
		
			[image: OMCIJ.jpg]
		

	
		
			Introduction

			Suberane is an acronym for cycloheptane ring and thus, the derived name dibenzosuberane refers to a compound with fused tricyclic framework incorporating a cycloheptane ring and two phenyl rings. Dibenzosuberane [1], dibenzosuberone [2] and 
Dibenzosuberenone [3], the three key compounds in the series, hereinafter referred to as DBS, are distinguished by their structural differences at positions 1, 4 and 5 of the cycloheptyl ring. To the best of our knowledge, there are no reports on natural occurrence of compounds 1-3 (Figures 1-3). 
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			However, there are natural products with the dibenzocycloheptyl ring system as part of their structures, albeit only a few. For example, reserveratrol-based natural products Diptoindonesin D [4], Vaticanol C [5], Hopeaphenol [6] are isolated from Japanese knotweed and tree bark Shorea gibbosa [1] (Figures 4-6). 
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			Preparation of DBS analogues initiated in 1950s, based on synthetic interest [2,3] , and the same in the present could widely be seen in literature as synthetic intermediates. The use of these intermediates drastically increased with the advent of invention of the DBS analogues as psychotropic by Davis and co-workers [4-9].  A class named as tricyclic antidepressants (TCAs) gained utmost popularity. For example, drugs of this class such as amitriptyline [7], [5,10-16] imipramine [8] [17] and noxiptiline [9] [18,19] continue as first line agents to treat depressive disorders. Likewise, several DBS based analogues have been synthesized and tested for wide array of applications [20-25] and the moiety continues to be of interest to synthetic and medicinal chemists.
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			DBS analogues were previously prepared starting from simple or substituted compounds 1-3, which, in turn, were accessed through multi-step synthetic routes. But currently, compounds 1-3 and a few related analogues are widely available from various commercial sources making the analogue synthesis of DBS more accessible easily. Preparation of the analogues based on DBS skeleton was approached by chemists through different modes of which functionalization of the atoms 1, 4 and 5 of the seven-membered ring is the key mode which led to majority compounds. In other words, most of the DBS analogues were prepared by modifications of either “double bond” or carbonyl group present on the central “seven-membered ring” or both. Though most of these synthetic details appeared in respective research articles, the comprehensive information dealt with chemistry of DBS is not found in literature. Hence, the current review aims at covering the synthetic efforts of chemists involved in preparation of the DBS-based analogues.  

			Synthesis

			Multi-Step Syntheses of DBS-Based Compounds

			Synthesis of dibenzosuberone (2) was reported first by Triebs and co-workers [26] and later by Cope and co-workers [27]. In their independent syntheses (Scheme 1), 2-phenethyl-benzoyl chloride generated from the corresponding acid 10 was cyclized under Friedal-Craft’s acylation conditions to afford dibenzosuberone (2). Further, authors have achieved deoxygenation of compound 2 in presence of Na/EtOH to afford dibenzosuberane (1). Based on this methodology, several other syntheses appeared and important are the ones dealt with synthesis of dibenzosuberenones. One such strategy was adapted by Glover and co-workers [28] starting from 2-(2-phenylethyl) benzoic acid [11] for synthesis of dibenzosuberenone 3 in two steps. Compound 11 was cyclized to DBS 2 in presence of PPA in the first step which was taken through steps of bromination followed by debromination to afford dibenzosuberenone (Scheme 2). Based on similar strategy, Wild et al. [29] reported synthesis of dimethyl dibenzosuberenone 3a starting from compound 11a. While compound 3 was used as an intermediate in preparation of a stable hydroperoxide intermediate by Stephen and co-workers, [28] compound 3a was used in synthesis of several potential antiviral agents by Wild and co-workers [29].
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			Rupard et al. [30] has reported another route to access the substituted DBS (Scheme 3). These compounds were prepared as analogues of Clozapine to probe their antipsychotic activities. Synthesis initiated with protection of acid 13 followed by Wittig-type condensation to afford intermediate 14, which upon catalytic hydrogenation followed by ester hydrolysis steps afforded compound 15. Finally, target compound 16 was prepared by PPA-mediated cyclization of intermediate 15.
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			In another work directed towards synthesis of novel angiotensin II receptor antagonists, Kiyama et al. [31] reported a different synthetic route to access the substituted DBS compound 21 as depicted in the Scheme 4. Intermediate 19, prepared by condensation of compounds 17 and 18 in presence of NaOMe, and was subjected to the sequence of steps such as reduction, acid chloride generation followed by cyclization under Friedal-Crafts conditions afforded the intermediate 20. Finally, bromination of 20 followed by dehydro-debromination resulted in synthesis of compound 21.
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			Kindon et al. [32] achieved synthesis of disubstituted DBS derivative 24, which were prepared as P2-purinoreceptor 7-transmembrane (TM) G-protein coupled receptor antagonists. The synthesis was initiated by preparation of Wittig salt of compound 22 and its further reaction with 3-bromobenzaldehyde to afford a crucial intermediate 23. Finally, sequence of steps including ester hydrolysis, catalytic hydrogenation followed by cyclization mediated under Stille coupling conditions resulted in the synthesis of disubstituted DBS analogue 24 (Scheme 5).
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			In a recent report, Solveigh et al. [33] has published a synthesis of disubstituted DBS analogue 27 by a different strategy. The synthesis involved a key Wittig coupling of compound 25 and 3-chlorobenzyl chloride to yield 26, which underwent sequence of steps including catalytic hydrogenation followed by cyclization under Friedal-Crafts acylation conditions resulted in the disubstituted DBS analogue 27 (Scheme 6). 
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			Snyder et al. [34] has reported an article on total syntheses of resveratrol-based natural products wherein, they attempted synthesis of natural product bearing 7-membered carbocycle, i.e. compound 4, remained as a key attraction.  Key step of this synthesis includes Horner-Wadsworth-Emmons olefination reaction using compounds 28 and 29 to afford the resveratrol derivative 30. Further, halogen-lithium exchange in compound 30 followed by addition to aldehyde 31 resulted in compound 32. Finally, oxidation of compound 32 followed by treatment with Br2 resulted in assembly of 7-membered ring in compound 33 via a bromonium-induced cascade sequence followed by acid induced phenonium shift to afford non-natural product 34 in multiple steps (Scheme 7).
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			Reactions of Dibenzosuberenone

			By and large, the structural modifications of the DBS performed limit to the chemistry on suberyl ring. In particular, DBS has two important sites for functionalization, by virtue of its structure, namely, the “double bond” and the “carbonyl group”. In the following section, preparation of various analogues of DBS synthesized by modification of the parent skeleton based on reactions of the carbonyl group and the “double bond” and both (miscellaneous reactions) will be addressed.

			Functionalization of Carbonyl Group

			George and co-workers [35] have synthesized new series of benzo[4,5]cyclohept[1,2,3-ij]isoquinolines  by condensation reaction of compound 3 with aminoacetaldehyde diethylacetal followed by treatment of the corresponding imines 35 with PPA to afford the tetracyclic compound 36 (Scheme 8).
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			In another work, Coppola and co-workers [36] reported transformations in Dibenzo[a,d]cycloheptene series through two routes. Authors designed these compounds by integrating norepinephrine and dibenzosuberene skeletons resulting in series of 5-aminomethyl-5-hydroxy-5H-dibenzo[a,d]cycloheptene derivatives (Scheme 9). In the first route, compound 3 was converted to an epoxide intermediate 37 in the presence of dimethylsulfonium methylide (Corey’s reagent) followed by ring opening of epoxide with various amines resulting in the desired analogs of compound 38. Alternatively, compound 38 were prepared from series of steps starting from Reformatsky reaction of compound 3 with ethyl bromoacetate to affording initially ethyl ester 39. Treatment of compound 39 followed by treatment of the hydrazide with nitrous acid resulted in spirooxazolidone derivative 40. Finally, N-alkylation followed by alkali hydrolysis of compound 40 resulted in required aminoalcohols of general structure 38 (Scheme 9).   Brenner et al. [37] reported a synthesis of N-alkylidenearenesulfenamides 42 using DBS 3 in their investigations on tertiary carbinamines, which are useful precursor to several imino-bridged heterocycles. 
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			First, a stable ketimine 41 was prepared by condensation reaction of DBS 3 with NH3 in presence of TiCl4. Further, the anion of compound 41 generated in presence of MeLi was treated with corresponding aryldisulfides in presence of Et3N to afford compounds 42 (Scheme 10). Kindon et al. [38] performed modification of carbonyl group of DBS compound 3 as part of their work related to synthesis of 2-oxo-4-thioxopyrimidin-1-ylmethylheterocyclylcarboxylates as P2-purinoceptor 7-transmembrane G-protein coupled receptor antagonists. Synthesis was initiated by addition of the lithiated compound 43 with DBS 3 to prepare intermediate 44, which underwent t-butoxide deprotection followed by tautomerization to afford compound 45 (Scheme 11). Chaffins and coworkers [39] reported synthesis of dibenzocycloocta-4a,6a-diene-5,11-diyne (46) by treating compound 3 with trimethylsilyl diazomethane in presence of BF3.Et2O to afford compound 46 as a result of ring expansion (Scheme 12).  Michellys and coworkers [40] reported synthesis of spiro-containing dibenzocycloheptene-oxazole (49). Synthesis was initiated by treating DBS 3 with I2, followed by TMSCN to prepare intermediate 47, which was subjected to LAH reduction followed by silyl ether deprotection to give compound 48. 

			[image: ]

			[image: ]

			[image: ]

			Finally, refluxing compound 48 in acetone afforded the required dibenzocycloheptene-oxazole compound 49 (Scheme 13). These compounds were tested for activities related to modulation of steroid hormone nuclear receptors, and their preparation, pharmaceutical compositions and use. In another work Emilie et al. [41] have prepared dibenzosuberinyledene allenes and have used these intermediates as precursors of dispirotetracenes, diindenotetracenes and 2-phenyl-11bHdibenz[cd,h]azulene. In this work (Scheme 14), synthesis of the dibenzosuberenylidene allenes initiated from the reaction of DBS 3 and the terminal alkyne 50 which yielded the crucial intermediate 51, which upon reduction followed by dehydration afforded the required dibenzosuberinyledene allene 52. These intermediates were even prepared earlier by Banide and co-workers [42] who were interested to know if the tricyclic dibenzo[a,d]cycloheptenyl ring system would stabilize the cations and in preparation of C2-symmetric bis-(dibenzosuberenylidene)cyclobutanes.  
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			Functionalization of Double Bond

			Fantauzzi and coworkers [43] reported the aziridination of dibenzosuberenone 3 with (porphyrin) ruthenium-catalyzed aziridination of olefins using aryl azide 53. Aryl azides have been used as atom-efficient nitrene transfer reagents in the (porphyrin) ruthenium catalyzed amination of olefins. A quantitative yield of 54 in short reaction times was achieved by utilizing aryl azides bearing electron withdrawing groups such as 53 as shown in Scheme 15.   Choi and coworkers [44] reported epoxidation of dibenzosuberenone by using metachloroperbenzoic acid and tetrahydrofuran as solvent. The double bond present in the seven-membered ring of DBS 3 undergoes asymmetric epoxidation to afford product 55 (Scheme 16). Astleford and co-workers [45] treated dibenzosuberenone 3 with sodium chlorodifluoroacetate in triglyme at 180-190°C to obtain 1,1-difluoro-1a,10b-dihydrodibenzo[a,e]cyclopropa[c]cyclohepten-6-one 56. The reaction involved addition of difluorocarbene to olefinic functionality in DBS 3 which resulted in assembly of fused difluorocyclopropyl ring annealated to the DBS skeleton (Scheme 17). Further reactions on compound 56 leading to various novel compounds of biological interest. 
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			Functionalization of Double Bond and Carbonyl Group

			In this section reactions starting from dibenzosuberenone involving both functionalities, i.e., “carbonyl group” and “double bond” of the 7-membered ring which led to analogues based on DBS skeleton will be discussed. Majority of the active DBS analogues prepared so far belong to the class of tricyclic antidepressants (TCAs). Dizocilpine (60), a TCA drug developed by Merck, was first prepared by Lamanec and co-workers [46] and later the derivative 61 by Thompson and co-workers [47] using similar strategies. Their syntheses initiated with addition of Grignard reagent to carbonyl group at position ‘5’ leading to tertiary carbinol 57. Further, addition of α-effect nucleophile NH2OH to compound 57 yielded the intermediate 58, which was subjected to trans-annular ring closure in presence of t-BuOK in DMSO to afford compound 59. Finally, hydrogenolysis of hydroxylamine 59 yielded dizocilpine (60) and its derivative 61 (Scheme 18).    Recently, Chang et al. [48] followed a different approach for synthesis of dizocilpine (60) which starts with conversion of DBS 3 to aziridine 62 in presence of chloramine-T (Scheme 19). Hydrogenolysis of 62 followed by treatment of the resultant intermediate 63 with MeMgBr afforded compound 64. 
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			Finally, Lewis acid catalyzed intramolecular ring closure of compound 64 followed by detosylation in compound 65 afforded dizocilpine (60).  Pfister et al. [49] synthesized series of methanodibenzosuberylpiperazines as potent multidrug resistance reversal agents based on structure of lead molecule MS-073. Synthesis was initiated with reduction of carbonyl compound 56 to give hydroxyl compound 66 (syn-alcohol), which was subjected to chlorination followed by substitution of ‘Cl’ with formylpiperazine to afford compound 67 (syn/anti mixtures). Finally, base-induced deformylation of 67 followed by treatment with 5-(2,3-epoxypropoxy) quinolone afforded the representative target compound 68 of the series (Scheme 20).  
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			Gonzalez and coworkers [50] reported synthesis of 5-aminocarbonyl-5H-dibenzo[a,d]cyclohepten-5,10-imine starting from DBS 3 through four step process (Scheme 21). Synthesis was initiated with formation of imine of DBS 3 in presence TiCl4 and NH3 gas followed by its treatment with acetone cyanohydrin and catalytic amount NaCN to afford intermediate 69. Treatment of intermediate 69 with Br2 followed by in situ trans-annular ring closure led to bromo derivative 70, which was debrominated in presence of NaCNBH3 to afford product 71. Slusarczyk et al. [51] achieved synthesis of analogues of trifenagrel starting from DBS 3. Their synthesis was initiated with LAH reduction of DBS 3 in presence of AlCl3 (reaction at carbonyl group) followed by hydroboration and oxidation (reaction at double bond) to yield intermediate 72. Further oxidation of secondary alcohol 72 followed by SeO2 mediated oxidation resulted in crucial diketone intermediate 73.  
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			Further, synthesis of the compounds 74-76 was achieved based on the cyclocondensation reaction of a tricyclic 1,2-diketone 73 with an appropriate diamine, hydrazide or an aldehyde to form a pyrazine 74, a 1,2,4-triazine 75 or an imidazole 76, respectively (Scheme 22). Vladimir et al. [52] explored ways of conducting metal-free click chemistry mediated from use of internal alkyne 81 and azide to form triazole 82 in efforts directed at surface immobilization by functionalization of various surfaces. Synthesis of the internal alkyne 81 was initiated from preparation of oxime 77 starting from DBS 3 followed by Beckmann rearrangement of 77 to form the lactam 78. Reduction followed by derivatization of the amine as per the requirement yielded intermediate 79. Dibromination followed by base treatment of compound 80 with t-BuOK resulted in the synthesis of crucial alkyne intermediate 81. Authors have further introduced a biotinylated triazole tag by treating appropriate azide and the cyclooctyne intermediate through a copper-free click chemistry to yield derivatives of general structure 82 (Scheme 23).
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			Importance of DBS Analogues

			Content of the sections 2-3 gives us a glimpse on scope and applications of the tricyclic framework of the 5H-dibenzo [a,d] cycloheptene system in synthesis of novel derivatives. Additionally, the DBS skeleton is known to undergo photochemical reactions and chemists have exploited photochemical properties of the DBS analogues 1-3 for preparing novel complex molecules of synthetic interest [53-55]. Besides, several researchers explored DBS skeleton for preparation of novel analogues that were tested for varied biological activities e.g., Nicholas and co-workers [38] for purinoceptor 7-transmembrane G-protein coupled receptor antagonist activity, Ulens et al. [56] for acetylcholine binding protein and α7 nicotinic receptor ligand binding affinities, Mychajlyszyn and co-workers [57] for antihistamine properties, Coghlan and co-workers; Pierre-Yves and co-workers for steroid hormone nuclear receptor modulation, [58,59] William et al. [60] for farnesyl protein transferase inhibition, Arya and co-workers for anti-inflammation, [61] Wayne and co-workers for N-methyl-D-aspartate antagonist activity, [62] Pauling and co-workers for cytokine biosynthesis inhibition, [63] and Philip and co-workers for anti-convulsant activity [64] and so on. 

			Since the introduction of amitriptyline (7) for the treatment of depression, [65] DBS skeleton has been varied almost infinitely in the search for improved biological activity which led to many second generation potent compounds such as protriptyline (83) and cyproheptadine (84) [66]. Additionally, dibenzosuberenone shares a structural resemblance with a key dibenzazepine intermediate which has been exploited in synthesis of several compounds with anti-depressant properties. Clozapine (85) is a tricyclic dibenzodiazepine derivative which interferes with the binding of dopamine molecules at the D1, D2, D3, D4 and D5 dopamine receptors [67]. Carbamazepine (86) is an anti-epileptic drug used to control grandma and focal seizures besides being a specific analgesic for trigeminal neuralgia (Figure 7) [68]. 
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			DBS analogues are known to possess other interesting pharmacological activities. Especially, ability of some DBS analogues to reverse the multi drug resistance which prompted researchers to investigate their application in cancer chemotherapy. In this context, Pfister and coworkers [69] reported LY335979 (68) as a second generation modulator of Pgp which showed significant clinical effectiveness when used in combination with anti-cancer drugs known to be substrates for Pgp. Besides, AR-C118925 (87) is the only current known selective P2Y2 receptor antagonist as a pharmacological reference compound [70,71]. Finally, series of compounds based on DBS skeleton were found to be selective inhibitors of p38 mitogen-activated protein kinase (p38 MAP kinase) with Skepinone-L (88) being known as potent inhibitor of p38 MAP kinase (Figure 8) [72-74]. 
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			A series of 10 novel hybrid molecules containing dibenzosuberenone skeleton and substituted oxadiazoles were designed and synthesized by Moger et al. [75] The novel hybrid molecules were screened for their antibacterial and antifungal activities (Figure 9). Some of the molecules exhibited excellent antimicrobial activities.
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			Jeneke et al. [76] reported DBS based compounds (Figure 10) exhibit promising electron transport material (ETM) with excellent exciton as well as hole blocking ability in blue phosphorescent organic light emitting diodes (PhOLED).
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			Recently, HN Pati et al. [77] reported synthesis of a series of twelve novel isoxazole analogs containing dibenzosuberane moiety using convergent synthesis approach. The novel DBS analogs were screened for their antiproliferative property against HepG2 and HeLa cell lines. Some of the compounds 94, 95 and 96 were found active against both HepG2 and HeLa cell lines (Figure 11).
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			Kocak et al. [78] synthesized dihydropyrazine-appended dibenzosuberenone molecules (97 and 98) using Diels-Alder chemistry (Figure 12). The N-H protons in these structures are fairly acidic and allow fluoride induced deprotonation which leads to a radical color change as well as spontaneous fluorescence quenching. Thus, the novel molecules are found to be potential fluorescent chemosensors which attract special attention in dye chemistry.
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			Conclusion

			This review is an outcome of attempts made towards the collection of recent advances in the synthesis of dibenzosuberenone derivatives. Dibenzosuberenone based tricyclic anti-depressants continue to be the first line agents for depressive disorders. Dibenzosuberenone derivatives are also found effective in cancer treatment and multidrug resistance modulators. Apart from pharmaceutical agents, dibenzosuberenone derivatives attract special attention in dyes and paint industry as well as light emitting diodes. Thus, dibenzosuberenones are the upcoming class of compounds with versatile applications in various industries.     
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Scheme 6: Synthesis of DBS analogue 27
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Scheme 18: Synthesis of dizocilpine (60, R=H) and derivative (61, R=F)
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Scheme 16: Synthesis of DBS analogue 55.
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Scheme 20: Synthesis of DBS analogue 68.
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Scheme 2: Synthesis of dibenzosuberenone (3) and derivative 3a.
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Scheme 5: Synthesis of DBS analogue 24
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Scheme 1: Synthesis of dibenzosuberone (2) and dibenzosuberane (1)
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Scheme 13: Synthesis of DBS analogue 49.
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Figure 8: Structure of some DBS analogs
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Scheme 11: Synthesis of DBS analogue 45.
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Figure 11: Structure of DBS analogs having anticancer properties
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Figure 10: Structure of DBS based compounds having ETM properties
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Scheme 17: Synthesis of DBS analogue 56.
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OEBPS/image/105191.png
i) NH,OH HCI,

Pynane 60°C ii) PPA, i) LAH, =
= 125 ° Eto
R 79

NOH
NNR!
v)PYHBrg.CHzO!zI >:< I vn)lBum @QO Vi) R-N3; I >:( I
00 M BZ

Scheme 23: Synthesis of DBS analogue 82.
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Scheme 9: Synthesis of DBS analogue 38
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Scheme 10: Synthesis of DBS analogue 42.
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Scheme 8: Synthesis of DBS based analog benzo[4,5]cyclohept[1,2,3]isoquinoline 36.






OEBPS/image/104234.png
i) BuLi; é iii) H,0 é
u) HBr/ AcOH
.9. o e ey
L e
FyC 51 FiC 52

Scheme 14: Synthesis of DBS analogue 52.
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Figure 7: Structure of some DBS modified bioactive compounds.
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Scheme 15: Synthesis of DBS analogue 54
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