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come   L'archive ouverte pluridisciplinaire

 Four new limonoids were isolated  Limonoids with rare 1,29-oxymethylene bridge and 3β,8β-ether linkage were isolated  Limonoids exhibited toxicity against larvae of several types of mosquitoes 

Introduction

Over the years, various scientific studies have established the Meliaceae family as a rich source of limonoids. By definition, limonoids are tetranortriterpenoids characterized by the formation of a furan ring after the excision of four terminal carbons from the side chain of apotirucallane or apoeuphane [START_REF] Tan | Meliaceous limonoids: Chemistry and biological activities[END_REF]. Extensive skeletal rearrangements that entails, such as ring opening and closure, oxidation, and epoxidation, result in high diversification of the carbon skeleton. Limonoids are produced abundantly in families like Meliaceae and Rutaceae, and to a lesser extent in Cneoraceae and Simaroubaceae.

Structural-wise, meliaceous limonoids are far more complex and diverse than the chemical equivalent of its botanical counterparts [START_REF] Roy | Limonoids: Overview of Significant Bioactive Triterpenes Distributed in Plants Kingdom[END_REF]. In continuation of our efforts to isolate new bioactive compounds from family Meliaceae [START_REF] Nagoor | Correction: Regulation of Apoptotic Effects by Erythrocarpine E, a Cytotoxic Limonoid from Chisocheton erythrocarpus in HSC-4 Human Oral Cancer Cells[END_REF][START_REF] Najmuldeen | Chisomicines A-C, Limonoids from Chisocheton ceramicus[END_REF], we have carried out a phytochemical investigation on the fruits of Chisocheton erythrocarpus Hiern. The genus Chisocheton comprises of approximately 50 species that are distributed in tropic and subtropic region of Asia. Chisocheton erythrocarpus Hiern is a species found mainly in Peninsular Malaysia, Borneo, and Philippines. From the dichloromethane extract of its fruits, four new limonoids designated as erythrocarpine F (1), erythrocarpine G (2), erythrocarpine H (3) and 14-deoxy-Δ 14,15 -xyloccensin K (4), along with seven known compounds, 14-deoxyxyloccensin K (5) (A. [START_REF] Najmuldeen | 14-Deoxyxyloccensin K from Chisocheton ceramicus (Meliaceae)[END_REF], khayasin B (6) (K. [START_REF] Adesogan | Extractives from Khaya senegalensis(Desr.) A. Juss[END_REF], erythrocarpine A (7) [START_REF] Awang | Erythrocarpines A-E, new cytotoxic limonoids from Chisocheton erythrocarpus[END_REF], erythrocarpine B (8) [START_REF] Awang | Erythrocarpines A-E, new cytotoxic limonoids from Chisocheton erythrocarpus[END_REF], 7-deacetoxy-7-oxogedunin (9) [START_REF] Ambrozin | Limonoids from andiroba oil and Cedrela fissilis and their insecticidal activity[END_REF], dammaradienone (10) [START_REF] Phongmaykin | A new sesquiterpene and other terpenoid constituents of Chisocheton penduliflorus[END_REF] and moronic acid (11) [START_REF] Inada | Phytochemical Studies on Meliaceous Plants. VIII. Structures and Inhibitory Effects on Epstein-Barr Virus Activation of Triterpenoids from Leaves of Chisocheton macrophyllus KING[END_REF] were isolated and characterized. Mosquito larvicidal activity revealed that 4 and 5 were toxic to third instar larvae of Aedes aegypti, Aedes albopictus and Culex Quinquefasciatus.

Results and discussion

Erythrocarpine F (1) was afforded as white amorphous powder. The HRESIMS showed a quasi-molecular ion peak [M+H] + at m/z 589.2445 (calcd. for C 34 H 37 O 9 , 589.2438), establishing a molecular formula of C 34 H 36 O 9 with 17 elements of unsaturation. The IR spectrum showed the presence of hydroxyl and carbonyl groups at 3480 and 1718 cm -1 , respectively. Careful inspection of NMR spectra suggested signals ascribable to three tertiary methyl groups (δ H 0.68, 1.04 and 1.13; δ C 14.3, 14.7 and 21.8), a β-substituted furan (δ H 6. 44, 7.40 and 7.46; δ C 110.2, 120.3, 141.3 and 143.0), a methyl ester (δ H 3.67; δ C 52.0 and 173.6) and a δ-lactone (δ H 5.04; δ C 79.7 and 165.1). Altogether, these individual substructure units were indicative of a phragmalin skeleton. In addition, a pair of double bonds were revealed by the olefinic proton signals at δ H 5.78 and δ H 6.25. The former signal was assigned as H-15 based on the HMBC cross peak of H-15/C-16, while the latter signal had to be H-30 due to its involvement in an AMX spin system with H-2 (δ H 3.19), which in turn coupled to H-3 (δ H 5.15) in the COSY experiment. In the HMBC spectrum, the H-3 (δ H 5.15) was correlated to C-1' (δ C 166.0) of the benzoyl group, therefore established a benzoate group at C-3 position. The formation of 1,29-oxymethylene bridge in phragmalin skeleton was a rarity [START_REF] Chen | Absolute configurations of new limonoids from a Krishna mangrove, Xylocarpus granatum[END_REF], and its presence was evident from the oxymethylene H 2 -29 signals (δ H 3.52, pro S and 3.99, pro R) that gave HMBC cross peaks to C-1 (δ C 96.4), C-3 (δ C 76.3), C-4 (δ C 36.4) and C-5 (δ C 33.6). In effect, the incorporation of an oxygen atom in the ring A converts a norbornane substructure in normal phragmalin to a norcineole structural unit as in 1. Therefore 1 was elucidated as an 1,29-oxymethylenebridged phragmalin possessing a conjugated diene lactone and a benzoate ester. In the NOESY experiment, cross peaks of H-5/H 3 -28 and H-5/H-12β indicated that H-5 assumed a β-orientation. On the other hand, H-9 was confirmed as α-oriented based on cross peaks of H-9/H 3 -18 and H-9/H 3 -19. In addition, cross peaks of H-3/H-2 and H-3/H-29 pro S implied that H-2 and H-3 were α-oriented. The 1 H and 13 C NMR assignments of 1 were shown in Table 1 and Table 2, respectively, whereas the chemical structure was shown in Fig. 1.

Erythrocarpine G (2) was isolated as white amorphous powder. It has a molecular formula of C 34 H 38 O 9 , assigned on the basis of quasi-molecular ion peak [M+H] + at m/z 591.2598 (calcd. for C 34 H 39 O 9 , 591.2594) in the HRESIMS spectrum. The 1D NMR spectral patterns showed evidences that it possessed an altered phragmalin skeleton similar to that of 1, such as three methyl groups (δ H 0.65, 0.91 and 1.11; δ C 14.2, 15.9 and 16.7), a βsubstituted furan (δ H 6.42, 7.47 and 7.56; δ C 110.0, 121.0, 141.4 and 142.7) and a methyl ester (δH 3.71; δ C 52.0 and 174.3). In addition to that, the existence of rare 1,29oxymethylene bridge was demonstrated by the HMBC correlations of H 2 -29 (δ H 3.50 and 3.93) to C-1 (δ C 97.3), C-3 (δ C 77.6), C-4 (δ C 36.2) and C-5 (δ C 34.4). The information obtained from 13 C and DEPT NMR spectra showed that 2 differed from 1 only in the substitution pattern of the main ring, of which 2 possessed a tetrasubstituted double bond, Δ 8,14 (δ C 129.4 and 129.5) whereas 1 had two trisubstituted double bonds, Δ 8,30 and Δ 14,15 .

Erythrocarpine H (3) showed a molecular formula of C 36 H 40 O 9 as determined by the quasi-molecular ion peak [M+H] + at 617.2752 (calcd. for C 36 H 41 O 9 , 617.2751) in the HRESIMS. Comparison of 1 H and 13 C NMR spectra between 3 and 2 revealed that they differed only in the nature of the substituent at C-3 position. Whereas 2 possessed a benzoate group, it can be shown that 3 had a cinnamoyl moiety. This was discernible on the basis of AA'BB'C-type spin system of aromatic ring in the 1 H NMR spectrum of 3 that was consistent with the presence of cinnamoyl moiety instead of a benzoyl group. Further evidence was provided by both olefinic proton signals of H-2ʹ (δ H 6.41) and H-3ʹ (δ H 7.87) that gave HMBC correlations to C-1ʹ (δ C 166.7) and C-4ʹ (δ C 133.7).

14-Deoxy-Δ 14,15 -xyloccensin K (4), obtained as white amorphous powder, was assigned a molecular formula of C 27 H 32 O 7 based on the quasi-molecular ion peak at m/z 469.2221 (calcd. for C 27 H 33 O 7 , 469.2226) in the HRESIMS. The IR spectrum gave an intense band at 1721 cm-1 corresponding to various carbonyl stretches. The 1 H and 13 C NMR spectra contained signals ascribable to four methyl groups (δ H 0.67, 0.93, 1.08 and 1.15), a βsubstituted furan ring (δ H 6.46, 7.43 and 7.50). That 4 accommodated a methyl ester was indicated primarily by the methoxy singlet at δ H 3.68. All these typical signals suggested 4 to possess a mexicanolide skeleton. In addition, 4 was postulated to form a rare 3β,8β -oxygen bridge. This could be deduced from the H-3 signal that was observed as a doublet (J = 5.6 Hz) at δ H 4.23, along with C-3 and C-8 signals that were detected at δ C 88.8 and δ C 80.0, respectively. Further proof of this oxygen bridge was derived from HMBC cross peak of H-3/C-8. Comparison of 1D NMR data between 4 and two structurally similar compounds, xyloccensin K [START_REF] Kokpol | A limonoid from Xylocarpus granatum[END_REF] and andirolide N [START_REF] Tanaka | Andirolides H-P from the flower of andiroba (Carapa guianensis, Meliaceae)[END_REF], also gave a good agreement. As for the relative configuration of 4, NOESY cross peaks of H-3/H-2, H-2/H 3 -29α and H-3/H 3 -29α indicated that H-2 and H-3 were α-oriented. Likewise, H-9 was αoriented as can be deduced from the cross peaks of H-9/H-11α, H-9/H-12α, H-9/H 3 -18α and H-9/H 3 -19α. On the other hand, H-5 and H-17 were confirmed to be β-oriented from the cross peaks of H-5/H 3 -28β and H-17/H-12β. The establishment of 3β,8β-ether linkage was likely to be due to severe steric hindrance on the β-surface [START_REF] Veitch | Four New Tetranortriterpenoids from Cedrela odorata Associated with Leaf Rejection by Exopthalmus jekelianus[END_REF]. Overall, the NMR assignments resulted in a structure as depicted in Fig. 2 (A &B).

Limonoids that were isolated in substantial quantity were tested for mosquito larvicidal activity. Of all the tested limonoids, only 14-deoxy-Δ 14,15 -xyloccensin K (4) and 14deoxyxyloccensin K (5) displayed significant toxicity to late third instar larvae of Aedes aegypti, Aedes albopictus and Culex Quinquefasciatus. 14-Deoxyxyloccensin K (5) was the most potent larvicide and showed lethal concentrations comparable to rotenone, a wellknown botanical insecticide. In addition, 4 also exhibited very high larvicidal activity but its toxicity was significantly lower than rotenone and 5. Details were shown in Table 3.

Experimental

General experimental procedures

All NMR spectra were obtained from a 400 MHz ( 1 H) Jeol ECA NMR machine, using deuterated chloroform as solvent. The chemical shifts were recorded in ppm relative to TMS.

The NMR solvent peaks were referenced to δ 7.26 ppm ( 1 H) and 77.2 ppm ( 13 C). The highresolution mass spectra were obtained from an Agilent 6530 Accurate-Mass Q-TOF LC/MS, using SPD-M20A diode array detector coupled to an IT-TOF mass spectrometer. The UV spectra were recorded on a Shimadzu UV-2600 spectrometer, with spectroscopic grade acetonitrile and methanol as solvent. The IR spectra were measured on a Perkin Elmer Spectrum FTIR Spectrometer RX1. Silica gel (Merck silica gel, 70-230 mesh) was used for column chromatography, with binary solvent systems; hexane-ethyl acetate and dichloromethane-ethyl acetate, used as mobile phase. Preparative TLC separations were performed on Merck silica gel 60 F 254 (20x20cm). The final purification of compounds was achieved with a Waters HPLC system equipped with photodiode array detector (PDA). The Supelco C18 column (15cm x 10mm, 5 µm) was used as stationary phase whereas methanol-water or acetonitrile-water binary solvent systems were used as mobile phase.

Plant materials

The fruits of Chisocheton erythrocarpus Hiern were collected from Hutan Simpan Terenas, Kedah, which is a northwestern state of the Peninsular Malaysia. The identification of the plant species was done by botanist Mr. Teo Eng-Leong whereas the dried plant material for extraction work was prepared by Mr. Din Mat Nor. Voucher specimens were deposited at the Herbarium of Department of Chemistry, Faculty of Science, University of Malaya.

Extraction and isolation

The extraction of dried fruits (0.7 kg) was carried out using simple maceration method.

The pulverized dried fruits were first defatted with hexane, and then soaked in dichloromethane for 48 hours. Periodical stirring (by hand) was applied throughout the duration to enhance the extraction yield. Upon 48 hours, the liquid extract was separated from the fruit mass by straining with filter paper. It was then dried under reduced pressure using rotary evaporator. To maximize the extraction yield, the fruit mass was subjected to the same extraction procedure for two more times, each time with fresh dichloromethane.

The combined crude dichloromethane extract (14 g) was first subjected to column chromatography with hexane-ethyl acetate as mobile phase to yield 24 fractions. Fractions 12-18 were subjected to preparative HPLC using acetonitrile-water (80:20) as mobile phase to obtain compounds 1 (8.9 mg), 2 (12.6 mg), and 3 (8.4 mg). Compound 4 (58 mg) was obtained from fractions 8-11 through preparative TLC, with hexane-ethyl acetate (85:15) as solvent system. Fractions 19-24 were subjected to repeated microcolumn separation and preparative TLC using hexane-ethyl acetate binary solvent system to obtain 5 (187 mg), 6 (23.2 mg), 7 (4.6 mg), 8 (3.2 mg) and 9 (8.5 mg). Compounds 10 and 11 were obtained from fractions 3-7 by repeated microcolumn separation using hexane-ethyl acetate solvent system.

Erythrocarpine F (1)

White amorphous powder; [α] D 25 +63 (c 0.2, MeOH); IR (KBr) 3480, 1718 cm -1 ; 1 H NMR (400 MHz, CDCl 3 ) and 13 C NMR (100 MHz, CDCl 3 ), see Table 1 and2 

Erythrocarpine G (2)

White amorphous powder; [α] D 25 -89 (c 0.24, MeOH); IR (KBr) 3420, 1721 cm -1 ; 1 H NMR (400 MHz, CDCl 3 ) and 13 C NMR (100 MHz, CDCl 3 ), see Table 1 and2 

Erythrocarpine H (3)

White amorphous powder; [α] D 25 -113 (c 0.2, MeOH); IR (KBr) 3426, 1716 cm -1 ; 1 H NMR (400 MHz, CDCl 3 ) and 13 C NMR (100 MHz, CDCl 3 ), see Table 1 and2 

14-Deoxy-Δ 14,15 -xyloccensin K (4)

White amorphous powder; [α] D 25 +15 (c 0.2, MeOH); IR (KBr) 1721 cm -1 ; 1 H NMR (400 MHz, CDCl 3 ) and 13 C NMR (100 MHz, CDCl 3 ), see Table 1 and2 

Mosquito larvicidal assays

  ; HR ESI-MS m/z found 589.2445 ([M+H] + ) (calcd. for C 34 H 37 O 9 [M+H] + , 589.2438).

  ; HR ESI-MS m/z found 591.2598 ([M+H] + ) (calcd. for C 34 H 39 O 9 [M+H] + , 591.2594).

  ; HR ESI-MS m/z found 617.2752 ([M+H] + ) (calcd. for C 36 H 41 O 9 [M+H] + , 617.2751).

  ; HR ESI-MS m/z found 469.2221 ([M+H] + ) (calcd. for C 27 H 33 O 7 [M+H] + , 469.2226).

  Mosquito larvicidal assays follow standard procedures recommended by World Health Organization (1981). The mosquitoes Aedes aegypti, Aedes albopictus and Culex quinquefasciatus were obtained from the lab strains in Institute of Biological Department of University Malaya. Mosquitoes were cultured at laboratory condition (25°C±2°C and R.H: 75 to 80%). Rotenone (from Derris elliptica) was used as standard for larvicidal activity comparison. Six milligrams of a standard w/v concentrate and each limonoid were dissolved in 10ml acetone made as stock solution. Serial dilution was established using 250ml dechlorinated tap water to achieve different concentrations. Twenty five late third or early fourth instar larvae of Aedes aegypti, Aedes albopictus and Culex quinquefasciatus (vectors of dengue fever and lymphatic filariasis) were introduced separately in varying doses to each compound. Experiments were performed at laboratory condition 25°C±2°C and the relative

Fig. 1 :Fig

 1 Fig. 1: Chemical Structures of Limonoids 1-4
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 1 

	. 1 H NMR Data for 1-4 (CDCl 3 , 400 MHz)		
			δ H in ppm (J in Hz)	
	Position 1	2	3	4
	2	3.19 dd (6.3, 10.1)	2.64 ddd (2.3, 5.5,	2.62 m	3.13 pseudo t (5.6)
			10.5)		
	3	5.15 d (10.1)	5.22 d (10.5)	5.17 d (10.5)	4.23 d (5.6)
	5	2.90 br d (11.0)	3.18 br d (11.2)	3.03 br d (10.4)	2.94 dd (2.3, 11.1)
	6a	2.36 m	2.42 dd (1.7, 16.5)	2.39 m	2.08-2.22 m
	6b	2.43 dd (11.0, 17.4)	2.53 dd (11.2, 16.5)	2.46 m	2.08-2.22 m
	9	2.33 m	2.40 m	2.42 m	1.66 m
	11α	1.74 m	1.77 m	1.71 m	1.41 m
	11β	1.33 m	1.63 m	1.63 m	1.93 m
	12α	1.36 m	1.04 m	1.09 m	1.68 m
	12β	1.84 m	1.69 m	1.70 m	1.95 m
	14				
	15α	5.78 s	2.97 br s	3.30 d (20.8)	6.34 s
	15β			3.67 d (20.8)	
	17	5.04 s	5.40 s	5.51 s	5.19 s
	18	1.04 s	0.94 s	1.01 s	1.08 s
	19	1.13 s	1.13 s	1.12 s	0.93 s
	21	7.46 br s	7.59 s	7.56 s	7.50 s
	22	6.44 t (0.9)	6.44 d (1.4)	6.44 d (1.5)	6.46 s
	23	7.40 br s	7.50 s	7.50 br s	7.43 br s
	28	0.68 s	0.67 s	0.62 s	1.15 s
	29 pro-R 29 pro-S 30α	3.99 d (9.6) 3.52 dd (1.6, 9.6) 6.25 d (6.3)	3.95 d (9.8) 3.53 dd (1.7, 9.8) 2.20 m	3.92 d (9.6) 3.50 dd (2.2, 9.6) 2.19 m	0.67 s 2.13 d (12.0)
	30 β		2.26 dd (2.3, 15.2)	2.37 br d (15.4)	2.49 dd (6.0, 12.0)
	OCH 3 2'	3.67 s	3.73 s	3.72 s 6.41 d (16.0)	3.68 s
	3'	8.08 br d (7.4)	8.13 d (7.1)	7.87 d (16.0)	
	4'	7.48 br t (7.8)	7.48 m		
	5'	7.60 br t (7.5)	7.59 m	7.58 m	
	6'	7.48 br t (7.8)	7.48 m	7.34 m	
	7'	8.08 br d (7.4)	8.13 d (7.1)	7.34 m	
	8'			7.34 m	
	9'			7.58 m	

Table 3 .

 3 LC values of 4, 5 and rotenone (standard/control) against third instar larvae of Aedes aegypti, Aedes albopictus and Culex Quinquefasciatus with 95% confidence index

	Tested Insects

a LC 50 and LC 95 values followed by a common letter were not significantly different (P ʹ 0.05) as based on nonoverlap of the 95% CL.

humidity (R.H) was 75 to 80%, 14:10 light and dark photo period. Each treatment was replicated four times. Mortality was observed after 24 hours.
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