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Synthesis and biological activities of pyrazino[1,2-a]indole and pyrazino[1,2-a]indol-1-one derivatives

Introduction

The pyrazino [1,2-a]indole unit is a tricyclic aromatic nucleus combining an indole and a 19 pyrazine linked by the N5 and C9a atoms (Figure 1). The access to this substituted aromatic nucleus has been well studied since 1997 by the chemist community from a synthetic point of view and for its potential in medicinal chemis-try. [START_REF] Singh | A Mini-Review on the Synthesis of Pyrazinoindole: Recent Progress and Perspectives[END_REF][START_REF] Sokolova | Synthesis of pyrazino[1,2-a]indoles and indolo[1,2-a]quinoxalines (microreview)[END_REF] In parallel, structural modifications of the pyrazino [1,2-a]indole nucleus showed that (3,4-dihydro)pyrazino [1,2-a]indoles (type A) and (3,4-dihydro)-pyrazino [1,2-a]indol-1-ones (type B) were efficient pharmacophores used in a variety of diseases. To illustrate, 3,4-dihydropyrazinoindoles 1[3] and 2 [START_REF] Romagnoli | Synthesis and biological effects of novel 2-amino-3-(4-chlorobenzoyl)-4-substituted thiophenes as allosteric enhancers of the A1 adenosine receptor[END_REF] (type A) have been showed to be effective at melatonin and adenosine receptors, while 3,4-dihydropyrazinoindol-1-ones 3 [START_REF] Kounde | Discovery of 2-oxopiperazine dengue inhibitors by scaffold morphing of a phenotypic high-throughput screening hit[END_REF] and 4 [START_REF] Richter | Discovery of potent and selective histamine H3 receptor inverse agonists based on the 3,4-dihydro-2H-pyrazino[1,2-a]indol-1-one scaffold[END_REF] (type B) have been studied for their anti-viral and anti-allergenic activities, respectively. This review, which follows recent papers from our group dealing with the synthesis of indole-fused heterocycles such as pyrido [1,2-a]indoles [START_REF] Yao | Recent advances in the synthesis of pyrido[1,2-a]indoles[END_REF] and oxazino [4,3-a]indoles [START_REF] Pecnard | Synthesis of Oxazino[4,3-a]indoles and their Applications[END_REF] is divided into two parts. First, we compiled the recent syntheses and biological activities of pyrazinoindoles A and then discussed on the biological properties of pyrazinoindol-1-ones B and on their preparation. It should be noted that patents dealing with this subject have not been mentioned in this review. Each part is preceded by a short introduction dealing with recent synthetic accesses to this type of heterocycles that have not been studied biologically.

Pyrazinoindoles A: synthesis and biological properties 2.1 Recent synthetic approaches to variously substituted pyrazinoindoles and 3,4-dihydropyrazinoindoles.

The creation of the pyrazino[1,2-a]indole nucleus was mainly achieved by cyclizing indole having various groups (CHO, ketone, imine, nitrile…) on C2 with a nucleophile linked to the indole nitrogen atom, thus creating the pyrazino C-ring (Scheme 1). For example, 2-substituted-1-(prop-2-yn-1-yl)-1H-indoles 5, 7, 9, 11, 13 transformed into pyrazinoindoles 6, 8, 10, 12 and 14 resp. by intramolecular cyclization using NH3 in MeOH, [START_REF] Abbiati | Novel intramolecular cyclization of N-alkynyl heterocycles containing proximate nucleophiles[END_REF][START_REF] Abbiati | Intramolecular Cyclization of δ-Iminoacetylenes: A New Entry to Pyrazino[1,2-a]indoles[END_REF] DBU under microwave irradiation, [START_REF] Festa | DBU-Catalyzed Alkyne-Imidate Cyclization toward 1-Alkoxypyrazino[1,2-a]indole Synthesis[END_REF] AuCl3 [START_REF] Guven | Gold-catalyzed oxime-oxime rearrangement[END_REF] as triple bond activator, Ni(OAc)2 in the presence of hydroxylamine [START_REF] Bi | Nickel(II)-Catalyzed [5 + 1] Annulation of 2-Carbonyl-1-propargylindoles with Hydroxylamine To Synthesize Pyrazino[1,2-a]indole-2-oxides in Water[END_REF] or NaH in DMF. [START_REF] Basceken | Intramolecular Gold-Catalyzed and NaH-Supported Cyclization Reactions of N-Propargyl Indole Derivatives with Pyrazole and Pyrrole Rings: Synthesis of Pyrazolodiazepinoindole, Pyrazolopyrazinoindole, and Pyrrolopyrazinoindole[END_REF] 

Scheme 1. Synthesis of pyrazinoindoles

The C-ring of the pyrazino[1,2-a]indole system has been also built by alcoholate promoted cyclization of indolodinitrile compound 15 [START_REF] Festa | Alcohol-initiated dinitrile cyclization in basic media: a route toward pyrazino [1,2-a] indole-3-amines[END_REF] and by Curtius reaction using Morita-Baylis-Hillman derivatives 17 [START_REF] Nayak | Synthesis of pyrrolo[1,2-a] pyrazines and pyrazino[1,2-a]indoles by Curtius reaction in Morita-Baylis-Hillman derivatives[END_REF] with good to excellent yields.

The synthesis of variously substituted pyrazinoindoles having a saturated C-ring has been more studied than that of their aromatic counterparts, probably because these compounds offer more functional diversity such as diastereoselective accesses, but mainly because they have shown superior efficacy in medicinal chemistry. Among the simplest reactions described to prepare these compounds was the one proposed by Katritzky, who used a cycloaddition reaction between a N-ethylamine-indole 19 and formaldehyde in the presence of benzotriazole (Bt) (Scheme 2 catalyzed Pictet-Spengler reaction. [START_REF] Wani | Stereoselective Construction of Pyrazinoindoles and Oxazinoindoles via Ring-Opening/Pictet-Spengler Reaction of Aziridines and Epoxides with 3-Methylindoles and Carbonyls[END_REF] Chandra group reported synthesis of di-substituted pyrazinoindol-4-ones 34 with an excellent diastereoselectivity (>99%) via a Pictet-Spengler reaction by mixing 3-substituted-N-acylindoles 33 and aromatic aldehydes in the presence of hexafluoroisopropanol (HFIP) under microwave irradiation. [START_REF] Singh | Stereospecific N-acylation of indoles and corresponding microwave mediated synthesis of pyrazinoindoles using hexafluoroisopropanol[END_REF] After this overview of recent methodologies giving access to type-A heterocycles, we will now examine the synthesis of biologically active pyrazino[1,2-a]indoles which will be classified by their biological activities.

Biologically active pyrazino[1,2-a]indoles

Neuropsychiatric properties

Bos et al, in a program dedicated to the discovery of novel drugs for the treatment of neuropsychiatric disorders, synthesized a variety of pyrazino[1,2-a]indoles 36a-f which were found as partial agonist ligands at the 5HT2C receptor (Scheme 3). [START_REF] Bos | pharmacology and therapeutic potential of 10-methoxypyrazino[1,2-a]indoles, partial agonists at the 5HT2c receptor[END_REF] Scheme 3. Synthesis of tetrahydro-pyrazinoindoles 36 and their binding data at the 5HT2C receptor subtype Pyrazinoindole derivatives 36a-f were prepared according to a N-alkylation/cyclization/reduction sequence of indoles 35 having an ester function on C2. [START_REF] Bos | pharmacology and therapeutic potential of 10-methoxypyrazino[1,2-a]indoles, partial agonists at the 5HT2c receptor[END_REF] Pyrazinoindoles 36 were found to be partial agonists at the 5HT2C receptor subtype binding with a higher affinity than for 5HT2A receptors. Best affinities for 5HT2C receptor were observed for 10-methoxy-pyrazinoindoles having on 6, 7, 8 or 9-position of the A-ring bulky atoms (F < Me < Cl < Br). In animals, 36d showed a 30-fold selectivity for 5HT2C receptors compared to 5HT2A receptors and an only 3-fold selectivity compared to 5HT1A receptors. In vivo results (rats and monkeys) also demonstrated that pyrazinoindole 36d had a promising therapeutic potential for the treatment of various psychiatric disorders, as obsessive-compulsive disorders, panic anxiety or depression.

Imidazoline receptors exist in two forms, I1 and I2, for which there are very few ligands that are selective for one of the two forms. As a result, it is very difficult to assign a well-defined role to them even though I2 receptors have been described as involved in a variety of CNS disorders. Tetrahydro-pyrazinoindoles 37a-c were evaluated by Glennon group for their potential as I2 imidazoline receptor ligands [START_REF] Chang-Fong | 1,2-a] indoles as novel high-affinity and selective imidazoline I2 receptor ligands[END_REF] due to their resemblance to -carbolines [START_REF] Husbands | β-carboline binding to imidazoline receptors[END_REF] and imidazo-pyridoindoles (Figure 2). The affinity of pyrazinoindoles 1, 39a,b for human MT1 and MT2 melatonin receptors in Chinese Hamster Ovary (CHO) cells was measured by competition binding analysis using 2-[ 125 I]-iodomelatonin. The most active compound 39a was found to be an interesting ligand for MT1 and MT2 receptors with excellent affinity, but with no subtype selectivity (MT1: Ki = 6.6 nM; MT2: Ki = 6.9 nM, respectively). This tetrahydro-pyrazinoindole compound was found to be a partial agonist at MT1 receptors and possessed no intrinsic activity at MT2 receptors. It is noteworthy that the treatment of pyrazinoindole 7 (R = H) with MeI gave the corresponding N-dimethyliodonium salt which was found to displace [ 3 H]-cytisine from the nicotinic binding sites on rat cerebral cortex and revealed to be a nicotinic agonist ligand.[29] 

Auto-immune properties

Anti-bacterial and anti-fungal properties

A series of 15 pyrazinoindoles 43 were prepared according to refs. [START_REF] Katritzky | Novel Synthesis of 1,2,3,4-Tetrahydropyrazino[1,2-a]indoles[END_REF][START_REF] Tiwari | Highly efficient one-pot synthesis of 1-substituted-1, 2, 3, 4-tetrahydropyrazino [1,2-a] indoles[END_REF] (see Scheme 2) by Verma group and evaluated for their anti-bacterial properties (Table 1). [START_REF] Tiwari | Synthesis and antibacterial activity of substituted 1, 2, 3, 4-tetrahydropyrazino [1,2-a] indoles[END_REF] The in vitro antibacterial activity was evaluated by disc diffusion assay (DDA) using pathogenic strains of

Staphylococcus aureus, Salmonella typhi, Streptomyces thermonitrificans, Pseudomonas aeruginosa

and Escherichia coli. It was demonstrated that 43a was only active on P. aeruginosa and, similarly, a significant activity on P. aeruginosa and S. thermonitrificans was noticed with 43b.

Pyrazinoindoles 43c-e were found to be active against all tested strains but with a relatively modest efficacy when compared with gentamycin. From these results, it seems that the presence of substituents on the nitrogen atom of pyrazinoindoles is deleterious for a satis- Tetrahydro-pyrazinoindoles 43 were also evaluated for their anti-fungal activity against Aspergillus flavus, Aspergillus fumigatus, Aspergillus. niger and Candida albicans (Table 2). [START_REF] Tiwari | Synthesis and antibacterial activity of substituted 1,2,3,4-tetrahydropyrazino[1,2-a] indoles[END_REF] The anti-Aspergillus activity was evaluated by disc diffusion assay (DDA) and the anti-Candida activity was investigated by microbroth dilution assay. The more active tetrahydro-pyrazinoindoles 43 presented in Table 2 displayed a mild to moderate anti-fungal activity, even if these pyrazinoindoles were found to be, in vitro, less cyctotoxic than Ampho-tericin B when used at high concentrations. SARs with compounds 43 were similar for both anti-bacterial and anti-fungal activities.

Anti-arrhythmic, anti-lipolytic, neuro-and cardio-protective properties

In a program dedicated to the discovery of ligands able to activate the A1AR adenosine re- 

Anti-cancer properties

Romagnoli et al studied in 2009 the antiproliferative properties of a series of pyrazinoindoles 17 which were prepared from the reduction/cyclization of N-cyanomethyl derivatives 47

followed by an oxidation reaction using MnO2 (Scheme 7). This result is interesting as 51a exhibited maximum cytotoxicity in p53-deficient cell lines K562 and BT-474 cells but not in p53 wildtype MCF-7 cells. It would certainly be interesting to perform SARs on these structures and to evaluate them on a panel of human cancer lines resistant to the usual treatments.

After discussing the syntheses of pyrazinoindoles of type A and their biological activities,

we will now detail the access to pyrazinoindol-1-ones B which have been more studied than pyrazinoindoles, probably because they are active on a larger number of biological targets. proposed by Chen and Xiao group in 2011. [START_REF] An | Efficient and general synthesis of oxazino [4, 3-a] indoles by cascade addition-cyclization reactions of (1 H-indol-2-yl) methanols and vinyl sulfonium salts[END_REF] In the presence of vinylsulfonium salt 53, the authors showed that variety of (1H-indol-2-yl)methanols were transformed with high yields into corresponding oxazinoindoles usable in medicinal chemistry. [START_REF] Pecnard | Anticancer properties of indole derivatives as IsoCombretastatin A-4 analogues[END_REF] It was next demonstrated that this easy-to-implement process was efficiently transposed to the synthesis of In addition to Michael addition reactions giving access to pyrazinoindolones, methods using catalytic amounts of organopalladium catalyst have been described to prepare these substrates. For example, the group of Broggini studied the cyclization reactions of a variety of indoylallylamines 64 in the presence of PdCl2(MeCN)2 and CuCl2 [START_REF] Broggini | Palladium(II)/Copper Halide/Solvent Combination for Selective Intramolecular Domino Reactions of Indolecarboxylic Acid Allylamides: An Unprecedented Arylation/Esterification Sequence[END_REF] to produce pyrazinoindolones 66 or with Pd(OAc)2, Na2CO3 and Bu4NCl to give pyrazinoindolones 65 [START_REF] Abbiati | Regioselectivity on the palladium-catalyzed intramolecular cyclization of indole derivatives[END_REF] (Scheme 12)

Pyrazinoindol

Scheme 12. Synthesis of pyrazinoindolones 65 and 66 and selected examples

The reaction producing 66 starts by the halogenation of the indoyl C3-position by CuX2 without involvement of the palladium catalyst. Then, an amino-palladation the olefins -bond occurs followed by a chlorine transfer on the Pd-species to give pyrazinoindolones 66 rather than -hydride elimination products. This domino process, which allows the synthesis of di-halogenated pyrazinoindolones in very good yields, seems to be very suitable for the synthesis of complex and functionalized pyrazinoindolones. Broggini et al also reported the synthesis of pyrazinoindolones 68 by using palladium-catalyzed cyclization of N-allylindoles 67 in the presence of Pd(OAc)2 as catalyst, Na2CO3 as base, benzoquinone as oxidant, tetra-butyl ammonium chloride as additive in DMF (Scheme 13). Electron-rich and electron-poor substituents are well tolerated at each position of the indole ring and gave the expected pyrazinoindoles in comparable yields. The R 1 substituent of the hydroxamate was studied and when R 1 = Bn, i-Pr and t-Bu the pyrazinoindolones were obtained in 72-81% yields, whereas with R 1 = Me, the reaction is somewhat less efficient (58%).

It would be interesting to study a chiral version of this reaction using suitable ligands to observe their effects on enantioselectivity.

A chiral elegant access to various nitrogen-containing heterocycles was proposed by B. Trost

Scheme 16. Synthesis of optically active pyrazinoindolones 34a,b

during the transformation of vinyl aziridines with indoles and pyrroles (Scheme 16). [START_REF] Trost | Palladium-catalyzed dynamic kinetic asymmetric transformations of vinyl aziridines with nitrogen heterocycles: rapid access to biologically active pyrroles and indoles[END_REF] Among the heterocycles evaluated as nucleophiles (pyrroles and indoles) in the presence of vinyl aziridines, it was showed that the use of Pd2(dba)3.CHCl3 with the chiral ligand L* in dichloroethane (DCE) provided access to the N-alkylation products in excellent yields and enantiomeric excesses in a regioselective manner. When these experimental conditions were applied to indolyl-methylcarboxylate 74 in the presence of vinylaziridines 75a,b, pyrazinoindolones 76a,b were obtained in good yields with excellent enantiomeric excess after opening of the aziridine followed by cyclization.

A single example of gold-promoted cyclization of N-propargylamidolindole 76 giving pyrazinoindolone 78a was proposed by A. Padwa (Scheme 17). [START_REF] Verniest | Gold-and Silver-Mediated Cycloisomerizations of N-Propargylamides[END_REF] In this reaction, the gold-catalyst (5 mol%) first activates the alkyne triple bond which is then attacked by the nucleophilic amide group. An additional hydration of the other triple bond could occur by re-using the gold-catalyst, to promote pyrazinoindolone 78a. It should be noted that it is also possible to access with low yields to N-substituted-3-methyl derivatives 78b-d by mixing N-propargyl-indole-2-carbaldehyde 77 in the presence of amines (MeNH2, BnNH2 and hexNH2) as nucleophiles and Cs2CO3 as a base without the need of any metal. The mechanism of this cyclization was discussed in detail by the authors. [START_REF] Sari | Mechanistic Insights into the Reaction of N-Propargylated Pyrrole-and Indole-Carbaldehyde with Ammonia, Alkyl Amines, and Branched Amines: A Synthetic and Theoretical Investigation[END_REF] Scheme 17. Synthesis of pyrazinoindolone 78a-d

The last example of this section concerns the synthesis of pyrazinoindolones 80 obtained in two steps from an Ugi condensation followed by a base-mediated cyclization on Ugi intermediates 79 (Scheme 18). [START_REF] Mahdavi | Experimental and computational evidence for KOt-Bu-promoted synthesis of oxopyrazino[1,2-a]indoles[END_REF] Scheme 18. Synthesis of pyrazinoindolones 80 and selected examples After this overview of the synthetic routes to pyrazinoindolones published from a methodological point of view, we will now list the main accesses to biologically active pyrazinoindolones. 

Biologically active pyrazino[1,2-a]indol

Scheme 19. Synthesis of pyrazinoindolones 83 as MAPK2 inhibitors

To counteract the deleterious effects of free radicals on DNA, which cause cancers, Bukhari et al recently prepared and evaluated a small library of pyrazinoindoles 85 having on C3 benzyl Scheme 20. Synthesis and evaluation of pyrazinoindolones 85 as anti-cancer agents substituents (Scheme 20). [START_REF] Youssif | synthesis, mechanistic and histopathological studies of small-molecules of novel indole-2-carboxamides and pyrazino[1,2-a]indol-1(2H)-ones as potential anticancer agents effecting the reactive oxygen species production[END_REF] Pyrazinoindolones 85 which were found to be nontoxic against human mammary gland epithelial cells displayed a micromolar level of cytotoxicity against PC-3 prostate cancer cells, MCF-7 breast cancer cells, PaCa-2 pancreatic carcinoma cells, A-549 epithelial cancer cells and HT-29 colon cancer cells. It was showed that 85a-c exhibited a low influence on tubulin assembly but inhibited EGFR with IC50 values from 1.7 to 3.9 M.

These compounds were also found to be inhibitors of reactive oxygen species (ROS) and showed noticeable antioxidant activity. Histopathological and immunohistochemical studies showed that, when chlorpyrifos, a ROS enhancer, was associated to pyrazinoindolone 85b on the testis of male mice, damage on testicular were significantly decreased.

Kwak group synthesized a wide range of enantiopure (R)-and (S)-3-substituted pyrazinoindolones 88 from an intramolecular Mitsunobu cyclization of 86 using DEAD, PPh3 in THF (Scheme 21). [START_REF] Kim | synthesis, and biological evaluation of novel 1-oxo-1,2,3,4-tetrahydropyrazino[1,2-a]indole-3-carboxamide analogs in MCF-7 and MDA-MB-468 breast cancer cell lines[END_REF] Scheme 21. Synthesis and evaluation of optically active 3-substituted pyrazinoindolones 88

Compounds 88 were evaluated for their anti-proliferative activity on MCF-7 breast cancer cells and on triple negative MDA-MB-468 breast cancer cells. It was showed that the stereochemistry on C3 has not a significant impact on the cytotoxicity. Interestingly, it was observed that the most cytotoxic compounds 88a-c presented in Scheme 21 were more effective than the reference compound gefinitib. Furthermore, when 88b was combined with gefinitib, a synergistic effect was observed, and the level of cytotoxicity was increased in the MDA-MB-468 cell line. Using western blot analysis, the authors confirmed that best pyrazi- Compound 90 resulted from a nucleophilic reaction of methyl indole-carboxylate on 89 followed by protecting group removal and cyclization (80%; overall yield). The IDO1 inhibitory activity was evaluated at a concentration of 1 mM but, unfortunately, pyrazinoindolone 90

showed a poor IDO1 inhibitory activity (20%). 

Anti-allergenic properties

The last example of this review concerns the synthesis and the biological properties of a series of substituted pyrazinoindolones 4 and 112 which were evaluated as histamine H3 receptor inverse agonists (Scheme 28). It was shown that the introduction of a methyl substituent was interesting on C3 rather than on C4 and the 3-Me (S) analogue 112a displayed highest affinity that its enantiomer 112b. In general, most compounds 112 which showed moderate affinity against hH2 and hH4 receptors were selective against hH3 receptor subtype. Oral administration in rat showed that compound 4 was tolerated with no significant side-effects, was well absorbed, and penetrated in brain successfully.

4

Conclusions

In conclusion it appears that the synthesis of pyrazinoindolones seems easier than that of their pyrazinoindole counterparts, probably because indole precursors bearing on C2 amides, esters or acid groups 2 are abundant and commercially available. For pyrazinoindol-1-one derivatives whose biological activities are grouped in Figure 4, some of these compounds with an extremely simple chemical structure have been shown to be biologically very active, especially as anti-cancer agents with nanomolar level of cytotoxicity.
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 1 Figure 1. Targets of this review and selection of biologically active tetrahydro-pyrazino[1,2-a]indoles 1a, 2a and dihydro-pyrazino[1,2-a]indol-1-ones 3a, 4a
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 2824 Figure 2. Tetrahydro-pyrazinoindoles 37 and their binding data at I2 and -adrenergic receptors
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 5 Scheme 5. Synthesis of tetrahydro-pyrazinoindole 41 and Human S1P1 cAMP EC50 values of derivatives 42a-d
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 6 Scheme 6. Synthesis of tetrahydro-pyrazinoindoles 2, 46a-c and effect in cAMP assay in hA1CHO cells
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 1 ones B: synthesis and biological properties 3.1 Recent synthetic approaches to variously substituted pyrazinoindol-1-ones of type B One of the easiest methods to prepare tetrahydro-pyrazinoindol-1-one derivatives 54 was
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 43131415 Scheme 13. Synthesis of pyrazinoindolones 68 and selected examples
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 21 Anti-cancer propertiesMAPK-activated protein kinase 2 (MAPK2), a serine/threonine-protein kinase known as the best-understood downstream partner of p38 MAP kinase play an essential role in signal transduction pathways involved in cell proliferation, differentiation, and death. To prepare a series of MAPK Activated Protein Kinase 2 (MAPK2) inhibitors, Goldberg et al used reductive conditions (H2/PtO2 or CoCl2/NaBH4) to indoyl-1-cyanomethyl derivatives 81 to afford, after cyclization, pyrazinoindolone platforms 82 (Scheme 19).[START_REF] Goldberg | Pyrazinoindolone inhibitors of MAPKAP-K2[END_REF] Chemical modifications of the ethylester (3 steps) led to a series of twenty pyrazinoindolones 83 which were evaluated as MAPK2 inhibitors and best compounds are presented in Scheme 19. Pyrazinoindolones 83a and 83b were found to provide best combination of molecular, cellular, and physicochemical properties with nanomolar IC50 values. Pyrazinoindolone 83b was also found to have a negligible effect on a wide range of other kinases, showing selectivity, and its efficacy was also demonstrated through various in vitro and in vivo tests.
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 2324222552627 Scheme 23. Synthesis and cytotoxic properties of symmetrical and unsymmetrical diketopiperazines 95 and 95
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  Figure 3 highlights the various biological properties of tetrahydro-pyrazinoindoles, such as anti-fungal, -bacterial -cancer, -arrhythmia and others.

Figure 3 .

 3 Figure 3. Overview of tetrahydro-pyrazino[1,2-a]indoles having biological properties

Figure 4 .

 4 Figure 4. Overview of pyrazino[1,2-a]indol-1-ones having biological properties

Table 1 .

 1 Anti

	Cpnd		DDA Minimum inhibitory concentrations (g/disc)
		S. aureus	S. typhi	P. aeruginosa	S. thermonitrificans
	43a	-	-	3.75	-
	43b	-	-	15	3.75
	43c	30	30	30	7.5
	43d	15	60	60	60
	43e	15	30	60	30
	43f	-	-	60	60
	Gentamycin	1	1	0.5	1
		A. flavus	A. fumigatus	A. niger	C. albicans
	43g	11.7	5.8	11.7	15.6
	43h	47	23	47	62.5
	43i	187	94	187	125
	43c	47	47	47	125
	Gentamycin	1	1	0.5	1

factory anti-bacterial activity. Pyrazinoindoles having an aromatic C-ring were not active against all tested strains. -bacterial properties of tetrahydro-pyrazinoindoles 43a-f

Cpnd

DDA Minimum inhibitory concentrations (g/disc)

Table 2 .

 2 Anti-fungal properties of tetrahydro-pyrazinoindoles 43g-I and 43c

We now hope that all the observations reported in this review could open very interesting perspectives in medicinal chemistry (anti-cancer, anti-infectious, anti-allergenic and others). These outlooks will quickly incite medicinal chemists to design new effective and selective ligands based on this type of chemical structures.
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