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Jesus Arrieta et al. also extracted TC from T.diversiflolia leaves by maceration method at room temperature for 3 days, using hexane, dichloromethane and methanol as solvents. TC was obtained in fraction 8 (hexane/EtOAc 9 :1) with weight of 500 mg (from 2.7 kg of dry leaves). Tagitinin C was identified as the main active gastroprotective agent in this traditional medicinal plant. The mechanism of the gastroprotective action show by Tagitinin C is not related to endogenous NO, prostaglandins or sulfhydryl groups 24 .

May Hua Liao et al. showed that Tagitinine C was the main active component in TD extract using methanol as solvent. Tagitinin C exhibited vigorous anti-tumor activity in malignant glioblastoma. Tagitinin C-induced cell death is primarily caused by autophagy. The surviving inhibiting property of Tagitinin C was useful for treating malignant glioblastomas resistant to conventional pro-apoptotic agents 25 .

La première partie de la thèse concerne la méthode d'extraction, l'isolement et la détermination de la structure de la Tagitinine C. La Tagitinine C a été extraite par des méthodes d'extraction rapides en utilisant du dichlorométhane comme solvant. La structure de la Tagitinine C a été déterminée à l'aide des méthodes de spectroscopie infrarouge à transformée de Fourier (FTIR) et de spectroscopie de résonance magnétique nucléaire (RMN). Sa pureté (supérieure à 95%) a été mesurée par HPLC.

Dans la deuxième partie, de nouveaux dérivés de Tagtinine C ont été synthétisés par réaction d'addition de Michael et par couplage de Heck. L'addition d'amines, de phosphonates et de thiols à la Tagitinine C possédant dans sa structure un motif α-méthylène-γ-lactone et deux cétones α,β-insaturées s'est avérée hautement régio-, chimio-et stéréosélective. Ainsi, 34 dérivés de Taginine C ont été synthétisés et isolés avec de très bons rendements (jusqu'à 99 %). En utilisant une amine primaire, un phosphonate ou un thiol, seul adduit de Michael, résultant de l'addition au motif cétone α,βinsaturé a été observé, tandis qu'une amine secondaire a réagi sur la structure α-méthylène-γ-lactone. Deux nouveaux dérivés de la Tagitinine C ont également été synthétisés avec succès, par réaction de couplage de Heck, avec des rendements modérés. Les activités biologiques de la Tagitinine C et de ses dérivés ont été évaluées sur trois lignées cellulaires cancéreuses humaines (cellules cancéreuses humaines du sein MCF-7, cellules cancéreuses humaines du sein multi-résistantes aux médicaments MCF7-MDR, cellules cancéreuses pancréatiques MiaPaCa-2) et sur une lignée cellulaire normale (HEK-293) comme témoin.

Dans la troisième partie, nous avons chargé la Tagitinine C sur du graphène comprenant de l'oxyde de graphène et des points quantiques de graphène.

Le graphène a été modifié par fonctionnalisation à l'aide d'une fonction diamine ou carboxyle activé avant le chargement de la Tagitinine C. Les activités biologiques de la Tagitinine C chargée sur du graphène ont été évaluées contre trois lignées cellulaires cancéreuses (HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells) et MCF-7 (cellules d'adénocarcinome du sein humain). Les résultats obtenus ont montré que l'activité biologique de la Tagitinine C chargée sur le graphène est inférieure à celle de la Tagititnine C parente. Cependant, ces composés présentaient une solubilité accrue dans l'eau, comme déjà observé dans le cas de des dérivés de la Tagitinine C précédemment rapportés.

Afin d'avoir une meilleure compréhension du médicament hydrophobe chargé sur du graphène, la Vinblastine chargée sur les points quantiques de graphène (GQDs-Vin) a été étudiée dans la dernière partie de ce travail. Les activités biologiques des composites GQDs-Vin contre Hela (cellules de cancer du col de l'utérus), A549 (cellules épithéliales d'adénocarcinome pulmonaire humain), MCF-7 (cellules d'adénocarcinome du sein humain), (HGC-27 (cellule de carcinome de l'estomac humain), CCF-STTG1 (cellule humaine Brain Astrocytoma), et la cellule normale (Vero) ont été évalués. Nous avons montré que les points quantiques de graphène pouvaient améliorer l'activité cytotoxique de Vin dans les composites. En comparaison avec la Vin seule, la cytotoxicité des composites a diminué avec la cellule normale (Vero). Il n'y a pas de cytotoxicité de Vin avec des cellules de carcinome de l'estomac humain (HGC-27), tandis que les valeurs IC50 GQDs-Vin des composites sont les mêmes que celles des GQD seuls. La valeur IC50 de GQDs-M-Vin présentait la cytotoxicité la plus élevée vis-à-vis des cellules A549 avec une valeur IC50 de 1,57 ng/ml qui est au moins ≈ 6,3 fois inférieure à celle de Vin seule.

The first part of the thesis presents the extraction, isolation and structure determination of Tagitinin C from T.diversifolia. Tagitinin C was extracted by fast extraction methods using dichloromethane as solvent. The structure of Tagitinin C was determined using Fourier Transform Infrared spectroscopy (FTIR) and Nuclear Magnetic Resonance spectroscopy (NMR) methods. Tagitinin C was obtained with high purity of 95% measured by HPLC analysis method.

In the second part, we described the synthesis of Tagitinin C derivatives through a Michael addition reaction and a Heck coupling reaction. Addition of amines, phosphonates and thiols to Tagitinin C containing in its structure an α-methylene-γ-lactone motif and two α,β-unsaturated ketone systems was found to be highly regio-, chemo-, and stereoselective. 34 Tagitinin C derivatives were synthesized and isolated in good to excellent yield (up to 99% yield) under mild reaction conditions. Using a primary amine, phosphonate and thiol, only Michael adduct, resulting from addition to α,βunsaturated ketone motif was observed, while a secondary amine reacted on α-methylene-γ-lactone structure. Two other Tagitinin C derivatives were also successfully synthesized, by Heck coupling reaction, in moderate yield. Biological activities of Tagitinin C and its derivatives were evaluated against three human cancer cell lines (breast human cancer cells MCF-7, breast human cancer cells multi-resistant to drugs MCF7-MDR, pancreas cancer cells MiaPaCa-2) and on normal cell line (HEK-293) as control.

In the third part, we have loaded Tagitinin C on graphene including graphene oxide and graphene quantum dots. The graphene was modified by functionalization using diamine or activated carboxyl function before loading Tagitinin C. Biological activities of Tagitinin C loaded on graphene were evaluated against three cancer cell lines (HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells), and MCF-7 (Human breast adenocarcinoma cells). We showed that the biological activity of Tagitinin C loaded on graphene is lower than that of parent Tagititnin C. However, these compounds presented an enhanced water solubility as observed in the case of Tagitinin C derivatives previously reported.

For better understanding about hydrophobic drug loaded on graphene, Vinblastine loaded on the graphene quantum dots (GQDs-Vin) was studied in the last part of my work.

Biological activities of GQDs-Vin composites against Hela (Cervical cancer cells), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells), (HGC-27 (Human Stomach carcinoma cell), CCF-STTG1 (Human Brain Astrocytoma), and normal cell (Vero) were evaluated. We showed that the Graphene quantum dots could improve the cytotoxic activity of Vin in the composites. In the comparison with Vin alone, the cytotoxicity of the composites decreased with normal cell (Vero). There is no cytotoxicity of Vin with Human Stomach carcinoma cell (HGC-27), while the IC50 GQDs-Vin composites is the same with that of GQDs alone. The IC50 of GQDs-M-Vin exhibited the highest cytotoxicity towards A549 cell with an IC50 of 1.57 ng/ml which is at least ≈ 6.3-fold lower than that of Vin alone.

GENERAL INTRODUCTION

Tithonia diversifolia (T. diversifolia), commonly known as the tree marigold, is an herbaceous flowering plant in the Asteraceae family. It has been introduced and is now naturalized in tropical parts of Asia and Africa 1 . T. diversifolia is also commonly found in Vietnam fields, wastelands, and roadsides. It is used as traditional medicine in tropical countries. The plant is used for ornamental purposes, fertilizer for farming, and used as traditional medicine for the treatment of various diseases, including diabetes mellitus, malaria. In addition, T. diversifolia containing bioactive compounds, has anti-inflammatory, anti-diarrheal, anti-amoebic and spasmolytic properties. Extracts of T. diversifolia have been used traditionally for the treatment of diarrhea, fever, hematomas, hepatitis, hepatomas, malaria, and wounds 2 . Phytochemical investigations of T. diversifolia have isolated several novel bioactive sesquiterpene lactones such as Tagitinin C, Tagitinin A, and tagitinin F, etc 3 .

Sesquiterpene lactones (STLs) are a group of secondary metabolites of the terpenoid class that contains fifteen carbon atoms in an isoprenoid structure with a lactone function. STLs are primarily classified into the following groups: pseudoguainolides, guaianalides, germanocranolides, eudesmanolides, heliangolides and hyptocretenolides (Figure 1). These classifications depending on their carboxylic skeleton are divided into following main groups: germacranolides (10-membered ring), the largest group and it is biogenetic precursors of the majority of sesquiterpene lactones; eudesmanolides (6/6-bicyclic compounds); and guaianolides, pseudoguaianolides, heliangolides and hypocretenolides (all 5/7-bicyclic compounds) 4 . The γ-lactone ring, usually with an α-methylene group, is a significant characteristic of STLs. These molecules may present hydroxyl, hydroxy ester, or epoxide groups. Some STLs occur in glycosylated form, and a few STLs contains halogen or sulfur atoms. They play an important role in communication between plants and interaction with insects, microorganism, and animals acting as attractants, deterrents, and antifeedants. Two types of functional groups give access to cytotoxic activity in the STLs are the α-methylene -γ -lactone (αMγL) group and α,β-unsaturated ketone group. The αMγL is the most responsible group for biological activity. Thanks to Michael addition reaction by nucleophilic reagents, the αMγL group is also responsible for the modification of a large range of effects such as regulation of gene expression by activating and deactivating transcription factors, altering expression with the effect of sensitizing cancer cells as well as other functions 5 . No monofunctional STL containing only an α, β-unsaturated ester showed significant activity 6 . The presence of this group in the α-methylene -γ-lactone does appear to enhance cytotoxicity 7 . The αMγL conjugated enone groups are very common in natural STLs and have been found essential for many biological activities of STLs. The presence of both, an α, β unsaturated ketones as well as a methyl lactone confers a much higher level of activity than the presence of either one alone 8 .

Figure 1. Structures of sesquiterpene lactone compounds arranged by their structural classifications.

The synthesis of STLs derivatives has been studied in recent year. Kitson et al. reported that STLs could react with nucleophilic sulfhydryl groups present in enzymes, proteins and glutathione 9 . Michael addition of primary and secondary amines to α, β-unsaturated lactones were studied to enhance anticancer activities compared to original compound. Aminoadducts of STLs were synthesized by adding different amines to the α-methylene-γ-lactone substructure to enhance the water solubility of the STLs, improved pharmacokinetic profile and to retain their biological activity 10 . Michael adducts of STLs (zaluzanin D and zaluzanin C) were also synthesized by Tushar et al. 11 . It was found that the methanolic solution of chiral/achiral amine and zaluzanin underwent Michael addition reaction at room temperature to furnish various Michael adducts of zaluzanin which still retained the biological activity against human breast cancer cell line MCF7 and MDA-MB-231.

Tagitinin C, a sesquiterpene lactone belong to germacranolide skeleton, is widely found in T. diversifolia. Many reports indicated its broad spectrum in biological properties including antimalarial, anti-ulcer, anti-inflammatory and anti-cancer activity 12 . However, Tagitinin C derivatives have not been carefully studied yet. In this thesis project, we are interested in preparing new Tagitinin C derivatives, and also in loading Tagitinin C and Vinblastine, an anti-cancer drug, on the surface of graphene. We hope that this work would bring a promising way of Tagitinin C derivatives with the aim at improving the bioavailability of these compounds as well as their pharmacological profiles.

The thesis includes 4 chapters. In the chapter 1, we described the extraction, isolation and structure determination of Tagitinin C starting from T. diversifolia. Tagitinin C was extracted by fast extraction method using dichloromethane as solvent. Its structure was confirmed by Fourier Transform Infrared spectroscopy (FTIR), Nuclear Magnetic Resonance spectroscopy (NMR), and Mass spectrometry. HPLC analysis showed that the purity of Tagitinin C is around 95%. Isolated Tagitinin C is then used for next studies.

The chapter 2 deals with the synthesis of Tagitinin C derivatives and structure activity relationship studies. Michael addition reaction of amines, phosphonates and thiols to Tagitinin C containing in its structure an α-methylene-γ-lactone motif and two α, βunsaturated ketone systems have been described (Figure 2). The synthesis of some Tagitinin C derivatives via a Heck coupling reaction was also presented in this chapter (Figure 3). Next, biological activities of Tagitinin C and its derivatives were evaluated against three human cancer cell lines (breast human cancer cells MCF-7, breast human cancer cells multiresistant to drugs MCF7-MDR, pancreas cancer cells MiaPaCa-2) and on normal cell line (HEK-293) as control.

In the chapter 3, we presented the loading of Tagitinin C (TC) on graphene by different methods, such as mixing, activation of carboxyl group and functionalization of graphene (Figure 4). Biological activities of Tagitinin C loaded on graphene were evaluated against three cancer cell lines HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells), and MCF-7 (Human breast adenocarcinoma cells).

Figure 4: Synthesis of Tagitinin C loaded on graphene

In the last chapter, we developed for the first time the Vinblastine (Vin) loaded on the graphene quantum dots (GQDs, Figure 5). Information of Vinblastine was observed in the composite GQDs-Vin. Biological activity of GQDs-Vin composites was also studied against Hela (Cervical cancer cells), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells), (HGC-27 (Human Stomach carcinoma cell), CCF-STTG1 (Human Brain Astrocytoma), and normal cell (Vero). 

I.1 Literature

Tagitinin C 1, a prominent member of the germanocranolides, is identified as a major sesquiterpene lactone compound of Tithonia diversifolia leaves and exhibits high anticancer activity 13 . Tagitinin C has many drug potentials such as cancer chemopreventive, antiflammatory, anti-parasitic, anti-cancerous, and anti-malarial agent 14 . The structure of Tagitinin C is shown in Figure 6. It is a ten-membered ring possessing an α-methylene γlactone function closed towards the C-6. Another feature of this natural compound is a bisα,β-unsaturated ketone. It is known that these two moieties are important for their biological activities unless one of the double bond of the α,β-unsaturated ketone can be absent. Moreover, the hydroxyl group and the ester moiety are less important for biological activities 15 . Many studies have been done to isolate Tagitinin C due to the large number of applications of this compound in medicinal chemistry.

In 1976 R. P. Rastogi first reported the isolation of Tagitinin C from Tithonia tagitiflora using alcohol as solvent. The pure TC was obtained as colorless powder with yield of 0.003% (0.33g TC/11.0kg of the dried plant material) 16 .

In 1986 P. Dutta described the extraction of TC from T. diversifolia with chloroform in a Soxhlet apparatus. The TC was obtained by fractionation on a silica gel column using benzene: EtOAc as eluant. TC was isolated and identified with the help of infrared spectroscopy, nuclear magnetic resonance (NMR) and high-performance liquid chromatography (HPLC). The purity of TC product was above 90%, the percentage yield of compounds from T.diversifolia in the present investigation is 0.5% TC, while the flowers yielded only 0.29% TC 17 .

In 2002, Eric Goffin et al. extracted TC from T.diversifolia using ether and methanol as solvents. It was indicated that TC exhibited good antiplasmodial activity with an IC50 of 0.33 µg/ ml (0.95 µM) on chloroquine-sensitive strain (FCA) and respectively of 0.24 µg/ml (0.69 µM) and 0.25 µg/ml (0.72 µM) on chloro-quine-resistant strains FCB1 and W2. The cytotoxic potential of tagitinin C was then measured in vitro with HTC-116 tumoral cells and showed an IC50 value of 0.706 µg/ml (2.03 µM) 18 .

One year later, the same group developed a reversed-phase high performance liquid chromatographic method for determination of TC from the aerial parts of T.diversiflolia using different solvents. TC was found mainly in diethyl ether extracts of leaves and flowers; the ether extracts of stems, and the dichloromethane, methanol and water extracts of aerial parts showed considerably lower values of TC. Clearly leaf material is the most appropriate part of T. diversifolia for the extraction of tagitinin C in highest yield 19 .

In 2005, E. Ziemons et al. reported supercritical carbon dioxide extraction (SCCO2) of TC from T.diversiflolia. The conditions of pressure and temperature of SCCO2 were optimized using an experimental design to obtain the best yield of extraction of Tagitinin C which was comparable to that of the classical methods of extraction but with an improvement of the selectivity. Furthermore, the time of extraction used is much shorter than that of other methods. In addition to temperature and pressure of the supercritical fluid, the particle size of the matrix was showed to have a dramatic influence on the extraction efficiency of tagitinin C. This parameter allowed reducing the pressure and the temperature of SCCO2 while keeping an extraction yield comparable to that obtained with higher pressure and temperature conditions 20 .

In 2007, E. Ziemons and his collaborators proved that supercritical fluid extraction (SFE)/FT-IR using chalcogenide optical fibers can be a suitable method for the quantification of dynamic extractions of Tagitinin C from T. diversifolia leaves in a rather short time. The main objective of the present work was to develop an on-line FT-IR detection coupled to dynamic supercritical fluid extraction for the direct determination of tagitinin C in the leaves of T. diversifolia. The proposed method allowed the non-destructive extraction of Tagitinin C and its on-line quantitative determination in less than 25 min thus facilitating the subsequent experiments or the pharmacological studies performed on this compound 21 . 18 In 2008, Fernando Batista Da Costa et al. reported chemical studies on dichloromethane rinse extracts from leaves and inflorescences. 16 compounds were therefore isolated and identified: 14 sesquiterpene lactones, a flavonoid and a diterpenoid. In this study, five sesquiterpene lactones are described for the first time in the genus, including two lactones, one of which has an unusual seco-guaianolide skeleton 22 .

These findings indicated that the caterpillars avoided the sesquiterpene-lactone-rich glandular trichomes, and provided evidence for the antifeedant activity of the dichloromethane leaf rinse extract. In addition, a study of the seasonal variation of the main constituents from the leaf surface throughout a year demonstrated that a very low qualitative but a very high quantitative variation occurs. The highest level of the main metabolite Tagitinin C was observed between September and October and the lowest was from March to June, the later corresponding to the period of highest infestation by the larvae.

In 2011, Ming Yi Lee et al. isolated TC from T.diversiflolia using methanolic solution and studied the effect of TC at 2.5-10 μg mL-1 on human malignant glioma cells (Figure 7). This study showed that TC inhibited cell growth and induced cell death and appeared to be a promising agent for further investigations in the treatment of malignant gliomas 23 . give soluble PE (A1) and insoluble PE (A2) fractions (Figure 8) 27 . Then all compounds were fractionated by vacuum liquid chromatography column (SiO2) using n-hexane-EtOAc as eluants. TC was obtained in fraction III. This study demonstrated that TC was isolated as a major cytotoxic compound from the leaves of T. diversifolia. TC is the most sensitive on colon cancer (WiDR, IC50= 0,585±0.08 ug/ml), and the second sensitive cancer cells lines is M19 (IC50, 0.996±0.39µg/ml) and the rests (myeloma, Raji, MCF7, T47D and AVSA-T) are on the range of 1.7-4.6 µg/ml although these values are still appreciable below IC50 of HeLa cell lines (Figure 9). ultrasound-assisted extraction method is more expensive than other methods 28 In 2020, Alessandra Marieli Vacari et al. isolated TC from T.diversiflolia leaves; the leaves were rinsed with dichloromethane and then chromatographed by silica gel column using ethyl acetate/ n-hexane as eluent. Regarding biological activity, we observed high insect mortality, with up to 80%, and high antifeedant activity for H. armigera larvae for all host plant species treated with T. diversifolia extract 29 .

Almost all publications showed that TC was extracted from T. diversifolia leaves by different extraction methods using a range of solvents such as infusion method using water as a solvent, supercritical fluid extraction using methanol and CO2 as solvent, and also Soxhlet extraction using dichloromethane as solvent.

Although STL are plant-derived compounds with remarkable anti-inflammatory and antitumor activity, they are usually known for their toxic properties 30 . Among all compounds from T. diversifolia already tested for biological activity, the Tagitinins (Tags), STL, have shown relevant activity in diverse pathologic situations 31 . At the molecular level, 28 A. the anti-inflammatory effect of STL can be explained by the inhibition of the activation of the nuclear factor-kappa B (NF-B) 32 . The effects of STL as attempting to control inflammation through inhibition of NF-B activation may negatively influence neutrophil function resulting in immunodeficiency.

As reported by Schmidt, STLs possessing an α,β-unsaturated moiety in the form of αmethylene-γ-lactone can act as a Michael acceptor, reacting with nucleophiles such as free thiol groups (R-SH) in proteins leading to macromolecular dysfunction, oxidative stress and genetic mutations as a result of the oxidative stress 33 . The presence of one potentially reactive α,β-unsaturated carbonyl group as a pharmacophore is often associated with significant antiprotozoal and cytotoxic activities. Tagitinin A has α,β-unsaturated carbonyl group in the γ-lactone ring, whereas tagitinin C has a carbonyl group conjugated with two double bonds in the germacrene ring and an α,β-unsaturated carbonyl group in the γ-lactone ring. The measured activity of the two compounds showed the importance of the carbonyl group conjugated with two double bonds because of the greater antitrypanosomally activity of tagitinin C. The mechanism of these compounds against trypanosomes may be related to the capability to form thiol adducts with components found in the cellular environment such as trypanothione, glutathione and SH-groups in proteins. The lack of reduced trypanothione and other SH-group containing substances may in turn lead to that the parasite cells become more vulnerable to oxidative stress.

In recent years, many reports indicated Tagitinin C's broad spectrum in biological properties including antimalarial, anti-inflammatory, and anti-cancer activity [START_REF] Derguini | Massiot in Preparation of tagitinin C and F derivatives as anti-cancer agents[END_REF] . Lee et al. recently showed the remarkable anticancer effects of Tagitinin C on human glioblastoma cells 2 .

Additionally, it was found to have a cytotoxic activity against human hepatoma Hep-G2 cells [START_REF] Hwang | [END_REF] . Therefore, Tagitinin C has been considered as a potential lead compound for anticancer drug development.

Tagitinin C is identified as one major sesquiterpene lactone compound of T. diversifolia leaves and exhibits high anticancer activity. Generally, tagitinin C is isolated from T. diversifolia leaves via two following methods:

-Typically, slow extraction method (maceration) uses polar solvents including methanol, a methanol-water (or ethanol) mixture, an ethanol-water mixture. The advantage of this method is that besides tagitinin C, many other bioactive compounds can be received because those solvents can dissolve most of low molecular weight organic compounds in raw material. However, this method also has a drawback of low purification yield due to the need to carry out various steps to purify tagitinin C from extracts which contain many active compounds.

-Fast extraction method usually uses dichloromethane as solvent. Sesquiterpene lactone compounds, especially tagitinin C, are generally concentrated on glandular trichomes of T. diversifolia so this method focusses on extraction of sesquiterpene lactone.

Hence, the benefit of this method is that it results in the simpler purification of Tagitinin C. Contrarily, the main drawback of this method is that it requires a large amount of quite toxic dichloromethane solvent.

According to the disclosed methods, T. diversifolia extracts only be considered as intermediate products to conduct further purified individual bioactive substances including tagitinin C. Nonetheless, tagitinin C isolation from T. diversifolia leaves involves multi-step purification which takes much of time and effort. In this chapter, Tagitinin C was extracted by dichloromethane using fast extraction method.

I.2 Extraction and Isolation

In order to isolate and purify Tagitinin C, a large amount of dichloromethane extracts was prepared from leaves of T. diversifolia as follows. The leaves of T. diversifolia were collected in Gia Lai, Viet Nam, in January 2017. Collected plant materials were dried and ground into powder. The leaves of T. diversifolia powder (500g) were extracted 3 times with 5L of dichloromethane at room temperature for 5 min. The plant residue was filtered through a 10 µm filter-paper, and the dichloromethane extracts were combined and concentrated under reduced pressure by a rotary vacuum evaporator. The dichloromethane extracts of the leaves of T. diversifolia were named TDD. The dry extract (TDD) was resuspended in MeOH/H2O (7/3), followed by partitioning with the same volume of n-hexane (3 -4 times) and dichloromethane (7 times), yielding two subfractions named TDD/CH2Cl2 (dichloromethane-soluble fraction) and TDD/n-hexane (n-hexane soluble fraction). A silica gel column (6×100cm) was packed using hexane as solvent. In order to determine the structure of TC 1, various physical-chemical analysis methods were carried out, namely FTIR, 1 H-NMR, 13 C-NMR, COSY, HSQC, and HMBC experiments. Figure 12 showed the FTIR spectrum of isolated TC. It displays a characteristic OH band (3464 cm -1 ), CH2 (2974 cm -1 ), 2 C=O carbonyl (ester) absorption bands (1764 cm -1 and 1732 cm -1 ) and 1 unsaturated-C=O group (1653 cm -1 ). The present of ester groups was further shown by a characteristic absorption band of C-O-C (1452 cm -1 and 1373 cm -1 ) 36 .

Figure 12. IR spectrum (KBr, cm -1 ) of TC

The spectral data of the 1 H NMR, 13 C-NMR, COSY, HSQC and HMBC experiments of the isolated TC are in perfect agreement with those described in the literature 3 . A representative portion of a HSQC and HMBC spectrum is shown in Figure 13 indicating the assigned carbon atoms positions. 

I.4 Conclusion

Tagitinin C was successfully extracted from T. diversifolia by fast extraction method using dichloromethane as solvent and was isolated in 0.02% yield. High purity of Tagitinin C (95%) was determined by chiral HPLC. The structure of TC was confirmed by FTIR, 1 H-NMR, 13 C-NMR, COSY, HSQC, and HMBC data and ESI-mass spectrum.

CHAPTER II: SYNTHESIS OF TAGITININ C DERIVATIVES AND STRUCTURE-ACTIVITY RELATIONSHIP STUDIES

II.1 Literature

The synthesis of Tagitinin C to the photochemical conversion in its complexed form 39 .

Scheme 1. Transformation of Tagitinin C to Tagitinin F 2

Georges Massiot et al. described the synthesis of Tagitinin C 1 derivatives by addition of alcohols, thiols and amines to α,β-unsaturated groups of TC [START_REF] Krause | Synthesis-stuttgart[END_REF] . So, a solution of TC in an alcohol or thiol solvent was kept at room temperature in the light for a week. Adducts 3a and 3b were purified by a column of silica gel in ~ 50% yield (Scheme 2).

Scheme 2. Synthesis of TC derivatives 3a and 3b by addition of alcohol and thiol to TC 1

In the case of amines, the reaction was carried out in the presence of an excess of amine in dark in dichloromethane for 5 min. The reaction mixture was concentrated and filtered on a column of neutral alumina with cyclohexane/ethyl acetate as eluent leading to the formation of a mixture adducts 4 (Scheme 3). No selectivity was observed [START_REF] Krause | Synthesis-stuttgart[END_REF] .

Scheme 3. Addition of amine to TC 1

They also reported the epoxidation of TC using a 30% solution of H2O2 in the present of Na2CO3 in dioxane at -10 °C for 24 h. After work-up, TC epoxide 5 was isolated in 70%. Once again, no regioselectivity was observed in this reaction.

Scheme 4. Epoxidation of TC derivative 5

Some TC ether and ester derivatives were also reported by Georges Massiot [START_REF] Krause | Synthesis-stuttgart[END_REF] . After some successive protection and deprotection steps along with some classical organic transformations such as saponification, esterification, alkylation and oxidation, TC derivatives 6e were isolated in 34% (Scheme 5).

Scheme 5. Synthesis of TC derivative 6e

In the same way, some TC ether derivatives were synthesized in some steps with moderate yields of 29% (Scheme 6) [START_REF] Krause | Synthesis-stuttgart[END_REF] .

Scheme 6. Preparation of TC ether derivatives 7b II.2 Synthesis of Tagitinin C derivatives through Michael additions reaction

Several studies have been reported concerning the structural modifications of the αmethylene-γ-butyrolactone motif of sesquiterpene lactones. Among these synthetic approaches, the Michael addition reaction of amines to β position of α,β-unsaturated lactones has been much investigated. This prodrug method has transformed several sesquiterpene lactones such as ambrosin, arglabin, costunolide 41 , parthenolide 42 , zaluzanin C and zaluzanin D 43 into successful clinical candidates 44 . As suggested in almost cases, introduction of a nitrogen containing functionality at β position of sesquiterpene lactone makes it possible to create an additional hydrogen bonding potential and to control the selectivity of the formed stereocenter. This can lead to new derivatives which are able of enhancing aqueous solubility, improving the pharmacokinetic profile, and maintaining or even increasing the biological activity of the parent molecules 45,46 . To our knowledge, only one patent relating to the preparation of Tagitinin C and F derivatives has been reported. However, in almost all cases, a mixture of aza-Michael adducts, resulting from addition to α,β-unsaturated ketone and α-methylene-γ-butyrolactone, was obtained [START_REF] Krause | Synthesis-stuttgart[END_REF] .

We were interested in studying the Michael addition reaction of amines, phosphonates and thiols to α,β-unsaturated ketone and α-methylene-γ-butyrolactone motifs of Tagitinin C. The biological activity of these adducts will be evaluated and compare to parent Tagitinin C. For that, we started our study by optimization of reaction conditions of this Michael addition.

II.2.1 Optimization of reaction conditions

Conjugate addition reaction of nucleophiles to electron-deficient olefins, usually called Michael addition reaction, which is one of the fundamental bond-forming processes in the area of heterocyclic chemistry 47,48 . The aza-Michael addition reaction of a primary or secondary amine to an α,β-unsaturated ketone is very well documented and represents an extremely powerful tool for the synthesis of a variety of useful functionalized organic molecules for medicinal chemistry 49 .

In our initial studies, phenylmethanamine 8 was chosen as the nucleophile. The reaction was carried out at 60°C using CAN as catalyst in THF. After 32 hours, a mixture of unidentified products, probably due to the degradation of the substrate or other transformations, was observed by 1 H NMR analysis. (Entry 1,Table 1). Using an EtOH/H2O mixture as solvent instead of THF, once again, no trace of expected product was detected (Entry 2, Table 1). However, the reaction worked with Et3N as catalyst in MeOH, but led to the formation of a mixture of 3 products 9a, 9b, and 9c (Scheme 7). As we can observe, first investigation showed a significant impact of the nature of catalyst and solvent on the reaction conversion. In all cases, no expected product or no selectivity was observed.

Scheme 7. Michael addition reaction of phenylmethanamine 8 to Tagitinin C

To over these shortcomings, next, the reaction of Tagitinin C 1 using (S)-1phenylethanamine 10a in the presence of triethylamine as catalyst at pH 8-8.5 was studied.

(Scheme 8). The catalytic trials were carried out using TC 1 (0.67 mmol), amine 10a (0.8 mmol, 1.2 equiv.), catalyst (20 mol%) in an organic solvent. The reaction conversion was monitored by 1 H NMR. Some significant results were presented in Table 2. As indicated in the Table 2, Et3N led to the formation of expected product in moderate yields (45-51%) using MeOH as solvent (Entries 1 and 2). The best result was obtained when the reaction was carried out in DCM (CH2Cl2) along with 1 equiv. of amine 10a at 0°C. In these reaction conditions, TC derivative 11a was isolated in 91% yield as a single isomer (Entry 3). A small amount of TC 1 was detected (less than 4%) by 1 H NMR of crude product due to a retro-Michael reaction during the work-up. This reaction was accelerated during the purification of 11a by chromatography on silica gel.

The results obtained showed that the addition of amine 10a to TC 1 was found to be highly chemo-, regio-and stereoselective as only the adduct 11a, resulting from the addition of amine 10a to β position of α,β-unsaturated ketone 1,3-motif, was observed. No trace of other aza-Michael adducts was detected. The structure of 11a was clearly determined by NMR analysis studies and mass spectrometry measurements.

II.2.2 Michael addition of primary amines to β position of α, β-unsaturated ketone motif of Tagitinin C

Using primary amines 10b-g as reagents under optimized reaction conditions previously described, a series of TC derivatives 11b-g was isolated in good to excellent yields ranging from 74-94% with very high selectivity as only one product was detected in all cases (Scheme 9). Their structures were clearly determined by all classical physical-chemical analysis methods such as IR, NMR, and MS. An example of NMR analysis of compound 11a, reaction between Tagitinin C and L-α-Phenylethylamine, is presented in Table 3.

Scheme 9: aza-Michael addition reaction of primary amines 10a-g to TC 1.

a DBU (20 mol%) was used as catalyst at 20°C for 1.5 h; 90% yield with Et3N at 0°C for 3h. b DBU (20 mol%) was used as catalyst at 20°C for 4 h; 0% conversion with Et3N at 0°C for 24h. As illustrated in Scheme 9, addition of primary amines 10a-g to TC 1 worked smoothly leading to the formation of expected products in good yields in all cases. In the case of amine 10f (1-adamantanamine), no trace of expected product was detected even after 24h using Et3N as catalyst under standard reaction conditions. It can be explained by the less reactivity of 1-adamantanamine due to its steric hindrance. The reaction worked better when using DBU as a stronger basic catalyst, in this case, the adduct 11f was isolated in 74% yield at 20°C for 4h. In the same way, better result was observed in the case of aromatic amine 10b when using DBU as catalyst (94% yield at 20°C for 1.5 h compared to 90% yield for 3h with Et3N as catalyst). The addition reaction of Tagitinin C with isopropylamine provided the products 11g in very low yield of 42% after 5h. This result can be explained that the isopropylamine is too bulky.

The stereochemistry of C-1 position in compound 11 was assigned by its NOESY and other NMR experiments (see experimental section, compound 11c for full details). On the other hand, the α attack of amine can be explained by the steric hindrance created by the methyl group on C-10 position, and the possibility of the formation of hydrogen bonding between the hydroxyl group OH-10 and an amine function which makes the α orientation more favorable. Moreover, the formation of C-3, C-10 ether bridge in the saturated cyclic ketone motif is easily obtained, and this structure is also well-known by biotransformation of the sesquiterpene lactone TC by the fungus Aspergillus terreus as reported in the literature 50 .

II.2.3 Michael addition reaction of amino alcohols and silylated amino alcohol to β position of α, β-unsaturated ketone motif of Tagitinin C

In the aim of our structure-activity relationship studies, a series of primary β-amino alcohols 12a-g, easily obtained from natural amino acids, and their O-silylated derivatives 12h-l was then explored for the addition reaction of them to TC 1. The incorporation of silicon moiety into known drug scaffolds can reduce toxicity, enhance biological activity in increasing the therapeutic potential of a drug, as reported in the literature 51,52 . Moreover, O-silyl function can be used as useful protecting groups for organic synthesis and prodrug strategies as the Si-OC bond is thermodynamically stable but dynamically labile in water and under acidic conditions. So, under standard reaction conditions described above (Et3N, 0°C, 1.5h in DCM), 12 aza-Michael adducts 13a-l were isolated in very good yields with excellent selectivity as expected (Scheme 10). As showed in Scheme 10, the reaction worked well in all cases. In a few cases, reaction times were adjusted to achieve full conversions. No trace of oxa-Michael adduct was detected in these reaction conditions due to the higher nucleophilic character of the amino function compared to a hydroxyl one. In all cases, the O-silylated derivatives 13h-l gave slightly better yields than the free hydroxyl functions 13a-e, probably due to their greater stability with respect to a retro-Michael addition during the work-up.

II.2.4. Michael addition reaction of secondary amine to β position of α, β-unsaturatedγ-lactone motif of Tagitinin C.

Having these reaction conditions in hands, we were interested in studying the Michael addition of a secondary amine to TC 1. A few secondary amines 14a-i were explored for this reaction. Interestingly, in the courses of these processes, the compound 7 was selectively isolated as a sole adduct, resulting from the addition of a secondary amine 14 to β position of α-methylene-γ-lactone substructure of Tagitinin C 1. Moderate to good yields ranging from 71-95% were obtained in the case of 14a-c and 14e-f amines. Only 30% yield was observed for diethylamine 14d. On the other hand, no conversion was detected when the reaction was performed with amines 14g-i, probably due to their steric hindrance (Scheme 11

). An example of NMR analysis of compound 15a, reaction between Tagitinin C and methylbenzylamine 14a, is presented in Table 4. As mentioned in the introduction part, the Michael addition reaction of amines to β position of α,β-unsaturated lactones motif of sesquiterpene lactones has been well documented.

However, in our studies, for the first time, a highly chemo and stereoselective Michael addition reaction of an amine to TC 1 containing in its structure an α-methylene-γ-lactone motif and two α,β-unsaturated ketone systems has been described. Using a primary amine, only amine adduct, resulting from addition to α,β-unsaturated ketone motif was observed, while a secondary amine reacted on α-methylene-γ-lactone substructure.

II.2.5 Michael addition of phosphonates and thiols to β position of α, β-unsaturated ketone motif of Tagitinin C

In a continuation of our research on the SAR studies, we next decided to develop the Michael addition reaction of some others nucleophiles such as phosphonates and thiols to TC 1. For this purpose, 6 phosphonates more or less hindered and 2 thiols were chosen as reagents.

The results obtained were presented in Scheme 12 and Scheme 13.

Scheme 12: Phospha-Michael addition reaction of phosphonates 16a-f to TC 1.

In the case of phosphonate nucleophiles, the reaction did not work at all under standard conditions (Et3N, 0°C, 1.5h in DCM). On the other hand, when DBU was used as the basic catalyst instead of Et3N, full conversions were observed in all cases. In these conditions, phospha-Michael adducts 2 were isolated in good yields ranging from 77-99% (Scheme 12). Again, the addition of phosphonates to TC 1 proved to be very highly chemo-, regio-and stereoselective as only adduct, resulting from addition of phosphonate to β position of α,βunsaturated ketone 1,3-motif of TC 1, was detected as previously observed in the case of a primary amine.

In the same way, aromatic and aliphatic thiols 18a-b were added selectively to TC 1 without complication under standard reaction conditions leading to the formation of expected products 19a-b in excellent yields (Scheme 13).

Scheme 13: Thia-Michael addition reaction of thiols 18a-b to TC 1.

The structures of all these molecules as well as their relative and absolute configurations of stereocenters were clearly determined by organic physical chemical analysis methods (see experimental section for full details).

To sum up, we have developed an efficient procedure for the synthesis of Tagitinin C derivatives via a highly chemo-, regio-and stereoselective Michael addition reaction of amines, phosphonates and thiols. These compounds were obtained in very good yields under mild reaction conditions. These Tagitinin C derivatives were next evaluated for their biological activities.

II.3 Synthesis of TC derivatives by Heck coupling reaction.

In continuing of our structure-activity relationship studies, some new TC derivatives were synthesized while retaining the α-methylene-γ-lactone function which is responsible for the biological activity of the TC structure as indicated in literature 53 . Addition of aromatic entity could be carried out via a Heck coupling reaction.

For this purpose, the Heck coupling of α-methylene-γ-butyrolactone 20 and 4-iodotoluene 21 was chosen as model reaction (Scheme 14). A brief literature study enabled us to choose Pd(OAc)2/ P(o-tol)3 as the catalytic system and DMF as solvent for our Heck coupling reaction study 52 . Some parameters such as base, temperature and time were optimized and the significant results were summarized in Table 5. As we can observed, the Heck coupling reaction of α-methylene-γ-butyrolactone and 4iodotoluene worked well leading to the formation of expected product in good yields. Et3N and Cs2CO3 were found to be the best bases for this reaction (Entries 4 and 5). In these conditions, the Heck coupling product 22 was isolated in quantitative yield.

Scheme 14. Heck coupling reaction with model substrates

With these results in hand, we decided to develop the Heck coupling reaction between TC 1 and 4-iodotoluene 21a in the best reaction conditions previously described, namely, Pd(OAc)2/ P(o-tol)3 (7 mol% / 28 mol%), Et3N (2.5 mol%) at 120 °C for 20 h in DMF (Scheme 15). Unfortunately, no conversion was detected. TC was entirely decomposed. The reaction did not work at all when using Cs2CO3 as base in the reported reaction conditions. However, TC reacted with 4-iodotoluen leading to the formation of expected product when the reaction was performed in the presence of Tetrabutylammonium bromide (TBAB) as additive. Some optimizations were carried out and the significant results were presented in As indicated in Table 6, the Heck coupling reaction between TC and 4-iodotoluen worked better in the presence of 1 equiv. of TBAB. The best result obtained was presented in Entry 6. Under these reaction conditions, the Heck coupling product 23a was isolated in 51% yield. Using these conditions, TC reacted with 1-iodo-4-methoxybenzene to give 23b in 60% yield (Scheme 16).

Scheme 16. Heck coupling reaction of TC

The structure of these TC derivatives 23 was confirmed by 1 H-NMR, 13 C-NMR, COSY, HSQC, HMBC and Mass spectrum and was presented in details in experimental section.

II.4 Structure-Activity Relationship studies

We first tested the cytotoxic activity at 1µM of TC 1 and seven of its derivatives against three human cancer cell lines (human breast cancer cells MCF-7, multi-resistant human breast cancer cells MCF7-MDR, pancreas cancer cells MiaPaCa-2) and on a normal cell line (human embryonic kidney cells HEK-293) as control. The cell viability was measured after 72h of incubation at a concentration of 1 µM for each compound. As shown on Figure 15, the new derivatives showed quite the same activity than TC 1 on each cell line except for the phosphonate derivative 17a that showed very slight or no cytotoxicity whatever the cell line. In regard to the cell line, the new synthesized molecules and TC 1 were not active on MCF-7-MDR. This was not surprising as this cell line is one of the most resistant to drugs. Nonetheless, breast cancer cells were not very sensible to this family of compounds as the survival of cell is ranging between 52 and 80 % at a concentration 1µM.

The most sensitive cell line was the pancreatic one (MiaPaCa-2) as more than 80 % of cancerous cells did not survive after 72h of incubation. Moreover, at the tested concentration, the new derivatives were more cytotoxic than the parent drug TC 1 (22 % cell viability for TC 1 versus 6.6 % to 21 % for the new compounds). For this second study, we chose two fixed concentration of 500 and 250 nM of drugs to evaluate their cytotoxicity. At 250 nM, all the tested compounds exhibited a lower or similar cytotoxicity on MiaPaCa-2 compared to TC 1 and the survival of cells ranged from 60.6% to 99.5%. Nevertheless, this concentration is not relevant as the observed inhibition are low. At 500 nM (Table 7), the results are more significant as the survival of MiaPaCa-2 cells is between 21.3% (13b) and 90.2% (17a).

Aza-Michael adducts 11a-f obtained with primary amine, exhibited moderate cytotoxic activities compared to TC 1 except for 11e, bearing a cyclopentyl group (only 27.6% of cell survival). Surprisingly, the structurally similar cyclohexyl adduct 11d was the less active compound of the series. Moreover, the very bulky adamantanyl derivative 11f seems to have a negative effect on cytotoxicity. In this type of adducts, introduction of one (11a, 11b) or more (11c) aromatic moieties in TC 1 structure provoked a decrease in the biological activity.

A) B)

C) D) The second family of adducts studied was issued from the aza-Michael addition of primary β-aminoalcohols 13a-e or silylated amino alcohol 13h-l. These compounds exhibited more potent activities on MiaPaCa-2 cell survival. In this series, the most cytotoxic compounds were 13b and 13c bearing respectively a benzyl or a methyl moiety at the α-position in regard to the reactive amine (21.3% and 23.1% cell survival respectively.). Comparing the cytotoxicity of 13c (methyl) with 13d (isopropyl) and 13a (phenyl), it seems that the enhancement of steric hindrance near the amine function has a negative effect on biological activity. The introduction of silica atom in our case did not enhance biological activity as most of the sililated derivatives are less active than their non sililated counterpart (13a/13h; 13b/13i; 13c/13j), suggesting a potential interaction between the hydroxyl group of the molecule and the cellular target of the drug.

In regard to the adduct 15a, obtained by addition of N-methylbenzylamine to the αmethylene-γ-lactone motif of TC 1, the biological activity was much lower than that observed with TC 1 (70.9% vs 36.7% cell survival respectively). Adding a hydroxyl moiety on this structure (N-hydroxymethylbenzylamine 15b), restored partially the biological activity (50.3% cell survival). This observation was in agreement with the enhancement observed with adducts obtained from primary β-aminoalcohols. Nevertheless, this alcohol moiety does not restore a good biological activity. Regarding the cyclic secondary amine 15c, the cytotoxicity observed with this compound was similar to the TC 1's (33.0% vs 36.7% cell survival respectively).

Finally, phospha-Michael and thio-Michael adducts gave rise to inactive molecules whatever the substitutions of phosphonates or thiols (17a, 17c, 17f, 19a, 19b). This confirmed the previously observed results on different cell lines.

The selectivity index (SI) is the ratio of MiaPaCa-2 survival on HEK survival and represents the selectivity of the cytotoxicity of a compound against cancerous cells compared to normal cells. The best selectivity index is obtained for compound 11a. Despite its moderate cytotoxicity on MiaPaCa-2, 11a is one of the most interesting compounds as its toxicity on normal cell is low. The IC50 of this compound was then evaluated on MiaPaCa-2 cell line (Figure 16). As expected, the IC50 of 11a is slightly worse than that of TC 1 (0.74 µM vs 0.36 µM respectively) but remained in the same order of magnitude. 

II.5 Conclusion

We have described, for the first time, the highly chemo-, regio-and stereoselective Michael addition reaction of amines, phosphonates and thiols to Tagitinin C. The new Tagitinin C derivatives were successfully synthesized in very good yields under mild reaction conditions. Using a primary amine, a phosphonate or a thiol, only Michael adduct, resulting from addition to α,β-unsaturated ketone motif was observed, while a secondary amine reacted on α-methylene-γ-lactone substructure of Tagitinin C.

During this work, we have also described the first Heck coupling reaction between Tagitinin C and iodoarenes. The reaction worked smoothly leading to the formation of expected products in moderate yields. Some other TC derivatives were considered, however, lack of time, they could not be synthesized. Next, TC and its derivatives have been evaluated for biological activity. Regarding the biological part of the study, we did not manage to improve significantly the cytotoxicity of TC 1 by introducing new moieties by Michael addition. Nevertheless, the biological activities of the new compounds remain in the same order than the parent molecule Tagitinin C. Moreover, compounds 13a, 13b, 13c, 13d and 13e presented an enhanced solubility in water that could improve the bioavailability of compounds and/or their pharmacological profiles. By lack of time, all two TC derivatives 19 obtained by Heck coupling reaction were not evaluated for their biological activity.

CHAPTER III: PREPARATION AND CHARACTERIZATION OF TAGITININ C LOADED ON GRAPHENE III.1 Literature

Graphene oxide (GO), a kind of famous two-dimensional (2D) advanced material, exhibited remarkable biological and physical properties, such as excellent biocompatibility and solubility, super-structural stability, high drug loading amount, and controlled drug release behavior 54 . These advantages allowed GO to be a biological vector for medical imaging and drug delivery. The existence of oxygen-rich groups such as carboxyl, hydroxyl, and epoxy functions at the surface enabled the stable GO suspension in pure water 55 . Therefore, GO owing to their extremely high specific surface area and possessing active functional groups are able to interact with various drug molecules such as doxorubicin (DOX) 56 , camptothecin (CPT) 57 , 5-fluorouracil (5-FU) 58 and Ibuprofen 59 . Among them, common anticancer drugs have received the most attention for exploiting both π-π stacking and hydrogen bonding interactions with graphene derivatives.

Graphene quantum dots (GQDs) are graphene blocks with two-dimensional (2D) transverse size (less than 100 nm) which have excellent chemical, physical, and biological properties.

GQDs consist of only one atomic layer of carbon atoms. However, most of the synthesized GQDs also contain functional groups like oxygen, hydrogen and have multiple atomic layers with sizes around 10nm. Due to its small size, GQDs has a better prospect in biomedical applications than graphene or graphene oxide (GO). As a member of graphene family and carbon-based nanomaterials, GQDs have a number of advantages over other nanoparticles in the application of drug delivery due to their low toxicity, large surface/volume ratio and their massive capabilities of surface functionalization. When compared to other traditional nanoplatforms, such as polyethylene glycol (PEG), GQDs may provide more bonding sites for chemotherapeutic conjugation and improved cell uptake ability 60 . Compared with quantum dots (QDs) of similar size, GQDs exhibit superior properties such as quantum confinement effects, ability for simultaneous tracking due to their tunable photoluminescence (PL) but relatively lower toxicity due to the lack of heavy metal components 61 .

Recently, many studies on functionalization of graphene oxide using folic acid 62 , chitosan 63 , polyethylene glycol (PEG) 64 and loaded anti-cancer drug on this material. For examples, researchers synthesized the carboxymethyl cellulose-modified graphene oxide (GO-CMC) complex as a drug carrier matrix, which further bonded to small molecule doxorubicin hydrochloride (DOX) by bond interaction and hydrogen bonding. The nanocarrier exhibited a controllable drug release capacity without obvious cytotoxicity [55] . Another GO nanocarrier for the diagnosis of renal dysfunction was designed by Li et al. Ag nanoparticles (AgNPs) were synthesized on the surface of GO to promote its X-ray absorption, and simvastatin was further simultaneously introduced to eliminate the toxicity of AgNPs. Their results revealed that GO/AgNPs could enhance the signals of computed tomography (CT) in the lung, liver, and kidney of mice for a long circulation time and the presence of simvastatin ensured in vivo safety 65 . Also, the glycosylated chitosan/graphene oxide/doxorubicin (GC-GO-DOX) nanocarrier drug delivery system for cancer therapy was designed and synthesized. Their results revealed that the system had obvious tumor inhibition effects 66 . Da Xing et al. showed that dihydroartemisinic (a sesquiterpene lactone) and graphene oxide composites were successfully synthesized after activation of carboxyl group of graphene oxide 67 and bioactivity of dihydroartemisinic and graphene oxide were found to be higher than that of graphene oxide and dihydroartemisinic alone.

Drug loaded on graphene quantum dots have been also investigated in recent years. Zhang, et al. demonstrated that graphene materials can be loaded with aromatic ring-containing hydrophilic anticancer drug such as doxorubicin (DOX) and calprotectin (CPT) with ultrahigh efficiency 68 . Hydrophobic drug loaded on graphene were also investigated.

Palmiri reported that curcumin loaded on graphene derivatives showed highly effective antibacterial and anticancer activity compared to graphene and curcumin alone 69 . Recently, De et al. have studied the curcumin complex with graphene derivatives for breast cancer therapy 70 . However, to our knowledge, Tagitinin C loaded on graphene has not been reported so far.

We were interested in studying TC loaded on graphene oxide and graphene quantum dots. Biological activities of these TC-graphene complexes were then evaluated against three cancer cell lines HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells), and MCF-7 (Human breast adenocarcinoma cells). 

III.2 Results and discussion

Figure 17. FT-IR of GO-TC composites at different solvents

The FT-IR spectrums of GO-TC composites with difference solvent were shown in Figure 17. In the case of GO, it was observed that the strong signals were located at 3215 cm -1 (ν OH), 1712 cm -1 (ν C=O), 1643 cm -1 (ν C=O of CO2H and ν C=C) ,1168 cm -1 (ν C-OH), and 1039 cm -1 (ν C-O-C epoxide). For Tagitinin C, the peak at 3464 cm -1 is related to the O-H band. The sharp peaks at 1764 cm -1 , 1732 cm -1 , 1653 cm -1 are assigned to the C=O bond of the lactone, ester and α,β-unsaturated ketone groups, respectively. Figure 19 a showed the FT-IR spectra of GO-TC synthesized with different solvents. In the FT-IR, the synthesized GO-TC spectra using DMF as solvent, the peaks at 1712 cm -1 and 1415 cm -1 , 1083 cm -1 were disappeared whereas the peak at 1643 cm -1 was retained indicating oxygen atomescontaining functional groups reacted with hydrogen atoms from OH in Tagitinin C in DMF.

In the FT-IR spectra of GO-TC synthesized using EtOH as solvent, the peak at 1712 cm -1 is still present and all the peaks in the product are similar with that of GO alone. observed, the intensity of peak at 1712 cm -1 increased whereas that of peak at 1643 cm -1 decreased with the increasing of reaction temperature. This behavior can be explained that, the hydrogen bonding between GO and TC was broken at high temperature.

b)

Synthesis of Tagitinin C (TC) loaded on Graphene Quantum dots (GQDs) Using the same method for the synthesis of GO-TC composites, Tagitinin C loaded on graphene quantum dots (GQDs-TC) was carried out with different solvents such as DMF and EtOH (Scheme 18).

Scheme 18. Tagitinin C (TC) loaded on Graphene Quatum dots (GQDs)

The information of Tagitinin C on the surface of graphene quantum dots was confirmed by FT-IR spectra. The FT-IR spectra of GQDs, TC and GQDs-TC products were shown in Figure 20. 

Figure 20. FTIR of TC loaded on Graphene quantum dots

In the FT-IR spectrum of GQDs the broad peak at 3257 cm -1 corresponds to the stretching vibrations of the O-H group. In addition, the peaks at 1645 cm -1 and 1548 cm -1 are related to C=O group (ketone) and C=C, respectively. The peaks at 1386 cm -1 and 1043 cm -1 are attributed to C-O bonds. No information of TC was observed in FT-IR of GQDs-TC composites. It indicated that there is no attachment between GO and TC using DMF or EtOH as solvents. For TC, the peak at 3464 cm -1 is related to the O-H band. The sharp peaks at 1764 cm -1 , 1732 cm -1 , 1653 cm -1 are assigned to the C=O bond of the lactone, ester and α,β-unsaturated ketone groups, respectively. We observed the peak at 1761 cm -1 corresponds to the formation of carboxylate function by esterification between hydroxyl group of TC and carboxyl group of GDQs-COOH, and the peak 1720 cm -1 related to ester function in Tagitinin C. This result indicated that the TC is successful loaded on the surface of GQDs via activation of carboxyl function. Graphene oxide was firstly functionalized by oxidative cleavage using H2O2, followed by epoxide opening and by addition of 2,2'-(ethylenedioxy) bis(ethylamine) to carbonyl function leading to the formation of imine bearing a free amine function GO-EBE. 72 Tagitinin C was then loaded on functionalized graphene oxide by Michael addition reaction of free amine function of GO-EBE to α,β-unsaturated ketone of TC using standard reaction conditions as reported in chapter 2, namely employing Et3N as a catalyst, to afford GO-EBE-TC composite (Scheme 21). GO-EBE-TC structure was confirmed by FTIR, TEM, XPS, UV-vis, PL analysis methods. Figure 27 showed photoluminescence spectra (PL) of TC, GO-EBE, GO-EBE-TC further ascertain the interaction between TC and GO-EBE. It was found that, the excellent PL intensity of GO-EBE exhibited at an emission wavelength of 533 nm, whereas TC alone had light PL intensity at an emission wavelength of 672 nm. In the PL spectra of GO-EBE-TC composite, the intensity of peak at 533 nm is lower than that of GO-EBE, and a small peak was presented at 667 nm with an ~ 6 nm shift compared with the peak for TC only, indicating the presentation of TC in the composite. 

III.2.2 Synthesis of

III.2.3 Synthesis of

2,2'-(ethylenedioxy) bis(ethylamine) (GQDs-EBE-TC).

Using the same strategy previously reported, the synthesis of Tagitinin C loaded on functionalized graphene quantum dots is presented in Scheme 22.

Scheme 22. Tagitinin C loaded on graphene quantum dots (GQDs-EBE-TC)

FT-IR experiments were performed to understand the loading of TC on graphene quantum dots after functionalization of GQDs by EBE. The FT-IR spectrum of the GQDs, EBE, GQDs-EBE, GQDs-EBE-TC and TC are shown in Figure 28. In the FT-IR spectrum of GQDs the broad peak at 3257 cm -1 corresponds to the stretching vibrations of the O-H group. Peaks at 1645 cm -1 and 1548 cm -1 are related to C=O and C=C functions respectively. The peak at 1386 cm -1 and 1043 cm -1 are attributed to C-O bonds. In the case of TC, the peak at 3464 cm -1 is related to the O-H band. The sharp peaks at 1764 cm -1 , 1732 cm -1 , 1653 cm -1 are assigned to the C=O bonds of lactone, ester and α,β-unsaturated ketone groups, respectively. GQDs-EBE shows the new peak located at 1091 cm -1 corresponds to C-O-C stretching function in GO-EBE. For the GQDs-EBE-TC, it was observed that the signals located at 1772 cm -1 , 1720 cm -1 (ν C=O) and 1016 cm -1 correspond to the C=O bond of the lactone, ester and C-O-C epoxide of Tagitinin C, respectively. The strong peak located at 1624 cm -1 and 1097 cm -1 presence C=O groups (CO2H) of graphene and C-O-C stretching 57 function. It showed that the Tagitinin C was successfully connected with amine on graphene quantum dots. 

GQDs-EBE-TC Transmission electron microscopy (TEM) image of GQDs-EBE and GQDs-EBE-TC was

showed in Figure 29. It was observed that GQDs-EBE exhibit a spherical/ellipsoidal morphology with a uniform size distribution. In the TEM image of GQDs-EBE-TC composite revealed larger diameter than that of GO-EBE. It may indicate that TC cover the small size of GO-EBE and form larger nanoparticles.

GQDs-EBE

GQDs-EBE-TC

III.3 Biological activity studies

Cytotoxic activity at 50 µg/ml and IC50 of these composites were evaluated against three cancer cell lines (HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells), and MCF-7 (Human breast adenocarcinoma cells) (Table 8). The lowest cytotoxic compounds were GO and GQDs bearing 3.24%-9.06% and 40.26%-58.80% cell inhibition, respectively. TC shows the highest cytotoxic at 95.84%, 99.54%, and 100.00% cell inhibition against A549, MCF-7 and HGC-27, respectively. In the composite of TC and graphene (GQDs-EBE-TC, GQDs-DD-TC, GO-EBE-TC and GO-DD-TC), the cytotoxicity observed with these compounds were similar to the TC alone. Table 8 also shows the IC50 of GO, GQDs, TC, GO-EBE-TC, GO-DD-TC, GQDs-EBE-TC and GQDs-DD-TC against these three cancer cell lines. The cytotoxicity of a compound is lower when its IC50 is higher. The results in Table 8 show that TC loaded on graphene exhibited lower cytotoxic than TC alone. These behaviors can be explained by the fact that bioactivity was covered by graphene (GQDs, GO). The IC50 of GQDs-EBE-TC is similar to that of GO-EBE-TC in all three-cancer cells, and the IC50 of GQDs-DD-TC is slightly lower than that of GO-DD-TC in all three-cancer cells. This can be explained by the size of these compounds, the diameter of GQDs-EBE-TC is similar to that of GO-EBE-TC, while the diameter of GQDs-EBE-TC is smaller than that of GO-DD-TC.

III.4 Conclusions

In this part of studies, tagitinin C loaded on graphene has been studied for the first time. We observed that there is no combination between GO and TC in the synthesized composites when the reaction was carried out using DMF or EtOH as solvents. However, tagitinin C was well presented on the surface of graphene after esterification by activation of carboxyl group or by functionalization of graphene. The biological activity of these composites was tested to compare with TC alone. In general, graphenes (graphene quantum dots and graphene oxide) do not improve the cytotoxicity of Tagitinin C in these composites.
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CHAPTER IV: PREPARATION, CHARACTERIZATION AND BIOLOGICAL

STUDIES OF VINBLASTINE LOADED ON GRAPHENE QUANTUM DOTS IV.1 Literature

According to WHO, cancer is the second leading cause of death in the world behind diseases cardiovascular. Globally, approximately 19.3 million new cases of cancer have been reported and 10 million people died in 2020 73 . There are now several techniques to fight against different cancers such as surgery, chemotherapy, radiotherapy, immunotherapy… These treatments can be used alone or associated with each other. Among them, chemotherapy plays a vital role. Chemotherapy is a drug-based approach that aims to destroy cancer cells or slow their growth. However, chemotherapy drugs are so-called systemic treatments therefore generalized to the whole body. The action of the drug does not limit to cancer cells but also affects healthy cells. Thus, many side effects are observed [START_REF]Traitements Du Cancer | Fondation Contre Le Cancer[END_REF] .

Vinblastine (Vin) is one of drugs used for chemotherapy. It is an indole alkaloid obtained from Madagascan periwinkle plant, Catharanthus roseus (Family Apocynaceae), formerly called Vinca rosea L. Vinblastine is used as a chemotherapy drug for Hodgkin's disease and various cancer such as, ovarian cancer, non-Hodgkin's lymphomas, breast cancer, head and neck cancer, Kaposi's sarcoma, renal cell cancer, and testicular cancer. Vinblastine has a high economic value and is expensive, however its production is limited in low quantities [START_REF] Ribatti | [END_REF] .

Like other chemotherapy agents, Vinblastine has several drawbacks, such as non-specific selectivity for cancerous tissue, poor water solubility, low local therapeutic concentration, and side effects on healthy cells. To overcome these shortcomings, researchers have developed numerous strategies, such as Vinblastine modification, bioconjugate and drug delivery systems which enhance therapeutic effects and reduce toxicity. Aspland S.E. et al.

modified Vinblastine with thymidine to form a thymidine-vinblastine bioconjugate, a bifunctional molecule comprising a microtubule-binding agent and a substrate for a diseaseassociated kinase. 76 The results showed that fluorescent conjugates of thymidine accumulate in cell in a manner consistent with kinase-mediated trapping that is the first account of this type of trapping of cancer therapeutics. Vlahov I.R. et al. prepared folic acid-vinblastine conjugates to specifically bind to folate receptor overexpressed tumors. 77 Dandamudi et al.

made magnetic nanomaterials by incorporating cationic liposomes for tumor vascular targeting. These composite particles can specifically kill vessel cells 78 .

Nanobiotechnology is a potential use of nanomaterials as drugs for cancer therapy in recent years. Carbon nanostructure exhibits favorable biocompatibility with low toxicity, excellent physical properties, surface susceptible to modification, improved multifunctionality, and compatibility with conventional graphene technology. A new type of carbon nanostructure, graphene quantum dots (GQDs) has been emerging as promising materials for biomedical applications. They are being extensively investigated for cellular imaging and drug delivery due to their high intrinsic fluorescence, high photostability, low toxicity, large surface area, in addition to being rich in delocalized π electrons with a variety of adjacent functional groups including carboxyl, hydroxyl, carbonyl, and epoxy groups. These characteristics offer enormous potential for GQDs as a drug delivery platform through ππ interactions and oxygen group functionalization.

It is recently demonstrated that GQDs could be loaded with aromatic ring-containing anticancer drugs such as doxorubicin (DOX) and camptothecin (CPT). In addition, the study of a cancer therapy using ultra hydrophobic drug-loaded graphene derivatives base on the number of oxygen-containing functional groups was also represented by loading curcumin on graphene derivatives 81 . However, the composite of Vinblastine and graphene quantum dots as a prominent antimitotic drug like CPT and DOX for cancer treatment has not studied yet.

In the present work, we will study the loading of Vinblastine on GQDs and GQDsM (Modification of GQDs with targeting moieties as arginine-glycine-aspartic (RGD), and compare their biological effects with GQDs and Vinblastine alone.

IV.2 Results and discussions

The GQDs-Vin composites were prepared by a simple and easy method in which Vin was attached on the surface of GQDs. the GQDs-Vin composites were low side effects to normal heathy cell and higher efficacious as cancer therapeutics than GQDs and Vin alone. FTIR experiments, further, were performed to confirm the binding between graphene quantum dots and Vinblastine. The FTIR spectra of GQDs, GQDs-Vin and Vin are shown in Figure 32. In the FTIR spectrum of GQDs, the broad peaks at 3257 cm -1 corresponds to the stretching vibration of the O-H group. In addition, the peaks at 1645 cm -1 and 1548 cm - 1 are related to C=O group and C=C, respectively. The peaks at 1386 cm -1 and 1043 cm -1 are attributed to C-O bonds. In the FTIR spectrum of Vin, the assignments of bands are as follows: 3356 cm -1 (O-H group), 2968 cm -1 (N-H stretch of indole ring), 2883 cm -1 (methylene C-H stretching vibrations), 1722 cm -1 (stretching vibration of ester C=O), 1614 cm -1 (lactam C=O), 1498 cm -1 , 1458 cm -1 and 1433 cm -1 (aromatic C=C), 1230 cm -1 (C-O-C) 84 There is no difference in the GQDs-Vin composites with different times and temperatures (Figure 32 b andc). Figure 32 d showed that in the comparison the intensity of peak at 1662

(a) (b) (c) (d) 
cm -1 (C=O of GQD) and peak at 1726 cm -1 (C=O of Vin), the intensity of peak at 1662 cm -1 decreased when the weight of Vin increased in the composites. Figure 33 showed the UV-vis spectra of GQDs, GQDsM, GQDsM-Vin and Vin. It was shown that the peak at 238 nm was shifting to 264 nm, indicating the presence of RGD giving maybe information that modification of GQDs was performed 72 . There is a peak at 264 nm relative to the main peak of Vin, and no more peak at 348 nm in the spectrum of GQDsM-Vin. This behavior is similar with GQDs-Vin, maybe showed that the formation of composite GQDsM-Vin is well obtained. 

IV.3 Bioactivity of Vinblastine loaded on graphene quantum dots

The cytotoxicity of GQDs, Vin and their composites GQDs-Vin (with different weight ratios GQDs:Vin = 1:1, 1:3 and 1:5) were monitored at the concentration range 0 to 50 µL on six cancer cells Hela (Cervical cancer cells), HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells), CCF-STTG1 (Human Brain Astrocytoma) and normal cell (Vero) (Figure 36). The results in Figure 36 a-d showed that, the cytotoxicity of GQDs-Vin composites is higher than that of GQDs, Vin alone against Hela (Cervical cancer cells), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells) and CCF-STTG1 (Human Brain Astrocytoma). In GQDs-Vin composites, the cytotoxicity of GQDs-Vin increased with the increasing content of Vin in all weight ratios of GQDs and Vin. In Human breast adenocarcinoma cells, the cytotoxicity of GQDs-Vin (1 :3) is slightly higher than that of other composites. The cytotoxicity of GQDs is the highest against Human Stomach carcinoma cell compare with Vin and GQDs-Vin composites. However, the cytotoxicity of GQDs-Vin is still higher than that of Vin alone (Figure 36 e). In the normal cell (Vero), Vin showed the best cytotoxicity effect, whereas no cytotoxicity effect of GQDs was observed on this cell. This may reduce the cytotoxicity of the GQDs-Vin composites compare with Vin alone (Figure 36 f).

The mean growth-inhibitory concentrations (IC50) of these samples were also analyzed against Hela (Cervical cancer cells), HGC-27 (Human Stomach carcinoma cell), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells) and CCF-STTG1 (Human Brain Astrocytoma). The IC50 of samples decreased as long as their cytotoxicity activity increased. The results are shown in Table 9. It was found that, with Human lung adenocarcinoma epithelial cells (A549), GQDs showed the IC50 values very low of 44.11 µg/ml and the IC50 of Vin is 9.91 ng/ml. The cytotoxicity is significantly increased in the composites of GQDs-Vin (1:5), GQDs-Vin (1:3) and GQDs-Vin (1:1) with the IC50 values of 5.82 ng/ml, 8.35 ng/ml, and 9.37 ng/ml respectively.

Table 9 also showed IC50 value of GQDs is higher 50µg/ml with Hela, MCF-7 and CCF-STTG1. It means that GQDs have no cytotoxicity with these cancer cells. The IC50 values of GQDs-Vin composites is lower than that of Vin alone with Hela, MCF-7 and CCF-STTG1, respectively. The decreased of IC50 value (or the increased the cytotoxicity) of GQDs-Vin composite can be explained by high surface area of GQDs. Moreover, there is no cytotoxicity of Vin with Human Stomach carcinoma cell (HGC-27) (IC50 > 50µg/ml), whereas IC50 of composites is the same as that of GQDs alone. We observed also the IC50 of the GQDs-Vin composites are higher than that of Vin alone with normal cell (Vero), this means that the cytotoxicity of the GQDs-Vin composites is lower than Vin with normal cell.

Therefore, the cytotoxicity of GQDs-Vin composites is much higher that of Vin and GQDs alone with cancer cell, but the cytotoxicity of GQDs-Vin composites is much lower that of Vin with normal cell. It may be indicated that the synergistic effect of vinblastine and graphene quantum dots in theirs composites. To evaluate and compare the invitro cytotoxicity of the composites, we also analyzed the effects of GQDsM, GQDsM-Vin and Vin on the mean growth-inhibitory concentrations (IC50) of HGC-27 (Human Stomach carcinoma cell), and A549 (Human lung adenocarcinoma epithelial cells). The results are shown in Table 10. There is no cytotoxicity of Vin with Human Stomach carcinoma cell (HGC-27), whereas the IC50 of GQDsM is 25.09 µg/ml which is lower than that of GQDs. The cytotoxicity is increased in the composites of GQDsM-Vin with the IC50 values of 42.61 µg/ml compare with Vin alone.

It was found that, with Human lung adenocarcinoma epithelial cells (A549), the GQDs, and GQDsM showed the IC50 values very low of 44.11 µg/ml 20.78 µg/ml, respectively and the IC50 of Vin is 9.91 ng/ml. The IC50 of GQDsM-Vin exhibited the highest cytotoxicity toward A549 cell with an IC50 of 1.57 ng/ml which is at least ≈ 6.3-fold lower than that of Vin alone. These results indicate that GQDsM improved the cytotoxicity of Vin in their composites. 

IV.4 Conclusions

Vinblastine was successfully loaded on the graphene quantum dots. It shows that there is no difference in the GQDs-Vin composites with different times and temperatures in FTIR spectra. The intensity of peak at 1662 cm -1 (C=O of GQD) is decreased when the content of Vin increased in the GQDs-Vin composites. The information of modification GQDs (GQDsM) was observed and the formation of Vin in the composite GQDsM-Vin was obtained.

The IC50 of GQDs-Vin composites is lower than that of Vin alone with Hela (Cervical cancer cells), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells) and CCF-STTG1 (Human Brain Astrocytoma), whereas the cytotoxicity of the composites decreased with normal cell (Vero). There is no cytotoxicity of Vin with Human Stomach carcinoma cell (HGC-27), but in the composites of GQDs-Vin, the IC50 decreased as the same with that of GQDs alone. It may be indicated the synergistic effect of vinblastine and graphene quantum dots in theirs composites for anticancer cell. The IC50 of GQDs-M-Vin exhibited the highest cytotoxicity toward A549 cell with an IC50 of 1.57 ng/ml which is at least ≈ 6.3-fold lower than that of Vin alone.
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GENERAL CONCLUSION

This work focused on the preparation of new Tagitinin C derivatives and loading of Tagitinin C and Vinblastine on graphene. Evaluation of biological activities of these new compounds were studied on different cancer cell lines.

In the first part of my PhD work, we described the extraction and isolation of Tagitinin C from T. diversifolia by fast extraction method using dichloromethane as solvent. The structure of isolated Tagitinin C was confirmed by physical-chemical analysis methods such as FTIR, 1 H-NMR, 13 C-NMR (COSY, HSQC, HMBC) and ESI-mass spectrometry method.

These analysis data are the same with that reported in literature. The 95% purity of Tagitinin C was measured by HPLC analysis

In the second part, we have described for the first time the highly chemo-, regio-and stereoselective Michael addition reaction of amines, phosphonates and thiols to Tagitinin C.

Good yield and very high selectivity was observed under mild reaction conditions. Using a primary amine, a phosphonate or a thiol, only Michael adducts, resulting from addition to α, β-unsaturated ketone motif was observed, while a secondary amine reacted on αmethylene-γ-lactone substructure of Tagitinin C.

We have also described the first example of Heck coupling reaction of Tagitinin C with iodoarenes. These reactions worked without complication leading to the formation of expected products in moderate yield. Some optimization should be performed to increase yield and substrate scope could be studied.

Although, we did not manage to improve significantly the cytotoxicity of these new Michael adducts, nevertheless, the biological activities of the compounds remain in the same order than the parent molecule Tagitinin C. Moreover, amino alcohols derived from Tagitinin C presented an enhanced solubility in water that could improve their bioavailability and/or their pharmacological profiles.

In the third part of this work, we have reported the loading of Tagitinin C on graphenes. It indicated that there is no loaded TC based--graphene by using a simple mixing method. The Tagitinin C was observed on the surface of graphene after activation of carboxyl function and functionalization of graphene using diamine. Biological activities of these composites were tested to compare with TC alone. Graphenes (graphene quantum dots and graphene oxide) do not improve any cytotoxicity of Tagitinin C in Tagitinin C-graphene composites.

In the last part of this project, we have developed for the first time Vinblastine loaded on graphene quantum dots in order to better understand the effects on biological activities when loading an anticancer drug on graphene. Vinblastine information was observed in the GQDs-Vin composites. The IC50 of GQDs-Vin composites is lower than that of Vin alone with Hela (Cervical cancer cells), A549 (Human lung adenocarcinoma epithelial cells), MCF-7 (Human breast adenocarcinoma cells) and CCF-STTG1 (Human Brain Astrocytoma), whereas the cytotoxicity of the composites decreased with normal cell (Vero). There is no cytotoxicity of Vin with Human Stomach carcinoma cell (HGC-27), but in the composites of GQDs-Vin, the IC50 decreased as the same with that of GQDs alone. It may be indicated the synergistic effect of vinblastine and graphene quantum dots in theirs composites for anticancer cell. The IC50 of GQDs-M-Vin exhibited the highest cytotoxicity toward A549 cell with an IC50 of 1.57 ng/ml which is at least ≈ 6. Bien que nous n'ayons pas réussi à améliorer de manière significative la cytotoxicité de ces nouveaux adduits de Michael, néanmoins, les activités biologiques de ces composés restent dans le même ordre que la molécule mère Tagitinine C. De plus, les alcools aminés dérivés de la Tagitinine C ont présenté une solubilité accrue dans l'eau qui pourrait ainsi améliorer leur biodisponibilité et/ou leurs profils pharmacologiques.

Dans la troisième partie de ce travail, nous avons décrit le chargement de Tagitinin C sur des graphènes. Il a indiqué qu'il n'y a pas de Tagitinine C chargée à base de graphène en utilisant une méthode de mélange simple. La Tagitinine C a été observée à la surface du graphène après activation de la fonction carboxyle et fonctionnalisation du graphène à l'aide de diamine. Les activités biologiques de ces composites ont été testées contre trois lignées cellulaires cancéreuses HGC-27 (cellule de carcinome de l'estomac humain), A549 (cellules épithéliales d'adénocarcinome pulmonaire humain) et MCF-7 (cellules d'adénocarcinome du sein humain) afin de comparer avec celles de la TC seule. Les graphènes (points quantiques de graphène et oxyde de graphène) n'améliorent aucune cytotoxicité de la Tagitinine C dans les composites Tagitinine C-graphène.

Dans le dernier chapitre, nous avons rapporté pour la première fois la Vinblastine chargée sur des points quantiques de graphène afin de mieux comprendre les effets sur les activités biologiques lors du chargement d'un médicament anticancéreux sur du graphène. Ainsi, la valeur d'IC50 des composites GQDs-Vin est inférieure à celle de Vin seule avec Hela (cellules de cancer du col de l'utérus), A549 (cellules épithéliales d'adénocarcinome pulmonaire humain), MCF-7 (cellules d'adénocarcinome du sein humain) et CCF-STTG1 (astrocytome cérébral humain), alors que la cytotoxicité des composites diminuait avec la cellule normale (Vero). Il n'y a pas de cytotoxicité de Vin avec des cellules de carcinome de l'estomac humain (HGC-27), mais dans les composites de GQDs-Vin, la IC50 a diminué de la même manière que celle des GQD seuls. L'IC50 de GQDs-M-Vin a présenté la cytotoxicité la plus élevée envers la cellule A549 avec une IC50 de 1,57 ng/ml qui est au moins ≈ 6,3 fois inférieure à celle de Vin seule.
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EXPERIMENTAL SECTION

NMR spectrum

Proton NMR spectra were recorded on Bruker 250, 360 or 400MHz spectrometers. Proton chemical shifts are reported in ppm (δ) relative to tetramethylsilane as internal reference (TMS, δ ppm= 0.0). J values are given in hertz (Hz). Carbon NMR spectra were recorded on Bruker 250MHz (62.9 MHz), 300 MHz (75.45 MHz) or 360MHz (90.6 MHz) spectrometers with complete proton decoupling. Flash column chromatography was performed using silica gel Merck (0.04-0.063μm). High-resolution mass spectra were obtained with a MAT95 Thermo-Finnigan spectrometer using electrospray analysis (ESI-MS).

All reactions were carried out in Schlenk tubes. All solvents were distilled from appropriate drying agents prior to use. All reagents are commercially available and were used without further purification except as indicated below.

Mass Spectrometry

High-resolution mass spectra were obtained with a MAT95 Thermo-Finnigan spectrometer using electrospray analysis.

Chromatography

TLC experiments were carried out in 0.25 nm thick silica gel plates Merck Kiesegel F254 and visualization was accomplished by UV light at 254 nm, phosphomolybdic acid solution, p-anisaldehyde or ninhydrin. Flash column chromatography was performed using silica gel Merck (0.04-0.063μm).

HPLC analysis was carried out on a P100 chromatography equipped an UV detector using AD-H, OD-H, OJ-H, IA, IB, IC chiral columns.

Mass Spectrometry

High-resolution mass spectra were obtained with a MAT95 Thermo-Finnigan spectrometer using electrospray analysis.

Chemicals

Graphene quatum dots (GQDs), Vinblasttine sulfate (Vin) were purchased from sigmaaldrich. Arginine-glycine-aspartic acid (RGD), 1-(3-9dimethyamino) propryl-3ethylcarbodiimide (EDC), and N-hydroxysuccinmide (NHS) were purchased from Sino-Pharm Chemical Reagent Co., Ltd, China.

Other reagents are commercially available from Acros, Aldrich, Alfa Aesar, TCI... and were used without further purification except as indicated in experimental procedures.

EXPERIMENTAL OF CHAPTER I Isolation of Tagitinin C from T. diversifolia

To isolate, purify a large amount of declomethane extracts were prepared from leaves of T. diversifolia as follows. The leaves of T. diversifolia were collected in Gia Lai, Viet Nam, in January 2017. Collected plant materials were dried and ground into powder. The leaves of T. diversifolia powder (500g) were extracted 3 times with 5L of diclomethane at room temperature for 5 min. The plant residue was filtered through a 10 µm filter-paper, and the diclomethane extracts were combined and concentrated under reduced pressure by a rotary vacuum evaporator. The diclomethane extracts of the leaves of T. diversifolia was named TDD. The dry extract (TDD) was re-suspended in MeOH/H2O (7/3), fllowed by partitioning with the same volume of n Hexane (3 -4 times) and Diclomethane (7 times), yielding two subfractions named TDD/CH2Cl2 (diclomethane -soluble fraction) and TDD/n-hexane (nhexane soluble fraction). A silica gel column (6×100cm) was packed using hexane solvent. TDD/CH2Cl2 (~12g) was coated with 10g of silica gel and then subjected to column chromatography on silica gel with successive elution by a hexane/AcOEt and AcOEt/MeOH gradient. Subfractions with the same TLC pattern were combined in to one fration, and thus, six fractions. (a): 0-10% ethyl acetate/n-hexane (E/H), (b) 10-30% ethyl acetate/n-hexane, (c) 30-50% ethyl acetate/n-hexane, (d)50-70% ethyl acetate/n-hexane, e 70-100% ethyl acetate/n-hexane, (f): 0-20% methanol/ ethyl acetate. The collected substance was then concentrated under 40 o C reduced pressure using rotary evaporator. Tagitinin C was observed in fraction 3 isolated as pale oil 3 .

Characterization of compounds

Tagitinin C (TC)

[α] 28 D = -187.5 (c=1.2, MeOH), pale oil. 

EXPERIMENTAL OF CHAPTER II

Synthesis of Tagitinin C derivatives by Michael addition reaction

General procedure for the synthesis of Tagitinin C amine derivatives.

To a solution of amine (1 equiv.), basic catalyst (trimethylamine or DBU) in dichloromethane (1.5 mL) at 0°C in maintaining the pH of 8-8.5 was added a solution of Tagitinin C (1 equiv.) in dichloromethane (1.5 mL). The mixture was stirred at 0°C or room temperature (22°C) in dark for the required time (see Table ). The reaction was monitored by TLC and NMR. After completion, water was added and the reaction mixture was extracted with dichloromethane (3×5ml). Solvent was evaporated under vacuum and the crude product was purified by filtration on silica gel. Yield: 91% (0.33 mmol, 154 mg), yellow pale oil.

(1S,3R,6R,7R,8R,E)-3-hydroxy-4,10-dimethyl-11-methylene-12-oxo-1-(((R)-1'phenylethyl) amino

[α] 28 D = -36.1 (c=0.1, MeOH) Reaction of Amino-diphenylmethane (0.45 mmol, 83 mg), Tagitinin C (0.45 mmol, 158 mg), in dichloromethane.

Yield: 89% (0.40 mmol, 213 mg), yellow pale oil.

[α] 28 D = -95.9 (c=0.1, MeOH)

1 H NMR (300 MHz, CDCl3) δ ppm 7. Yield: 76% (0.25 mmol, 112 mg), yellow pale oil.

, J = 3.0 Hz, 1H 38-7.22 (m, 10H, HAr), 6.25 (d 

(1S,6R,7R,8R,10S,E)-1-(cyclohexylamino)-3-hydroxy-4,10-dimethyl-11-methylene

[α] 28 D = -84.4 (c=0.1, MeOH) Yield: 74% (0.10 mmol, 52 mg), yellow pale oil.

(1S,3R,6R,7R,8R,E)-1-((1's,3R)-adamantan-1'-ylamino)-3-hydroxy

[α] 22 D = -82.0 (c=0.5, MeOH) Yield: 86% (0.37 mmol, 180 mg), yellow pale oil.

(1S,3R,6R,7R,8R,E)-3-hydroxy-1-(2'-hydroxy-1'-phenyléthyl)amino)-4,10-dimethyl

[α] 28 D = -49.1 (c=0.1, MeOH) Yield: 76% (0.50 mmol, 227 mg), pale oil.

(1S,3R,6R,7R,8R,E)-3-hydroxy-1-(1'-hydroxy-3'-méthylbutan-2'-yl)amino

[α] Yield: 91% (0.42 mmol, 251 mg), yellow pale oil.

[α] 28 Reaction of Piperidine (0.17 mmol, 15 mg), Tagitinin C (0.17 mmol, 59 mg), in dichloromethane.

(1S,3R,6R,7R,8R,E)-1-(1'-((tert-butyldimethylsilyl)oxy)-3'-phenylpropan-2'-

(1S,3R,6R,7R,8R,E)-1-(1'-(tert-butyldimethylsilyl)oxypropan-2'-yl)amino)-3-

(1S,3R,6R,7R,8R,E)-1-(1'-((tert-butyldimethylsilyl)oxy)-3'-methylbutan-2'-yl)amino)-

3-hydroxy

(1S,3R,6R,7R,8R,E)-1-(1'-((tert-butyldimethylsilyl)oxy)-4'-methylpentan-2'-

Yield: 95% (0.16 mmol, 70 mg), yellow pale oil.

[α] General procedure for the synthesis of Tagitinin C phosphonate (or thiol) derivatives.

To a solution of nucleophile (phosphonate or thiol, 1 equiv.) and catalyst (trimethylamine or DBU, 0.2equiv.) was added a solution of Tagitinin C (1equiv.) in dichloromethane (1ml) at 22 o C. The mixture was stirred in dark for the required time. The reaction was monitored by TLC and NMR. After completion, water was added and the reaction mixture was extracted with dichloromethane (3×5ml). Solvent was evaporated under vacuum and the crude product was purified by filtration on silica gel. Yield: 89% (0.12 mmol, 71 mg), yellow pale oil.

(1S,3R,6R,7R,8R,E)-1-(bis(benzyloxy)phosphoryl)-3-hydroxy

[α] Yield: 99% (0.32 mmol, 145 mg), yellow pale oil.

[α] 22 D = -86.7 (c=0.7, MeOH) Reaction of Diethyl phosphite (0.17 mmol, 23 mg), Tagitinin C (0.17 mmol, 59 mg), in dichloromethane.

Yield: 94% (0.16 mmol, 78 mg), yellow pale oil.

[α] Yield: 99% (0.2 mmol, 108 mg), yellow pale oil.

[α] 22 D = -117.5 (c=1.0, MeOH) Reaction of Diisopropyl phosphite (0.17 mmol, 28 mg), Tagitinin C (0.17 mmol, 59 mg), in dichloromethane.

Yield: 77% (0.13 mmol, 67 mg), yellow pale oil.

[α] 22 D = -105.6 (c=1.0, MeOH) Reaction of Ditertbutyl phosphite (0.17 mmol, 28 mg), Tagitinin C (0.17 mmol, 59 mg), in dichloromethane.

Yield: 80% (0.14 mmol, 74 mg), yellow pale oil.

[α] Yield: 99% (0.14 mmol, 64 mg), yellow pale oil. Yield: 88% (0.17 mmol, 79 mg), yellow pale oil. 

Synthesis of Tagitinin C derivatives by Heck coupling reaction

To a solution of iodo (1.2 equiv.), catalyst (Pd(OAc)2 or P(o-Tol)3 in dimethylformamide (DMF) (2 mL) at 25 o C was added a solution of Tagitinin C (1 equiv.) in dimethylformamide (1 mL). The mixture was stirried 25 o C for 5 min in Ar. Et3N and TBAB were dissolved in DMF and added to the mixture. The reaction was heated reach to 120 o C and kept for required time. The reaction was monitored by TLC and NMR. After completion, the products were taken out and filtrated by Celite and extracted by AcOEt/H2O for 3 times. After that, the TC derivative was purified by silicagel column using cyclohexane/AcOEt as eluants. 118 1 M HCl. The mixture was then transferred into a three-necked flask and heated at 90 o C under inert atmosphere for 24 h. After cooling to room temperature, the mixture was filtered using a filter membrane (0.4 µm) to remove the largest particles and then concentrated in vacuum to a final volume of 15 mL. The dark yellow solution of GO-EBE obtained was dialyzed while using a 1 kDa MWCO membrane for 24 h to remove the unreacted starting materials, salts, and small fragments. A typical synthesis affords 15 mg of GO-EBE. GO-EBE were stored at 4 o C either dispersed in water or as a powder after evaporation of water.

Tagitinin C was dissolved in DMSO and then added to GO-EBE solution. Et3N was added to the mixture to control the pH of this solution of 8-8.5. The solution reaction was kept at 0 o C for 6h. Finally, The dark yellow solution of GO-EBE-TC obtained was dialyzed while using a 1 kDa MWCO membrane for 24 h to remove the base and unreacted starting materials.

Synthesis of GQDs-EBE-TC

GQDs-EBE was first prepared from GQDs according to the method reported, with a few modifications. In a typical experiment, 20mL of GQDs (1mg/mL) was spread in 10 mL of 1-butanol and sonicated for 10 min. The solution was added slowly 1.5 mL of 2,2'-(ethylenedioxy)bis(ethylamine) (EBE, 10.27 mmol). The excess EBE prevents cross-linking of graphene quantum dots. The mixture was heated and stirred for 8 h in 90 °C, then cooled down to room temperature. The yellow solution of GQDs-EBE obtained was dialyzed while using a 1 kDa MWCO membrane for 24 h to remove the unreacted starting materials.

Tagitinin C was dissolved in DMSO and then added to GQDs-EBE solution. Et3N was added to the mixture to control the pH of this solution of 8-8.5. The solution reaction was kept at 0 o C for 6h. Finally, The dark yellow solution of GO-EBE-TC obtained was dialyzed while using a 1 kDa MWCO membrane for 24 h to remove the base and unreacted starting materials. CO2 and 95% hygrometry. Firstly, a broad study of the analogs activity was fulfilled by testing at 1µM to establish the most sensitive cell line. Assay using 250nM and 500nM concentration of each designed analog was then fulfilled. Finally, a more precise IC50 determination study was conducted on the most potent analogs. To do so, after adhesion of the cells overnight, they were treated with 100 L of each compound at different concentrations (i.e. 0.0025, 0.005, 0.025, 0.05, 0.25, 0.5, 2.5, 5, 25, 50 M). After 72 h, the media was aspirated and 100µL of a MTS solution (10% in media) were added in each well.
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EXPERIMENTALS OF BIOLOGYCAL ACTIVITY TEST

Biochemical experiments of Tagitinin C derivatives

In vitro cell-proliferation assay

Depending on the cell line, 2 to 5 h incubation at 37 °C in presence 5% CO2 and 95% hygrometry were needed to obtain the optimum optical density which was measured at 490 nm wavelength using a microplate reader (Infinite M200 Pro, Tecan trading AG, Switzerland). Untreated cells were used as control. Each concentration was tested in six replicates and the experiment was fulfill in triplicates. The concentration inhibiting 50% of the cell proliferation (IC50) was determined using with GraphPad Prism software (GraphPad Software Inc, San Diego, CA, USA).

121 The IC50 of samples was determined using TableCurve AISN software (Jandel Scientific, San Rafiel, CA). 
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Titre:

  Lactones sesquiterpéniques et leurs dérivés : extraction, synthèse et études des relations structure-activité Mots clés : Tagitinine C, lactone sesquiterpénique, réaction d'addition de Michael, couplage de Heck, vinblastine, activité cytotoxique Résumé: Ce travail porte sur la synthèse de nouveaux dérivés de Tagitinine C et les études d'activité biologique de la Tagitinine C et ses dérivés.

Figure 2 :

 2 Figure 2: Michael addition reaction to Tagitinin C

Figure 3 :

 3 Figure 3: Heck coupling reaction of Tagitinin C and iodoarene.

Figure 5 :

 5 Figure 5: Synthesis of Vinblastine loaded on graphene quantum dots

1 Figure 6 .

 16 Figure 6. Structure of Tagitinin C

Figure 7 .

 7 Figure 7. Schematic extraction of leaves of T.diversiflolia using methanol as solvent In 2013, H. C. Wen et al. described that TC was extracted three times with methanol at room temperature for sonication for 5h from T.diversiflolia (TD). The dry methanolic extract was suspended in H2O and ethyl acetate to get a subfraction ethyl acetate-soluble fraction (TD-EtOAc). The TD-EtOAc was separated by chromatography column on silica gel with successive elution by a Hexane/ EtOAc and EtOAc/MeOH gradient. TC was found to have cytotoxic activities against human hepatoma Hep-G2 cells in the MTT assay with IC50 values of 40.0 ± 2.0 and 2.0 ± 0.1 lg/mL, respectively. This compound induced population increase in the sub-G1 phase and S phase arrest. Treatment with Tagitinin C isolated from T.diversiflolia resulted in activation of both caspase 3 and caspase 8 which suggested that the antiproliferative effect of this compound was caspase dependent apoptosis. Magnetic resonance techniques indicated that the tumorigenicity of xenografts derived from Hep-G2 cells was retarded by the delivery of Tagitinin C (15 lg/mouse/day) relative to the control counterparts 26 . In 2015, Mae Sri Hartati Wahyuningsih et al. extracted TC from dried powdered leaves T.diversiflolia (500g) by chloroform (CHCl3), and triturated with petroleum ether (PE) to

Figure 8 .Figure 9 .

 89 Figure 8. Schematic extraction of leaves of T.diversiflolia using chloroform as solvent

Figure 10 .

 10 Figure 10. Schematic extraction of Tagitinin from Tithonia diversifolia leaves The dichlomethane extracts of the Tithonia diversifolia leaves were named TDD. (a): 0-10% ethyl acetate/n-hexane (E/H), (b) 10-30%, (c) 30-50%, (d)50-70%, e 70-100% (E/H), (f): 1-20%M/EThe purity of Tagitinin, after extraction, was measured by chiral HPLC analysis method using chiral IA column and n-Hexane/ethanol (80/20) as eluant. It was shown that the purity of Tagitinin is about 95% (Figure11).

Figure 11 .

 11 Figure 11. Typical reversed-phase HPLC chromatogram of TC extract of T. diversifolia

Figure 13 .

 13 Figure 13. HSQC and HMBC NMR spectra of isolated TC Information is available related to ESI/MS behavior of TC. Anders Hofer et al. reportedproposed fragmentation pathways of TC. In our analysis, we observed that the TC are characterized in MS by some fragments ascribable to the loss of an ester side chain, a water molecule and ether bridge or lactone ring with rearrangement at m/z 261, 243, 215, respectively (Figure14).

Figure 14 .

 14 Figure 14. Mass spectra of isolated TC and proposed fragmentation pathways

Scheme 8 :Table 2 :

 82 Scheme 8: aza-Michael addition reaction of (S)-1-phenylethanamine 10a to TC 1. Table 2: Optimization of reaction conditions for the aza-Michael addition of (S)-1phenylethanamine 10a on 1. Entry Catalyst Solvent Temperature (°C) Time (h) Yield of 11a (%) 1 a Et3N MeOH 20 2 45 2 a Et3N MeOH 0 1.5 51 3 a,b Et3N CH2Cl2 0 1.5 91 a amount of Et3N was adjusted at 8-8.5 pH. b (S)-1-phenylethanamine 10a: 1 equiv.

Scheme 10 : 1 a

 101 Scheme 10: aza-Michael addition reaction of aminol alcohol 12a-f and silylated amino alcohol 12h-l to TC 1 a Reaction time: 4h; b Reaction time: 6h; c Reaction time: 5h; d Reaction time: 46h; e Reaction time: 7h.

Scheme 11 :

 11 Scheme 11: aza-Michael addition reaction of secondary amines 14a-i to TC 1.

Figure 15 :

 15 Figure 15: Cell survival of selected compounds at a concentration of 1µM after 72h incubation on A) HEK, B) MiaPaCa-2, C) MCF-7, D) MCF7-MDR These first results allowed us to choose MiaPaCa-2 as model cell line to evaluate the cytotoxicity profile of all the other compounds. The HEK cell line was also tested as noncancerous cell line.For this second study, we chose two fixed concentration of 500 and 250 nM of drugs to evaluate their cytotoxicity. At 250 nM, all the tested compounds exhibited a lower or similar cytotoxicity on MiaPaCa-2 compared to TC 1 and the survival of cells ranged from 60.6% to 99.5%. Nevertheless, this concentration is not relevant as the

Figure 16 :

 16 Figure 16: IC50 of TC 1 and 11a on MiaPaCa-2 cell line.
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 21 Scheme 17. Tagitinin C (TC) loaded on Graphene Oxide (GO) (GO-TC)

Figure 18 .Figure 19 .

 1819 Figure 18. FT-IR spectra of GO-TC with different weight ratiosFigure18showed the FT-IR spectra of GO-TC composites with different GO:TC ratios as 1:1, 1:3 and 1:5. It was shown that the intensity of peak at 1712 cm -1 increased whereas that of peak at 1643 cm -1 decreased with the concentration of TC increased.

  ( 90 o C, DMF) GQDs-TC (rt, DMF) GQDs-TC (rt, EtOH) TC

Figure 21 .Figure 22 .

 2122 Scheme 19. Tagitinin C loaded on graphene oxide after activation of carboxyl group (GO-DD-TC)

  Tagitinin C loaded on functionalized graphene a) Synthesis of Tagitinin C loaded on functionalized graphene oxide with 2,2'-(ethylenedioxy) bis(ethylamine) (GO-EBE-TC).

Scheme 21 .Figure 23 Figure 23 .Figure 24 .

 21232324 Scheme 21. Tagitinin C loaded on diamine-functionalized graphene oxide (GO-EBE-TC)Figure23showed the FT-IR spectra of GO, EBE, TC, GO-EBE, and GO-EBE-TC. GO-EBE spectrum showed that epoxide signal at 1039 cm -1 disappeared after oxidative cleavage of GO by H2O2. The carbonyl function (C=O) was transformed to imine one (C=N) with slight modification signal around 1715 cm -1 , and a new peak located at 1091 cm -1 corresponds to C-O-C function stretching in GO-EBE.As GO-EBE-TC is concerned, it was observed that the signals at 1772 cm -1 , 1720 cm -1 (ν C=O) and 1016 cm -1 correspond to C=O bond of the lactone, ester and C-O-C epoxide of Tagitinin C, respectively. The strong peaks located at 1624 cm -1 and 1097 cm -1 present C=O group (CO2H) of graphene and C-O-C stretching. It might be showed that Tagitinin C was loaded on the surface of graphene quantum dots after its functionalization by diamine.

Figure 25 .Figure 26 .

 2526 Figure 25. XPS spectrum of GO-EBEFigure26showed the UV-Vis absorption spectrum of GO, TC, and GO-EBE-TC at the room temperature. The UV-vis absorption peaks of TC appeared at 252 nm, whereas no absorption peak of GO-EBE was observed. After the composite formation of GO-EBE-TC, we observed a shift peak relative to the TC peak, the main absorption peaks of GO-EBE-TC appeared in the UV-vis spectra at ~246 nm, an ~ 6 nm shift compared with the peak for TC only, indicating the formation of TC loaded on GO-EBE in the composite.

Figure 27 .

 27 Figure 27. Photoluminescence spectra of GO-EBE, TC, and GO-EBE-TC

Figure 28 .Figure 29 .

 2829 Figure 28. FTIR spectrum of the GQDs, EBE, GQDs-EBE, GQDs-EBE-TC and TC

Figure 30 Figure 30 .

 3030 Figure30shows the UV-Vis absorption spectra of GQDs, GQDs-Vin, and Vin at room temperature. The UV-vis absorption peaks of GQDs appeared at 205, 238 and 348 nm corresponding to the electronic transition π -π* of aromatic C-C bond and n-π* transition of C=O bonds 82 . The main absorption the peaks of Vin (Vinblastine) appeared at 268 nm. After the composite formation of Vin with GQDs, we observed a shift peak relative to the Vin peak. Specifically, the main absorption peaks of GQDs-Vin appeared in the UV-vis spectra at ~348nm of GQDs and peak at ~ 264 nm, an ~ 4nm shift compared with the peak for Vin only, indicating the formation of composites 83 .

Figure 31 .

 31 Figure 31. Photoluminescence spectra of Vin, GQDs-Vin and GQDsFigure31shows photoluminescence (PL) spectra of Vin, GQDs and GQDs-Vin and further verifies the conjugation between Vin and GQDs. PL experiments were carried out for the samples what used in the UV-Vis spectroscopy experiments (at a concentration of 0,1mg/mL). It was found that the excellent PL intensity of GQDs exhibited at an emission wavelength of 468 nm, whereas Vin alone had light PL intensity at an emission wavelength of 386nm. In the GQDs-Vin composite, the PL intensity lower than that of GQDs alone, indicating the presentation of Vin in the composite.

Figure 32 .

 32 Figure 32. FTIR spectra for (a) GQDs, GQDs-Vin, and Vin; (b) GQDs-Vin at different times 6h, 18h, 24h; (c) GQDs-Vin at different temperature 25 o C, 80 o C; (d) GQDs-Vin at different weight ratios of GQDs and Vin 1:1, 1:3 and 1:5.There is no difference in the GQDs-Vin composites with different times and temperatures (Figure32 b and c). Figure32 dshowed that in the comparison the intensity of peak at 1662

Figure 33 .

 33 Figure 33. UV-Vis spectra of GQDs, GQDsM, Vin, and GQDsM-Vin

Figure 34 .Figure 35 .

 3435 Figure 34. Photoluminescence (PL) spectra of Vin, GQDs, GQDsM and GQDsM-Vin

Figure 36 .

 36 Figure 36. Cytotoxicity of GQDs, Vin and their composites GQDs-Vin (with different weight ratios GQDs and Vin = 1:1, 1:3 and 1:5) for different cancel cells.

  été bien étudiés. Dans ce projet de thèse, nous nous intéressons à la préparation de nouveaux dérivés de la Tagitinine C, ainsi qu'au chargement de la Tagitinine C et de la Vinblastine, un médicament anticancéreux, à la surface du graphène. Nous espérons que ce travail apportera une voie prometteuse de dérivés de Tagtinine C dans le but d'améliorer la biodisponibilité de ces composés ainsi que leurs profils pharmacologiques.La thèse présentée compose de 4 chapitres. Dans le premier chapitre, nous avons décrit l'extraction, l'isolement et la détermination de la structure de la Tagitinine C à partir du T. diversifolia. La Tagitinine C a été extraite par une méthode d'extraction rapide en utilisant du dichlorométhane comme solvant. Sa structure a été confirmée par spectroscopie infrarouge à transformée de Fourier (FTIR), par spectroscopie de résonance magnétique nucléaire (RMN) et par spectrométrie de masse. L'analyse par HPLC a montré que la pureté de la Tagitinine C isolée est d'environ 95%. Cette dernière est ensuite utilisée pour les études intérieures.Le chapitre 2 porte sur la synthèse de dérivés de la Tagitinine C et des études des relations structure-activité. Ainsi, nous avons décrit pour la première fois la réaction d'addition de Michael hautement chimio-, régio-et stéréosélective d'amines, de phosphonates et de thiols à la Tagitinine C. De bons rendements et de très bonnes sélectivités ont été observés dans des conditions réactionnelles très douces. En utilisant une amine primaire, un phosphonate ou un thiol, seuls des adduits de Michael, résultant de l'addition au motif cétone α,β-insaturée ont été observés, tandis qu'une amine secondaire a réagi sur la sous-structure αméthylène-γ-lactone de la Tagtinine C.Nous avons également décrit dans ce chapitre le premier exemple de la réaction de couplage de Heck entre la Tagitinine C et les iodoarènes, conduisant à la formation des produits de couplage attendus avec un rendement modéré. Des études d'optimisation des conditions réactionnelles devraient être effectuées afin d'augmenter les rendements et les champs d'application de cette réaction.Par la suite, les activités biologiques de la Tagitinine C et de ses dérivés ont été évaluées contre trois lignées cellulaires cancéreuses humaines (cellules cancéreuses humaines du sein MCF-7, cellules cancéreuses humaines du sein multirésistantes aux médicaments MCF7-MDR, cellules cancéreuses du pancréas MiaPaCa-2) et sur des cellules normales lignée cellulaire (HEK-293) comme référence.

1 H

 1 NMR (400 MHz, CDCl3) δ ppm 6.96 (d, J = 17.0 Hz, 1H, H1), 6.35 (d, J = 2.0 Hz, 1H, Hα13), 6.25 (d, J = 17.0 Hz, 1H, H2), 5.87 (dd, J = 9.0 Hz, 1H, H5), 5.81 (d, J = 2.0 Hz, 1H, Hβ13), 5.43 (d, J = 9.0 Hz, 1H, H6), 5.38 -5.33 (m, 1H, H8), 3.60 -3.55 (m, 1H, H7), 85 2.48 (dd, J = 17.0, 10.0 Hz, 1H, Hα9), 2.48 -2.38 (m, 1H, H17), 1.99 (d, J = 17.0 Hz, 10.0 H, Hβ9), 1.95 (s, 3H, H14), 1.53 (s, 3H, H15), 1.07 (d, J = 8.0 Hz, 3H, H18), 1.05 (d, J = 8.0 Hz, 3H, H19).

)- 1 , 2 , 3 , 6 , 7 , 8 , 9 ,

 1236789 10,11,12-decahydro-3,10-epoxycyclodeca[b]furan-8yl isobutyrate (11a): Reaction of L-α-phenylethylamine (0.36 mmol, 44 mg), Tagitinin C (0.36 mmol, 126 mg), in dichloromethane.

1 H

 1 NMR (400 MHz, CDCl3): δ ppm 7.36-7.32 (m, 5H, HAr), 6.24 (d, J = 3.0 Hz, 1H, Hα13), 5.62 (d, J = 9.0 Hz, 1H, H5), 5.32 -5.29 (m, 1H, H8), 5.56 (d, J = 2.0 Hz, 1H, Hβ13), 5.40 -5.38 (m, 1H, H6), 4.10 -4.05 (m, 1H, H7), 3.81 (dq, J = 13.0, 6.0 Hz, 1H, H1'), 3.21 (dd, J = 11.5, 6.0 Hz, 1H, H1), 2.58 (dd, J = 12.5, 6.0 Hz, 1H, Hα2), 2.41 -2.34 (m, 1H, H17), 1.99 (dd, J = 12 Hz, 5.0 Hz, 1H, Hα9), 1.82 (dd, J = 12 Hz, 5.0 Hz, 1H, Hβ9), 1.80 (s, 3H, H14), 1.77 (d, J = 12.5, 3.0 Hz, 1H, Hβ2), 1.34 (d, J = 7.0 Hz, 3H, H2'), 1.29 (s, 3H, H15),1.10 -1.03 (m, 6H, H18,19).13 C NMR (75 MHz, CDCl3) δ ppm 176.1 (C16), 169.8 (C12), 145.1 (C1'), 140.8 (C4), 136.3 (C11), 128.5 (C5), 127.9 (CAr), 127.2 (CAr), 126.6 (CAr), 122.7 (C13), 103.8 (C3),

  , J = 5.0 Hz, 1H, H5), 5.65 -5.60 (m, 1H, H8), 5.58 (d, J = 2.0 Hz, 1H, Hβ13), 5.35 (d, J = 1.0 Hz, 1H, H6),

  , J = 13.0, 6.2 Hz, 1H, Hα2), 2.39 (dd, J = 14.0, 7.0 Hz, 1H, Hβ2), 2.03 (dd, J = 11.0 Hz, 1H, Hα9), 2.01 (m, 1H, H17), 1.84 (dd, 1H, J = 5.0 Hz, 1H, Hβ9), 1.74 (s, 3H, H14), 1.41 (s, 3H, H15), 1.02 (m, 6H, H18, 19).

  Reaction of Cyclohexylamine (0.33 mmol, 33 mg), Tagitinin C (0.33 mmol, 114 mg), in dichloromethane.

1 H

 1 NMR (360 MHz, CDCl3) δ ppm 6.25 (d, J = 3.0 Hz, 1H, Hα13), 5.65-5.62 (m, 1H, H8), 5.61 (d, J = 5.0 Hz, 1H, H5), 5.58 (d, J = 2.0 Hz, 1H, Hβ13), 5.37 (dd, J = 6.0, 4.0 Hz, 1H, H6), 4.16 (ddd, J = 7.0, 5.0, 3.0 Hz, 1H, H7), 3.46 (dd, J = 12.0, 6.0 Hz, 1H, H1), 3.11-3.07 (m, 1H, H1'), 2.55 (dd, J = 13.0, 6.0 Hz, 1H, Hα9), 2.42 (dt, J = 13.9, 6.9 Hz, 1H, Hα2), 2.42 (m, 1H, H17), 1.98 (d, J = 11.0 Hz, 1H, Hβ9), 1.82 (s, 3H, H14), 1.74 (d, J = 5.0 Hz, 1H, H2'), 1.71 (d, J = 11.0 Hz, 1H, Hβ2), 1.50 (s, 3H, H15), 1.25 (d, J = 4.0 Hz, 1H, H3'), 1.08 -1.01 (m, 6H, H18,19).

Reaction of 1 -

 1 Adamantylamine (0.14 mmol, 20 mg), Tagitinin C (0.14 mmol, 47 mg), in dichloromethane.

1 H

 1 NMR (360 MHz, CDCl3) δ ppm 6.24 (d, J = 3.0 Hz, 1H, Hα13), 5.60 (dd, J = 4.0, 3.0 Hz, 1H, H8), 5.58 (d, J = 2.4 Hz, 1H, H5), 5.40 (d, J = 2.7 Hz, 1H, H13), 5.36 (d, J = 6.5 Hz, 1H, H6), 4.17 (s, 1H, H7), 3.55 (m, 1H, H1), 2.43 (dd, J = 13.0, 7.0 Hz, 1H, Hα9) 2.42 (dt, J = 13.0, 7.0 Hz, 1H, H17), 2.05 (m, 3H, HAdam), 1.96 (dd, J = 11.0 Hz, 7.0Hz, 1H, Hβ9), 1.96 (t, J = 2.0 Hz, 1H, Hα2), 1.82 (d, J = 2.0 Hz, 1H, Hβ2), 1.75-1.25 (m, 18H, HAdam, H14, 91 H15), 1.10-1.06 (m, 6H, H18,19

  Reaction of Propan-2-amine (0.43 mmol, 25 mg), Tagitinin C (0.43 mmol, 167 mg), in dichloromethane.Yield: 42%1 H NMR (360 MHz, CDCl3) δ 6.25 (d, J = 2.7 Hz, 1H), 5.81 (d, J = 1.6 Hz, 1H), 5.64 (t, J = 4.5 Hz, 1H), 5.62 -5.60 (m, 1H), 5.59 (d, J = 2.3 Hz, 1H), 4.16 (ddd, J = 6.8, 4.5, 2.5 Hz, 1H), 3.15 -3.08 (m, 1H), 2.53 (dd, J = 12.7, 6.3 Hz, 1H), 2.45 -2.37 (m, 2H), 1.99 (d, J = 4.2 Hz, 2H), 1.96 (d, J = 1.4 Hz, 2H), 1.84 -1.81 (m, 3H), 1.42 (d, J = 7.4 Hz, 3H), 1.25 (s, 2H), 1.08 -1.04 (m, 10H).

  Reaction of S-phenyl glycinol (0.43 mmol, 58 mg), Tagitinin C (0.43 mmol, 167 mg), in dichloromethane.

1 H

 1 NMR (400 MHz, CDCl3) δ ppm 7.44-7.30 (m, 5H, HAr), 6.27 (d, J = 3.0 Hz, 1H, Hα13), 5.68 (dt, J = 11.0, 5.0, 4.6 Hz, 1H, H8), 5.61 (d, J = 3.0 Hz, 1H, Hβ13), 5.59 (dd, J = 4.0, 2.0 Hz, 1H, H5), 5.36 (m, 1H, H6), 4.14 (m, 1H, H7), 3.82 (dd, J = 9.0, 4.0 Hz, 1H, H1'), 3.70 (dd, J = 11.0, 4.0 Hz, 1H, Hα2' ), 3.53 (dd, J = 11.0, 9.0 Hz, 1H, Hβ2'), 3.46 (dd, J = 6.0, 13 Hz, H1), 2.47 (sept, J = 7.0 Hz, 1H, H17), 2.14 (dd, J = 13.0, 6.4 Hz, 1H, Hα2), 2.05 (dd, J=9.0, 5.0 Hz, 1H, Hα9), 1.86 (dd, J = 14.0, 4.4 Hz, 1H, Hβ9), 1.75 (s, 3H, H14), 1.70 ( dd, J=13.0, 12.0 Hz, 1H, Hβ2) 1.54 (s, 3H, H15), 1.09 (d, J = 7.0 Hz, 6H, H18,19).

  Reaction of (S)-(-)-2-Amino-3-phenyl-1-propanol (0.38 mmol, 57 mg), Tagitinin C (0.38 mmol, 132 mg), in dichloromethane.Yield: 73% (0.25 mmol, 105 mg), yellow pale oil.[α]28 D = -119.1 (c=0.09, MeOH) 1 H NMR (360 MHz, CDCl3) δ ppm 6.25 (d, J = 3.0 Hz, 1H, Hα13), 5.69 (d, J = 5.0 Hz, 1H, 5), 5.60 (d, J = 5.0 Hz, 1H, Hβ13), 5.64 -5.60 (m, 1H, H8), 5.36 (dd, J = 3.0, 2.0 Hz, 1H, H6), 4.14 (s, 1H, H7), 3.57 (dd, J = 11.0, 7.0 Hz, 1H, H1β'), 3.48 (dd, J = 12.0, 4.0 Hz, 1H, H1), 3.22 (dd, J = 11.0, 7.0 Hz

  Reaction of L-Valinol (0.66 mmol, 24 mg), Tagitinin C (0.66 mmol, 80 mg), in dichloromethane.

  D = -65.4 (c=0.15, MeOH) 1 H NMR (300 MHz, CDCl3) δ ppm 7.41-7.30 (m, 5H, Har), 6.25 (d, J = 3.0 Hz, 1H, Hα13), 5.68 (dt, J = 11.0, 5.0 Hz, 1H, H8), 5.59 (d, J = 2.0 Hz, 1H, Hβ13), 5.56 (dd, J = 3.0, 2.0 Hz, 1H, H5), 5.37 (dt, J = 6.0, 3.0 Hz, 1H, H6), 4.13 (td, J = 4.0, 2.0 Hz, 1H, H7), 3.89-3.80 (m, 1H, H2'), 3.60 (dd, J = 10.0, 4.0 Hz, 1H, Hα1'), 3.49-3.41 (m, 1H, H1), 3.41 (dd, J = 10.0, 4.0 Hz, 1H, Hβ1'), 2.44 (dt, J = 14.0, 7.0 Hz, 1H, H17), 2.16-2.07 (m, 1H, Hα2), 2.16-2.07 (m, 1H, Hα9), 1.78 (d, J = 6.0 Hz, 1H, Hβ2), 1.73 (s, 1H, H14), 1.71 (d, J = 12.0 Hz, 1H, Hβ9), 1.49 (s, 1H, H15), 1.08 (2xd, J = 8.0 Hz, 6H,H18,19 ), 0.91-0.88 (s, 9H, H3"), 0.01 (s, 6H, H1").

  Reaction of (S)-1-((tert-butyldimethylsilyl)oxy)-3-phenylpropan-2-amine (0.34 mmol, 91 mg), tagitinin C (0.34 mmol, 120 mg), in dichloromethane.Yield: 93% (0.32 mmol, 194 mg), pale oil.[α]28 D = -124.0 (c=0.2, MeOH) 1 H NMR (300 MHz, CDCl3) δ ppm 7.34-7.12 (m, 5H, Har), 6.23 (d, J = 3.0 Hz, 1H, Hα13), 5.61 (dd, J = 8.0, 3.0 Hz, 1H, H8), 5.58 (d, J = 6.0 Hz, 1H, H5), 5.57 (d, J = 2.0 Hz, 1H, Hβ13), 5.27 (d, J = 2.0 Hz, 1H, H6), 4.12 (dd, J = 5.0, 3.0 Hz, 1H, H7), 3.58 (dd, J = 10.0, 4.0 Hz, 1H, H1), 3.48 (dd, J = 9.0, 4.0 Hz, 1H, Hα1'), 3.42 (dd, J = 11.0, 5.0 Hz, 1H, Hβ1'), 3.09 (dt, J = 12.0, 6.0 Hz, 1H, H2'), 2.79 (dd, J = 12.0, 5.0 Hz, 1H, Hα3'), 2.51 (dd, J = 13.0, 8.0 Hz, 1H, Hβ3'), 2.44-2.39 (m, 1H, H17), 2.32 (dd, J = 13.0, 6.0 Hz, 1H, Hα2), 1.92 (dd, J = 11.0, 6.0 Hz, 1H, Hα9), 1.78 (s, 3H, H14), 1.67 (dd, J = 14.0, 5.0 Hz, 1H, Hβ9), 1.55 (dd, J = 13.0, 7.7 Hz, 1H, Hβ2), 1.48 (s, 3H, H15), 1.05 (t, J = 7.0 Hz, 6H, H18,19), 0.90 (s, 9H, H3"), 0.03 (d, J = 2.0 Hz, 6H, H1").

  Reaction of (S)-1-((tert-butyldimethylsilyl)oxy)propan-2-amine (0.36 mmol, 68 mg), Tagitinin C (0.36 mmol, 126 mg), in dichloromethane.Yield: 96% (0.35 mmol, 186 mg), yellow pale oil.[α]28 D = -100.0 (c=0.09, MeOH) 1 H NMR (360 MHz, CDCl3) δ ppm 6.25 (d, J = 3.0 Hz, 1H, Hα13), 5.67-5.62 (m, 1H, H8), 5.61 (dd, J = 3.0, 2.0 Hz, 1H, H5), 5.58 (d, J = 2.0 Hz, 1H, Hβ13), 5.38 (d, J = 2.0 Hz, 1H, H6), 4.15 (tt, J = 5.0, 3.0 Hz, 1H, H7), 3.55 (dd, J = 10.0, 5.0 Hz, 1H, H1), 3.52 (dd, J = 5.0, 2.7 Hz, 1H Hα1'), 3.35 (dd, J = 10.0, 7.0 Hz, 1H, Hβ1'), 2.84-2.76 (m, 1H, H2'), 2.48 (dd, J = 13.0, 6.0 Hz, 1H, Hα2), 2.40 (dt, J = 14.0, 7.0 Hz, 1H, H17), 2.04 (dd, J = 15.0, 11.0 Hz, 1H, Hα9), 1.88 (d, J = 12.0 Hz, 1H, Hβ2), 1.82 (s, 3H, H14), 1.72 (dd, J = 14.0, 5.0 Hz, 1H, Hβ9), 1.51 (s, 3H, H15), 1.07-0..99 (m, 6H, H18,19), 0.89 (d, J = 7.0 Hz, 9H, H3"), 0.05 (dd, J = 21.0, 16.0 Hz, 6H, H1").

  Reaction of (S)-1-((tert-butyldimethylsilyl)oxy)-3-methylbutan-2-amine (0.36 mmol, 68 mg), Tagitinin C (0.36 mmol, 126 mg), in dichloromethane.Yield: 86% (0.31 mmol, 175 mg), yellow pale oil.[α]28 D = -93.5 (c=0.08, MeOH) 1 H NMR (300 MHz, CDCl3) δ ppm 6.25 (d, J = 3.0 Hz, 1H, Hα13), 5.65 (dd, J = 8.0, 3.0 Hz, 1H, H5), 5.63-5.60 (m, 1H, H8), 5.59 (d, J = 2.0 Hz, 1H, Hβ13), 5.43-5.35 (m, 1H, H6), 4.16 (ddd, J = 7.0, 5.0, 3.0 Hz, 1H, H7), 3.68-3.60 (m, 2H), 3.58-3.52 (m, 1H, H1), 3.48 (dd, J = 10.0, 5.0 Hz, 1H), 3.40 (dd, J = 10.0, 8.0 Hz, 1H), 3.01 (dd, J = 15.0, 7.0 Hz, 1H),

  Reaction of (S)-1-((tert-butyldimethylsilyl)oxy)-4-methylpentan-2-amine (0.45 mmol, 125 mg), Tagitinin C (0.45 mmol, 156 mg), in dichloromethane.Yield: 87% (0.39 mmol, 227 mg), yellow pale oil.[α]28 D = -126.6 (c=0.2, MeOH) 1 H NMR (360 MHz, CDCl3) δ ppm 6.24 (d, J = 3.0 Hz, 1H, Hα13), 5.64 (dd, J = 8.0, 3.0 Hz, 1H, H5), 5.62-5.59 (m, 1H, H8), 5.58 (d, J = 2.0 Hz, 1H, Hβ13), 5.38 (s, 1H, H6), 4.15 (ddd, J = 7.0, 5.0, 3.0 Hz, 1H, H7), 3.63-3.56 (m, 2H), 3.56-3.51 (m, 1H, H1), 3.37 (dd, J = 10.0, 5.0 Hz, 1H), 3.29 (dd, J = 10.0, 8.0 Hz, 1H), 2.90 (ddd, J = 14.0, 7.0, 4.0 Hz, 1H), 2.62 (dd, J = 11.0, 6.0 Hz, 1H, Hα), 2.47 (dd, J = 13.0, 6.0 Hz, 1H, Hα2), 2.40 (dd, J = 14.0, 7.0 Hz, 1H, H17), 2.08 -1.96 (m, 2H, Hβ2, Hβ9), 1.82 (s, 3H, H14), 1.73 (d, J = 5.0 Hz, 1H), 1.70-1.66 (m, 1H), 1.64 (d, J = 7.0 Hz, 1H), 1.48 (s, 3H, H15), 1.23 (d, J = 7.0 Hz, 2H), 1.15 (dd, J = 150.0 8.0 Hz, 3H), 1.05 (t, J = 7.0 Hz, 6H, H18, 19), 0.92-0.87 (m, 9H), 0.05 (d, J = 6.0 Hz, 6H).

  Reaction of Dibenzyl phosphite (0.13 mmol, 35 mg), Tagitinin C (0.13 mmol, 46 mg), in dichloromethane.

1 H

 1 NMR (300 MHz, CDCl3) δ ppm 6.23 (d, J = 3.0 Hz, 1H, Hα13), 5.67-5.60 (m, 1H, H8), 5.60 (d, J = 5.0 Hz, 1H, H5), 5.57 (d, J = 2.0 Hz, 1H, Hβ13), 5.38 (d, J = 2.0 Hz, 1H, H6), 4.08 (m, 1H, H7), 3.76 (s, 6H, H1'), 2.81 (ddd, J = 19.0, 13.0, 6.0 Hz, 1H, H1), 2.42 (sept, J = 5.0 Hz, 1H, H17), 2.37 (d, J = 2.0 Hz, 1H, Hα2), 2.29 (dd, J = 13.0, 11.0 Hz, 1H, Hα9), 2.29 (d, J = 2.0 Hz, 1H, Hβ2), 1.89 (dd, J = 13.0, 5.0 Hz, 1H, Hβ9), 1.83 (s, 3H, H14), 1.60 (s, 3H, H15), 1.04 (t, J = 7.0 Hz, 6H, H18,19).

1 H

 1 NMR (300 MHz, CDCl3) δ ppm 6.24 (d, J = 3.0 Hz, 1H, Hα13), 5.67-5.58 (m, 2H, H5,8), 5.57 (d, J = 3.0 Hz, 1H, Hβ13), 5.37 (d, J = 2.0 Hz, 1H, H6), 4.11-4.00 (m, H, H7), 2.85 -2.73 (m, 1H, H1), 2.45-2.28 (m, 4H, Hα2,Hα9,17, Hβ2), 1.92 (dd, J = 15.0, 5.0 Hz, 1H, Hβ9), 1.84 (s, 3H, H14), 1.70-1.62 (m, 4H, H2'), 1.61 (s, 3H, H15), 1.39 (dd, J = 15.0, 7.3 Hz, 4H, H3'), 1.12 (dd, J = 7.0, 2.0 Hz, 1H), 1.04 (d, J = 7.0 Hz, 6H, H18,19), 0.94 (t, J = 7.0 Hz, 6H, H4').

1 H

 1 NMR (300 MHz, CDCl3) δ ppm 6.23 (d, J = 3.0 Hz, 1H, Hα13), 5.62 (d, J = 2.0 Hz, 1H, H5), 5.63-5.58 (m, 1H, H8), 5.56 (d, J = 3.0 Hz, 1H, Hβ13), 5.37 (d, J = 2.0 Hz, 1H, H6), 4.77 -4.64 (m, 2H, H1'), 4.11-4.05 (m, 1H, H7), 2.71 (dd, J = 13.0, 6.0 Hz, 1H, H1), 2.65 (d, J = 14.0, 6.0 Hz, 1H, Hα9), 2.45-2.31 (m, 1H, H17), 2.28 (dd, J = 14.0, 11.0 Hz, 1H, Hβ9), 2.24 (dd, J = 13.0, 6.0 Hz, 1H, Hα2), 1.93 (dd, J = 13.0, 12.0 Hz, 1H, Hβ2), 1.83 (s, 3H, H14), 1.60 (s, 3H, H15), 1.31 (t, J = 6.0 Hz, 12H, H2'), 1.05-1.02 (t, J = 7.0 Hz, 6H, H18,19).

(

  1S,3R,6R,7R,8R,E)-1-(di-tert-butyloxyphosphoryl)-3-hydroxy-4,10-dimethyl-11-

HRMS: m 1 , 2 , 3 , 6 , 7 , 8 , 9 ,

 m1236789 /z calculated for C25H39O9P [M+H] + 543.2645, found 543.2514.(1S,3R,6R,7R,8R,E)-3-hydroxy-4,10-dimethyl-11-methylene-12-oxo-1-(phenylthio)-10,11,12-decahydro-3,10-epoxycyclodeca[b]furan-8-yl isobutyrate (19a):Reaction of Phenyl thiol (0.14 mmol, 15 mg), Tagitinin C (0.14 mmol, 50 mg), in dichloromethane.

1 H

 1 NMR (300 MHz, CDCl3) δ 7.40-7.25 (m, 5H, HAr), 6.17 (d, J = 3.0 Hz, 1H, Hα13), 5.56 (dd, J = 6.0, 4.0 Hz, 2H, H5, H8), 5.51 (d, J = 3.0 Hz, 1H, Hβ13), 5.31 (s, 1H, H6), 4.05 (m, 1H, H7), 3.76 (dd, J = 12.0, 6.0 Hz, 1H, H1), 2.56 (d, J = 7.0 Hz, 1H, Hα9), 2.46 (dd, J = 12.0, 4.0 Hz, 1H, Hα2), 2.40-2.35 (m, 1H, H17), 2.07 (d, J = 7.0 Hz, 1H,Hβ9 ), 1.86 (dd, J = 12.0, 4.0 Hz, 1H, Hβ2), 1.74 (s, 3H, H14), 1.38 (s, 3H, H15), 1.00 (2×d, J = 7.0 Hz, 6H, H18,19).

  Reaction of Benzylthiol (0.19 mmol, 24 mg), Tagitinin C (0.19 mmol, 66 mg), in dichloromethane.

1 H

 1 NMR (300 MHz, CDCl3) δ ppm 7.22 (dd, J = 12.0, 4.0 Hz, 5H, HAr), 6.15 (d, J = 3.0 Hz, 1H, Hα13), 5.53-5.50 (m, 1H, H8), 5.49 (d, J = 2.0 Hz, 1H, H5), 5.48 (d, J = 3.0 Hz, 1H, Hβ13), 5.26 (dd, J = 6.0, 4.0 Hz, 1H, H6), 4.05-3.98 (m, 1H, H7), 3.70 (d, J = 3.0 Hz, 1H, H1'), 3.26 (dd, J = 13.0, 6.0 Hz, 1H, H1), 2.41 (d, J = 14.0, 6.0 Hz, 1H, Hα9), 2.34 (dd, J = 10.0, 4.0 Hz, 1H, H17), 2.00 (d, J = 5.0 Hz, 1H, Hα2), 1.93 (d, J = 14.0, 4.0 Hz, 1H, Hβ9), 1.76 (d, J = 5.0 Hz, 1H, Hβ2), 1.72 (s, 3H, H14), 1.33 (s, 3H, H15), 0.96 (2×d, J = 7.0 Hz, 6H, H18, H19).

  Reaction of 1-iodo-4-methylbenzene (0.21 mmol, 50 mg), Tagitinin C (0.19 mmol, 67 mg), in dimethylformamide (DMF).Yield: 51% (0.1 mmol, 43 mg), pale oil 1 H NMR (300 MHz, CDCl3) δ ppm 7.52 (s, 1H, H13), 7.49 (d, J = 1.3 Hz, 1H), 7.37 (tt, J = 7.5, 1.6 Hz, 3H), 7.24 (dd, J = 7.5, 4.0 Hz, 3H), 7.16 -6.99 (m, 5H), 6.97 (d, J = 4.2 Hz, 1H), 6.19 (d, J = 17.1 Hz, 1H, H2), 5.82 (d, J = 10.5 Hz, 1H, H5), 5.56 -5.47 (m, 1H, H8), 5.42 (d, J = 9.0 Hz, 1H, H6), 4.05 -4.03 (m, 1H, H7), 2.51 (sept, J = 7.0 Hz, 1H, H17), 2.41 (s, 8H), 2.34 (s, 1H), 2.33 (d, J = 7.0 Hz, 1H), 2.28 (s, 2H), 1.98 (s, 1H), 1.94 (d, J = 4.1 Hz, 1H), 1.89 (d, J = 6.9 Hz, 1H), 1.85 (s, 3H, H15), 1.48 (s, 3H, H14), 1.18 (s, 3H), 1.04 (d, J = 7.0 Hz, 1H, H18), 0.98 (d, J = 7.0 Hz, 3H, H19).

13 C

 13 NMR (101 MHz, CDCl3) δ ppm 196.8 (C3), 175.8 (C16), 172.1 (C12), 160.8 (C1), 143.4 (C4), 141.1, 139.1(C5), 138.7, 138.0, 132.9, 132.0, 131.8, 131.0 (C13), 129.9, 125.5, 76.0 (C10), 72.1 (C6), 70.5 (C8), 48.58 (C9), 45.9 (C7), 34.0 (C17), 29.6 (C15), 29.3 (C14), 21.9, 21.4, 19.6, 18.7 (C18), 18.6 (C19).

Four cell lines have

  been used for the in vitro evaluation of the designed Tagitinin-C analogs in comparison to the parent drug: tagitinin C (Tag-C): one normal cell line: HEK-293 (Human embryonic kidney cells) and three cancerous cell line: MiaPaCa-2 (Pancreatic Cancer), MCF-7 (Breast cancer) and MCF-7 MDR (multi-drug resistant Breast cancer). All cells were grown in DMEM (Dulbecco's Modified Eagle Medium) supplemented with 10%of fetal calf serum (FCS) and 100 U/mL penicillin and 100 µg/mL streptomycin (Invitrogen) in a 5% CO2 and 95% hygrometry environment at 37 °C.The Cytotoxic activity of all the designed analogs (X) have been investigated using the MTS ((3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Htetrazolium)) method (Promega). The cells (100 L) were seeded in 96-well plates at optimal cell density determined previously and incubated overnight at 37 °C in presence 5%

4

 4 In vitro cytotoxicity studies of Vinblastine and Tagitinin C loaded on graphene Cytotoxicity of different samples was determined by MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide blue-indicator dye]-based assay. Cells were grown in a medium containing 2nM L-glutamine, penicillin and streptomycin at and 5%CO2, 37 o C, for 2-3 days. Cells were grown on a 96-well plate at a density of 1.5 x 10 5 cells/well. After overnight incubation, sample solutions (with different concentrations) were added to respective wells and incubated for 48h in 5% CO2 at 37 o C. Doxorubicin and Paclitaxel were used as control samples. The absorbance of produced formazan was monitored on Infinite F50 (Tecan, Männedorf, Switzerland) at 540nm. The cell viability was calculated as following: Cell viability (%) = [1-(OD[sample]/OD[control]]x100%
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Table 1 . Chemical shift of TC based on the data 1 H-NMR (CDCl3, 300 MHz) and 13 C- NMR (CDCl3, 300 MHz) Number 1 H NMR 13 C NMR

 1 

	1	6.96 (1H, d, J=17.0 Hz)	160.6
	2	6.25 (1H, d, J=17.0 Hz)	129.6
	3		196.6
	4		138.9
	5	5.87 (1H, d, J=9.0 Hz)	137.2
	6	5.43 (1H, d, J=9.0 Hz)	76.0
	7	3.60 -3.58 (1H, m)	47.0
	8	5.38 -5.33 (1H, m)	73.9
	9	1.99 (1H, dd, J=10.0 and 17.0 Hz)	48.4
		2.48 (1H, dd, J=10.0 and 17.0 Hz)	
	10		72.1
	11		136.1
	12		169.8
	13	5.81 (1H, d, J=2.0 Hz)	124.5
		6.35 (1H, d, J=2.0 Hz)	
	14	1.95 (3H, s)	28.9
	15	1.53 (3H, s)	19.7
	16		176.2
	17	2.48-2.38 (1H, m)	34.0
	18	1.05 (3H, d, J=8.0 Hz)	18.6
	19	1.05 (3H, d, J=8.0 Hz)	18.8

  1 derivatives has not studied carefully yet. A few works have been reported in literature. Chowdhury et al. demonstrated that the Tagitinin C was transformed into Tagitinin F 2 under irradiation with a mercury lamp 37 . Microbial

	transformation of Tagitinin C was studied by Rocha et al. Fungus Aspergillus terreus was
	used to synthesize Tagitinin C derivatives which enhanced activity and/or decreased
	toxicity. Fungus led to the formation of different products through an unusual epoxidation
	reaction between C4 and C5, a formation of a C3, C10 ether bridge, and a methoxylation of
	the C1 of Tagitinin C (Scheme 1). The absence of α,β-unsaturated groups in Tagitinin C did
	not improve or decrease its cytotoxic activity in the HL-60 cells. It was found that the
	Tagitinin C derivative with only one α,β-unsaturated moiety had statistically similar activity
	to Tagitinin C with three α,β-unsaturated ones 38 . E. Ziemons et al. reported that
	photochemical conversion rate of TC to Tagitinin F was slowed in the presence of 2,6-di-
	methoxy-β-Cyclodextrins while no significant effect was observed in the presence of β-and
	γ-Cyclodextrins. The interactions between 2-OCH3 groups of Cyclodextrins and CH3 group
	of the unsaturated cycle of Tagitinin C can explain the increase of the Tagitinin C resistance

Table 1 Optimization of Michael addition conditions of phenylmethanamine 8 to Tagitinin C 1 Entry Catalyst Solvent Temperature (°C) Time (h) Yield (%)

  

	1	CAN	THF	60	32	nr
	2	CAN	EtOH/H2O	25	6	nr
	3	Et3N	MeOH	25	2	nd a
	4	Et3N	MeOH	0	1.5	nd a
	nr: no reaction. Nd: not determined. a : mixture of products 9a, 9b and 9c.		

Table 3 . 1 H NMR (400 MHz, CDCl3) and 13 C NMR (75 MHz, CDCl3) of Tagitinin C and Tagitinin C derivative (11a)

 3 

	Position	Tagitinin C			11a
		1 H NMR	13	C	1 H NMR	13 C
			NMR		NMR
	1	6.96 (d, J = 17.0 Hz, 1H)	160.6	3.21 (dd, J = 11.5, 6.0 Hz,	57.2
					1H)
	2	6.25 (d, J = 17.0 Hz, 1H)	129.6	2.58 (dd, J = 12.5, 6.0 Hz,	35.4
					1H)
					1.77 (dd, J=12.5, 3.0 Hz, 1H)
	3		196.9		103.8
	4		138.9		140.8

Table 4 . 1 H NMR and 13 C NMR of Tagitinin C and Tagitinin C derivative 15a

 4 

	Position	Tagitinin C		15a	
		1 H NMR	13 C NMR	1 H NMR	13 C NMR
	1	6.96 (d, J = 17.0 Hz, 1H)	160.6	6.85 (d, J = 17.0 Hz, 1H)	160.1
	2	6.25 (d, J = 17.0 Hz, 1H)	129.6	6.23 (d, J = 17.0 Hz, 1H)	128.9
	3		196.9		196.7
	4		138.9		141.0
	5	5.87 (d, J = 9.0 Hz, 1H)	137.2	5.83 (d, J = 9.0 Hz, 1H)	139.0
	6	5.43 (d, J = 9.0 Hz, 1H)	76.0	5.37 (d, J= 9.0 Hz, 1H)	83.8
	7	3.60 -3.55 (m, 1H)	47.0	3.73 -3.68 (m, 1H)	43.1
	8	5.38 -5.33 (m, 1H)	74.1	5.64 -5.43 (m, 1H)	71.8
					53.5
				1H)	
	10		71.9		69.7
	11		136.1	3.62 -3.60 (m, 1H)	138.9
	12		169.8		176.2
	13	6.35 (d, J = 2.0 Hz, 1H)	124.5	3.22 (dd, J = 9.0, 4.0 Hz,	128.4
		5.81 (d, J = 2.0 Hz, 1H)		1H)	
				2.92 (dd, J = 9.0, 4.0 Hz,	
				1H)	
	14	1.95 (s, 3H)	28.9	2.16 (s, 1H)	22.5
	15	1.53 (s, 3H)	19.7	1.46 (s, 3H)	19.7
	16		176.2		176.8
	17	2.48 -2.38 (m, 1H)	34.0	2.43 -2.32 (m, 1H)	35.2
	18	1.05 (d, J=8.0 Hz, 3H)	18.8	1.05 (d, J=8.0 Hz, 3H)	18.7
	19	1.05 (d, J=8.0 Hz, 3H)	18.6	1.05 (d, J=8.0 Hz, 3H)	18.5

9 2.48 (dd, J = 17.0, 10.0 Hz, 1H) 1.99 (dd, J = 17.0, 10.0 Hz,, 1H) 48.4 2.76 (dd, J = 13.5, 4.5 Hz, 1H) 1.88 (d, J = 13.5, 4.5 Hz,

Table 5 . Optimization of reaction conditions for Heck coupling reaction with model substrates

 5 

	Entry Pd(OAc)2	P(o-tol)3	Base	Temperature	Time	Conversion
		(mol%)	(mol%)	(equiv)	(°C)	(h)	(%)
	1	7	16	Et3N (1.5)	100	72	89
	2	7	28	Et3N (1.5)	120	20	95
	3	7	28	Et3N (1.5)	120	40	100
	4	7	28	Et3N (2.5)	120	20	100 a
	5	7	30	Cs2CO3 (1)	80	48	100 a
	6	5	16	K2CO3 (1)	80	48	84

a : Isolated yield: quantitative.

Table 6 . Scheme 15. Heck coupling reaction of TC 1 and 4-iodotoluene 21aTable 6 . Optimization of reaction conditions for Heck coupling reaction of TC 1 with 4-iodotoluen 21a

 66 

	Entry	Compound	Pd(OAc)2	P(o-tol)3	Base	Temp.	Time	Yield
		21a (equiv)	(mol%)	(mol%)	(equiv)	(°C)	(h)	(%)
	1	1.1	7	30	Cs2CO3 (1)	80	3	-
	2	1.1	14	60	Cs2CO3 (1)	80	20	-
	3	1.1	7	28	Et3N (1.7)	80	24	-
	4	1.1	7	36	Et3N (1.7)	80	72	-
	5	1.2	7	30	Et3N/TBAB: 2.5/1	120	16	48
	6	1.2	7	30	Et3N/TBAB: 2.5/1	120	40	51
	7	1.3	7	30	Et3N/TBAB: 4/1	120	40	44
	8	1.3	10	50	Et3N/TBAB: 2.5/1	120	40	35
	9	1.3	7	30	DIPEA/TBAB: 2.5/1	120	40	23
	10	1.3	7	30	TEMED/TBAB: 2.5/1	120	40	-

Table 7 : Cytotoxicity of selected compounds on MiaPaCa-2, measured by the cell survival.

 7 

		Cell Survival (%) at 500 nM
			SI a
	Compounds Miapaca-2	HEK
	TC 1	36.7 ± 2.9	32.0 ± 3.3 0.87
	11a	46.3 ± 11.2	78.0 ± 11.7 1.68
	11b	57.7 ±4.8	67.4 ± 2.6 1.17
	11c	44.8 ± 4.5	43.5 ± 3.2 0.97
	11d	66.4 ± 12.9	65.6 ± 10.4 0.99
	11e	27.6 ±4.5	30.9 ± 3.2 1.12
	11f	43.3 ± 1.6	39.0 ± 1.5 0.90
	13a	34.6 ± 10.3	32.9 ± 2.7 0.95
	13h	53.0 ± 9.3	42.2 ± 3.1 0.80
	13b	21.3 ± 3.0	33.4 ± 1.9 1.57
	13i	38.7 ± 4.6	41.0 ± 2.2 1.06
	13c	23.1 ± 1.2	31.5 ± 2.0 1.36
	13j	47.1 ± 5.3	52.5 ± 5.1 1.11
	13d	43.1 ± 3.6	44.3 ± 8.1 1.03
	13k	39.2 ± 4.9	43.4 ± 6.3 1.11
	13e	ND	ND
	13l	47.1 ± 7.1	54.9 ± 2.7 0.95
	15a	70.9 ± 14.1	83.3 ± 5.3 1.18
	15b	50.3 ± 6.3	53.4 ± 6.9 1.06
	15c	33.0 ± 2.5	38.5 ± 3.2 1.17
	17a	90.2 ± 4.5	92.7 ± 6.9 1.03
	17b	ND	ND
	17c	83.4 ± 14.2	92.9 ± 6.5 1.11
	17d	ND	ND

Table 8 . Cell inhibition at 50 µg/ml and IC50 of the compounds

 8 

			A549		MCF-7		HGC -27
	No	Samples	Inhibition	IC50	Inhibition	IC50	Inhibition	IC50
			(%)	(µg/ml)	(%)	(µg/ml)	(%)	(µg/ml)
		Paclitaxel		48.27		38.75		62.85
	1	GQDs-EBE-TC	96.3 ± 0.7	2.56	98.94 ± 0,1	3.79	98.93 ± 0,2	12.29
	2	GQDs-DD-TC	95.23 ± 1.1	11.97	98.92 ± 0.4	4.04	80.7 ± 0,2	10.97
	3	GQDs	58.80 ± 2.3	44.11	40.26 ± 2.3	>50	58.18 ± 1.8	38.98
	4	TC	95.84 ± 1.0	0.79	99.54 ± 0.1	0.28	100.00 ± 0.5	1.11
	5	GO	9.06 ± 2.3	>50	5.38 ± 0.2	>50	3.24 ± 2.3	>50
	6	GO-EBE-TC	95.16 ± 1.2	3.51	97.82 ± 0.6	6.32	100.00 ± 0.1	16.81
	7	GO-DD-TC	96.12 ± 0.1	4,45	99.06 ± 0.1	5.2	100.00 ± 0.1	17.45

  . Likewise, the GQDs-Vin composite exhibited characteristic Vin absorption

	feature at 1726,1614, 1500, 1460, 1433, and 1226 cm -1 , which are similar to that of Vin
	alone. Moreover, the interaction of Vin and GQDs may be represented by a new peak at

84 J. H. Burns in Vinblastine Sulfate, Vol. 1 (Ed. K. Florey), Academic Press, 1972, pp. 443-462, F. J. Muhtadi and A. F. A. A. Afify in Vinblastine Sulfate (Supplement), Vol. 21 (Ed. H. G. Brittain), Academic Press, 1992, pp. 611-658, X. Zhang, X. Zhao, Y. Zu, X. Chen, Q. Lu, Y. Ma and L. Yang, International journal of molecular sciences 2012, 13, 12598-12607. 65 1660 cm -1 (C=O group of GQDs). It is indicated that Vin is successfully attached on the surface of GQDs.

Table 9 . IC50 values of GQDs, Vin and their composites GQDs-Vin (with different weight ratios GQDs:Vin = 1:1, 1:3 and 1:5) for different cancer cells Num Samples IC 50 (µg/ml)

 9 

			Cervical	Human	kidney,	Human	Human	Human
			cancer	Stomach	African	lung	breast	Brain
			cells (Hela)	carcinoma	green	adenocarci	adenocarci	Astrocyto
				cell	monkey	noma	noma cells	ma
				(HGC-27)	(Vero)	epithelial	(MCF-7)	CCF-
						cells		STTG1
						(A549)		
	1	Paclitaxel	57.59	62.85		48.27	38.75	
	2	Doxorubicin						18.50
	3	GQDs	>50	38.98	>50	44,11	>50	>50
	4	Vin	29.86	>50	0.05	9.91 ng/ml 6.92 ng/ml	44.48
	5	GQDs-Vin (1:5)	17.35	41.82	0.17	5.82 ng/ml 5.86 ng/ml	28.73
	6	GQDs-Vin (1:3)	25.23	39.11	0.12	8.35 ng/ml 2.93 ng/ml	29.74
	7	GQDs-Vin (1:1)	26.86	39.23	0.19	9.37 ng/ml 6.01 ng/ml	42.5

Table 10 . IC50 values of GQDs, Vin, GQDsM and GQDsM-Vin composite
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	Num	Samples	IC 50 (µg/ml)
			Human Stomach carcinoma	Human lung
			cell	adenocarcinoma epithelial
			(HGC-27)	cells (A549)
	1	GQDs	38.98	44.11
	2	Vin	>50	9.91 ng/ml
	3	GQDsM	25.09	20.78
	4	GQDsM-Vin	42.61	1.57 ng/ml

  3-fold lower than that of Vin alone.Le Tithonia diversifolia (T. diversifolia), également connu sous le nom de tournesol mexicain ou souci des arbres, est une plante herbacée de la famille des Astéracées. Il est originaire de l'est du Mexique et d'Amérique centrale. L'espèce est actuellement largement répandue sous les tropiques. On la retrouve en Afrique et en Asie où elle a été introduite sur la base de ses multiples utilisations. Le Tithonia diversifolia se trouve également dans les champs, les friches et les bords de route du Vietnam. Il est utilisé depuis bien longtemps comme plante médicinale dans les pays tropicaux pour le traitement de diverses maladies, notamment le diabète sucré et le paludisme. De plus, le T. diversifolia, contenant des composés bioactifs, possède des propriétés biologiques comme anti-inflammatoires, antidiarrhéiques, anti-amibiennes et spasmolytiques. Les extraits de T. diversifolia ont été traditionnellement utilisés pour le traitement de la diarrhée, de la fièvre, des hématomes, des hépatites, des hépatomes, du paludisme et des plaies. Des études phytochimiques de T. diversifolia ont permis d'isoler plusieurs nouvelles lactones sesquiterpéniques bioactives telles que la Tagitinine C, la Tagitinine A et la Tagitinine F.

La Tagitinine C, une lactone sesquiterpénique appartenant au squelette du germacranolide, est largement présente chez T. diversifolia. De nombreux études ont indiqué son large spectre de propriétés biologiques, notamment l'activité antipaludique, anti-ulcéreuse, antiinflammatoire et anticancéreuse. Cependant, les dérivés de la Tagitinine C n'ont pas encore

6R,7R,8R,10S,E)-1-(cyclopentylamino)-3-hydroxy-4,10-dimethyl-11-methylene- 12-oxo-1,2,3,6,7,8,9,10,11,12-decahydro-3,10-epoxycyclodeca[b]furan-8-yl isobutyrate (11e):

  

	1 H NMR (300 MHz, CDCl3) δ ppm 6.24 (d, J = 3.0 Hz, 1H, Hα13), 5.67 (d, J = 5.0 Hz, 1H,
	H5), 5.60 (d, J = 6.0 Hz, 1H, H8), 5.58 (s, 1H, Hβ13), 5.38 (s, 1H, H6), 4.17 (s, 1H, H7),
	3.55 (dd, J = 12.0, 6.0 Hz, 1H, H1), 2.53 -2.44 (m, 1H, H1'), 2.42 (m, 1H, H17), 2.40 (d,
	J=9.0 Hz, 1H, Hα9), 1.97 (d, J = 9.0 Hz, 1H, Hβ9), 1.82 (d, J =10.0 Hz, 1H, Hα2) 1.73 (s,
	3H, H14), 1.71 (d, J = 11.0 Hz, 1H, Hβ2), 1.48 (s, 3H, H15), 1.05-1.02 (m,16H, H 18,19,
	2',3',4').
	13 C NMR (75 MHz, CDCl3) δ ppm 176.1 (C16), 169.9 (C12), 141.4 (C4), 136.4 (C11),
	127.6 (C5), 122.6 (C13), 103.5 (C3), 82.5 (C10), 75.7 (C6), 70.8 (C8), 62.6 (C1), 55.8 (C2),
	50.4 (C1'), 49.5 (C7), 44.5 (C17), 36.3 (C9), 34.0 (C2'), 25.9 (C3'), 25.1 (C4'), 22.9 (C14),
	19.2 (C15), 18.6 (C18,19).
	IR cm -1 : 3375, 2972, 2929, 2854, 1764, 1734, 1657, 1467, 1450, 1371, 1348, 1280, 1184,
	1152, 1128, 1068, 987, 915, 816, 739, 704 cm -1 .
	HRMS: m/z calculated for C25H37NO6 [M+H] + 448.2621, found 448.2669.
	(1S,Reaction of Cyclopentylamine (0.34 mmol, 29 mg), Tagitinin C (0.34 mmol, 118 mg), in
	dichloromethane
	Yield: 86% (0.29 mmol, 127 mg), yellow pale oil.

3R,6R,7R,8R,E)-3-hydroxy-1-(1'-hydroxy-4'-methylpentan-2'-yl)amino)-4,10- dimethyl-11-methylene-12-oxo-1,2,3,6,7,8,9,10,11,12-decahydro-3,10- epoxycyclodeca[b]furan-8-yl isobutyrate (13e):

  

	22	D = -110.0 (c=0.1, MeOH)
	1 H NMR (300 MHz, CDCl3) δ ppm 6.25 (d, J = 3.0 Hz, 1H, Hα13), 5.62-5.61 (m 2H, H5,8),
	5.59 (d, J = 2.0 Hz, 1H, Hβ13), 5.39-5.34 (m, 1H, H6), 4.45 (t, J = 9.0 Hz, 1H, H7), 4.15
	(ddd, J = 6.0, 4.0, 2.0 Hz, 1H, H1), 3.59 (dd, J = 11.0, 4.0 Hz, 1H, Hα1'), 3.47 (dd, J = 12.0,
	6.0 Hz, 1H), 3.41 (d, J = 6.0 Hz, 1H), 3.39 -3.35 (m, 1H, H 1'), 2.78 (dd, J = 14.0, 7.0 Hz,
	1H, Hα2), 2.55 (dd, J = 13.0, 6.0 Hz, 2H, Hβ2, Hα9), 2.49-2.39 (m, 3H, Hβ9, H17), 1.77 (s,
	3H, H14), 1.52 (s, 3H, H15), 1.19 (t, J = 7.0 Hz, 7H), 1.06-0.91 (m, 6H, H18,19).
	13 C NMR (75 MHz, CDCl3) δ ppm 176.9 (C16), 169.8 (C12), 140.7 (C4), 136.5 (C11),
	128.2 (C5), 122.9 (C13), 103.4 (C3), 82.5 (C10), 75.50 (C6), 71.9 (C8), 69.4, 65.3 (C1),
	60.6 (C2), 49.4 (C7), 47.56 (s), 44.0 (C17), 42.0, 34.0 (C9), 28.9 (C14), 22.8 (C15), 19.4
	(C18), 18.7 (C19), 18.1 (C4').
	IR cm -1 : 3463, 2969, 2934, 2875, 1764, 1734, 1655, 1468, 1371, 1344, 1280, 1186, 1153,
	1068, 990, 917, 817, 733, 692, 681.
	HRMS: m/z calculated for C24H37NO7 [M+H] + 452.2570, found 452.2629.
	(1S,Reaction of L-(+) Leucinol (0.37 mmol, 43 mg), Tagitinin C (0.37 mmol, 128 mg), in
	dichloromethane.

-11-((benzyl(methyl)amino)methyl)-10-hydroxy-4,10- dimethyl-3,12-dioxo-3,6,7,8,9,10,11,12-octahydrocyclodeca[b]furan-8-yl isobutyrate (15a):

  

	Yield: 71% (0.25 mmol, 117 mg), yellow pale oil.
	[α] 22	D = -114.6 (c=1.0, MeOH)
	1 H NMR (300 MHz, CDCl3): δ ppm 7.38 -7.15 (m, 5H, HAr), 6.76 (d, J = 17.0 Hz, 1H,
	H1), 6.13 (d, J = 17.0 Hz, 1H, H2), 5.83 (dd, J = 9.0, 2.0 Hz, 1H, H5), 5.64-5.43 (m, 1H,
	H8), 5.29 (d, J = 9.0 Hz, 1H, H6), 3.73 -3.70 (m, 1H, H7), 3.62-3.60 (m, 1H, H11), 3.22
	(dd, J = 9.0, 4.0 Hz, 1H, Hα13), 2.92 (dd, J = 9.0, 4.0 Hz, 1H, Hβ13), 2.76 (dd, J = 13.0, 5.0
	Hz, 1H, Hα9), 2.58 -2.45 (m, 1H), 2.43 -2.32 (m, 1H, H17), 2.16 (s, 3H, H14), 1.88 (d, J
	= 13.0, 10.0 Hz, 1H, Hβ9), 1.46 (s, 3H, H15), 1.05 (2xd, J = 8.0 Hz, 6H, H18,19).
	13 C NMR (75 MHz, CDCl3) δ ppm 196.7 (C3), 176.8 (C16), 176.2 (C12), 160.1 (C1), 141.0
	(C4), 139.0 (C5), 138.9 (C11), 128.9 (C2), 128.4 (C13), 128.3, , 83.82 (C6), 71.8 (C8), 69.7
	13 C NMR (75 MHz, CDCl3) δ ppm 176.3 (C16), 170.0 (C12), 140.9 (C4), 136.5 (C11), (C10), 62.2, 55.4, 53.5 (C9), 43.1 (C7), 39.50, 35.2 (C17), 29.3, 22.5, 19.7 (C15), 18.7
	128.2 (C5), 122.8 (C13), 103.9 (C3), 83.2 (C10), 75.7 (C6), 70.9 (C8), 68.8 (C24), 64.8 (C18), 18.5 (C19).
	(C20), 62.8 (C1), 56.0 (C2), 50.8 (C7), 49.7, 43.0 (C4'), 41.6 (C9), 35.6 (C2"), 34.2 (C17), IR cm -1 : 3456, 2974, 2935, 1765, 1732, 1654, 1465, 1454, 1373, 1346, 1277, 1254, 1196,
	27.1 (C14), 26.1 (C3"), 24.9 (C5'), 23.1 (C15), 18.7 (C18), 18.4 (C19), -5.2 (C1"). 1154, 1125, 1067, 1024, 993, 914, 818, 735, 700.
	IR cm -1 : 3260, 2956, 2931, 2858, 1754, 1720, 1662, 1470, 1365, 1329, 1278, 1186, 1149, HRMS: m/z calculated for C27H35NO6 [M+H] + 470.25, found 470.2517.
	1103, 987, 918. 824, 786, 673.
	HRMS: m/z calculated for C31H53NO7Si [M+H] + 580.3591, found 580.3651. (6R,
	(6R,7R,8R,10R,11R,1Z,4E)Reaction of N-benzyl methyl amine (0.35 mmol, 42 mg), Tagitinin C (0.35 mmol, 122 mg),
	in dichloromethane.

7R,8R,10R,11R,1Z,4E)-11-((benzyl(hydroxymethyl)amino)methyl)-10-hydroxy- 4,10-dimethyl-3,12-dioxo-3,6,7,8,9,10,11,12-octahydrocyclodeca[b]furan-8-yl isobutyrate (15b):

  

	Yield: 86% (0.40 mmol, 192 mg), yellow pale oil.
	[α] 22	D = -81.3 (c=0.1, MeOH)
	1 H NMR (300 MHz, CDCl3) δ ppm 7.39-7.24 (m, 5H, HAr), 6.70 (d, J = 17.0 Hz, 1H, H1),
	6.12 (d, J = 17.0 Hz, 1H, H2), 5.62 (dd, J = 9.0, 1.0 Hz, 1H, H5), 5.53-5.43 (m, 1H, H8),
	5.22 (d, J = 9.0 Hz, 1H, H6), 3.80 (m, 2H, H1'), 3.69-3.62 (m, 1H, H11), 3.52 (d, J = 14.0
	Hz, 1H, H7), 3.02-2.88 (m, 1H, Hα13), 2.83-2.76 (m, 1H, H9), 2.76-2.65 (m, 1H, H13), 2.55
	13 C NMR (75 MHz, CDCl3) δ ppm 196.7 (C3), 176.5 (C16), 159.9 (C1), 139.2 (C4), 136.6
	(C5), 129.2 (C2), 128.6, 128.3, 127.5, 72.1 (C10), 69.6 (C8), 60.8 (C11), 60.1, 59.3, 53.4,
	52.8 (C13), 50.5, 47.5 (C9), 44.2, 39.8, 34.2 (C17), 29.55 (C15), 19.79 (C14), 18.77 (C18),
	18.57 (C19).
	IR cm -1 : 3476, 2974, 2936, 2877, 2829, 1770, 1731, 1653, 1454, 1387, 1373, 1347, 1273,
	1252, 1180, 1155, 1092, 994, 930, 918, 869, 850, 738.
	Reaction of N-benzylethanolamine (0.46 mmol, 70mg), Tagitinin C (0.46mmol, 161mg), in
	dichloromethane.

(dd, J = 15.0, 8.0 Hz, 1H, H17), 2.40 (dd, J = 14.0, 7.0 Hz, 1H, H2), 1.88 (s, 1H, H14), 1.87-1.77 (m, 1H, H9), 1.48 (d, J = 8.0 Hz, 1H, H2), 1.47 (s, 1H, H15), 1.17-1.10 (m, 1H), 1.10-1.05 (m, 6H, H18,19). HRMS: m/z calculated for C27H35NO6 [M+H] + 470.25, found 470.2517.

3R,6R,7R,8R,E)-1-(dibutyloxyphosphoryl)-3-hydroxy-4,10-dimethyl-11- methylene-12-oxo-1,2,3,6,7,8,9,10,11,12-decahydro-3,10-epoxycyclodeca[b]furan-8-yl isobutyrate (17d):

  

	Reaction of Dibutyl phosphite (0.2 mmol, 39 mg), Tagitinin C (0.2 mmol, 69 mg), in
	dichloromethane.
	22	D = -146.8 (c=0.3, MeOH)
	1 H NMR (300 MHz, CDCl3) δ ppm 6.24 (d, J = 3.0 Hz, 1H, Hα13), 5.64 (d, J = 2.0 Hz, 1H,
	H5), 5.63-5.58 (m, 1H, H8), 5.57 (d, J = 3.0 Hz, 1H, Hβ13), 5.38 (d, J = 1.0 Hz, 1H, H6),
	4.13 -4.09 (m, 1H, H7), 2.83-2.71 (m, 1H, H1), 2.49 -2.26 (m, 1H, H17), 2.35 (dd, J = 13.0,
	6.0 Hz, 2H, Hα2, Hα9), 2.28 (d, J = 13.0 Hz, 1H, Hβ2), 1.92 (dd, J = 14.0, 6.0 Hz, 1H, Hβ9),
	1.84 (s, 3H, H14), 1.60 (s, 3H, H15), 1.32 (dd, J = 10.0, 4.0 Hz, 6H, H2'), 1.04 (t, J = 7.0
	Hz, 6H, H18,19).
	13 C NMR (75 MHz, CDCl3) δ ppm 176.0 (C16), 169.7 (C12), 139.7 (C4), 136.1 (C11),
	128.9 (C5), 122.8 (C13), 104.8 (C3), 84.2 (C10), 75.4 (C6), 70.3 (C8), 62.1 (C1'), 49.8
	(C7), 46.0 (C1), 44.0 (C2), 39.6, 37.2 (C9), 34.0 (C17),27.9 (C15), 22.6 (C14), 19. (C-18),
	18.7 (C19), 16.6 (C2').
	IR cm -1 : 3282, 2976, 1763, 1731, 1469, 1389, 1247, 1218, 1126, 1074, 1020, 988, 965, 918,
	818, 748, 729, 615.

HRMS: m/z calculated for C23H35O9P [M+H] + 487.2019, found 487.2073.

(1S,

  HRMS: m/z calculated for C27H43O9P [M+H] + 543.2645, found 543.2699.

	13 C NMR (75 MHz, CDCl3) δ ppm 175.9 (C16), 169.7 (C12), 139.8 (C4), 136.1 (C11),
	128.8 (C5), 122.8 (C13), 104.6 (C3), 84.1 (C10), 75.4 (C6), 70.3 (C8), 65.8 (C1'), 49.9
	(C7), 46.0 (C1), 44.0 (C2), 39.6 (C17), 37.3 (C9), 32.5 (C2'), 27.9 (C15), 22.6 (C14), 19.1
	(C18), 18.8 (C19), 18.6 (C3'), 13.6 (C4').
	IR cm -1 : 3298, 2962, 1763, 1733, 1648, 1466, 1385, 1281, 1248, 1218, 1125, 1060, 1019,
	989, 912, 819, 750, 723, 617.

  22 D = -62.1 (c=0.5, MeOH) 1 H NMR (300 MHz, CDCl3) δ ppm 6.21 (d, J = 3.0 Hz, 1H, Hα13), 5.62-5.52 (m, 3H, H5, H8, Hβ13), 5.34 (d, J = 2.0 Hz, 1H, H6), 4.09 (m, 1H, H7), 2.69-2.61 (m, 1H, H1), 2.57 (s, 1H), 2.44-2.31 (m, 3H, Hα9, H17, Hα2), 2.29-2.14 (m, 1H), 2.00-1.94 (m, 2H, Hβ2, Hβ9), 1.83 (s, 3H, H14), 1.60 (s, 3H, H15), 1.49 (d, J = 3.0 Hz, 18H, H2'), 1.02-0.98 (m, 6H, H18, 19 ). C5), 122.8 (C13), 104.2 (C3), 84.2 (C10), 75.7 (C6), 70.7 (C8), 53.6 (C1'), 50.0 (C7), 47.4 (C1), 40.7 (C2), 37.4 (C9), 34.2 (C17), 30.5 (2'), 28.1 (C14), 22.9 (C15), 19.1 (C18), 18.9 (C19).

	IR cm -1 : 3303, 2978, 1763, 1732, 1648, 1469, 1395, 1284, 1259, 1207, 1124, 1040, 1011,
	984, 920, 820, 753, 715, 616.

13 

C NMR (75 MHz, CDCl3) δ ppm 175.9 (C16), 169.9 (C12, 140.7 (C4), 136.4 (C11), 128.3 (

13 C NMR (75 MHz, CDCl3

  ) δ ppm 176.1 (C16), 169.8 (C12), 140.1 (C4), 136.1 (C5), 132.1 (C11), 129.3 (CAr), 128.6 (CAr), 127.7 (CAr), 126.9 (CAr) 122.9 (C13), 104.1 (C3), 84.4 (C10), 75.4 (C6), 70.6 (C8), 55.2 (C7), 49.6 (C1), 44.9 (C2), 36.9 (C9), 34.1 (C17), 26.7 (C14), 22.66 (C15), 19.1 (C18), 18.7 (C19). IR cm -1 : 3454, 2971, 2931,1765, 1734, 1583, 1469, 1439, 1381, 1335, 1281, 1254, 1184, 1149, 1122, 1067, 1018, 987, 910, 815, 742, 692. HRMS: m/z calculated for C25H30O9S [M+H] + 459.1763, found 459.1822.

vitro cell-proliferation assay IC50

  of TC analogs on MiaPaCa-2 cancerous cell line and HEK healthy cell line Cytotoxicity of selected compounds on MiaPaCa-2, measured by the cell survival.

	In vitro cell-proliferation assay 17e	NT	NT
	17f	83.9 ± 22.7 98.6 ± 9.4
	Compound Cell Survival (%) at 250 nM IC50 (nM) 19a 62.8 ± 9.9 94.5 ± 2.8
	MiaPaCa-2 HEK Compounds Miapaca-2 HEK
	TC TC 1	358 ± 54 67.1 ± 8.9 40.7 ± 4.7 701 ± 40
	11d 11a	673 ± 37 NT	604 ± 32 NT
	11a 11b	740 ± 45 78.8 ± 20.8 90.7 ± 6.4 710 ± 42
	11c	79.5 ± 20.6 92.3 ± 10.0
	11d	NT	NT
	11e	67.9 ± 17.8 52.7 ± 6.6
	11f	83.8 ± 19.7 92.7 ± 3.1
	13a	85.7 ± 5.6 82.5 ± 5.3
	13h	99.4 ± 28.7 97.7 ± 5.1
	13b	66.0 ± 29.3 87.2 ± 7.7
	13i	75.5 ± 24.8 83.2 ± 3.5
	13c	70.1 ± 16.7 47.3 ± 6.8
	13j	83.9 ± 12.5 76.9 ± 4.2
	13d	60.6 ± 17.7 64.8 ± 14.6
	13k	68.2 ± 22.7 73.6 ± 15.7
	13e	NT	NT
	13l	86.5 ± 16.0 87.7 ± 6.4
	15a	93.9 ± 6.9 87.8 ± 1.4
	15b	85.3 ± 14.4 87.0 ± 4.6
	15c	88.4 ± 18.2 79.6 ± 1.6
	17a	81.3 ± 20.1 105.3 ± 8.9
	17b	NT	NT
	17c	81.0 ± 31.2 94.0 ± 8.8
	17d	NT	NT
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General information

UV-visible analysis

The analysis of samples was carried out by using UV-visible spectrum in the wavelength range 200-600 nm. The absorbance was collected in a quartz cuvet of 1 cm pathlength, with a sample concentration of 0.1mg/mL. For the GQDs, the aqueous solution was used as a blank sample. For Vin, GQDs-Vin 0.1% DMF in aqueous solution was used as a blank sample. The binding (loading) efficiency of Vin were estimated using absorbance peak from freshly prepare GQDs-Vin complex resuspension of collected pellet after centrifugation.

FTIR analysis

The chemical structure of samples was characterized by Fourier Transform Infrared spectroscopy (FT-IR) (Perkin-Elmer spectrum one, NaCl pellets or Bruker Vertex 70 ATR Pike Germanium). The FTIR spectra can record broad range between 400 to 4000 cm -1 .

Each spectrum was obtained using 16 scans.

Optical rotations

Optical rotations were measured on an Anton Paar's MCP 150 polarimeter and reported as follows: [α] T D (concentration (g/100 mL), solvent).

Photoluminescence analysis (PL)

The Photoluminescence (PL) spectra were recorded on F-2500 Fluorescence spectrometer (Hitachi Ltd., Tokyo, Japan) by exciting the samples using xenon lamp at wavelength at 355 nm. The sample concentration of 0.1mg/mL was used to record the PL-spectra for all samples.

X-ray photoelectron spectroscopy

X-ray photoelectron spectroscopy (XPS) measurements were performed using PHI 5000 Versa Probe II, INC, Japan. The Al-Kα source, a hemispherical analyzer and a multichannel detector were used to record the XPS data under ultra-high vacuum condition with a base pressure of ∼5×10-10 m bar. The energy resolution of XPS measurement is 0.125 eV. All the samples were drop-casted on a thoroughly cleaned mica-sheet at a concentration of 0.2 mg/mL and allowed to dry under vacuum to perform XPS. The surface effect was reduced by sputtering the surface using Ar + ions before the data collection.

Transmission electron microscopy (TEM)

Transmission electron microscopy was performed on a Leica LEO 906E instrument operating at 120 kV. The samples were first dispersed in ethanol.

Yield: 76% (0.3 mmol, 164 mg) 

EXPERIMENTALS OF CHAPTER III

Synthesis of GO-TC

Tagitinin C (TC) was dispersed in solvent (DMF or EtOH) (10mg/mL) and then added to the graphene oxide (GO) solution (4mg GO/1ml H2O) in the three different ratios (1:1, 1:3, and 1:5 (wt/wt)) to prepare three different GO-TC (1:1, 1:3, and 1:5 (wt/wt)) derivatives. The mixture solution was then homogenized and stirred for 1h at room temperature. Then, the mixture was heated to 30 o C (60 o C and 90 o C) for 6h. Finally, the obtained GO-TC was filtrated and washed 3 times with DI water. The resulting solution was dried by freezedrying. The sample is namely GO-TC.

Synthesis of GQDs-TC

Tagitinin C (TC) was dispersed in solvent (DMF or EtOH) (10mg/mL) and then added to the graphene quantum dots (GQDs) solution (1mg GQDs/1ml H2O) in the weight ratios of GQDs :TC of 1:5 (wt/wt). The mixture solution was then homogenized and stirred for 1h at room temperature. Then, the mixture was heated to 30 o C (or 90 o C) for 6h. Finally, the mixture was cooled down to 4 o C and GQDs-TC was obtained by centrifuge at 3000rpm for 20 min and washing 3 times with DI water. The resulting solution was dried by freezedrying. The sample is namely GQDs-TC.

Synthesis of GO-DD-TC

Dimethylaminopyridine (DMAP, 100mM, 4 mL) and Dicyclohexylcarbodiimide (DCC, 200mM, 4 mL) were added to the aqueous of graphene oxide (GO. 4 mg/mL). The mixture was then sonicated for 1h to activate carboxyl group. Tagitinin C dissolved in DMSO was further incorporated with the mixture and stirred at room temperature for 6h. The GO-DD-TC was obtained by filtration, rinsing and centrifuge.

Synthesis of GQDs-DD-TC

Carboxylation of GQDs was obtained by mixing GQDs with NaOH and ClCH 2 COOH using sonication method. After that, DMAP and DCC were added to the aqueous suspension of carboxylation of graphene quantum dots (GQDs) Graphene quantum dots. The mixture was then sonicated for 1h to active carboxyl. Tagitinin C dissolved in DMSO was further incorporated with the mixture and stirred at room temperature for 6h. The GQDs-DD-TC was obtained by filtration and dialyzed using a 1KDa MWCO membrane for 24 h to remove the unreacted starting materials.

Synthesis of GO-EBE-TC

GO (20 mg) was dispersed in water (5 mL) under sonication. 2,2'-(ethylenedioxy)bis(ethylamine) (1.5 mL, 10.27 mmol) in H2O (8.5 mL) and H2O2 (40 mL, 30% solution in H2O) were then added and the pH of the solution adjusted to 7 while using

EXPERIMENTALS OF CHAPTER IV

Modification of GQDs (GQDsM)

4 mg of EDC and 6 mg of NHS were added into 5 ml of GQDs solution (1mg/ml) under stirring. After that, 5mg of RGD into the solution and the reaction was performed for 3h

under stirring at room temperature. Then the final solution was dialyzed for 48h to remove residual EDC and NHS molecules. The final solution is orange. The sample is powder namely GQDsM.

Synthesis of GQDs-Vin

Vin was dispersed in DMF (10mg/mL) and then added to the GQDs solution (1mg GQDs/1ml H2O) in the three different ratios (1:1, 1:3, and 1:5 (wt/wt)) to prepare three different GQDs-Vin (1:1, 1:3, and 1:5 (wt/wt)) derivatives. The mixture solution was then homogenized and stirred for 1h at room temperature. Then, the mixture was heated to 25 o C and 80 o C for 6h (12h, and 24h). Finally, the obtained GQDs-Vin was centrifuged at 3000rpm for 20 min and washing times with DI water. The resulting solution was dried by freeze-drying. The sample is namely GQDs-Vin. 

Synthesis of GQDsM-Vin