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Introduction

Amaryllidaceae plants are divided into 85 genera and encompass more than 1100 species that are widely spread throughout both tropical and warm temperate regions of the world [START_REF] Jin | Amaryllidaceae and Sceletium alkaloids[END_REF]. From a chemical viewpoint, this family is mostly renowned for sheltering more than 600 of the so-called Amaryllidaceae alkaloids, a collection of unique and structurally diverse tyrosine and phenylalanine-derived specialized metabolites [START_REF] Hotchandani | Heterocyclic Amaryllidaceae alkaloids: biosynthesis and pharmacological applications[END_REF][START_REF] Singh | Transcriptome and metabolome profiling of Narcissus pseudonarcissus 'King Alfred' reveal components of Amaryllidaceae alkaloid metabolism[END_REF]. This specific chemodiversity is endowed with varied and significant pharmacological traits, the most salient of which include the cytotoxic narciclasine [START_REF] Dumont | The Amaryllidaceae Isocarbostyril Narciclasine Induces Apoptosis By Activation of the Death Receptor and/or Mitochondrial Pathways in Cancer Cells But Not in Normal Fibroblasts[END_REF], the anti-parasitic haemanthamine [START_REF] Cedrón | Synthesis and antimalarial activity of new haemanthamine-type derivatives[END_REF], the anti-viral lycorine [START_REF] Zou | A single-amino acid substitution in West Nile virus 2K peptide between NS4A and NS4B confers resistance to lycorine, a flavivirus inhibitor[END_REF] and the anti acetylcholinesterase galanthamine [START_REF] Thomsen | Selective inhibition of human acetylcholinesterase by galanthamine in vitro and in vivo[END_REF][START_REF] López | Acetylcholinesterase inhibitory activity of some Amaryllidaceae alkaloids and Narcissus extracts[END_REF]. Intense phytochemical investigation campaigns were geared towards the isolation of undescribed alkaloids from this privileged taxa throughout the last decades, resulting in the isolation and structure elucidation of 44 alkaloids during the sole two year-timeframe between 2015 and 2017 [START_REF] Jin | Amaryllidaceae and Sceletium alkaloids[END_REF]. Notwithstanding their rather low molecular weights, the structure elucidation of these polycyclic compounds, often depauperate in H atoms, is globally challenging, accounting for the elevated number of such structures only being partially elucidated [START_REF] Buckingham | Dictionary of Alkaloids with CD-ROM[END_REF]. Fueled by numerous ethnopharmacological claims [START_REF] Fennell | Crinum species in traditional and modern medicine[END_REF], Crinum spp. chemistry was deeply dug so that this genus, sustained by more than 160 species, afforded so far ca. 200 different alkaloids spanning across most Amaryllidaceae alkaloid frameworks. Nervertheless, as of 2020, some species still have to be studied from a chemical perspective including Crinum scillifolium A. Chev. that is encountered in periodically flooded forest area throughout Liberia and Ivory Coast.

Like many plants pertaining to the Crinum genus [START_REF] Refaat | Crinum; an endless source of bioactive principles: a review. part v. biological profile[END_REF](Refaat et al., , 2012a(Refaat et al., , 2012b)), C. scillifolium is being used in folk medicine for various ailments, and these data are partly corroborated by in vivo studies from crude extracts, adding further interest in the chemical investigation of this species [START_REF] Kadio Brou | Evaluation of Anti-inflammatory Activity of Crinum scillifolium Extracts in Wistar Rats[END_REF], 2017a, 2017b). This report outlines the molecular networking-guided isolation, structure elucidation, and evaluation of antiplasmodial and cytotoxic activities of four unreported alkaloids of various structural series, along with the previously isolated asiaticumine A [START_REF] Sun | Chemical Constituents of Crinum asiaticum L. var. sinicum Baker and Their Cytotoxic Activities[END_REF], 4′-O,Ndimethylnorbelladine [START_REF] Vazquez Tato | New alkaloids from Pancratium maritimum L[END_REF], vittatine [START_REF] Frahm | 13 C nuclear magnetic resonance spectra of amaryllidaceae alkaloids. I-alkaloids with the crinane skeleton[END_REF][START_REF] Pabuççuoglu | Four New Crinine-Type Alkaloids from Sternbergia Species[END_REF], hippadine [START_REF] Ali | Phytochemical Investigation of Hippeastrum vittatum Growing in Egypt[END_REF], lycorine [START_REF] Evidente | 1 H and 13 C NMR analysis of lycorine and alpha-dihydrolycorine[END_REF], 4′-Omethylnorbelladine [START_REF] Eichhorn | Biosynthesis of the amaryllidaceae alkaloid Galanthamine[END_REF], sternbergine [START_REF] Evidente | Isolation of Sternbergine, a New Alkaloid From Bulbs of Sternbergia lutea[END_REF], and isotazettinol (Ünver et al., 1999) from this species. To assist further phytochemical investigations involving Amaryllidaceae plants, the MS/MS data related to all isolated molecules were uploaded to the GNPS repositories [START_REF] Wang | Sharing and community curation of mass spectrometry data with Global Natural Products Social Molecular Networking[END_REF].

Results and discussion

To get a first insight into the so-far unstudied specialized metabolite content of C. scillifolium, the alkaloid extract of the bulbs and the five fractions obtained from the first chromatographic fractionation were profiled by HPLC-HRMS/MS. These data were subsequently preprocessed and organized using the feature-based molecular networking workflow [START_REF] Nothias | Feature-based Molecular Networking in the GNPS Analysis Environment[END_REF]. As already pointed out, the success of this dereplication strategy highly depends on the quality and availability of MS/MS data, accounting for the stern efforts of natural product researchers being geared towards the upload of reference mass spectrometric data related to their favorite structural series (Fox Ramos et al., 2019b;[START_REF] Olivier-Jimenez | A database of high-resolution MS/MS spectra for lichen metabolites[END_REF][START_REF] Wang | Sharing and community curation of mass spectrometry data with Global Natural Products Social Molecular Networking[END_REF]. The annotation of the generated molecular network (Fig. 1) against the GNPS spectral libraries did not return a single tentative hit corresponding to an Amaryllidaceae alkaloid, despite revealing a substantial number of even-numbered nodes, presumably related to an array of different alkaloids. To extend the degree of spectrometric annotation when experimental tandem mass spectrometric are scarce or absent (Fox Ramos et al., 2019a), an elegant strategy was designed by Allard et al. to enable the dereplication of experimental MS/MS data against CFM-ID-predicted [START_REF] Allen | Competitive fragmentation modeling of ESI-MS/MS spectra for putative metabolite identification[END_REF] mass spectrometric data for 200.000 natural products entries of the Universal Natural Products Dictionary [START_REF] Allard | Integration of molecular networking and in-silico MS/MS fragmentation for natural products dereplication[END_REF]. The confidence in structure assignment can be enhanced by integrating further degrees of functional annotations such as the taxonomic position of the investigated material (Fox Ramos et al., 2019a). For this purpose, a recently implemented script by Allard and co-workers offers the opportunity to complement the score obtained between experimental spectral data and the output of computational metabolite annotation tools such as ISDB (In Silico Data Base) [START_REF] Rutz | Taxonomically Informed Scoring Enhances Confidence in Natural Products Annotation[END_REF]. As an illustration of this annotation strategy, the tagging of a specific node is displayed both before and after this taxonomic re-ranking in Fig. S2, Supporting Information. This refined annotation strategy provided some entry points in the generated molecular network (Fig. 1) and LC-DAD-MS analyses monitoring defined a shortlist of compounds seemingly amenable to isolation in sufficient amounts for full structure elucidation. These targeted structures tightly clustered with tentatively annotated nodes (2, m/z 330.1303 and 3, m/z 314.1351) or showed up as selfloops (1, m/z 360.1503 and 4, m/z 304.1488). Accordingly, compounds 1-4 could be isolated following repeated chromatographic fractionations (Fig. 2). Nodes highlighted in orange correspond to the targeted structures (1-4) in the phytochemical workflow. Compound 1 was obtained as an amorphous solid with a molecular formula of C19H21NO6, established by the HRESIMS ion at m/z 360.1448 (calcd for C19H22NO6, 360.14416). The preliminary investigation of both the 1 H NMR spectrum showed two singlets at δH 6.75 (H-7) and 6.58 (H-10) and a methylene group at δH 5.79 (2H, s), that was diagnostic of the joined 1,3-dioxolane cycle, as often encountered within Amaryllidaceae alkaloids. The 1 H NMR spectrum also comprised a doublet of triplets at δH 5.75 (J = 10.5, 1.6 Hz) and a broad doublet at δH 5.84 (J = 10.5 Hz), diagnostic of olefinic protons, a broad doublet of doublet of doublets at δH 5.62 (J = 9.5, 6.8, 1.6 Hz) corresponding to the adjacent oxygenated methine, the connectivities of which are outlined throughout COSY analyses (Fig. 3). The thorough analysis of the 1 H NMR spectrum, along with COSY correlations, determined H-3 as the X component of an ABMX spin system, where the AB are the two diastereotopic methylene signals arising as a multiplet at δH 2.29 and a doublet of doublet of doublets at δH 1.74 (J = 13.5, 9.5, 2.2 Hz), and the M part is a proton at δH 2.94. These NMR landmarks are evocative of the C cycle of tazettine-type alkaloids [START_REF] Masi | Jonquailine, a new pretazettine-type alkaloid isolated from Narcissus jonquilla quail, with activity against drug-resistant cancer[END_REF]. The signals corresponding to a N-CH3 moiety resonating at δH 2.46, an AB system corresponding to the diastereotopic methylenic protons of C-12, and a last AB doublet due to an oxygenated diastereotopic methylene at δH 4.63 and 4.98 were in line with a tazettine-type scaffold as supported by the HMBC correlations, outlined in Fig. 3, that led to determine the planar structure, namely scillitazettine, as shown in Fig. 2. Inferring the half-chair conformation of the C cycle, the magnitude of the vicinal coupling constant between H-3 and H-4B (9.5 Hz) and H-3 and H-4A (6.8 Hz) hinted the α-and β-pseudoaxial orientations of H-3 and H-4B, and ascribing the α-pseudoequatorial orientation of H-4A, in full agreement with the spectroscopic data of the structurally-related compound jonquailine [START_REF] Masi | Jonquailine, a new pretazettine-type alkaloid isolated from Narcissus jonquilla quail, with activity against drug-resistant cancer[END_REF]. Then, the value of 2.2 Hz determined between H-4B and H-4a established the β-pseudoequatorial disposition of H-4a, consistently with the consensual orientation of this proton by regards to biosynthetic considerations [START_REF] Jin | Amaryllidaceae and Sceletium alkaloids[END_REF]. The DFT-optimized geometry of the lowest-energy conformer of 1 revealed that the structural information conveyed by NOESY correlations should be interpreted very cautiously, owing to the β-pseudoequatorial disposition of H-4a that displays a roughly similar interatomic distance with both protons of the diastereotopic methylenic pair H-4A and H-4B (Fig. S15, Supporting Information). In these conditions, it appeared tricky to draw any conclusion as to synfacial or antifacial dispositions of H-3 and H-4a based on their NOE crosspeaks to H2-4. Seeking independent evidence to support the preferred configuration detailed above, DFT-NMR calculations were undertaken to determine the correct diastereoisomer among the candidates differing in the configuration of C-3 but also of C-11 which is not assignable based on NMR data. The subsequent DP4 probability method demonstrated the structural equivalence of 1 with diastereoisomer 1A with 90.9% probability (Fig. S14, Supporting Information).

Gratifyingly, the calculated coupling constants were in excellent agreement with our experimental values (Fig. S15, Supporting Information). The ECD spectrum of 1, displaying a positive/negative arrangement at the indicated wavelengths, was highly reminiscent of a tazettine arrangement (viz. cis B/D cycles) [START_REF] Wagner | Alkaloids from Hippeastrum equestre Herb.-5. Circular dichroism studies[END_REF][START_REF] Pham | Two novel Amaryllidaceae alkaloids from Hippeastrum equestre Herb.: 3-O-demethyltazettine and egonine[END_REF]. These empirical correlations were however sometimeproved to fail, leading us to question the reliability of these rules (Vergura et al., 2018). The (3S, 11S) absolute configuration of 1 was subsequently assigned based on comparison between the calculated (TDDFT) and experimental electronic circular dichroism (ECD) spectra (Fig. 4). These spectroscopic data defined 1 as the acetyl derivative of 3-O-demethyltazettine [START_REF] Pham | Two novel Amaryllidaceae alkaloids from Hippeastrum equestre Herb.: 3-O-demethyltazettine and egonine[END_REF], namely scillitazettine, as indicated in Fig. 2. Compound 2 was obtained as a white amorphous solid. The 13 C NMR and (+)-HRESIMS data established a molecular formula of C18H19NO5, differing from compound 1 by the loss of a methyl group and of an OH moiety. Accordingly, the 1 H and 13 C NMR data exhibited many signals analogous to those observed in 1, i. e. NMR landmarks related to the methylenedioxyphenylene core and the oxygenated diastereotopic methylene signals of cycle B, the ABMX spin system related to cycle C, with the main salient differences being the disappearance of the N-CH3 signal and the arising of an oxygenated methine proton resonating at δH 4.12 (1H, dd, J = 6.0, 1.0 Hz)/δC 80.2 that seemingly replaced the hemiketalic carbon at C-11, consistent with with spectroscopic data of pretazettine derivatives [START_REF] Cabezas | Alkaloids from Eucharis amazonica (Amaryllidaceae)[END_REF][START_REF] Elgorashi | Alkaloids from Crinum bulbispermum[END_REF]. This assumption was validated by this proton being the X component of an ABX spin system comprising a diastereotopic methylene group (δH 3.73 (1H, dd, J = 13.0, 6.0 Hz) and δH 3.66 (1H, dd, J = 13.0, 1.0 Hz)). The magnitude of the coupling constant values J11/12α and J11/12β can be used to assign C-11 configuration [START_REF] Kobayashi | Transformation of tazettine to pretazettine[END_REF]. Regarding 2, the small value of these parameters hinted the αorientation of H-11 [START_REF] Kobayashi | Transformation of tazettine to pretazettine[END_REF], which was further backed up by the NOE crosspeak between H-1 and H-11. Here again, the DFT-optimized geometries of lowest-energy conformers for this tentative structure of 2 accounted for the poor degree of information that could be retrieved from the NOESY spectrum, by regards to the nearly identical interatomic distances between H-3 and both diastereotopic methylenic protons H2-4 (Fig. S27, Supporting Information). The relative configuration of 2 was thus mainly based on coupling constant analyses, and comparison with former literature reports. The small magnitude of the vicinal coupling constants between H-3 and both diastereotopic methylenic protons H2-4 and the large coupling constant of H-4a with H-4A (J = 13.4 Hz) hinted an α-orientation of H-3 [START_REF] Brine | A dinitrogenous alkaloid from Cyrtanthus obliquus[END_REF][START_REF] Zhan | Galanthamine, plicamine, and secoplicamine alkaloids from Zephyranthes candida and their anti-acetylcholinesterase and anti-inflammatory activities[END_REF][START_REF] Wang | Cytotoxic and anti-inflammatory active plicamine alkaloids from Zephyranthes grandiflora[END_REF], which was also supported by the NOE crosspeak between H-3 and H-4A. To get an independent validation of this determined relative configuration, DFT-NMR calculations were carried out for the four different diastereoisomeric candidates at C-3 and C-11. Accordingly, DP4 calculation resulted in the prediction of the 2A diastereoisomer with 81.0 % probability (Fig. S26, Supporting Information). The absolute configuration of 2 was finally assigned based on a comparison between the calculated (TDDFT) and experimental circular dichroism spectra (Fig. 5).

Compound 2, namely scilli-N-desmethylpretazettine, pertains to a rare structural class as it extends the small phytochemical class of N-desmethylpretazettine derivatives, third to those which were simultaneously reported from Crinum bulbispermum [START_REF] Elgorashi | Alkaloids from Crinum bulbispermum[END_REF].

From a stereochemical viewpoint, although a full absolute configuration is being proposed by the authors, their claims are not supported by any convincing spectroscopic feature since vicinal coupling constant values are partly being described and are not discussed and the ECD spectrum was not even recorded [START_REF] Elgorashi | Alkaloids from Crinum bulbispermum[END_REF]. A further originality in the structure of 2 is the α-orientation of H-11, here first reported in the pretazettine/tazettine series [START_REF] Berkov | Chapter Two -Chemodiversity, chemotaxonomy and chemoecology of Amaryllidaceae alkaloids[END_REF]. A single pretazettine was formerly proposed to have a 11α oriented hydrogen proton but the determination of this compound, namely 11-desoxy-12-methoxycriwelline, only relied on GC-MS data, rendering its structure highly dubious [START_REF] Bokov | Amaryllidaceae alkaloids GC/MS analysis in Galanthus woronowii and Galanthus nivalis of Russian origin[END_REF][START_REF] Berkov | Chapter Two -Chemodiversity, chemotaxonomy and chemoecology of Amaryllidaceae alkaloids[END_REF]. Compound 3 was isolated as a white amorphous solid. Its molecular formula was deduced to be C18H19NO4 by the (+)-HRESIMS and the 13 C NMR data. The 1 H NMR spectrum revealed analogous NMR landmarks for a methylenedioxyphenylene core including the methylenedioxy protons at δH 5.91 (2H, s), and the para-disposed aromatic protons at δH 6.61 (1H, s), and 6.97 (1H, s), olefinic protons at δH 6.77 (1H, d, J = 10.0 Hz) and 5.94 (1H, dd, J = 10.0, 5.1 Hz), the ABMX spin system comprising a diastereotopic methylene pair at δH 2.04 and 2.07, an acetyl-methyl linked oxygenated methine at δH 5.33 (1H, td, J = 5.1, 4.7 Hz), and an heteroatom-bearing methine (mandatorily the nitrogen atom owing to molecular formula requirements). A second spin system comprised two pairs of diastereotopic methylene protons resonating at δH 2.07 and 2.25 and at δH 3.12 and 3.52, these later being diagnostic of their Nbearing status, and finally a second pair of N-linked diastereotopic methylene resonating at δH 3.99 and 4.51. Altogether, these spectroscopic features defined a planar crinane/haemanthamine-type scaffold, as further supported by long-range heteronuclear correlations outlined in Fig. 3. The magnitude of the coupling constant values between the olefinic protons (H-1 and H-2) and H-3 was used to bissect the relative orientation of this proton relatively to the ethano-bridge C-11/C-12. The currently observed coupling constants of the olefinic protons (J1-3 = 0 Hz; J2-3 = 5.1 Hz) were congruent with a trans orientation of the acetyl methyl substituent at C-3 to the two-carbon bridge [START_REF] Abdel-Halim | New Crinine-Type Alkaloids with Inhibitory Effect on Induction of Inducible Nitric Oxide Synthase from Crinum yemense[END_REF][START_REF] Thomsen | Selective inhibition of human acetylcholinesterase by galanthamine in vitro and in vivo[END_REF]Bastida et al., , 2006)). The absolute configuration of 3 was further established by circular dichroism. As formerly reported for various haemanthamine derivatives, the positive Cotton effect around 290 nm, and the negative Cotton effect around 250 nm were diagnostic of an alkaloid with the ethano bridge in an α-orientation [START_REF] Abdel-Halim | New Crinine-Type Alkaloids with Inhibitory Effect on Induction of Inducible Nitric Oxide Synthase from Crinum yemense[END_REF][START_REF] Herrera | Crinane and Lycorane Type Alkaloids from Zephyranthes citrina[END_REF][START_REF] Wagner | Alkaloids from Hippeastrum equestre Herb.-5. Circular dichroism studies[END_REF]. Altogether, these spectroscopic data identified 3 as 3-Oacetylvittatine. Noteworthily, 3-O-acetylvittatine was tentatively identified from several Amaryllidaceae plants [START_REF] Tallini | Alkaloid constituents of the Amaryllidaceae plant Amaryllis belladonna L[END_REF][START_REF] Thomsen | Selective inhibition of human acetylcholinesterase by galanthamine in vitro and in vivo[END_REF]). Yet, as far as can be ascertained, all structural reports related to this compound are based on mass spectrometric fragmentation patterns following gas-or liquid-chromatography and it seems that this molecule was not isolated previously.

Compound 4 was obtained as a white amorphous solid with a molecular formula of C17H21NO4, established by the HRESIMS ion at m/z 304.1595 (calcd for C17H22NO4, 304.15433). The 1 H NMR spectrum of 4 revealed an AA′BB′ spin system comprising two pairs of two-proton doublets at δH 7.11 (2H, d, J = 8.2 Hz) and 6.76 (2H, d, J = 8.2 Hz), a set of ABX system aromatic protons at δH 7.04 (1H, dd, J = 8.3, 2.4 Hz), 7.07 (1H, d, J = 2.4 Hz), and 7.01 (1H, d, J = 8.3 Hz), three poorly-resolved methylene signals at δH 3.15, 3.57 and 4.57 (with these two latter being heteroatom-bonded owing to their downfield-shifted carbon signals at δC 29.6, 69.3 and 73.2), a methoxy group at δH 3.90 (3H, s), and a low-field shifted nitrogen-located methyl group at δH 3.22 (3H, s) (Table 2). These NMR data were evocative of the benzyl-1-phenylethylamine appendage of norbelladine derivatives [START_REF] Jin | Amaryllidaceae and Sceletium alkaloids[END_REF][START_REF] Zetta | 13 C nuclear magnetic resonance spectra of amaryllidaceae alkaloids[END_REF]. This hypothesis was validated through the HMBC correlations from the Nmethyl group at δH 3.22 to both the carbons at δC 69.3 (C-α) and at δC 73.2 (C-α′). The downfield chemical shift of the protons and carbons alpha to the nitrogen compared to related norbelladine derivatives suggested the quaternary nature of the nitrogen atom, in line with molecular formula requirements that needed the introduction of an additional oxygen atom [START_REF] Suau | Alkaloid N-oxides of Amaryllidaceae[END_REF][START_REF] Nair | Alkaloids from Nerine filifolia[END_REF][START_REF] Fox Ramos | Revisiting Previously Investigated Plants: A Molecular Networking-Based Study of Geissospermum laeve[END_REF]. This structure was ultimately validated by comparison against the NMR data of the non N-oxide version of this molecule [START_REF] Vazquez Tato | New alkaloids from Pancratium maritimum L[END_REF] The occurrence of acetyl substituents is common in Amaryllidaceae alkaloids [START_REF] Berkov | Chapter Two -Chemodiversity, chemotaxonomy and chemoecology of Amaryllidaceae alkaloids[END_REF]. However, since the alkaloidic fractionation undertaken in this investigation comprised ethyl acetate as the organic phase, it was important to detect these compounds in an extract which did not imply ethyl acetate to demonstrate the genuine natural origin of compounds 1-3. Fortunately, these compounds could also be detected in the crude ethanolic extract, ruling out the possibility that these compounds could only represent extraction artifacts (Fig. S46-S48, Supporting Information).

The specialized metabolites responsible for the numerous ethnopharmacological claims related to Amaryllidaceae plants have been under intense scrutiny throughout the last decades, especially their cytotoxic activity [START_REF] Evidente | Anticancer evaluation of structurally diverse Amaryllidaceae alkaloids and their synthetic derivatives[END_REF] and their antiplasmodial properties (Nair and van Staden, 2019a). This prompted us to undertake the assessment of the antiparasitic activity of the isolated metabolites against the chloroquine-resistant strain of Plasmodium falciparum FcB1. Among the undescribed compounds (1 and 2) assayed for their antiplasmodial activity, compound 2 exerted the most significant activity (Table 4). The evaluated known compounds showed weak to moderate antiparasitic activity. The most active compound among the evaluated substances in our assays, lycorine, was formerly reported to exert strong antiplasmodial activity on some strains but was also reported inactive sometimes depending on the evaluated strain, and it seems that the FcB1 strain was not evaluated before (Nair and van Staden, 2019). Consistent with our current findings, sternbergine was found less active than lycorine although displaying slightly lower IC50 values on formerly tested P.

falciparum strains [START_REF] Campbell | Bioactive alkaloids from Brunsvigia radulosa[END_REF]. The modest antiplasmodial activity of the tazettine/pretazettine derivatives included in this study is in line with former activities obtained with the five derivatives of this family described so far that reported on null activites or at best, mild activity (ca. 10 μM for tazettine on some strains) (Nair and van Staden, 2019b). Likewise, the members of the small group of norbelladines were only scarcely studied for their antiplasmodial activities, but here again, the modest activity is consistent with the null or at best marginal activities reported so far (Nair and van Staden, 2019a).The cytotoxic activity of the isolated molecules was evaluated against the human colon cancer cell line HCT116 at the concentrations of 10 -5 M and 10 -6 M. The poor recorded activities (Table S58, Supporting Information) deterred us from sharply calculating their IC50 values, with only 2 having an IC50 comprised in this range of concentrations. 

Conclusion

In summary, four previously undescribed Amaryllidaceae alkaloids have been obtained

from Crinum scillifolium, here first studied from a chemical viewpoint. These structures were pinpointed, and their isolation streamlined, based on a molecular networking workflow benefitting from a state-of-the-art annotation strategy, including dereplication against in silico database and subsequent taxonomic reweighting. Three of the isolated structures extended the diversity of minor classes of Amaryllidaceae alkaloids, viz. tazettine, pretazettine, and norbelladines. The relative and absolute configuration assignments benefitted from extensive spectroscopic evidence. The assistance of DFT-NMR calculations fully rationalized the observed coupling constants, which might assist the structure elucidation of further related derivatives. With compound 2, this investigation notably reports on the first occurrence of a pretazettine having a 11α oriented hydrogen. These molecules revealed mild antiplasmodial activities and did not exert significant cytotoxic effects.

Experimental section

General experimental procedures

Optical rotations were obtained at 25°C on a Polar 32 polarimeter. UV and ECD spectra were recorded at 25°C on a Jasco J-810 spectropolarimeter. The NMR spectra were recorded on a Bruker AM-300 (300 MHz), AM-400 (400 MHz), and AM-600 (600 MHz). NMR The MS/MS data file were converted from the .d in-house Agilent data format to .mzXML thanks to the MS Convert Software, as included in ProteoWizard package [START_REF] Chambers | A cross-platform toolkit for mass spectrometry and proteomics[END_REF]. All .mzXML files were further submitted to the MZmine 2v.52 workflow. The mass detection was performed with a mass detection threshold at 1.0E4. The ADAP chromatogram builder was obtained using a minimum group scan size of 4, a group intensity threshold of 1.0E4, a minimum highest intensity of 1.0E5 and m/z tolerance of 0.05 Da or 5 ppm [START_REF] Myers | One Step Forward for Reducing False Positive and False Negative Compound Identifications from Mass Spectrometry Metabolomics Data: New Algorithms for Constructing Extracted Ion Chromatograms and Detecting Chromatographic Peaks[END_REF]. The ADAP wavelets deconvolution algorithm was applied with the following settings : S/N threshold = 10, minimum feature height = 3, coefficient/area threshold = 3, peak duration range 0.02-4.0 min, RT wavelet range 0.02-0.6. MS/MS scans were paired using a m/z tolerance range of 0.02 Da and a RT tolerance range of 1.0 min. The chromatogram was deisotoped using the isotopic peak grouper algorithm with a m/z tolerance of 0.02 Da or 10 ppm and a RT tolerance of 1.0 min. Peak alignment used the join aligner module with a m/z tolerance of 0.02 or 10 ppm (weight for m/z = 1, weight for RT = 1, absolute RT tolerance = 0.3 min). The peak list was gap-filled with the same RT and m/z range. The .mgf preclustered data file and the corresponding .csv metadata file (for RT, areas ; and formulas integration) were exported using the dedicated built-in options. A molecular network was then created using the online workflow hosted at GNPS. The data were then clustered with MS-Cluster with a parent ion mass tolerance of 2.0 Da and a fragment ion mass tolerance of 0.5 Da to generate consensus spectra. Consensus spectra containing less than 1 spectrum were discarded. A network was then created where edges were filtered to have a minimal cosine score of 0.6 with at least six matched fragment peaks. Edges were further maintained if each of the nodes appeared in each other respective top 10 most similar nodes. When searching against GNPS libraries, matches between network spectra and library spectra required a cosine score of 0.6 and at least six matched peaks. The clustered spectra of the molecular network were further dereplicated against the ISDB, following the guidelines edicted by Allard and co-workers [START_REF] Allard | Integration of molecular networking and in-silico MS/MS fragmentation for natural products dereplication[END_REF][START_REF] Rutz | Taxonomically Informed Scoring Enhances Confidence in Natural Products Annotation[END_REF]. Spectral matching parameters were set as follows: tolerance = 0.005, score threshold = 0.2, Top K results = 3. A taxonomically-informed score (family=Amaryllidaceae, Genus=Crinum) was further applied to the in silico annotated matches The generated molecular network were visualized using Cytoscape 3.5.1 [START_REF] Shannon | Cytoscape: a software environment for integrated models of biomolecular interaction networks[END_REF] and ChemViz 2 for structure display.

Computational details

Coordinates of the lowest-energy conformer of the different diastereoisomers differing in the configuration of C-3 and C-11 of 1 and 2 were optimized at the B3LYP/6-31 G(d) level of theory [START_REF] Becke | Becke's three parameter hybrid method using the LYP correlation functional[END_REF][START_REF] Halgren | Merck molecular force field. I. Basis, form, scope, parameterization, and performance of MMFF94[END_REF][START_REF] Lee | Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density[END_REF]. Chemical shifts were calculated from NMR shielding tensors using GIAO method [START_REF] Ditchfield | Self-consistent perturbation theory of diamagnetism: I. A gauge-invariant LCAO method for NMR chemical shifts[END_REF][START_REF] Wolinski | Efficient implementation of the gauge-independent atomic orbital method for NMR chemical shift calculations[END_REF] prior to being corrected against values for the corresponding nucleus TMS, both at the same level of theory. Vibrational analysis within the harmonic approximation was performed at the same level of theory upon geometrical optimization convergence prior to characterizing local minima by the absence of imaginary frequency. Excitation energies and corresponding rotational strengths for the first 60 electronic transitions were then calculated using the TDDFT method [START_REF] Bauernschmitt | Calculation of excitation energies within time-dependent density functional theory using auxiliary basis set expansions[END_REF] at the B3LYP/6-31G* level. Individual ECD spectra were computed by the summation of Gaussian functions [START_REF] Stephens | ECD cotton effect approximated by the Gaussian curve and other methods[END_REF] using SpecDis [START_REF] Bruhn | SpecDis: Quantifying the comparison of calculated and experimental electronic circular dichroism spectra[END_REF] v1.64 software with a half-bandwith of 0.30 eV after a bathochromic shifting of 35 nm for 1 and a sigma/gamma value of 0.16 eV and no UV correction for 2.

Cytotoxic and antiplasmodial evaluations

See Experimental Method S59, Supporting Information (Otogo N' Nang et al., 2018).

Extraction and purification of compounds

The dried bulbs of C. scillifolium (1.5 kg) were milled and extracted with EtOH (3 x 3L, 24 h each, 40°C, atmospheric pressure). The EtOH extract was concentrated in vacuo at 40°C to afford 200 gr of dry residue that was dissolved in 6M NH4OH. This solution was submitted to extraction with EtOAc (400 mL x 4). The EtOAc phase was extracted using a solution of sulfuric acid 2 M (200 mL x 3). This aqueuous phase was alkalinized using 6M NH4OH and extracted with CH2Cl2 to yield 300 mg of an alkaloid extract. The dry residue was submitted to flash chromatography using a Silica 12g Grace cartridge with a gradient of CH2Cl2/MeOH

(1:0 to 0:1) at 30 mL/min to afford five fractions based on TLC profiles. Fraction F2 (33 mg)

was subjected to preparative TLC in EtOAc/MeOH (99-1) to afford asicatumine A (2.2 mg).

Fraction F4 (40 mg) was fractionated by preparative HPLC separation using a gradient of MeOH-H2O with 0.1% FA (99:1 to 6:4) to afford 1 (2.5 mg), 2 (3.3 mg), 3 (1.3 mg), isotazettinol (2.7 mg), lycorine (2.1 mg), sternbergine (2.3 mg), and 4′,O,Ndimethylnorbelladine (5.7 mg). Fraction F5 (36 mg) was submitted to preparative HPLC using the same gradient system of MeOH-H2O with 0.1% FA (99:1 to 6:4) to yield 4 (0.5 mg), hippadine (3.2 mg), vittatine (1.6 mg), and 4′-O-methylnorbelladine (1.2 mg). IR νmax 3439, 3434, 1734IR νmax 3439, 3434, , 1611IR νmax 3439, 3434, , 1514IR νmax 3439, 3434, , 1463IR νmax 3439, 3434, , 1243IR νmax 3439, 3434, , 1157IR νmax 3439, 3434, , 1029, 975 cm -1 ; 1 H and 13 C NMR data, see Table 3; HRESIMS m/z 304.1595 [M+H] + (calcd.

for C17H22NO4, 304.15433). MS/MS spectrum was deposited in the GNPS spectral library under the identifier: CCMSLIB00005467852. also thank Jean-Christophe Jullian (BioCIS) for NMR acquisition. Leo Gohrs (Alionis) is thanked for the donation of computing hardware.

Fig. 1 .

 1 Fig. 1. Overall molecular network obtained from MZmine2-preprocessed HPLC-MS² data of C. scillifolium bulbs crude alkaloid extract and first chromatographic fractions. Triangleshaped nodes are tentatively-tagged against ISDB and benefit from a taxonomical re-ranking of the tentative candidates (their structures are provided in Fig. S1, Supporting Information).

Fig. 2 .

 2 Fig. 2. Structures of compounds 1-4.

Fig. 3 .

 3 Fig. 3. Key COSY and HMBC correlations of compounds 1-4.

Fig. 4 .

 4 Fig. 4. Comparison of the experimental ECD spectrum of 1 and calculated ECD spectrum for the (3S, 4aS, 10bS, 11S) enantiomer.

Fig. 5 .

 5 Fig. 5. Comparison of the experimental ECD spectra of 2 and calculated ECD spectra for stereoisomer of 2 shown in Fig. 2.

a

  Values are mean ± standard errors of three independent experiments.

  spectrometers were calibrated using solvent residual signals as references. Analytical HPLC runs were carried out using an Agilent LC-MS system consisting of an Agilent 1260 Infinity HPLC hyphenated with an Agilent 6530 ESI-Q-TOF-MS operating in positive polarity. Silica 12 g Grace cartridges were used for flash chromatography using an Armen instrument spot liquid chromatography flash apparatus. Sunfire preparative C18 column(150 x 4.6 mm, i. d. 5 μm, Waters) were used for preparative HPLC separations using a Waters Delta Prep consisting of a binary pump (Waters 2525) and a UV-visible diode array detector (190-600 nm, Waters 2996). The preparative TLC plates used for purification were glass backed (20×20cm) and normal phase silica plates (250 μm thickness) purchased from Macherey-Nagel (Düren, Germany).The preparative TLC runs were performed in presaturated development chambers in dedicated solvent systems. After having fully air-dried, silica was scrapped off the plate and the bands of interest were desorbed in MeOH three times (30 min each) under sonication.4.2. Plant materialCrinum scillifolium whole plants were collected in the PK37 area of the « Autoroute du Nord » between Abidjan and Yamoussoukro (GPS N 5.5017210, E -4.243631) in May 2018.The botanical identification was perfomed at the Centre National de Floristique (CNF)-Université Félix Houphouët Boigny -Abidjan (Côte d'Ivoire). A voucher specimen (No.DNT-CS-2018) is kept at the herbarium of CNF.4.3. Chromatographic and mass spectrometric analysisSamples were analyzed using an Agilent 6530 Accurate-Mass Q-TOF coupled with a 1260 Agilent Infinity LC system equipped with a Sunfire C18 column (150 x 2.1 mm ; i. d. 3.5 μm, Waters) with a flow rate of 0.25 mL/min. Full scan mass spectra were acquired in the positive-ion mode in a mass range of m/z 100 to 1200 Da, with the capillary temperature at 320°C, source voltage at 3.5 kV, and a sheath gas flow rate at 10 L/min. Capillary, fragmentor, and skimmer voltages were set at 3500 V, 175 V, and 65 V respectively. Four scan events were used: positive MS, mass range encompassing m/z 100-1200, and three datadependent MS/MS scans of the five most intense ions from the first scan event. Three collision energies(viz. 30, 50, and 70eV) were used for MS/MS data generation. Purine (C5H4N4, m/z 121.050873 and HP-0921 (hexakis(1H,1H,3H-tetrafluoropropoxy)phosphazene C18H18F24N3O6P3, m/z 922.009798) were used as internal lock masses. Full scans were acquired at a resolution of 10 000 (m/z 922) and 4000 (m/z 121). A permanent MS/MS exclusion list criterion was established to prevent oversampling of the internal calibrant.4.4. MZmine Data Pre-Processing, Molecular Networking, ISDB Spectral Library Search and Taxonomically-Informed Scoring Parameters.

  4.7.4. 4′-O,N-Dimethylnorbelladine-N-oxide (4)Faint yellow amorphous solid; [α]D 20 0 (c 0.1, MeOH); UV (H2O) λmax (log ε) 221 (14.6), 240 (6.0), 262 (3.8), 277 (5.1) nm;

Table 4

 4 

. IC50 values (µM) of the antiplasmodial activities of isolated compounds a compound P. falciparum strain FcB1

  White amorphous solid; [α]D 20 + 40.0 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 232 (4.0),290 (3.6) nm; IR νmax 3385, 2929, 1737, 1684, 1433, 1204 cm -1 ; 1 H and 13 C NMR data, see Table 1; HRESIMS m/z 360.1448 [M+H] + (calcd for C19H22NO6, 360.14416). MS/MS spectrum was deposited in the GNPS spectral library under the identifier: White amorphous solid; [α]D 20 -22.7 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 228 (4.3), 262 (3.7), 310 (3.5) nm; IR νmax 3385, 3224, 2927, 1739, 1684, 1433, 1205 cm -1 ; 1 H and 13 C NMR data, see Table 1; HRESIMS m/z 330.1334 [M+H] + (calcd for C18H20NO5, 330.13360).MS/MS spectrum was deposited in the GNPS spectral library under the identifier: White amorphous solid; [α]D 20 + 28.0 (c 0.1, MeOH); UV (MeOH), λmax (log ε) 249 (3.5), 277 (3.1) nm; IR (νmax)3423, 1735, 1639, 1511, 1445, 1373, 1241, 1096, 1037 cm -1 ; 1 H and 13 C NMR data, see Table 1; HRESIMS m/z 314.1389 [M+H] + (calcd for C18H20NO4, 314.13870). MS/MS spectrum was deposited in the GNPS spectral library under the

	4.7.1. Scillitazettine (1)
	CCMSLIB00005467904.
	4.7.2. Scilli-N-Desmethylpretazettine (2)
	CCMSLIB00005467905.
	4.7.3. 3-O-Acetylvittatine (3)

identifier: CCMSLIB00005467850.
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