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Abstract:
Among heterocylesIndoles are the privileged organic compound that containsa bicyclic structure, with a six-membered benzene ring fused to a five-membered pyrrole ring. Indole is widely distributed in the natural environment and can be used in drug or pharmaceutical chemistry. As an intercellular signal molecule, indole regulates various aspects of bacterial physiology, including spore formation, plasmid stability, resistance to drugs, biofilm formation and virulence. Consequently, synthesis of indole scaffolds is very essential for their biological importance and hence scientists devote their efforts via designing different pathways to synthesize indole fused derivatives. There are different types of synthetic approaches such as catalytic, de-aromatization, dehydrogenative, etc to synthesize indole fused derivatives and from there some important, bioactive compounds. These concepts encourage us to write this review to highlight the recent advancement of synthetic methods having indole fused derivatives since 2013 to 2020. The main characteristic feature of this review is the summarization of different synthetic pathways of the indole fused derivatives. We have also discussed the mechanistic pathways of each methodology indole fused derivatives formation.
INTRODUCTION:   
According to all those published papers within that mentioned time of period, indole fused derivatives can be synthesized in different ways. Here I’ll discuss about some of those synthetic approaches with their plausible mechanisms. They are –
1.Transition metal-catalyzedapproach.
2.Dearomatisation synthetic approach.
3.Metal-free synthetic approach.
4.i) Intramolecular cyclization type synthetic approach.
ii) Intramolecular cross-dehydrogenative coupling type synthetic approach.
iii) Intramolecular cascade reaction type synthetic approach.
5. Bioactive product synthetic approach. 
1. CATALYTIC SYNTHETIC APPROACH
Synthesis of heterocyclic molecules via metal catalyst is a traditional field in the Organic Chemistry as C-C or C-X bond can be formed easily via reduction of the activation energy. There are  different metals Cu, Pd, Ru, Rh etc enormously used for this purpose.  
Recenty, Rh(II)-catalysed divergent synthesis of intramolecular [3+2] cycloaddition and C-H functionalization of indole with N-sulfonyl 1,2,3-triazoles has been described for the formation polycyclic indolines and azepino[4,5-b] indoles (Scheme 1).1These derivatives have wide existence in a number of natural products and pharmaceutical agents. The reaction was proceeded through the carbene pathwayand if the nitrogen is protected by the alkyl group (R3 ≠ H) then the reaction goes through a formal [3+2] cycloaddition to yield polycyclic indolines2; while for nonprotected indole substrate (R3 = H), the reaction delivers azepino [4,5-b] indoles 3 via C-H functionalization.
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Scheme 1: Divergent synthesis of indole-fused polycycles via Rh(II)-catalysed intramolecular [3+2] cycloaddition and C-H functionalization of indolyltriazoles.
An efficient copper catalysed two components coupling reaction of indole with coumarins has been described in scheme 2.2 The wide range of functionalized coumarin fused 9H-pyrrolo[1,2-a] indole,  was prepared via Friedel-Crafts alkylation/cyclization/isomerization sequence. The main structural feature of these fused rings is the presence of 6-6-5-5-6 pentacyclic core which is the backbone of m,any natural products entity. Gram-scale experiment was also successfully demonstrated by this group. The carbonyl group of 3-benzoyl coumarin 1a was activated by coordination with CuBr2 to furnish intermediate 4aa, which was then conjugated addition by the C2 position of 3-methyl indole 2a via the Friedel-Crafts alkylation to yield intermediate 4ab. Subsequently, nucleophilic addition a by the N-atom of 3-methyl indole to the carbonyl group leading to intermediate 4ac. Then intermediate 4acunderwent dehydration and isomerisation proceeded to give the corresponding coumarin fused 9H-pyrrolo[1,2-a] indole 3a.
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Scheme 2: A copper catalyzed tandem reaction for the construction of coumarin fused 9h-pyrrolo[1,2-a] indole.
One-pot synthesis of indole-fused bi-cyclo [2.2.2] octa-none from Di-Me-OIN and 2-cyclohexene-1-one accomplished under iodine catalyst (Scheme 3).3 This simple and metal-free conditions provide a practical tool to construct Csp3-rich complex molecules via oxidative coupling cyclisation. The first step is the activation of Di-Me-OIN by I2 forming a halogen bond between the oxygen of Me-O-substituent of 1a and molecular iodine. then the Di-Me-o-in is initially converted to methoxy-indole 6 through a realise of MeOH from 5 under molecular iodine. the C2-alkylated iodine -3-one 7 is generated by Michael addition of 6 against 2-cyclohexen-1-one (2a) owing to the ring strain pf the cyclobutanol moiety in 9 (path b), aldol reaction occurs to form the tricyclic compound 8 via path a. it is supported by no formation of cyclo-but-a-ne-fused compounds. Finally dehydration of 8 assisted by molecular iodine afford indole-fused bi-cyclo-[2.2.2]-octa-none 3aa. Thus, the developed protocol is step- atom- and environmental-economical than the previous methods and there- by will be a nice and appealing tool in drug discovery.
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Scheme 3: Rapid access to indole-fused bicyclo [2.2.2] octanones by merging umpolung strategy and molecular iodine as a green catalyst.
We developed an asymmetric organocatalytic synthesis of 4,6-bis(1H-indole-3-yl)-piperidine-2-carboxylates using 10 mol % of a chiral phosphoric acid (Scheme 4).4 The products which are novel-bis indole-piperidine-amino acids hybrids, can be obtained in one step from 3-vinyl indoles with imino esters in dichloromethane at room temperature after one hour of reaction time. A variety of these compounds could be synthesized in up to 70% yield, and 99% and they were experimentally and computationally analysed regarding their relative and absolute stereochemistry. After a first addition, a second molecule 3-vinylindole 4a is able to attack the stabilised intermediate 10. This step proceeds considerably faster than a nucleophilic attack of the aromatic phenyl ring at position 4, since only trace of the corresponding Povarov reaction product were found. An intramolecular ring closure of 11 finally gives piperidine-2-carboxylic ester 9aa as the only possible regio-isomer.
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· SCHEME 4: Asymmetric organocatalytic synthesis of 4,6-bis(1h-indole-3-yl)-piperidine-2 carboxylates.
Palladium (II) catalysed dual C-H functionalisation of indoles with cyclic diaryliodonium was successfully achieved, providing a concise method to synthesize dibenzo-carbazoles (Scheme 5).5 In one single operation, two C-C bonds and one ring were formed. The reaction was ligand free and tolerated air and moisture conditions. In our experiments, only 3-methylindole was found to be arylated in the C-2 position to give 4 while the 2-methylindole failed the arylation. This finding implied that the palladation of indole occurred at C-2 position initially. Based on our observation and Sanford’s report, we proposed a mechanism in which a Pd (II/IV) catalytic cycle was involved. The reaction was initiated via C-2 electrophilic palladation of indole with Pd(II) species. Then oxidative addition of cyclic iodonium ion 14 would afford Pd (IV) intermediate 13ab that consequently underwent reductive elimination, resulting in C-2 arylated product 13ac. Then  recycled Pd (II) catalyst a second oxidative addition transformed 13ac to Pd (IV) intermediate 13ad that continued a palladium metalation of C-3 position of indole with ease, driven by the formation of the seven membered intermediate 13ae. a final reductive elimination leads to the formation of dibenzo-carbazoles 15a. 
[image: image1.png]



Scheme 5: Palladium catalysed dual c-h functionalisation of indoles with cyclic diaryliodoniums, an approach to ring fused carbazole derivatives
(2) DEAROMATISATION SYNTHETIC APPROACH
A de-aromatization reaction is an organic reaction which involves arenes as reactants and in which the reaction products have permanently lost their aromaticity. This reaction type is of some importance in synthetic organic chemistry for the organic synthesis of new building blocks and in total synthesis. Several methods for the de-aromatization of carbocyclic arenes exist: photochemical de-aromatization, enzymatic de-aromatization, transition-metal assisted de-aromatization, hydrogenation etc. Here we have dmonstrated a review about some of those de-aromatization synthetic approaches to synthesis indole fused derivatives. They are as follows Ox-azolo[3,2-a]-indolone and spiro[furan-2,21-indoline]one are synthesized by visible-light induced aerobic de-aromatisation reaction of indoles (Scheme 6).6 The common indoles tethered alcohol at the N-1 or C-2 position react in a cascade fashion, providing a facile access to diverse indolone scaffolds. The indolyl radial cation 18ab is produced through photoinduced single electron oxidation of 18aa promoted by Ru*(bpy)32+.Meanwhile the resultant Ru(II) was oxidised by the oxygen to regenerate Ru(II) with the formation of superoxide radical anion, which could react with 18ab to give the intermediate 18ac or 18ad, which then undergoes intramolecular nucleophilic attack to produce the corresponding intermediate 18ae. The formation of 17 occurs in the final step by subsequent cleavage of the O-O bond. Similarly the reaction also proceeds via such a catalytic cycle. In this way we have developed a simple and efficient method for the synthesis of ox-azolo[3,2-a] indolone and spiro[furan-2,21-indoline]one by means of visible light irradiation of indoles bearing nucleophile.  
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Scheme 6: Visible-light-induced aerobic dearomative reaction of indole derivatives: access to heterocycle fused or spirocyclo indolones 
An efficient -metal-free de-aromatization of indoles with bromo-hydrazones was described in Scheme 7.7 A various fused in-doline heterocycles, which are potentially biologically active, were achieved in good yields (up-to 94%) under mild conditions. A systematic study on electronic and steric effect of substrate and reagent revealed that they have great influence upon the reaction. Based on it the scope of indoles and bromo-hydrazones were widely exploited. They carried out the reaction on a gram scale and the product 22 was isolated in good yield, (80%). Under basic conditions, the N-Tosyl-hydrazone of 3ma could be easily removed by hydrolysis and dehydrogenation to afford 4aa in 66% yield. After that the bromo-hydrazone is converted to 1,2-diaza-1,3-dienes in the presence of base and then it undergoes the inverse-electron-demand aza-Diels-Alder reaction with indole to generate the dearomatized in-doline heterocycles.
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Scheme 7: Synthesis of fused indoline heterocycles via dearomatization of indoles with bromohydrazones: a systematic study on the substrates 
While the de-aromatisation of indoles by carbon-boron bond forming reaction are new and quite promising field in organic synthesis hence A. Jayaraman et al.  had established of metal-free catalyst approach in promoting such reactions in an atom efficient pathway (Scheme 8).8 The in-situ generated ambiphilic amino-borane catalysed (1-Pip-2-BH2-C6H4) (Pip= piperidyl) promotes borylative de-aromatisation of various 1-arylsulfonyl indoles with pinacolborane in a syn addition fashion, with H and B-pin groups added respectively to the 2 and 3 positions of indoles. Catalysis proceeds with the good to excellent conversion and essentially with complete regio- and dia-stereoselectivity. From mechanistic insights and DFT computations, we realised and established that proto-typical boranes can also catalyse this borylative de-aromatisation.
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Scheme 8: Metal-free borylative dearomatisation of indoles: exploring the divergent reactivity of aminoborane c-h borylation catalysts. 
A cascade procedure of Zn catalysed de-aromatisation of indoles, base-promoted ring-expansion and intramolecular SNAr reaction has been developed by Y. Mu et al. (Scheme 9).9 This processed realised a novel, atom economic and sufficient synthesis of in-doline-fused eight-membered heterocycles in a one-pot manner. First 32 might coordinate with ZnI2 to afford 32aa, then the attack of the indolyl moiety to ZnI2 to generate the iminium intermediate 32ab.  A nucleophilic attack of enol carbon to the iminium ion from the less hindered face of the aza-heterocyclic ring and subsequent protonation to give the intermediate 32ac. in the presence of a base, 32a´ is attacked by 32ac to produce 32ad, which undergoes an intramolecular nucleophilic addition/ring opening to offer a formal alkyl insertion product 32af. Tautomerisation of 32af leads to intermediate 32ag, which undergoes intramolecular SNAr reaction to afford 34.
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Scheme 9: Synthesis of indoline-fused eight-membered azahetrocycles through zn catalysed dearomatisation of indoles and subsiquent base promoted c-c activation
(3) METAL-FREE SYNTHETIC APPROACH
There are some synthetic approaches to synthesis indole fused derivatives where no such metal element is used for that synthesis. Here I’ll give a review on some of such synthetic approaches. They are as follows-
A one-pot transition-metal-free approach for the synthesis of indole-fused dibenzo [b, f] [1,4]-ox-azo-pines from 2-(1H-indol-2-yl) phenol and 1,2-dihalobenzenes or 2 halo-nitroarenes was developed (Scheme 10).10 The proposed mechanism for this transformation features a smiles rearrangement favoured over a direct intramolecular nucleophilic cyclization, which affords the corresponding products in different regioselectivities. This reaction also features simple reaction conditions and wide functional group tolerance. Instead of the direct nucleophilic aromatic substitution reaction of the indole -nitrogen anion, the superior nucleophilic phenolic oxygen anion was generated through smiles rearrangement. In this process, the Meisenheimer complex B is an unstable intermediate which is transferred to intermediate 38ad immediately. Thus the protocol can provide a convenient and alternative approach for the construction of these indole-fused heterocycles.
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Scheme 10: Transition-metal-free synthesis of indole-fused dibenzo [b, f] [1,4] oxazepines via smiles rearrangement. 
(4) (i) INTRAMOLECULAR CYCLIZATION SYNTHETIC APPROACH
Cyclization reactions are considered as one of the most important reactions in organic synthesis due to the fact that natural molecules contain cyclic components either as part of the molecule or molecular skeleton. This is clearly manifested by the number of strategies for cyclization reactions and the development of various reagents to improve such reactions. In the synthesis of indole fused derivative we can have some such intramolecular cyclization strategies to synthesis indole fused derivatives. The review on such papers are as follows-
A novel and metal-free I2-mediated intramolecular C-2-amidation of indoles under mild reaction conditions is developed. The methodology affords various indole-fused tetracyclic compounds, such as benzo [4,5] imidazo[1,2-a] indoles by intramolecular C-2 amidation of N-aryl substituted indoles. This C2-sulfonamidative cyclization also offers convenient access to indolo[2,3-b] indoles and   dihydro-indolo[2,3-b]-quinoline from C-3-aryl substituted indoles was described good to excellent yields (Scheme 11).11 Under the optimised reaction conditions, the C-2 position is amidated rather than the more reactive C3 position. The competitive intermolecular reaction shows that indole substrate with an aryl group tethered to the nitrogen of the indole. Indolo[2,3-b] quinolines are also synthesized by the domino cyclization- detosylation-aromatization reaction sequence. The reaction procced by formation of cyclic iodonium ion, which may undergo intramolecular cyclization by nucleophilic attack of the amine to the open iodonium ion. Subsequent elimination of HI in presence of base may yield corresponding cyclized products.
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Scheme 11: Iodine mediated intramolecular C2-amidative cyclization of indoles: a facile access to indole fused tetracycles
For the purpose of finding new and prospective apoptosis scaffolds, a method based on Pd-mediated ring closure of 1,2-disubstituted indoles containing an unactivated olefin to produce indole-1,2-fused 8- and 9-membered rings was developed (Scheme 12).12 Using this reliable approach, a large number of fused indole derivatives with an endocyclic double bond were produced. In zebrafish embryos, a typical compound demonstrated potential apoptotic characteristics. The primary characteristic of the current process is the regioselectivity of the double bond generation, despite of the fact that the reaction appears by follow a classical Heck coupling pathway, i.e. via the synthesis of intermediate 44a (but not 44´).
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Scheme 12: A pd-based regioselective strategy to indole-1,2-fused 8- and 9- membered rings: their evaluation as potentil scaffolds for apoptosis in zebrafish.
The article describes a one-pot, co-catalyzed Michael addition/intramolecular cyclization cascade reaction with trifluoroacetic acid (TFA) and gold(I) complex for the synthesis of unique tetracyclic indoles with a seven-membered ring in water using microwave irradiation (MW).This technique outlines a rapid, efficient, and ecologically benign method for producing a fused-indole molecular architecture from several core building blocks. The outcomes unambiguously demonstrated that the Michael reaction only took place at the indole ring's C3 location.It progressed nicely for the intramolecular cyclization of 45 that was catalyzed by AUL/TFA to produce the intended product 47 (Scheme 13).13 The outcome provided significant support for the hypothesis that enyne 47 was catalyzed to produce 3 in a one pot using an Au(I) catalyst. The reports was suggested that the initial Friedel-Crafts type alkylation at the C-3 position of the indole ring, which results in the synthesis of spiro-cycle derivatives 45ad, is caused by the initial Au(I)-assisted electrophilic activation of the triple bond. The seven-membered ring compound 45ae can be created from the intermediate 45ad by rearranging it via a 1,2-shift. which would lose a proton and subsequently, by proto-demetalation, produce compound 47.
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Scheme 13: Gold-catalysed michael addition/intramolecular annulation cascade: an effective pathway for the chemoselective- and regioselective synthesis of tetracyclic indole derivatives in water.
(4)(ii) INTRAMOLECULAR CROSS-DEHYDROGENATIVE COUPLING TYPE SYNTHETIC APPROACH
When an oxidant is present, a coupling reaction known as cross-dehydrogenative coupling allows the formation of carbon-carbon or carbon-heteroatom bonds directly from C-H bonds, resulting in the thermodynamically unfavorable formal removal of an H2 molecule. CDC couplings are hence part of the C-H activation strategy. The absence of the demand for substrate pre-functionalization is the key to CDC coupling. Here, we'll examine some of these synthetic techniques used to create indole fused derivatives by the process known as intramolecular cross-dehydrogenative coupling. The list is as follows:

One-pot sequential Knoevenagel condensation of readily available active methylene azoles with N-substituted-1H-indole-3-carboxaldehydes or N-substituted-1H-indole-2-carboxaldehydes followed by a palladium-catalyzed intramolecular cross dehydrogenative coupling reaction is a straightforward and effective method for producing imidazopyridine-fused indoles (Scheme 14).14 This method was used to create a 36-derivative series. The products showed a wide substrate range, tolerance of different functional groups, and were amenable to gram-scale preparation without issues. They were obtained in moderate to excellent (32-94%) yields. The initial result of the reaction between 48 and 49 in the presence of piperidine is the Knoevenagel adduct 48ab. The intermediate 48ab is created by the imidazole's regioselective palladation at C2 in the Knoevenagel adduct 48ab.The C-H bond is then broken through a coordinated metalation-deprotonation process, forming intermediate ii. The coupled product 3aa was produced by the reductive elimination of intermediate ii.
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Scheme 14: Synthesis of imidazopyridine-fused indoles via one-pot sequential knoevenagel condensation and cross dehydrogenative coupling.
K. Oisaki et al. provided the first instance of ring-fused indoles skeletons produced by aerobic dehydrogenative cyclization catalyzed by manganese(III) (Scheme 15).15 Water is the sole-side product of this catalytic system, which changes the two C-H bonds of indole and malonate into a C-C bond. An intermolecular cross dehydrogenative coupling of indole and malonate with perfect C2-selectivity was added using this simple operational technique.Starting with the dehydrogenative cyclization of 1a, metal catalysts (such as Cu, Fe, Mn, Ce, Co, etc.) have been used that favor a one-electron redox process with weak peroxides acting as terminal oxidants. Among above all the metal catalyst only Mn(acac)3 showed catalytic turnover with the presence of di-tert-butylperoxide (TBP). This initial result served as motivation for additional optimization effort. Studies on solvents showed that non-polar solvents in general, particularly toluene, provided superior results and increased yield. As the reaction temperature increased, 50a.in a 77% yield was obtained while the catalyst loading was reduced. In this process, water is the only stoichiometric side product and aerobic oxygen can be employed as the stoichiometric oxidant. This is the first instance of ring-fused indole skeletons produced by base metal catalyzed aerobic cross dehydrogenative cyclization leading to selective C-2 functionalization of an indole with maximal convergency.
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Scheme 15: Manganese-catalysed aerobic dehydrogenative cyclization toward ring-fused indole skeletons
· (4) (iii) INTRAMOLECULAR CASCADE REACTION TYPE SYNTHETIC APPROACH
A chemical reaction known as a cascade reaction, also called a domino reaction or a tandem reaction, consists of at least two subsequent reactions, each of the reactions takes place due to the chemical functionality created in the preceding step. Because the sequence of reactions in a cascade reaction happens spontaneously, the isolation of intermediates is not necessary. As a result, no more reagents are introduced after the first step, and the reaction conditions remain constant during the whole procedure. Frequently, essential steps in the effective total synthesis of complex natural compounds involve cascade reactions. Here, a literature review of some of the intramolecular cascade reaction-based synthetic procedures for making indole-fused derivatives has been employed.

Through a moderate intramolecular azide-alkene cascade reaction, a generic and catalyst-free approach to the fused polycyclic N-heterocycles was introduced (Scheme 16).16 Both indole and pyrrole substrates are compatible with the reaction, and a wide range of substituents are accepted. One pot can be used to complete the full process.This approach gives users efficient and sustainable access to a wide range of novel polycyclic 1,2,3-triazole substituted indole/pyrrole compounds. Alkyl azides 52ab formed in situ from the corresponding N-bromoethyl and propyl indole or pyrrole 52 give rise to triazoline intermediate 52ac, which is then further oxidized in the presence of oxygen to produce fused 1,2,3-trizoles 53. ESI/MS tests were carried out to gather proof for the potential intermediate formation as suggested. This sequence is notable for its overall modularity, which results in good to high yields of polycyclic fused molecules with medicinal importance. Significant in vitro anti-cancer and anti-bacterial activity were shown by a few of the synthesized compounds.
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Scheme 16: Catalyst-free facile synthesis of polycyclic indole/pyrrole substituted-1,2.3-triazoles.
For the synthesis of indole-fused spiro-1,4-diazocane derivatives, a unique method has been established. This is the first account of the synthesis of eight membered spiro-diazocane scaffolds, which are more pertinent to drug development but less accessible due to ring strain (Scheme 17).17 From a mechanical standpoint, we suppose that the reaction is carried out by an in-situ formed oxocarbenium ion 54ab from an aldehyde and an alkenol in an acidic environment. Due to the lack of 1,3-diaxial interactions, the intermediate oxocarbenium ion 54ab adopts the more advantageous chair-like transition state 54ac and attacks the aryl ring from the quasi-equatorial side to produce the desired product 56 as a major isomer. While the transition state 54ad contains the arial ring from an unfavorable quasi-axial position, resulting in the minor product 57 because of the presence of 1,3-diaxial interactions.
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Scheme 17: Tandem prins cyclization for the synthesis of indole-fused spiro-1,4-diazocane scaffolds.
· (5) BIOACTIVE PRODUCT SYNTHETIC APPROACH
Indoles are the crucial component of numerous biologically active natural and synthesized molecules. The ability of the resultant compounds to replicate the structure of peptides and to bind reversibly to proteins makes heterocyclic chemistry one of the most valuable sources of new molecules with diverse biological activity. Indoles are a particular type of heterocyclic compound that continues to serve as the parent of a significant number of essential compounds found in nature. The biological, chemical, and pharmacological activities of significant indole derivatives will be discussed in this review, with a focus on the fields of drug development and analysis. The list is as follows:

Tetra-hydro-azepino[4,5-b] indoles 62 containing oxo, thio, and seleno hydantoin fused structures were produced easily and effectively (Scheme 18).18 Using the Pictet-Spengler reaction and skeletal rearrangement of the aziridine ring, a seven-membered azepino [4,5-b] indole ring inspired by a naturally occurring iboga class alkaloid was synthesized as a novel scaffold. The double bond of the rearranged olefinic product 5 was lowered to increase the synthetic route's efficiency, and a privileged hydantoin moiety was built on the core system through urea production employing a variety of isocyanates to add diversity factors. the double bond's regeneration. Tetra-hydro-azepino [4,5-b] indoles with hydantoin fusion were produced using intermediate 61b.
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Scheme 18: Design, synthesis and diversification of natural product-inspired hydantoin-fused tetrahydroazepino indoles          
Novel pyrrolo-fused pyrrolo-[1,2-a]-indole derivative have been synthesized by utilizing the mixture of N-allyl-indole -2-carbaldehyde with a number of N-alkyl-glycine esters and tetrahydro-isoquinolines in arecylable ionic liquid medium called triethylammonium acetate in which the intramolecular [3+2] cycloaddition process has occurred to achieve -indole derivatives (Scheme 19).19 This newly designed protocol is very efficient and used ionic liquid can be recycled. The structural confirmation of these compound are assured by the 2D NMR NOESY and in few cases by using single crystal XRD data.Many of the new synthesized drugs have potent antibacterial, antifungal, antitubercular, and antiproliferative properties, according to an invitro screening of all new candidates against representative human solid tumor cell lines, including A549 (lung), HeLa (cervix), SW1573 (lung), T-47D (breast), and WiDr (colon).
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Scheme 19: Efficient 1,3-dipolar cycloaddition reaction synthesis of new antiproliferative n-fused indoles and isoquinolines in ionic liquid.
It is possible to create 1,4-diaryl-disubstituted dipolar gama-carbolines 82 with a carboxylate group and their two pentacyclic precursors 6, 7 from hemi-indigos using novel continuous-flow cascade processes (Scheme 20).20 According to the availability of the precursor 6 and the newly isolated by products 4,5, it can be most likely concluded that the driving force for the reaction is the addition-rearrangement pathway.The tautomerization of pro-electrophilic hemi-indigos  to the indole-ni-none form 75ab, which gives the aza-benzylic type rearrangement sequence caused by C-nucleophiles, revealed the multiform reactivity of these dyes, including umpolung C=C bond reactivity.The nucleophilic and pro-electrophilic chemistry presented is novel for hemi-indigos and it contributed to the discovery of the strong medicine clofazimine as well as the antimycobacterial scaffold typical of rimino-type penta-cycles 80 and 81. Clofazimine-like novel scaffolds seem to be helpful in creating lead drugs that are effective against drug-resistant/dormant TB.
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Scheme 20: Novel base-initiated cascade reactions of hemiindigos to produce dipolar gama-carbolines and indole fused pentacycles.
CONCLUSION:
In this review, different synthetic aspects have been discussed, like- catalytic synthetic approach, de-aromatization type synthetic approach, metal-free synthetic approach, intramolecular cyclization approach, intramolecular dehydrogenative coupling type synthetic approach, intramolecular cascade reaction type synthetic approach, bio-active product synthetic type approach. Through these synthesises many important products can be got, some of which have biological activities. Some of these products are used in antibacterial, antifungal drug synthesis and many other bioactive compounds also like hemi-indigoes. Along with its biological and social impact, on the other hand all the synthetic procedures or the strategies involved in this review work like intramolecular rearrangement, dehydrogenation, catalytic reaction (with Pd, Rh, Ru, Cu, Zn etc as catalyst) cascade reaction or one-pot synthesis etc. are very common and useful synthetic techniques in organic synthesis. So, hence the authors strongly believe that this review will show a new way for the further development on this topic of indole-fused derivatives in the upcoming years.
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