(C-3•), 28.47(C-4•), 24.90(ethanoyl-CH3

22.24 (C-5•), 20.64 (Ar-CH

),  

3), 19.55(C-6•), 14.01(-CH3

 

). 

3.2.4 Synthesis of 4-chloro-2-(1-hexynyl)-N-ethanoyl aniline 17 

  

 In a 50 m L round bottom flask equipped with a reflux condenser, a mixture of  4 -chloro-2-iodo-

N-ethanoyl ani line 7 (0.5g, 1.69  m mol), bi s(triphenylphosphine) pa lladium(••)chloride ( 0.041g , 

0.059 m mol), c opper(•)iodide ( 0.025 g, 0.135 m mol), t riethylamine (0.682 g , 6.76 m mol) w ere 

stirred in 7 m l DMF under nitrogen atmosphere for 1 hour  at room temperature. Then 1-Hexyne 

12 (0.166g, 2.028 mmol) was added and the solution was heated at 60°C for 48 hours. The mixture 

was t hen evaporated to dryness unde r r educed p ressure. T he r esidue ex tracted with chloroform 

(3×50 mL), the combined chloroform extracts washed with distilled water (3×50 mL), dried over 

anhydrous Na2SO4

 

, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography on silica gel using n-hexane/ethyl acetate (6:1) to yield the pure 4-chloro-

2-(1-hexynyl)-N-ethanoyl aniline 17. 

 

 

                                                                                                       

 

                        7                                                                             17 
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4-Chloro-2-(1-hexynyl)-N-ethanoyl aniline 17 

 

                             

 

                                               17 

 

Physical state: white crystalline solid.  

mp. 80-82°C 

Rf

IR (KBr):3294.2(-NH), 2956.7, 2927.7, 2223.8(C• C), 1662.5(C=O), 1598.9 &1473.5 (C=C) cm

 Value: 0.68 (n-hexane/ethyl acetate = 5: 1)  
-1

 
. 

1H NMR (400 MHz, CDCl3): • H 

7.31(d, 1H, J=2.0 Hz, C-3), 7.21(dd, 1H, J=8.8 & 2.0 Hz, C-5), 2.49 (t, 2H, J=6.8 Hz, C• C-CH

8.31(d, 1H J=8.8 Hz, C-6), 7.85(br s, 1H, -NH), 

2

2.18(s, 3H, -CO-CH

-

),  

3

1.50(sex, 2H, J= 7.2 & 7.6 Hz, C-5•), 0.96 (t, 3H, J=7.6 Hz, -CH

), 1.62(quin, 2H, J=6.8 & 7.2 Hz, C-4•),  

3). 
13C NMR (100 MHz, CDCl3):  • c 168.01(C=O), 137.50(Ar-NH), 131.05, 128.87, 127.98, 120.12, 

& 114.09(Ar, C), 99.07 & 74.94 (C• C), 30.63(C-3•), 24.82(ethanoyl-CH3), 22.06 & 19.22( C-4• & 

C-5•), 13.55(-CH3

 

). 

3.2.5 Synthesis of 4-Chloro-2-phenylethynyl-N-ethanoyl aniline 18 

   In a 50 mL round bottom flask equipped with a reflux condenser, a mixture of  4-chloro-2-iodo-

N-ethanoyl aniline 7 (0.5gm,1.69 mmol), bis(triphenylphosphine) palladium(••)chloride  

(0.041g, 0.059 mmol), copper(•)iodide  (0.025 g, 0.135 mmol), triethylamine(0.682 g, 6.76 mmol) 

was stirred in 7 ml DMF under nitrogen atmosphere for 1 hour at room temperature. Then Phenyl 

acetylene 11 (0.206 g, 2.028 mmol) was added dropwise and the solution heated at 80-85°C for 

 23 hour s. T hen t he reaction m ixture w as e vaporated t o dr yness unde r r educed pr essure, t he 

residue e xtracted with  c hloroform ( 3×50 mL), t he combined c hloroform extracts w ashed with  

(3×50 m L)of di stilled water, dr ied ov er a nhydrous N a2SO4 and concentrated unde r r educed 
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pressure. T he r esidue w as pur ified b y column c hromatography on s ilica g el usingn-

hexane/ethylacetate (6:1) to yield 18. 

 

                                                                                                                         

 

 

4-Chloro-2-phenyl ethynyl-N-ethanoyl aniline 18 

 

                    

                                            18 

Physical state: Brown crystalline solid 

mp. 178-180°C 

Rf

IR (KBr): •

 Value: 0.65 (n-hexane/ethyl acetate = 5:1)  

max 3300.00 (-NH), 2210.3 (C• C), 1660.6(C=O), 1521.7, 1400.2 cm-1

 

. 

1H NMR (400 MHz, CDCl3):   • H 

7.53-7.15(Ph, 2H),7.45(s, 1H, C-3), 7.40-7.39 (m, 3H, Ph), 7.29(d, 1H, J=8.8 Hz, C-5), 2.22 (s, 

3H, -CO-CH

8.36(d, 1H, J=8.8Hz, C-6), 7.90(br s, 1H, –NH),  

3). 
13C NMR (100 MHz, CDCl3):  • c 168.09(C=O), 137.51(Ar-NH), 131.59, 131.10, 129.72, 129.32, 

128.69, 121.86, 120.53, & 113.41 (Ar-C), 97.42 & 83.04 (C• C), 24.91(ethanoyl-CH3

 

). 

1, 4-di phenyl-1, 3-buta-di-yne 19 
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                                                           19 

Physical state: white crystalline solid. 

Rf

IR (KBr): •

 Value: 0.9 (n-hexane) 

max 2135.1, 1483.2, 1434.9, 912.3, 754.1, 684.7 cm-1. 
1H NMR (400 MHz, CDCl3): • H 7.52(d, 4H), 7.35(m, 6H) 
13C NMR (100 MHz, CDCl3): • c

 

 132.58, 129.28, 128.51, 121.90, 81.63, 73.99.  

 

 

 

3.3 Base catalyzed cyclization of 2-alkynyl-4-substituted-N-ethanoyl aniline 

 

 

3.3.1 Synthesis of 2-Butyl-5-chloro-1H indole 20 

     

In a 50 m L round bot tom f lask e quipped w ith a  r eflux c ondenser, a m ixture of  4 -chloro-2-(1-

Hexynyl)-N-ethanoyl aniline 17 (0.100gm, 0.37 mmol) and sodium ethoxide (0.050g, 0.74 mmol) 

in ethanol (10 mL) and was stirred under a nitrogen atmosphere for 4 hours at 800C. At end of the 

reaction the mixture was evaporated to dryness under reduced pressure. Distilled water (200 mL) 

was adde d to the r esidue and it was neutralized with 6N HCl, extracted with chloroform (3×50 

mL). Tthe combined chloroform extract was washed with di stilled water (3×50 mL), dr ied over 

anhydrous Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography on silica gel using n-hexane/ethyl acetate (6:1) as eluant to yield 2-Butyl-

5-chloro-1H indole 20 and 2-butyl-4-chloro aniline 21.    
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                 17                                                         20                                           21 

2-Butyl-5-chloro-1H indole 20 

 

                                      

  

                                                             20 

Physical state: Brown liquid. 

Rf

IR (KBr): 3421.5(-NH), 2958.6, 2929.7, 1488.9cm.

 Value: 0.7 (n-hexane/ ethyl acetate = 6:1) 

 

-1 

1H NMR (400 MHz, CDCl3): • H 

7.17(d, 1H, J= 8.4 Hz, C-7), 7.04(d, 1H, J= 8.4 Hz, C-6), 6.13(s, 1H, vinylic H), 

7.87(s, 1H, -NH), 7.46(s, 1H, C-4),  

 2.73(t, 2H, J= 7.6 Hz, C-1•), 1.69(quin, 2H, J=7.2 & 7.6 Hz, C-2•), 1.39(sex, 2H, J= 7.2 & 7.6 Hz, 

C-3•), 0.95 (t, 3H, J=7.2 Hz, -CH3

 

 ). 

2-butyl-4-chloro aniline 21 

                                                               

                                                                                21 

Physical state: Brown liquid. 

IR (KBr) • max 3585.4 & 3544.9( –NH2), 2958.6 & 2929.7 (C-H) , 2235.0 (C• C) cm-1.  
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1H NMR(400 MHz, CDCl3):  • H 

6.58 (d, 1H,  J = 8.4 Hz, C-6 ), 4.14(br, s, 2H, -NH

7.20(d, 1H, J = 2.0 Hz C-3), 7.01(dd, 1H, J = 2.0 & 8.4 Hz, C-5 

),  

2), 2.45(t, 2H, J= 6.8 H, C-3•),  1.59(quin, 2H, 

J=6.8 & 7.2 Hz, C-4• ), 1.36(sex, 2H, J= 7.2 and 7.6 Hz, C-5•), 0.90 (t, 3H, J=7.2 Hz, -CH3

 

 ). 

 

 

 

 

 

 

3.3.2 Synthesis of 2-Butyl-5-methyl-1H indole 22 

    In a  50 m L round bo ttom f lask e quipped w ith a  r eflux c ondenser, a mix ture of  2-Butyl-4-

methyl-N-ethanoyl aniline 15(0.102gm, 0.46 mmol)  and sodium ethoxide (0.055g , 0.82 mmol) in 

ethanol(10 m L) was stirred unde r a ni trogen a tmosphere f or 4 hou rs  a t 80 0C. At e nd of  t he 

reaction the mixture was evaporated to dryness under reduced pressure. Distilled water (200 mL) 

was a dded t o t he r esidue a nd i t w as ne utralized with 6N H Cl, extracted with chloroform 

(3×50mL). The combined chloroform extract was washed with di stilled water (3×50 mL), dr ied 

over a nhydrous N a2SO4

 

, filtered and concentrated unde r reduced pr essure. T he r esidue was 

purified b y column c hromatography on s ilica gel us ing n -hexane/ethyl a cetate (6:1) to yield 2-

Butyl-4-methyl-1H indole 22 and 2-(1-hexynyl)-4-methyl aniline 23. 

 

               15                                                            22                                      23        

2-Butyl-4-methyl-1H indole 22 
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                                                 22 

Physical state: Brown liquid. 

IR (KBr): 3408.0(-NH), 2956.7, 2929.7,1618.2, 1502.4, 1458.1 cm.-1 
1H NMR (400 MHz, CDCl3): • H 

2.41(s, 3H, Ar-CH

7.75(br s, 1H, -NH), 7.29(s, 1H, C-4), 7.16(d, 1H, J= 8.0Hz, C-

7), 6.91(d, 1H, J= 8.0 Hz, C-6), 6.13(s, 1H, vinylic H), 2.72(t, 2H, J= 7.6 Hz, C-1•),  

3), 1.68(quin, 2H, J=7.6 & 7.2 Hz, C-2•), 1.39(sex, 2H, J= 7.2 and 7.6 Hz, C-

3•), 0.87 (t, 3H, J=7.2 Hz, -CH3

 

). 

 

2-(1-hexynyl)-4-methyl aniline 23 

 

 

                              

                                        23   

 

 
1H NMR (400 MHz, CDCl3):  • H 

6.59 (d, 1H, J = 8.0 Hz, C-5 ), 4.21(br, s, 2H, -NH

7.05(s, 1H, C-3), 6.85(d, 1H, J = 8.0 Hz, C-6 ),  

2

2.18(s, 3H, Ar-CH

), 2.45(t, 2H, J= 6.8 H, C-3•),  

3), 1.60(quin, 2H, J=6.8 & 7.6 Hz, C-4• ), 1.49(sex, 2H, J= 7.2 & 7.6 Hz, C-5•), 

0.93 (t, 3H, J=7.2 Hz, -CH3

            

 ). 

3.3.3 Synthesis of 4-Methyl-2-phenylethynylaniline 24 

   In a  50 m L round bot tom f lask e quipped w ith a  reflux c ondenser, a mixture of  4 -Methyl-2-

phenylethynyl-N-ethanoyl a niline 14 (0.45gm, 0.19 m mol) and s odium ethoxide ( 0.008g, 0.38  

mmol) in ethanol(10 mL) and the mixture stirred under a nitrogen atmosphere for 4 hours at 800C. 
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At e nd of  t he r eaction the mix ture w as evaporated t o dr yness unde r r educed pr essure.Distilled 

water (200 m L) w as a dded t o t he r esidue and i t w as n eutralized with 6N H Cl, extracted with  

chloroform (3×50 mL). The combined chloroform extract washed with distilled water (3×50 mL), 

dried over anhydrous Na2SO4

        

, filtered and concentrated under reduced pressure.The residue was 

purified by column chromatography on silica gel using n-hexane/ethylacetate (6:1) to yield the 4-

methyl-2-phenylethynyl aniline 24. 

  

                     14                                                                                   24 

                                                                                                                

 

 4-Methyl-2-phenyl aniline 24 

 

                          

                                      24 

 

Physical state: white crystalline solid. 

IR (KBr):  • max 3473.6 & 3379.1 (-NH2), 2185.2(C• C), 1595.0, 1505.5, 1311.5, 756.0 cm-1 
1H NMR (400 MHz, CDCl3

6.95(d, 1H, J= 8.0 Hz, C-6), 6.64(d, 1H, J=8.0 Hz, C-5), 4.13(s, 2H, -NH

): 7.52-7.49(m, 2H, Ph), 7.36-7.29(m, 3H, Ph), 7.17(s, 1H, C-3),  

2

 

). 

3.4 Palladium chloride catalyzed synthesis of 2, 5-disustituted indole derivatives 25-27 
 
3.4.1 Synthesis of 2-Butyl-5-methyl-N-ethanoyl indole 25    

 
    In a  50 m L round bot tom flask equipped with a reflux condenser, a mixture of palladium (••) 

chloride ( 0.008 gm, 0.0 45 mmol) and acetonitrile (5 mL) was r efluxed at 80°C with c onstant 



 79 

stirring.  The solid was dissolved after 20 min and the r eaction mixture was allowed to cool a t 

room temperature. In this solution 0.102 gm (0.445 mmol ) of 2-(1-hexynyl)-4-methyl-N-ethanoyl 

aniline 15  was added and  the mixture was  refluxed at 80°C. The progress of the reaction was 

monitored by TLC. The starting material disappeared after 40 min and the reaction mixture was 

evaporated t o dr yness unde r r educed p ressure. The p roduct w as pur ified b y c olumn 

chromatography on silica gel using n -hexane/ethylacetate (5:1) to yield 0.071 g  of  t he pur e 5 -

methyl-2-butyl-N-ethanoyl indole 25. 

                                                       

                                
                 15                                                                             25 
2-Butyl-5-methyl-N-ethanoyl indole 25 
 

                                              
 
 
                                                                       25 

Physical state: White crystalline solid 

mp. 68-69°C 

Rf

IR (KBr): •

 Value: 0.72 (n-hexane/ethylacetate = 5:1) 

max 2958.6 & 2935.5(C-H), 1679.9 (C=O), 1591.2 &1469.7(C=C) 1379.4, 1317.3 cm-1. 
1H NMR (400 MHz, CDCl3): • H 

7.04 (d, 1H, J=8.4 Hz, C-6), 6.32(s, 1H, C-3), 2.98(t, 2H, J=7.6 Hz, C-1•),  

7.68(d, 1H, J=8.4 Hz, C-7), 7.25(s, 1H, C-4),   

2.72(s, 3H, -CO-CH3), 2.41(s, 3H, Ar-CH3

1.44 (sex, 2H, C-3•), 0.95 (t, 3H, J=7.2 Hz, -CH

), 1.68(quin, 2H, J=7.2 & 7.6 Hz, C-2•),  

3). 
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13C NMR (100 MHz, CDCl3): • c 170.19(C=O), 143.18(Ar-NH), 134.60, 132.49, 130.31, 124.59, 

120.20, 114.48 & 108.03 (Ar-C), 31.07(C-1•), 30.30(C-2•), 27.57(C-3•), 22.56((ethanoyl-CH3), 

21.11(Ar-CH3), 13.97(-CH3

 

). 

3.4.2 Synthesis of 5-methyl-2-pentyl -N-ethanoyl indole 26 
 
    In a 50 m L round bot tom f lask equipped with a  reflux condenser a  mixture of palladium ( ••) 

chloride ( 0.006 g , 0.03 2 mmol) a nd acetonitrile ( 5 mL) w as r efluxed at  80°C with c onstant 

stirring.  T he solid dissolved after 20 m in and the reaction mixture was allowed to cool at room 

temperature. In t his s olution 0.076 g  (0.315 m mol) of 2-(1-Heptynl)-4-methyl-N-ethanoyl 

aniline16 was add ed and the mixture was refluxed at 80 °C. T he pr ogress of  t he r eaction w as 

monitored by TLC. The starting material disappeared after 40 min and the reaction mixture was 

evaporated t o dr yness unde r r educed p ressure. T he p roduct w as pur ified b y c olumn 

chromatography on silica gel using n-hexane/ethyl acetate (5:1) to yield 0.056 g of the pure  

5-methyl-2-pentyl-N-ethanoyl indole 26. 

 
              16                                                                                26 
 
 
 
2-Pentyl-5-methyl-N-ethanoyl indole 26 
 

                                              
 
 
Physical state: White crystalline solid. mp. 50-51°C 

Rf

IR (KBr): •

 Value: 0.77 (n-hexane/ethyl acetate = 5:1) 

max 2921.9(C-H), 1687.6 (C=O), 1591.2 & 1460.70(C=C), 1373.2, 1315.4, 815.8 cm-1. 
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1H NMR (400 MHz, CDCl3): • H 

7.04 (d, 1H, J=8.4 Hz, C-6), 6.32(s, 1H, vinylic H), 2.97(t, 2H, J=7.6 Hz, C-1•),  

7.68(d, 1H, J=8.4 Hz, C-7), 7.25(s, 1H, C-4),   

2.72(s, 3H, -CO-CH3), 2.41(s, 3H, Ar-CH3

1.42-1.28 (m, 4H, C-3• & C-4•), 0.96 (t, J=7.2 Hz, 3H, -CH

), 1.69(quin, 2H, J=7.2 and 7.6 Hz, C-2•),  

3). 
13C NMR (100 MHz, CDCl3): • c 170.19(C=O), 143.21(Ar-NH-), 134.61, 132.49, 130.31, 124.59, 

120.20, 114.48, 108.03(Ar-C), 31.67, 30.55, 28.62 (C-1•, C-2• & C-3•), 27.57(ethanoyl -CH3

 22.56(C-4•), 21.12(Ar-CH

),  

3), 14.05(-CH3

 

). 

3.4.3 Synthesis of 2-Butyl-5-chloro-N-ethanoyl indole 27 
 
    In a 50 m L r ound bo ttom f lask e quipped w ith a  r eflux c ondenser a  mixture pa lladium ( ••) 

chloride 0.006g (0.033 mmol) and acetonitrile 5 mL was refluxed at 80°C with constant stirring.  

The s olid dissolved after 20 m in a nd t he r eaction m ixture w as a llowed t o c ool at r oom 

temperature. In this solution 4-chloro-2-(1-hexynyl) -N-ethanoyl aniline 18 (0.075g, 0.327 mmol ) 

was a dded and t he a nd t he m ixture was refluxed at 80°C. T he pr ogress of  t he r eaction w as 

monitored by TLC. The starting material was disappeared after 2 hr and the reaction mixture was 

evaporated t o dr yness unde r r educed p ressure. T he p roduct was pur ified b y c olumn 

chromatography on s ilica ge l using n -hexane/ethyl a cetate (5:1) to yield 0.051 g  of  t he p ure 2 -

butyl-5-chloro-N-ethanoyl indole 27. 

                         

 

                  18                                                                                                      27 

 
 2-Butyl-5-chloro-N-ethanoyl indole 27 
 

                                  

Physical state: white crystalline solid. 



 82 

mp. 51-52°C 

Rf

IR (KBr): •

 Value: 0.75(n-hexane/ethyl acetate = 5:1) 

max 2937.4, 1685.7 (C=O), 1591.2 &1448.4(C=C), 1371.3, 1317.3, 829.3cm-1. 
1H NMR (400 MHz, CDCl3): • H 

7.17(dd, 1H, J=9.2 & 2.0 Hz, C-6), 6.34(s, 1H, vinylic H), 2.96(t, 2H, J=7.2 Hz, C-1•),  

7.80(d, 1H, J=9.2 Hz, C-7), 7.42 (d, 1H, J=2.0Hz, C-4),  

2.72(s, 3H, -CO-CH3

1.44(sex, 2H, J= 7.2 and 7.6 Hz, C-3•), 0.96 (t, 3H, J=7.6 Hz, -CH

), 1.69(quin, 2H, J=7.2 & 7.6 Hz, C-2•),  

3). 
13C NMR (100 MHz, CDCl3): • c 170.05(C=O), 144.13(Ar-NH-), 134.90, 131.20, 128.63, 123.47, 

119.63, 115.94, 107.52(Ar-C), 30.96 & 30.22 (C-1• & C-2•), 27.48(ethanoyl -CH3

13.93(-CH

), 22.55 (C-3•),   

3

 

). 
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2.0 Present work: Synthesis of 2, 5-disubstituted indoles by metal mediated reactions. 

2.1 Rationale 

   The indole r ing s ystem i s probably the most ubiquitous hetero cycle i n nature. Owing to the great 

structural di versity o f bi ologically a ctive i ndoles, the i ndole r ing s ystem ha s be come a n i mportant 

structural c omponent i n m any pha rmaceutical agents. S ubstituted i ndoles ha ve be en r eferred t o a s 

“privileged structures” since they are capable of binding to many receptors with high affinity. For over 

a hundr ed years, t he s ynthesis a nd f unctionalization of  i ndoles ha s be en a  m ajor a rea of  f ocus f or 

synthetic organic chemists, and numerous methods for the preparation of indoles have been developed. 

      Palladium cat alyzed150 reactions ha ve be en extensively us ed for c arboannulation151 and 

heteroannulation152 processes. Several r esearch g roups ha ve r eported t he s ynthesis of  aromatic 

heterocycles vi a pa lladium-catalyzed annulation of i nternal al kynes.153 Others h ave s hown t hat 

palladium catalyzed cyclizations are valuable synthetic tools for the  preparation of  a  wide variety of 

heterocycles154 using vi nylic compounds, t erminal a lkynes, a llenes a nd ot her s ubstrates. In r ecent 

years, our group has developed methods for the synthesis of benzofused heterocyclic compounds, for 

example, i sobenzofurans155 and i soindolinones 156

    Due to the presence of indole moiety in natural products and molecules with biological activity, we 

were interested in developing a convenient method for the synthesis of 2, 5-disubstituted indoles from 

4-substituted-2-iodo-N-ethanoyl aniline and terminal alkynes catalyzed by (PPh

 by pa lladium- catalyzed reactions with terminal 

alkynes and acid chloride. 

3)2 PdCl2 and CuI as 

co-catalyst followed by base catalyzed and PdCl2

 

 cyclization in different solvents and bases at variable 

temperatures under nitrogen atmosphere. 

2.2 Results and discussion 

    Here a conv enient approach for t he synthesis of  2, 5 -disubstituted i ndoles through pa lladium 

catalyzed reaction followed by base catalyzed and palladium catalyzed cyclization is reported.  

   The r equired starting materials 4 -substitued-2-iodo-N-ethanoyl a niline 4, 7 were pr epared by  a  

convenient p rocedure us ing i odine-copper(••) acetate i n acetic a cid  from t heir pa rent 4 -substituted 

anilines 1, 2 (Scheme-1). After us ual w orkup, t he crude p roduct w as pur ified b y column 

chromatography on  s ilica ge l us ing n-hexane/ethyl a cetate (4:1) as el uent and pr oducts 3-8 were 

isolated.    

. 
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                                                            Scheme-1 

   Iodination of 4-methyl aniline 1 and 4-chloroaniline 2 were carried out using iodine and copper(••) 

acetate in acetic acid to yield 4-substituted-2-iodo-N-ethanoyl aniline 4, 7 ( major yield),  along with  

4-substituted-2, 6-diiodo aniline 3, 6,  and 4-substituted-2-iodo aniline 8. A little amount of 

 4-substituted-N-ethanoyl 5 aniline was also obtained. 

     In order to optimize the iodination reaction condition, 4-methyl aniline 1 was used as a model and 

temperature was varied from 25°C to 130°C better yields were obtained at higher temperature. To find 

out the role of solvent and the origin of the acid part present in the amide 4, 5, 7 three solvents acetic 

acid, propanoic acid and trifluroacetic acid were used as a reaction medium. In propanoic acid a 

moderate yield of 4-methyl-N-propanoyl aniline 9 was obtained along with other products (scheme-2).  

No yield was obtained when the reaction was carried out in trifluro acetic acid at the same condition. 

It was observed that the 4-substituted acetanilide was formed from carboxylic acid and trifluro acetic 

acid (strong carboxylic) was not suitable for this reaction.                                                     

  

   1                                                                      3                          9 

                                               

                                                       Scheme-2 
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 The 4-substituted-2, 6-di iodo aniline 3 was converted to it’s corresponding acetanilide derivatives 10 

using acetic anhydried in acetic acid (scheme-3). Compound 10 was found unsuitable for palladium 

catalyzed cross-coupling reaction with terminal alkyne.        

   

                             3                                                                10 

                                                     Scheme-3 

     The palladium catalyzed cross-coupling reactions were carried out by stirring the mixture of  

4-substituted-2-iodo-N-ethanoyl a niline 4, 7 with terminal a lkynes 11-13 (1.2 m ol e quiv.), 

bis(triphenylphosphine) pa lladium(••) chloride ( 3.5 m ol % ), c opper(•) i odide ( 8 m ol % ) a nd 

triethylamine(4 mol equiv.) under nitrogen atmosphere in DMF(5-8 mL) at 60-80°C for 24-48 hours.  

After usual workup, the crude product was purified by column chromatography on silica gel using 

 n-hexane /ethyl acetate as el uant in different r atio to afford  4-substituted-2-(1-alkynyl)-N-ethanoyl 

aniline14-18 in good yield(Scheme-4).  

    Then the c ondensed pr oducts 15, 17 were s ubjected to base cat alyzed cyclization using s odium 

ethoxide(1.2-1.5 mol equiv.) i n e thanol at  80° C under ni trogen a tmospheres for 4 h  to afford 2, 5 -

disubstitued-1H indoles 20, 22 along with acyclic 4-substituted-2-alkynyl anilines 21, 23.  In the same 

procedure, compound 14 yielded only acyclic compound 24 (Scheme-4). 

 

 The condensed products 15-17 were a lso subjected to palladium (••) chloride (10 mol %) catalyzed 

cyclization in acetonitrile at 80°C for 0.5-2 h to afford 2, 5 -disubstitued-N-ethanoyl indoles 25-27 in 

good yield (Scheme-4). 
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           4                                       CH

Compounds                            X                            R 

3

           7                                        Cl                             - 
                          - 

         11                                         -                              Ph                     
         12                                         -                             C4H
         13                                         -                             C

9 
5H

         14, 24                                 CH
11 

3

         15, 22, 23, 25                     CH
                         Ph 

3                         C4H
         16, 26                                 CH

9 
3                         C5H11 

             17, 20, 21, 27                     Cl                            C4H
         18                                       Cl                            Ph 

9 

         19                                        -                              Ph                      

                                                     Scheme-4 

 

2.3.1 Synthesis of starting materials 

 Commercially available 4-methyl aniline 1 and 4-chloro aniline 2 were used to prepare the required 

starting materials. Iodination of reaction of the aromatic nucleus was done as shown in the scheme-1. 

After us ual w ork up t he c rude pr oduct w as pur ified b y c olumn c hromatography on  silica gel w ith 

hexane/ethyl acetate (4:1) as eluent.  

 

The results are given in the Table-1. 
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Table 1: Iodination of 4-substituted aniline 

 

Entry 

4-substituted 

   aniline 

Reagents & 

condition 

 

    Product 

 

Yield (%) 

 

 

 

 

 

 

1 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

 

25 

 

 

            

 

 

 

45 

 

              

 

 

20 

 

 

 

 

2 

 

 

 

 

 

                  

 

             

 

 

30 

                      

 

 

 

40 

 

            

        

 

 

 

15 

 

Yield (%) was calculated on the base of amount of the compounds 1 and 2. 
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2.3.2 Characterization of 4-substituted 2-iodoacetanilide/aniline 3-10 

The structure of the compounds were established by spectral data- 

2, 6-diiodo-4-methylaniline 3 

A white crystalline solid. mp.119-121°C.  

  In the IR spectrum the compound showed the stretching frequency of N-H at • max3406.1 and 3317.3 

cm-1 due to –NH2. The absorption band was found at • max3037.7 and 2898.8 cm-1due to the stretching 

of methyl and aromatic C-H. The absorption band at 1608.5 and 1460.0 cm-1

In the 

 indicated the presence of 

C=C stretching vibration in the aromatic ring. 
1H NMR spectrum of the compound the chemical shift was found at • H 7.45 (s, 2H) owing to the 

presence of C-3 and C-5 aromatic proton. The chemical shift at • H 4.19 (br s, 2H) and 2.15 (s, 3H) for 

presence of primary amine group –NH2 and Ar-CH3

 

 respectively. 

2-iodo-4-methyl-N-ethanoyl aniline 4 

A brownish crystalline solid, mp.122-125°C. 

 .In the IR spectrum (fig-1a) of the compound the absorption band was found at • max 3265.3 cm-1

–NH stretching. The stretching vibration frequency of C=O was found at 1654.8 cm

 due 

to 
-1. The absorption 

band at 1290.3 cm-1

 In the 

 represented C-N bending vibration. 
1H NMR spectrum (fig-1b) of the compound one doublet was found at • H 7.99(1H, J=8.0 Hz) 

for the presence of C-6 proton, a singlet at • H

•

 7.59 because of C-3 proton. A broad singlet was found at  

H 7.32 due to –NH proton. A doublet at • H 7.12(1H, J=8.0 Hz) was found as a r esult of C-5 proton. 

Two sharp singlets at • H 2.26 and 2.10 were found in favor of –CO-CH3 and Ar-CH3

  

 respectively. 

4-methyl-N-ethanoyl aniline 5 

A brown crystalline solid, mp.148-151°C. 

 In the IR spectrum of the compound the absorption band was found at • max3292.3 cm-1 due to –NH 

stretching vibration. A sharp band at • max 1662.5 cm-1 recognized the stretching vibration of C=O. The 

bands at 1602.7 a nd 14 54.2 cm-1

  In the 

indicated the pr esence of  C =C s tretching vi bration i n t he aromatic 

ring. 
1H NMR spectrum the chemical shift  of the compound  a broad  singlet was found at • H 7.52  

in consequence of –NH,  one doublet at • H 7.35(2H, J=8.4 Hz) due to C-2 and C-6 protons,  another 
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doublet at • H 7.08(2H, J=8.4 Hz) due to C-3 and C-5 protons respectively. Two sharp singlets at 2.28 

and 2.12 were found in favor of –CO-CH3 and Ar-CH3

4-Chloro-2, 6-diiodoaniline 6 

 respectively. 

Yellowish amorphous solid,  mp.127-129°C. 

  In the IR spectrum of the compound the absorption band at • max 3408.0 and 3317.3 cm-1 represented 

stretching vibration of p rimary a mine –NH2. The a bsorption b and a t 16 04.7 a nd 1442.7 cm-1

 

 was 

caused by C=C stretching vibration in the aromatic ring. 

  In the 1H NMR spectrum of the compound the chemical shift was found at • H

C-5 protons of the in aromatic ring. The chemical shift at •

 7.60 (s, 2H) for C-3 

and   

H 4.59 (s, 2H) was designed for presence of 

Ar–NH2

 

. 

4-chloro-2-iodo-N-ethanoyl aniline 7 

White crystalline solid, 125-127°C. 

 In the IR spectrum (fig-2a) of the compound the absorption band at • max 3274.9 cm-1 represented -NH 

stretching vibration. The absorption frequency at 1658.7 cm-1 indicated the presence of C=O stretching 

vibration. The absorption band at 1577.7 and 1463.9 cm-1

 

 were caused by C=C stretching vibration in 

the aromatic ring. 

  In the 1H NMR spectrum (fig-2b) of the compound one doublet was found at • H 8.15(1H, J=8.0 Hz) 

for C-6 pr oton, a n other doublet at • H 7.74(1H, J=2.0 H z) due t o C -3 pr oton. A  br oad s inglet was 

found a t • H 7.36 due t o –NH pr oton. A  double doublet a t • H 7.30(dd, 1H, J=2.0 & 8.0 H z) was 

because of C-5 proton. One sharp singlet at • H 2.22 was found on behalf of –CO-CH3.

 

   

4-Chloro-2-iodoaniline 8 

Brown crystalline solid, mp. 40-42°C. 

  In the IR spectrum of the compound the absorption band was found at • max 3408.0 and 3317.3 cm-1 

because o f –NH2 stretching vibration. The absorption band at 1604.7 and 1442.7  cm-1 indicated the 

presence of C=C stretching vibration in the aromatic ring.  
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  In the 1H NMR spectrum of the compound the chemical shift was found at • H 7.58 (d, 1H, J=2.3 Hz) 

for C-3 proton. One double doublet at • H 7.08 (dd, 1H, J=2.3 Hz, 8.4 Hz) for C-5 proton. One doublet 

at • H 6.64(1H, J=8.4 Hz) for C-6 proton. One singlet was found at • H 4.07 as a result of –NH

 

2. 

 

4-methyl-N-propanoyl aniline 9 

White crystalline solid 

. In the IR spectrum (fig-3a) of the compound the absorption band was found at • max 3303.8 cm-1

–NH stretching vibration. The absorption band at 1664.5 cm

 due 

to  
-1 represented the stretching vibration of 

C=O. The band at 1309.6 cm-1

 

 represented C-N bending vibration. 

   In the 1

•

H NMR spectrum (fig-3b) of the compound the chemical shift was found as a doublet at  

H 7.37(2H, J=8.0) due  to C -2 a nd C -6 pr oton a br oad,   a br oad singlet was f ound a t •  7.22  on 

account of  –NH,  and a nother doubl et a t • H 7.09(2H, J=8.0) due t o C -3 a nd C -5 respectively. One 

quartet at • H 2.35 due to –CO-CH2-. One sharp singlet at 2.29 originated for Ar-CH3 and one triplet at 

1.22 due to terminal -CH3

 

 protons. 

2, 6-diiodo-4-methyl-N-ethanoyl aniline 10  

White amorphous solid. mp.135-138°C. 

 

  In the IR spectrum of the compound the absorption band was found at • max 3159.2 cm-1 due to-NH 

stretching vibration. The bands at 2997.2 and 2916.2 cm-1 were due to C-H stretching vibration. The 

absorption ba nd a t 1676.0 cm-1 recognized the stretching vibration of C =O. The absorption ba nd at 

1579.6 and 1452.3 cm-1

 

 indicated the presence of C=C stretching vibration in the aromatic ring. 

 In the 1H NMR spectrum of the compound the chemical shift was found at • H 7.68 (s, 2H) as a result 

of C-3 and C-5 aromatic protons, abroad singlet at • H 6.99 for the existence of -NH group. Two sharp 

singlets at • H 2.26 and 2.22 were caused by –CO-CH3 and Ar-CH3

 

 correspondingly. 
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2.4.1 Synthesis of 4-substituted-2-alkynyl-N-ethanoyl aniline and dialkyne 14-19 

   

     A mix ture of  4-substituted-2-iodo-N-ethanoyl a niline 4 or 7 (1 m mol), bi s(triphenylphosphine) 

palladium(II)chloride (3.5 mol%), copper(I)iodide (8 mol%), and triethylamine (4 mmol) was stirred in 

DMF (5-7 mL) under nitrogen atmosphere for 1 h. Then alkynes 11, 12, or 13 (1.2 mmol) was added 

and the solution was heated at 60-80°C for 24-48 h. The mixture was then evaporated to dryness under 

reduced pressure. After usual workup, the crude product was purified by column chromatography on 

silica gel using n-hexane/ethyl acetate as eluant to afford the pure compounds 14-19. 

                            

 

     

           4                                       CH
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           7                                        Cl                             - 

                          - 
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9 
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11 
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                         Ph  

3                         C4H
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9 
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         19                                        -                                Ph                           

 

 

 

The results are given in the Table-2. 

 

Table 2: Synthesis of 4-substituted-2-alkynyl-N-ethanoyl aniline 

  
Entry 

 
4-Substituted-2-
iodo-N-ethanoyl 
      aniline 

 
Terminal  
alkyne 

 
 
Condition 

 
 
Product 

 
 
Yield 
   (%) 

 
 
1 

 
 
 
 
 
 
 

 
 
    4 

 
 

  11 

 

 

 
      
           14 

 
 
60 

 
 
2 

 
 

 
 
  12 

 
 
 
 
 
 
 

 

 

                 
 
          15 

 
 
72 

 
 
3 

 
 

 
    13 

 

                   
            
           16 

 
 
60 

 
 
4 

 
 
 
 
 

 
        7 

 
 

 
   12 
 

 

           
 
                17 

 
 
68 

 
 
5 

 

 
   11 

 

          
            18 

 
 
70 
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Yield (%) was calculated on the base of the amount of compounds 4 and 7 

 

 

 

 

2.4.2 Characterization of 4-substituted-2-alkynyl-N-ethanoyl aniline and dialkyne 14-19 

 

4-methyl-2-phenyl-N-ethanoyl aniline 14 

White crystalline solid, mp. 127-128°C 

  In the IR spectrum (fig-4a) of the compound the absorption band was found at • max 3296.1cm-1 as a 

result of –NH stretching vibration. The absorption band  at 2214.1 c m-1 was found in support of  the  

stretching vibration  o f carbon-carbon triple bond, where as the band at  1654.8 cm-1 was in favor of  

C=O stretching vibration. The a bsorption ba nd at 1583.4 a nd 1492.8  cm-1

 In the 

 indicated the pr esence of  

C=C stretching vibration in the aromatic ring. 
1H NMR spectrum (fig-4b) the compound demonstrated the chemical shifts in form of singlet at 

• H  8.27 caused by C-6 proton, another singlet at • H 7.89 indicated the presence of –NH  proton.  The 

chemical shifts at • H 7.52-7.30 and 7.15(m, 7H) r epresented protons of t he both benzene r ing. Two 

sharp singlets at • H 2.30 a nd 2.22 indicated the  existence of t he protons of  –CO-CH3 and Ar-CH3 

  In t he 

respectively. 
13C NM R spectrum (fig-4c, d) the c ompound s howed the chemical s hift at • c 167.96 was 

caused by carbonyl c arbon, at • c 136.49 in s upport of  (Ar-NH). The chemical s hifts at • c133.00, 

132.97, 131.85, 131.55,  130.47, 128.82, 128.5 5, 122.40, 119.66, 118.11, a nd 111.70 were on account 

of Ar-C. The chemical shifts at • c 95.96 & 84.45 were in support of C• C.  The chemical shifts at • c 

24.83 and 20.50 were caused by -CH3 of ethanoyl and Ar-CH3

 

 correspondingly. 

4-Methyl-2-(1-hexynyl)-N-ethanoyl aniline 15 

Brown crystalline solid, mp. 84-86°C 

  In the IR spectrum (fig-5a) of the compound the absorption band was found at • max 3274.9 cm-1 as a 

result of  –NH stretching vibration. The absorption band at • max 2956.7 and 2933.5 cm-1 were due  to 

stretching vibration of C-H. The stretching vibration of carbon-carbon triple bond was found at 2223.8 
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cm-1. The band a t 1664.5 cm-1 was on account of C=O stretching vibration. The absorption band at 

1587.3 and 1488.9 cm-1

 

 indicated the presence of C=C stretching vibration in the aromatic ring. 

  In the 1H NMR spectrum (fig-5b) the compound showed a doublet at • H 8.21(1H, J=8.4 Hz) caused 

by C-6 proton. One broadened singlet at • H 7.84 indicated the existence of –NH proton. One singlet at 

• H 7.15 was on account of C-3 proton. The chemical shift at • H 7.07(d, 1H, J=8.4 Hz) was attributable 

to C-5 proton. One triplet at • H 2.49(2H, J=7.2 Hz), one quintet at • H 1.63(2H, J=7.2 and 6.8 Hz), one 

sextet at 1.50(2H, J= 7.2 and 6.8 Hz) indicated the presence of three -CH2- groups positioned at C-3•, 

C-4•, and C-5• of the chain. A triplet at 0.96 (3H, J=7.2 Hz) established the presence of terminal -CH3. 

Two sharp singlets at • H 2.25 and 2.17  indicated the pr esence o f protons of  –CO-CH3 and Ar-CH3

 

 

respectively. 

  In the 13C NMR spectrum (fig-5e) of the compound the chemical shift was originated at • c 167.91 

caused by carbonyl carbon. The chemical shift at • c 136.54 was as a result of  Ar-NH. The chemical 

shifts a t • c 132.74, 131.81,  129.59, 118.99, a nd 112.46 were on  behalf o f the aromatic ca rbon. The 

chemical shifts at • c 97.33 & 76.17 were found caused by C• C. The chemical shifts were at • c 30.83 

on behalf of C-3•, 24.83 for ethanoyl-CH3, 22.08 designed for C-4•, 20.63 in support of Ar-CH3, 19.25 

for C-5• and 13.59 was in favor of terminal -CH3

4-Methyl-2-(heptyn-1-yl)-N-ethanoyl aniline 16 

. 

Brown crystalline solid, mp. 64-65°C 

  In the IR spectrum (fig-6a) of the compound the absorption band was found at • max 3274.9 cm-1 as a 

result of  –NH stretching vibration.  T he absorption band at 2219.9  cm-1 represented the  s tretching 

vibration of carbon- carbon triple bond,  where a s the band a t 1662.5 cm-1

  In t he 

 was caus ed by stretching 

vibration of C=O. 
1H N MR s pectrum (fig-6b) of t he compound showed a doublet a t • H 8.21(1H, J=8.4 H z) 

caused b y C-6 p roton. One br oadened singlet at 7.84  indicated t he pr esence of  –NH proton. One 

singlet originated at • H 7.16 due to C-3 proton, one doublet at • H 7.07(1H, J=8.0 Hz) because of C-5 

proton.  One triplet at • H

1.49-1.24(m, 4H) indicated the presence of four -CH

 2.48(2H, J=6.8 Hz), one quintet at 1.64 (2H, J=7.2 and 6.8 Hz), a multiplet at 

2- groups positioned at C-3•, C-4•, C-5• & 6• of the 

chain respectively. A triplet at • H 0.92(3H, J=7.2 Hz) established the presence of terminal-CH3. Two 

sharp singlets at • H 2.25 and 2.18  indicated t he pr esence of  –CO-CH3 and A r-CH3 protons 

correspondingly. 
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  In the 13C NMR spectrum (fig-6e) the compound showed the chemical shift at  • c 167.94 caused by 

carbonyl carbon. The chemical shift at  • c 136.48 was in support of Ar-NH. The chemical shift at • c 

132.73, 131.80, 129.59, 118.91 & 112.38  were i n f avor of  Ar-C. The chemical shifts at • c 97.42 & 

76.09 were caused by carbon carbon triple bond.  The chemical shifts at • c 31.18, 28.47 were designed 

for C-3• & C -4•.The c hemical s hift a t • c 24.90 for e thanoyl-CH3 and 22 .24 de signed f or C -5•. The 

chemical shifts at • c 20.64, 19.55, and 14.01were as a result of Ar-CH3, C-6• and terminal -CH3

4-Chloro-2-(hexyn-1-yl)-N-ethanoyl aniline 17 

. 

White crystalline solid, mp. 80-82°C 

  In the IR spectrum (fig-7a) of the compound the absorption band was found at • max 3294.2 cm-1

-NH stretching vibration. The absorption band at •

 due 

to 

max 2956.7 and 2927.7 cm-1 were due to stretching 

vibration of  C-H. The absorption band at 2223.8 cm-1 characterized the  s tretching of  carbon carbon 

triple bond, where as the absorption band at 1662.5 cm-1 was in support of stretching vibration of C=O. 

The absorption band at 1598.9 and 1473.5 cm-1

  In the 

 indicated the presence of C=C stretching vibration in 

the aromatic ring. 
1H NMR spectrum (fig-7b-d) the compound showed the chemical shift at • H 8.31(d, 1H, J=8.8 

Hz,) caused by C-6 proton. One broadened s inglet at • H 7.85 indicated the presence of  –NH proton. 

The c hemical s hift a t • H 7.31(d, 1H, J=2.0 H z,) i ndicated the presence of  C -3 pr oton. O ne do uble 

doublet at • H7.21(1H, J=8.8 & 2.0 Hz) was as a result of C-5 proton of the aromatic ring. One triplet at 

• H 2.49(2H, J=6.8 Hz), one quintet at • H 1.62(2H, J=6.8 Hz and 7.2 Hz), one sextet at 1.50(2H, J= 7.2 

and 7.6 H z) indi cated the existence of t hree -CH2- groups positioned a t C -3•, C-4•, a nd C -5• o f t he 

chain respectively. A triplet at • H 0.96 (3H, J=7.6 Hz) recognized the presence of terminal -CH3 of the 

chain. A sharp singlet at • H 2.18 was for the presence of -CO-CH3

 

.    

  In t he 13C NM R spectrum (fig-7e) of t he c ompound s howed chemical s hift at  • c 168.01due t o 

presence of carbonyl group C=O, the peck at • c 137.50 was in favor of Ar-NH. The chemical shifts at 

• c 131.05, 128.87, 127.98 ,  120.12 & 114.09 were in support of aromatic carbon. The chemical shift 

position at • c 99.07 & 74.94 were due to C• C, at 30.63 was in favor of C-3•, at 24.82 was due to -CH3 

of the ethanoyl group. The chemical shift value at  • c 22.06 & 19.22 w ere as a result of C-4• &  C -5•. 

The chemical shift was found at • c 13.55 in consequence of terminal –CH3

 

. 
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4-Chloro-2-phenylethynyl-N-ethanoyl aniline 18 

Brown crystalline solid, 178-180°C 

 In the IR spectrum (fig-8a) of the compound the absorption band was found at • max 3300.0 cm-1

–NH stretching vibration. T he b and  at 2210.3 cm

 due to 
-1 represented the  s tretching vi bration of  c arbon 

carbon triple bond, where as the band  at 1660.6 cm-1

 

 was correspond to stretching vibration of C=O. 

 In the 1H NMR spectrum (fig-8b-c) the compound showed a doublet at • H  8.36( 1H, J=8.8 Hz) caused 

by C-6 p roton of  t he aromatic r ing. One b roadened s inglet at 7.90  indicated the p resence o f –NH 

proton. One s inglet at 7.45 was a s ign of C-3 proton and a doublet at • H 7.29(1H,  J=8.8 Hz,) as a 

result of  C-5 proton. The chemical shift position at • H 7.53-7.15(2H, Ph) and 7.40-7.39 (m, 3H, Ph) 

correspond to protons of one phenyl group. One sharp singlet at • H

-CO-CH

 2.22 indicated the presence of   

3

 In the 

 proton. 
13C NMR spectrum (fig-8d) the compound showed the chemical shift at  • c 168.09 caused by 

C=O. The chemical shift at • c 137.51 was supporting to Ar-NH.  The pecks at131.59 was caused by C-

2 & C-6 of the phenyl group. The chemical shift at • c 131.10, 129.72 & 129.32 were due to Ar-C, at 

128.69 was due to C-3 & C-5 of the phenyl group. The chemical shift at  • c 121.86, 120.53 & 113.41 

were supporting rest of the aromatic carbon. The chemical shifts at • c 97.42 & 83.04 were caused by 

C• C and at 24.91was on behalf of ethanoyl-CH3

 

. 

1, 4-di phenyl-1, 3-buta-di-yne 19 

White crystalline solid  

  In the IR spectrum of the compound the absorption band was found at • max 2135.1 cm-1 

 In the 

because of  

C• C bond present in the compound. 
1H NMR spectrum of the compound the chemical shift was found at • H 7.52(d, 4H) as a result 

of C-2 & C-6 of the both phenyl groups. The chemical shift position at • H

  

 7.35 (m, 6H) as a result of 

coupling of the protons at C-3, C4, and C-5 in the aromatic. 

2.4.3 Mechanism of (PPh3)2PdCl2

 The c ross-coupling r eaction of  4-substituted-2-iodo-N-ethanoyl a niline with terminal alkyne was 

catalyzed by (PPh

 catalyzed cross-coupling reaction of 4-substituted-2-iodo-N-

ethanoyl aniline with terminal alkyne. 

3)2PdCl2, where CuI acted as a  co-catalyst157. The catalytic process can be divided 

into two catalytic cycles. 
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The palladium cycle: 

 The active palladium catalyst is the 14 electron compound Pd(0)L2 A which reacts with the aryl halide  

in an oxidative addition to Pd(II) complex B. This complex reacts in a rate limiting transmetallation 

with the copper acetylide produced in the copper cycle to complex C expelling the copper halide CuX 

G. Both organic ligands are trans oriented and transfer to cis in a trans-cis isomerization to complex D. 

In the final step the product is released in a reductive elimination with regeneration of Pd(0)L2

 

. 

 The copper cycle: 

 CuI form a pi-alkyne complex E. The organocopper compound F forms after reaction with the base 

and continues to react with palladium intermediate B with regeneration of copper halide G. The copper 

acetylide is assumed to be involved in the reduction of Pd (II) catalysts, first forming a dialkyne-PdL2 

complex and then by reductive elimination Pd (0)L2 and a diacetylene.  

                           

http://en.wikipedia.org/wiki/Oxidative_addition�
http://en.wikipedia.org/wiki/Reductive_elimination�
http://en.wikipedia.org/wiki/Organocopper_compound�
http://en.wikipedia.org/wiki/Reductive_elimination�
http://en.wikipedia.org/wiki/Diacetylene�
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2.5.1 Base catalyzed synthesis of 2, 5-disubstituted-1H indole and 4-substituted-2-alkynyl aniline 

20-24 

  A mixture of 4-substituted-2-alkynyl-N-ethanoyl aniline (1 mmol), sodium ethoxide (1.2-1.5 mmol) 

in 20 mL ethanol  was stirred under a nitrogen atmosphere for 4 h at 80°C . At the end of the reaction 

the mixture was evaporated to dr yness under reduced pressure. After usual workup, the residue was 

purified by column chromatography on silica gel using n-hexane/ethylacetate as  eluant to yield 2, 5-

disubstitued-1H indole 20, 22 along with acyclic 4-substituted-2-alkynyl aniline 21, 23, 24. 

             

                       

                            

                             14, 24                  CH

Compounds         X                     R 

3

                             15, 22, 23            CH

                 Ph     

3                C4H

                             17, 20, 21            Cl                   C

9 

4H

 

9 

The results are given in the Table-3. 

 

 Table 3: Base catalyzed synthesis of 2, 5-disubstituted indoles. 

Entry 4-substituted-2- 
    Alkynyl  
   Acetanilide 

Reagents 
     & 
condition 

2,5-disubstituted 
        indoles(a) 

4-substituted-2-  
 alkynyl anilines(b) 
 

Yields 
  % 
(a/b) 
 

 
 
 

1 

 
         17 

 
 
 
 

 
                
               20 

 
 
          21 

 
48/52 
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2 

 
            15 

  
            22 

 
       23 

 
49/51 

3 

 
          14 

 

 
           24 

 
80 

 

 

 

 

2.5.2 Characterization of 2, 5-disubstitued-1H indole/ 4-substituted-2-alkynyl aniline 20-24 

2-butyl-5-chloro-1H-indole 20 

Brown liquid 

 In the IR spectrum (fig-9a) of the compound the absorption band was found at • max 3421.5 cm-1 
caused by –NH stretching vibration of the indole. The absorption band at 2958.6 & 2929.7 cm-1

 

 were 
due to stretching vibration of C-H.  

 In the  1H NMR  spectrum(fig-9b) of the compounds chemical shift was found in the form of a broad 

singlet at • H 7.87 due to  -NH of indole, an other singlet at • H 7.46 was due to C-4 proton, one doublet 

at • H 7.17(1H, J= 8.4Hz) as a result of  C-7 proton,  an other doublet at • H 7.04(1H, J= 8.4) because of 

C-6 proton, a singlet at • H 6.13 due to C-3 proton. The chemical shift at • H 2.73(t, 2H, J= 7.6 Hz), at 

• H

-CH

 1.69(quint, 2H, J=7.2 and 7.6 Hz), and 1.39(sex, 2H, J= 7.2 and 7.6 Hz) were due to the presence of  

2

•

- groups located at C-1•, C-2• and C-3• respectively of the chain. The chemical shift at  

H 0.95(t, 3H, J=7.2 Hz) was in support of terminal -CH3

 

. 

2-butyl-4-chloro aniline 21 

  In the IR spectrum of the compound the absorption band was found at • max 3585.4 and 3544.9 cm-1   

due to stretching vibration of  –NH2. The absorption band at 2958.6 & 2929.7 cm-1 were due to C-H 

stretching vibration, where as the band at 2235.0 cm-1 

 

was as a result the stretching vibration of C• C.  

 In the 1H NMR spectrum the compound showed a doublet at • H 7.20(1H, J=2.0 Hz) due to C-3 proton, 

one double doublet at • H 7.01(1H, J =2.0 & 8.4 Hz) due to C-5 proton, another doublet at 6.58 (1H, J = 

8.4 Hz) due to C-6 proton. One broadened singlet at • H 4.14 was attributable to -NH2. One triplet at • H 



 53 

2.45(2H, J= 6.8 Hz) was in favor of C• C–CH2-, one quintet at • H 1.59(2H, J=6.8 & 7.2 Hz) was due 

to –CH2- of C-4•, one sextet at • H 1.36(sex, 2H, J= 7.2 and 7.6 Hz) was by reason of -CH2-  of C-5•,  

one triplet at • H 0.90 (t, 3H, J=7.2 Hz) was caused by terminal -CH3

 

. 

2-Butyl-4-methyl-1H indole 22 

Brown liquid. 

 In the IR spectrum  of the compound the absorption band was found at 3408.0 cm.-1due to –NH of the 

indole, 2956.& 2929.7 cm.-1due to C-H stretching vibration, the absorption band at1618.2 and 1458.1 

cm.-1

 In the

 were due to aromatic C=C stretching vibration.  
 1H NMR spectrum of the compound the chemical shift at • H 

–NH of indole. The chemical shifts at •

7.75(br s, 1H) was in support of  

H 7.29(s, 1H), 7.16(d, 1H, J= 8.0 Hz), 6.91(d, 1H, J= 8.0 Hz), 

and 6.13( s, 1H ) w ere i n c onsequence of  the pr otons pos itioned a t C-4, C-7, C -6, a nd C-3 

correspondingly. The chemical shift at • H 2.72(t, 2H, J= 7.6 H z) was caused by C-1•. The chemical 

shift at • H 2.41(s, 3H) was due to Ar-CH3. The chemical shifts at • H 1.68 (quint, 2H, J=7.6 and 7.2 Hz) 

and 1.39(sex, 2H, J= 7.2 a nd 7.6 H z) were in consequence of the protons positioned at C-2• and C-3• 

respectively. The chemical shift at • H 0.87 (t, 3H, J=7.2 Hz) was in favor of terminal -CH3

 

. 

2-(1-hexynyl)-4-methyl aniline 23 

In the 1H NMR spectrum of the compound the chemical shifts were found as a singlet at • H 7.05, one 

doublet at • H 6.85(1H, J = 8.0 Hz), another doublet at 6.59 (1H, J = 8.0 Hz) were in support of protons 

positioned at C-3, C-6, and C-5 respectively. One broadened singlet at • H 4.21 was caused by -NH2. 

One triplet at • H 2.45(2H, J= 6.8 Hz) for -C• C-CH2- and one singlet at • H 2.18 was due to Ar-CH3. 

The chemical shifts in the form a quintet at 1.60(2H, J=6.8 & 7.6 Hz), one sextet at 1.49(2H, J= 7.2 

and 7.6 Hz) were on behalf of protons positioned at C-4• and C-5• respectively.  One triplet at • H 0.93 

(t, 3H, J=7.2 Hz) was in favor of terminal -CH3

 

. 

4-Methyl-2-phenyl aniline 24 

White crystalline solid 

 In the IR spectrum (fig-10a) of the compound the absorption band was found at • max 3473.6 & 3379.1 

cm-1 were in support of -NH2. The stretching vibration of C• C was found at 2185.2 cm-1

 

. 
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In the 1H NMR spectrum (fig-10b) the compound showed chemical shift at • H 7.52-7.49(m, 2H) and at 

• H 7.36-7.29(m, 3H) were due to the protons of phenyl group. The chemical shifts at 7.17(s, 1H), at • H 

6.95(d, J= 8.0 Hz), and at • H 6.64(d, 1H, J=8.0 Hz) were in favor of the protons situated at C-3, C-6, 

and C-5 of the aromatic ring. The chemical shift at 4.13(s, 2H) was caused by –NH2

 

. 
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2.5.3 Mechanism of base catalyzed cyclization of 2-Alkynyl-4-substituted-N-ethanoyl aniline 
 

 The cyclization of 2-Alkynyl-4-substituted-N-ethanoyl aniline was carried out by sodium ethoxide in 

ethanol. T he pl ausible mechanism f or t he b ase cat alyzed cyclization was s hown i n t he f ollowing 

scheme. 

 In the initial step of the catalytic reaction ethoxide ion extract the proton from nitrogen and nitrogen 

bears the n egative charge. The ni trogen at tacks t he pa rtially positive c arbon of alkyne and partially 

negative c arbon attacks t he pr oton of  t he a lcohol a vailable i n t he s olvent s ystem. In the f inal s tep 

ethanoyl group is removed by hydrolysis during workup. 
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2.6.1 PdCl2 

    In a round bottom flask equipped with a reflux condenser 0.1 mmol of palladium (••) chloride in 8 

mL acetonitrile was refluxed at 80°C with constant stirring.  The solid dissolved after 20 min and the 

mixture was allowed to cool at room temperature. In this solution 1.0 mmol of 2-alkynyl-4-substituted-

N-ethanoyl aniline was added and the mixture was refluxed at 80°C with continuous stirring for 0.5-2h. 

At the end of the reaction, the mixture was evaporated to dryness under reduced pressure. The product 

was purified by column chromatography on  s ilica gel us ing n-hexane/ethyl acetate (5:1) as eluant to 

yield pure 2, 5-disubstituted-N-ethanoyl indole. 

catalyzed synthesis of 2, 5-disubstituted-N-ethanoyl indole 25-27 

 
 

                         
 
  
                               
                                  

Compounds                X                    R 

                                   15, 25                     CH3               C4H
                                   16, 26                     CH

9 
3               C5H

                                   17, 27                     Cl                  C
11 

4H
 

9 

  
 
 
 
 
 
 
The results are given in the Table-4. 
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Table 4: PdCl2 

 

catalyzed synthesis of 2, 5-disubstituted-N-ethanoyl indole. 

 
 
Entry 

 
2-alkynyl-4-substituted-
N-ethanoyl aniline. 
 
 
 

 
Reagents 
    &  
Condition. 
 
 

 
 
2, 5-disubstituted-N-ethanoyl 
             indole. 

 
Yields 
   (%) 
 
 

 
 
 
1 
 
 

 
 

 
 
 
 
                16 

 
 
 
 
 
 
 
 

 

 

  
                       
                  25 

 
 
71 
 
 
 
 
 

 
2 
 
 
 

 
 

 
               17 

 

 
                     
                 26 

 
 
74  
 
 
 
 

 
3 
 
 
 
 
 

 
 

 
                                 
             18 
 

 
 

 
 
 

 
 

 
                           
                 27 

 
 
68 
 
 
 
 

 
Yield (%) was calculated on the base of amount of compounds 16, 17 and 18. 

 

 
2.6.2 Characterization of 2, 5-disubstituted-N-ethanoyl indole 25-27 
 
2-Butyl-5-methyl-N-ethanoyl indole 25 
 
White crystalline solid 
mp. 68-69°C 



 58 

  In t he IR s pectrum (fig-11a) of t he c ompound t he a bsorption ba nd w as f ound a t   • max 2958.6 & 

2935.5 cm-1 due to C-H stretching. The absorption band at 1679.9 cm-1 indicated the existence of C=O 

stretching vibration. The band at 1591.2 & 1469.7 cm-1

 

 represented stretching vibration of C=C in the 

aromatic ring. 

 In the 1H NMR spectrum (fig-11b-e) of the compound the chemical shifts were found in the form of 

doublet at • H 7.68(1H, J=8.4 Hz), one singlet at • H 7.25, another doublet at • H 7.04 (1H, J=8.4 Hz) 

and another singlet at • H 6.32 indicated the presence of one proton at C-7, C-4, C-6, and C-3 position 

respectively of the indole ring. A triplet at • H 2.98 (2H, J=7.6 Hz) was due to the protons of C-1•, two 

singlet at • H 2.72 and 2.41 w ere due t o pr otons of -CO-CH3 and Ar-CH3 correspondingly. The 

chemical shift at • H 1.68(quin, 2H, J=7.2 & 7.6 Hz) and 1.44 (sex, 2H, J=7.2 & 7.6 Hz) indicated the 

presence of the protons at C-2• and C-3• respectively.  A triplet at • H 0.95 (3H, J=7.2 Hz) recognized 

the presence of terminal -CH3

 

. 

 In the 13C NMR spectrum (fig-11f) of the compound the chemical shift at • c 170.19 was due to C=O 

of the ethanoyl group. The chemical shift at • c 143.18 was in support of Ar-NH. The chemical shift at 

• c 134.60, 132.49, 130.31, 124.59, 120.20 , 114.48 a nd 108.03 were due t o aromatic car bon. The 

chemical shifts were found at • c 31.07, 30.30 and 27.57 for C-1•, C-2• and ethanoyl-CH3 respectively.. 

The chemical shift at • c 22.56, 21.11 and 13.97 were due to the presence of C-3•, Ar-CH3 and terminal 

-CH3

                                        

 accordingly. 

2-pentyl-5-methyl-N-ethanoyl indole 26 
 

White crystalline solid. mp. 50-51°C 

 In the IR spectrum(fig-12a)  of the compound the absorption band was found at  • max 2921.9 cm-1  due 

to C-H stretching vibration, another band at 1687.6 cm-1  recognized the presence  of the C=O group. 

The absorption bands at 1591.2 & 1460.7 cm-1

 In the

 represented stretching vibration of C=C in the aromatic 

ring. 
 1H NMR spectrum (fig-12b-d) of the compound the  chemical shift  • H  at 7.68(d,1H, J=8.4 Hz) 

owing to the  proton of  C-7, at • H 7.25(s, 1H) on a ccount of  the proton of  C-4,  at • H 7.04 (d, 1H, 

J=8.4 Hz) as a  result of  the  pr oton of  C-6 and a t • H 6.32(s, 1H) because of  the proton of  C-3. The 

chemical shift at • H 2.97(t, 2H, J=7.6 Hz) caused by C-1•, at • H 2.72(s, 3H) owing to protons of -CO-

CH3, at • H 2.41(s, 3H) because of Ar-CH3. The chemical shift at • H 1.69(quin, 2H, J=7.2 & 7.6Hz), 
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1.42-1.28 (m, 4H), and 0.91 (t, 3H, J=7.2 Hz) in consequence of the protons of C-2•, C-3• & 4•, and 

terminal -CH3

 

 accordingly. 

 In the 13C NMR spectrum (fig-12e) of the compound showed the chemical shift at • c 170.19 because 

of C=O of  t he et hanoyl g roup. T he c hemical s hift a t 143.21  is in s upport of  Ar-NH. The ch emical 

shifts at • c 134.61, 132.49, 130.31, 124.59, 120.20, 114.48 & 108.03 were in consequence of aromatic 

carbon. The chemical shifts at • c 31.67, 30.55, 28.62, caused by four carbons C-1•, C-2• & 3• of the 

chain. The chemical shifts were found at • c 27.57 by reason of ethanoyl-CH3 and at • c 

C-4•. The chemical shift at •

22.56 due to 

c 21.12 and 14.05 Ar-CH3 and terminal -CH3 

 

correspondingly. 

2-Butyl-5-chloro-N-ethanoyl indole 27 
White crystalline solid  mp. 51-52°C 

 In the IR spectrum(fig-13a)  of the compound the absorption band was originated at • max 2937.4 cm-1  

as a r esult of  C-H s tretching vibration, another ba nd a t 1685.7 cm-1 on a ccount of  C=O stretching 

vibration of the ethanoyl group. The absorption bands at 1591.2 and 1448.4 cm-1

 In the

 represented stretching 

vibration of C=C in the aromatic ring. 
  1H NMR  s pectrum (fig-13b-d)of the compound chemical shift  at • H 7.80(d, 1H,  J=9.2 Hz) 

due to proton of C-7, at • H 7.42(d, 1H, J=2.0 Hz) because of proton of C-4,  at • H 7.17 (dd, 1H, J=9.2 

& 2.0 Hz) due to proton of C-6, at • H 6.34(s, 1H) due to proton of C-3. The chemical shift was found  

at • H 2.96(t, 2H, J=7.2 Hz) by reason of C-1• ,  at • H 2.72(s, 3H) caused by proton of -CO-CH3, at • H 

1.69(quin, 2H, J=7.2 and 7.6 Hz) by reason of proton of C-2•, at • H 1.44 (sex, 2H, J=7.2 & 7.6 Hz) due 

to proton of C-3•,  and a triplet at • H 0.96 (3H, J=7.6 Hz) as a consequence of  terminal -CH3

 

. 

 In the 13C N MR spectrum (fig-13e) of t he c ompound de monstrated t he che mical s hift at • c 170.05 

caused by C=O of the ethanoyl group. The chemical shift at • c 144.13 was in support of Ar-NH. The 

chemical shifts at 134.90, 131.20 & 128.63, 123.47, 119.63, 115.94 & 107.53 were caused by aromatic 

carbon. The chemical shifts were found at • c 30.96 30.22, 27.48 for C-1•, C-2• and ethanoyl-CH3 of the 

chain correspondingly. The chemical shifts at • c 22.55, 13.93 w ere as a r esult of  C-3• and terminal -

CH3

 

. 

2.6.3 Mechanism of palladium (••) chloride catalyzed cyclization of 2-alkynyl-4-substituted-N-

ethanoyl aniline. 

The proposed reaction mechanism for the palladium- catalyzed cyclization, in analogy with the  
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mechanism proposed by Utimoto et al. for the palladium (II)-catalyzed intramolecular cyclization of 

alkynylamines.

The catalytic process consists of the following basic steps :  

121b 

(a) I nitial f ormation of a pi-alkynepalladium complex, ( b) I ntramolecular nuc leophilic attack of t he 

nitrogen nucleophile across the activated carbon-carbon triple bond to give the sigma-indolylpalladium 

complex, (c) Proton transfer with loss of Pd(II), which enters a new catalytic cycle, and formation of 2, 

5-disubstituted-N-ethanoyl indole. 

 

                       

  

 

2.7 Conclusion 

   Here w e de veloped a  c onvenient method f or t he s ynthesis of  2,  5 -disubstituted i ndole through 

palladium and base catalyzed reactions.  

The most important features of the synthesis were that – 

1)  Readily available inexpensive starting materials were used under relatively mild conditions. 

2)  The approach of synthesis of indole from 2, 6-di iodo aniline or acetanilide by palladium- catalyzed 

cross-coupling reaction was found to be unsuitable. 

3)  2, 5-disubstituted-1H indole was obtained by base catalyzed cyclization.  

4) 2, 5-disubstituted-N-ethanoyl indole was obtained by PdCl2

 

 catalyzed cyclization.  
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