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Abstract
Seven new δ-tocotrienols, designated litchtocotrienols A-G (1-7), together with one glorious macrocyclic analogue, macrolitchtocotrienol A (8), and one new meroditerpene chromane, cyclolitchtocotrienol A (9), were isolated from the leaves of Litchi chinensis. Their structures were mainly determined by extensive spectroscopic analysis and their biological activities were evaluated by cytotoxicity against human gastric adenocarcinoma cell lines (AGS, ATCC CRL-1739) and hepatoma carcinoma cell line (HepG2 2.2.1.5). The structure-activity relationship of the isolated compounds was also discussed.
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Introduction
Litchi chinensis Sonn, the only member of the genus Litchi in the family Sapindaceae, is a subtropical and tropical evergreen plant originated from China. The flowers of L. chinensis are important source of nectar in Taiwan. The fruits of L. chinensis covered by red rind with thin thorns, called lychee, are important agricultural products owing to delicious and sweet taste with extraordinary fragrance, and rich in vitamin C. In previous studies, L. chinensis was found to exhibit numerous biological activities, such as antioxidant, anticancer, antiviral and immuno-modulatory activities, whereas some flavonoids, phenolic compounds and polysaccharides were identified from lychee and its seeds.1-8 Among them, oligomerized proanthocyanidin (oligonol®) which was optimized phenolic product containing catechin-type monomers and oligomeric proanthocyanidins. The extract from lychee was known to have antioxidant effects.9 Additionally, recent researches revealed that oligonol possessed anti-influenza virus, improving memory and reducing visceral obesity properties as approved (GRAS) by FDA in June, 2014.10-13 Our previous studies on the aqueous leachate and extracts from its leaves and twigs disclosed various allelochemicals, which could suppress the growth of weed, Bidens pilosa under the L. chinensis stand.14 However, very few bioactive compounds from the leaves of L. chinensis were reported.15 The tocotrienols, which belong to the magnificent antioxidant vitamin E family, were found in some vegetable oils and fruits.16 A hydroxyl chromane ring and a hydrophobic farnesyl side chain are the common features of tocotrienols. They can be classified into four different isomers according to the number and position of methyl groups in the chromanol ring system ((-, (-, (- and (-tocotrienol). Recently, studies on tocotrienols revealed that they possessed some potent pharmacological activities such as anti-proliferation, apoptosis promotion for carcinoma cells, and angiogenesis suppression.17-20 Herein, we report the isolation and identification of chemical constituents, especially on chromane derivatives from leaves of L. chinensis and evaluation of their anti-cancer activities. 
Materials and Methods
General experimental procedures

Optical rotations were measured by JASCO P-2000 polarimeter. CD, UV and IR spectra were individually employed on JASCO J-815, JASCO V-650 and JASCO FT/IR-4100 spectrophotometers, respectively. NMR spectra were recorded with Varian Unity INOVA 600 FT-NMR (1H, 600 MHz; 13C, 150 MHz) spectrometer in CDCl3. High resolution electrospray ionization mass spectra (HRESIMS) were obtained on a LTQ Orbitrap XL (Thermo Fisher Scientific) spectrometer. High performance liquid chromatography (HPLC) was utilized through a Hitachi L-2130 pump equipped with a Hitachi L-2420 UV-Vis detector at 220 nm and a preparative reversed-phase column (Merck, Hibar Licropher RP-18, 5μm, 10 x 250 mm).

Plant Material

The leaves of Litchi chinensis were collected at the Orchard Garden of National Pingtung University of Science and Technology, Taiwan, in May 2011. A voucher specimen (LC) was deposited in the Research Center for Biodiversity, China Medical University, Taiwan.

 Extraction and isolation
The leaves of L. chinensis (4.5 kg) were chopped up and extracted three times with methanol at room temperature. The combined methanol extracts were concentrated in vacuo and then partitioned between n-hexane and H2O. The aqueous layer was further extracted by ethyl acetate (EtOAc) to obtain H2O, EtOAc, and hexane fractions. Open column chromatography was applied on silica gel 60 (Merck, 230-400 mesh), Sephadex LH-20 (Amersham Pharmacia Biotech) and Li Chroprep RP-18 (Merck, 40-63 m). 

The EtOAc-soluble portion (65 g) was subjected to a silica gel column in gradient elution of mixture solvent composing by n-hexane-EtOAc-MeOH and led to 25 fractions (E1-E25). Fraction E11 (640 mg) was separated via another silica gel column with hexane-ethyl acetate mixture as the eluent to obtain fifteen subfractions (E11-1~E11-15). Fraction E10 (642 mg) was fractionated by Sephadex LH-20 column (100% acetone) to give nine subfractions (E10-1~E10-9). Compound 1 (7 mg) was purified by LH-20 chromatography (100% acetone) from subfraction E11-10 (228 mg) together with eight portions (E11-10-1~E11-10-8). The compounds 2 (7 mg), 3 (4 mg) and 7 (2 mg) were respectively isolated form fractions E11-10-3, E10-5 and E10-7 by C-18 reverse phase chromatography with MeOH-H2O (7:3 to 1:0), besides, six subfractions (E10-7-1~E-10-7-6) were obtained. Moreover, compounds 4 (2 mg) and 8 (1 mg) were isolated from subfraction E10-7-3 and subjected to a silica gel column purification and by reverse phase HPLC (MeOH/H2O = 85:15). On the other hand, the nonpolar section, hexane layer, was separated in the same way as the EtOAc-solution part and 10 fractions (H1~H10) were given. Fraction H8 was reapplied to a silica gel column using n-hexane-EtOAc mixtures in stepwise-increasing polarity to fractionate fourteen segments (H8-1~H8-14). The subfraction H8-11 (3.5 g) was further purified through an Amberlite XAD-2 column (100% MeOH), a Toyopearl HW-40F column, and RP-HPLC column (MeOH/H2O = 85:15), resulting compounds 5 (4 mg), 6 (2 mg) and 9 (9 mg).
Litchtocotrienol A (1): colorless oil; CD (MeOH, c = 0.12) nm (ε) 212 (-1.09), 225 (+14.33 ), 291 (−0.83); [α]25D -75 (c 0.2, CHCl3); UV (MeOH) λmax 297 (log ε = 3.0) nm; IR (KBr) : 3391, 1609, 1472 cm−1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 453.2962 (calcd for C27H42O4Na, 453.2975). IUPAC name: (S,6E,10E)-13-((R)-6-hydroxy-2,8-dimethylchroman-2-yl)-2,6,10-trimethyltrideca-6,10-diene-2,3-diol.
Litchtocotrienol B (2): colorless oil; CD (MeOH, c = 0.12) nm (ε) 211 (+7.41), 278 (-0.49); [α]25D +85 (c 0.2, CHCl3); UV (MeOH) λmax 294 (log ε = 3.0) nm; IR (KBr) : 3424, 1482, 3424 cm-1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 483.3085 (calcd for C28H44O5Na, 483.3081). IUPAC name: (S,6E,10E)-13-((R)-6-hydroxy-5-methoxy-2,8-dimethylchroman-2-yl)-2,6,10-trimethyltrideca-6,10-diene-2,3-diol.

 Litchtocotrienol C (3): colorless oil; CD (MeOH, c = 0.12) nm (ε) 216 (+11.99), 285 (-0.99); [α]25D -63 (c 0.11, CHCl3); UV (MeOH) λmax 296 (log ε = 3.0) nm; IR (KBr) :3358 and 1471 cm-1;1H NMR (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 467.3128 (calcd for C28H44O4Na, 467.3132). IUPCA name: (R)-2-((S,3E,7E)-11-hydroxy-12-methoxy-4,8,12-trimethyltrideca-3,7-dien-1-yl)-2,8-dimethylchroman-6-ol.
Litchtocotrienol D (4): colorless or yellow oil; CD (MeOH, c = 0.12) nm (ε) 207 (+6.45), 278 (-1.18); [α]25D -72 (c 0.11, CHCl3); UV (MeOH) λmax 293 (log ε = 3.0) nm ; IR (KBr): 3429 and 1479 cm-1 ; 1H NMR (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 497.3219 (calcd for C29H46O5Na, 497.3227). IUPAC name: (R)-2-((S,3E,7E)-11-hydroxy-12-methoxy-4,8,12-trimethyltrideca-3,7-dien-1-yl)-5-methoxy-2,8-dimethylchroman-6-ol
Litchtocotrienol E (5): yellow oil; CD (MeOH, c = 0.12) nm (ε) 212 (-3.03), 256 (+0.35), 291 (-0.30); [α]25D +44 (c 0.2, CHCl3); UV (MeOH) λmax 296 (log ε=2.9) nm; IR (KBr) : 3415, 1705, 1467 cm−1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 435.2861 (calcd for C27H40O3Na, 435.2870). IUPAC name: (6E,10E)-13-((R)-6-hydroxy-2,8-dimethylchroman-2-yl)-2,6,10-trimethyltrideca-6,10-dien-3-one.
Litchtocotrienol F (6): yellow oil; CD (MeOH, c = 0.12) nm (ε) 207 (+6.46), 278 (-1.19); [α]25D +45 (c 0.2, CHCl3); UV (MeOH) λmax 293 (log ε = 2.9) nm; IR (KBr): 3425, 1708, 1475 cm−1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 465.2962 (calcd for C28H42O4Na, 465.2975). IUPAC name: (6E,10E)-13-((R)-6-hydroxy-5-methoxy-2,8-dimethylchroman-2-yl)-2,6,10-trimethyltrideca-6,10-dien-3-one.
Litchtocotrienol G (7): yellow oil; CD (MeOH, c = 0.11) nm (ε) 210 (-3.79), 2.49 (+1.04), 2.91 (-0.39); [α]25D +83 (c 0.12, CHCl3); UV (MeOH) λmax 292 (log ε=2.5) nm; IR (KBr) : 3417, 1708, 1454 cm−1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 481.2910 (calcd for C28H42O5Na, 481.2924). IUPAC name: (6E,10E)-2-hydroxy-13-((R)-6-hydroxy-5-methoxy-2,8-dimethylchroman-2-yl)-2,6,10-trimethyltrideca-6,10-dien-3-one.
Macrolitchtocotrienol A (8): yellow oil; CD (MeOH, c = 0.12) nm (ε) 220 (-70.42), 282 (-2.68); [α]25D -54.0 (c 0.1, CHCl3); UV (MeOH) λmax 293 (log ε = 2.6) nm; IR (KBr) : 3410, 1475 cm−1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M + Na]+ m/z 451.2820 (calcd for C27H40O4Na, 451.2819). IUPAC name: (4S,7E,11E,15R)-15,3,3,7,11,15-hexamethyl-2-oxa-14,15-epoxy-1(1,3)-benzenacycloheptadecaphane-7,11-diene-12,4-diol.
Cyclolitchtocotrienol A (9):  yellow oil; CD (MeOH, c = 0.12) nm (ε) 216 (+15.48), 267 (-0.91); [α]25D -13.5 (c 0.1, CHCl3); UV (MeOH) λmax 293 (log ε = 3.0) nm; IR (KBr) : 3410, 1469 cm−1; 1H NMR (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data are listed in Tables 1 and 2, respectively; HRESIMS [M - H]- m/z 411.2891 (calcd for C27H39O3Na, 411.2894). IUPAC name: (R)-2-((E)-6-((1R,5S)-5-hydroxy-2,6,6-trimethylcyclohex-2-en-1-yl)-4-methylhex-3-en-1-yl)-2,8-dimethylchroman-6-ol.
In Vitro Cytotoxicity Assay
The cytotoxicity assays for these new isolated litchtocotrienols against HepG2 2.2.1.5 (human hepatocellular carcinoma cells) obtained from Prof. Pei-Jer Chen of National Taiwan University and AGS (ATCC CRL 1739; human gastric adenocarcinoma) were estimated by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric method.21, 22 Briefly, 10% FBS dilution of cancer cells was loaded in 96-well plates, and then incubated for 24 h to allow for attaching to the microtiter plate. Pure compounds in different concentrations (2~20 μg/mL) and positive control (doxorubicin and 5-fluorouracil) treated respectively on cancer cells and then hatched at 37 °C in a 5 % CO2 incubator for 24 h. After incubation, the medium was removed from each well and added 100 μl MTT (dissolved in PBS) at 37 °C for 1 h, and then MTT crystals were washed away by DMSO. Finally, each plate was measured by a plate reader at 570 nm and the cytotoxic intensity of each compound was determined by the OD values. 

Results and Discussion
The structures of the isolated compounds were determined by extensive spectroscopic analysis, including nuclear magnetic resonances (NMR), high resolution mass spectroscopy (HR-ESIMS), UV, IR, and circular dichroism (CD) techniques.
Compound 1 was obtained as colorless oil. The molecular formula, C27H42O4 with 7 degrees of unsaturation, was deduced from the pseudo-molecular ion (m/z 453.2962, [M+Na]+ calcd for 453.2975) in HRESIMS. The IR spectrum showed the absorptions of hydroxyl group (3394 cm−1) and aromatic ring (1609 cm−1). The 1H NMR spectrum (Table 1) exhibited six tertiary methyl signals at δH 1.16, 1.20, 1.26, 1.59, 1.60 and 2.13, and five methine resonances at (H 3.36 (br d, J = 10.2 Hz), 5.13 (br t, J = 6.6 Hz), 5.17 (br t, J = 6.6 Hz), 6.39 (d, J = 2.4 Hz) and 6.48 (d, J = 2.4 Hz). In the DEPT NMR spectra, twenty seven signals were categorized into six methyl carbons at δc 15.8, 15.9, 16.1, 23.2, 24.0 and 26.3, eight methylene carbons at δc 22.1, 22.4, 26.4, 29.6, 31.3, 36.7, 39.4 and 39.5, five methine carbons at δc 78.3, 112.6, 115.6, 124.5 and 125.0, and eight quaternary carbons at δc 73.0, 75.2, 121.2, 127.3, 134.9, 134.9, 145.9 and 147.7 (Table 2). Four sections (I~IV, Supporting Information) were established from key cross-peaks in COSY spectrum (H-3/H-4, H-1’/H-2’/H-3’, H-5’/H-6’/H-7’, H-9’/H-10’/H-11’). In HMBC spectrum, the correlations of H-5 with C-4a (C 121.2), C-6 (C 147.7), C-7 (C 115.6) and C-8a (C 145.9), and that of Me-18’ with C-8 (C 127.3), C-7 and C-8a revealed that compound 1 possessed a m-cresol structure. In addition, the 1H-13C heteronuclear correlations of Me-17’ with the oxygenated quaternary carbon C-2 (C 75.2), C-3 (C 31.3) and C-1’ (C 39.4) as well as that of H-4 with C-4a plus the segment I extend the m-cresol to a chromanol ring moiety. Likewise, fragments II~IV combined with the HMBC correlations of the methyl protons at Me-16’ with C-3’ (C 124.5), C-4’ (C 134.9) and C-5’ (C 39.5), Me-15 with C-7’ (C 125.0), C-8’ (C 134.9) and C-9’ (C 36.7), and two geminal methyls Me-13’ and Me-14’ both showed correlations with C-11’ (C 78.3) and C-12’(C 73.0), indicated a long linear geranyl portion connected with 2,3-pentanediol. Therefore, the planar structure of 1, which pertained to -tocotrienol skeleton, was assigned as litchtocotrienol A.23-27
The configuration of 1 was determined mainly from NOESY correlations and circular dichroism (CD) spectrum. The carbon resonances of two vinyl methyls Me-15’ ((C 15.9) and Me-16’ ((C 15.8) combined with the NOESY cross-peaks of H-1’/H-3’/H-5’ and H-2’/Me-16’/H-5’/H-7’ explained the E geometry for the (3’4’ and (7’8’  double bonds. Besides, the R configuration of C-11’ was assigned by comprehensive comparison of NMR data with that of (1R, 2R, 4S, 17R)-loba-8,10,13 (15)-triene-17,18-diol.28, 29 Additionally, the absolute configuration of the chiral center at C-2 was suggested by CD observation. The negative Cotton effect at 291 (Δε 0.83) nm in CD spectrum indicated that 1 has R configuration at C-2.30, 31
Compound 2 possessed a pseudomolecular ion peak at m/z 483.3085 by HRESIMS, appropriate for a molecular formula of C28H44O5. The same units of unsaturation, the similar 1H and 13C NMR data (Tables 1 and 2) to 1 disclosed that these two structures appertain to the same litchtocotrienol-type framework and thus 2 is an analogue of 1. The difference between 1 and 2 was an aromatic proton H-5 (H 6.39) in 1 and a methoxyl group (H 3.78) in 2. The actual structure was confirmed by key HMBC correlations of H-4 (H 2.75), H-7 (H 6.62) and H3-19’ (H 3.78) with C-5 (C 142.3). The similar NOESY correlations suggested the same configuration of the hydroxylated farnesyl tail in 2. Moreover, the negative CD curve at 278 (Δε 0.49) nm assigned the R chirality of C-2.30, 31 Consequently, compound 2 was named litchtocotrienol B, a 5-methoxyl analogue of litchtocotrienol A.
Compound 3 was isolated as colourless oil and the HRESIMS of 3 afforded a [M+Na]+ ion at m/z 467.3128, implying the molecular formula of C28H44O4 and 7 indices of unsaturation. The 1H and 13C NMR spectra of 3 were similar to those of 1 and the formula difference indicated that 3 has the homologous structure. Moreover, the extra methyl protons at δH 3.22 and the same counts of each carbon multiplicities showing in the DEPT analyses indicated that 3 was a methylated derivative of 1. The HMBC correlation of O-methyl (δH 3.22) with the quaternary carbon C-12’ (c 76.8) pointed the evident position at the end of side chain. Equally, the negative CD band allowed the R assignment at C-2. On the basis of the above data, the structure of 3 was elucidated as (R)-2-((S,3E,7E)-11-hydroxy-12-methoxy-4,8,12-trimethyltrideca-3,7-dien-1-yl)-2,8-dimethylchroman-6-ol, designated as litchtocotrienol C. 
The molecular formula of 4 was calculated as C29 H46 O5 with 7 degrees of unsaturation deducing from the HR-ESIMS. The similar UV, IR, NMR spectra suggested that compound 4 possessed the same litchtocotrienol skeleton. Comprehensive analyses and comparisons of NMR data of compounds 2-4 showed that 4 differed from 2 by one aliphatic methoxy (H 3.22, C 49.0) and from 3 by one aromatic methoxy signals (H 3.78, C 60.6). In HMBC spectrum, the methyl protons of OMe-5 (δH 3.78, 3H, s) associated with C-5 (δC 142.2) while OMe-12’ corresponded with C-12’ (δC 76.8). These two essential HMBC correlations evidenced that compound 4 performed 12’-O-methylation of 2 while it acted as a 5’-O-methylated mimic of 3 and thus was given the name litchtocotrienol D. 

Based on the characteristics of IR, NMR data, and HR-ESIMS information (m/z 435.2861, [M(Na](), compound 5 was identified as a -tocotrienol analogue with a molecular formula C27H40O3 (8 degrees of unsaturation). The main structural difference from previous litchtocotrienols 1-4 was that compound 5 contained a ketone group according to the IR vibration at 1705 cm-1 and the downfield carbon signal at δC 214.8. After the 1H, 13C and DEPT NMR analyses, compound 5 composed of two methyl groups instead of one methoxyl group. The COSY fragment of Me-13’/H-12’/Me-14’, along with the long rang 1H-13C associations of H-9’, H-10’, H-12’, Me-13’ and Me-14’ with C-11’ (δC 214.8) inferred an isopropyl group unit adjacent to a ketone group (C-11’). The configuration of 5 was determined from interpretation of NOESY and CD spectra. The E stereochemistry of two olefins at the side chain was assigned by the presence of the NOESY correlations of H-2’/Me-16’ and H-6’/Me-15’. The 2R configuration was determined by comparison of CD spectrum with that of 1 and literature.31 Thus, compound 5 was identified as (6E,10E)-13-((R)-6-hydroxy-2,8-dimethylchroman-2-yl)-2,6,10-trimethyltrideca-6,10-dien-3-one, and the name litchtocotrienol E was given.
The HR-ESIMS spectrum of compound 6 exhibited a pseudo-molecular ion at m/z 465.2962 [M+Na+], consistent with a molecular formula of C28H42O4 (8 degrees of unsaturation). The IR spectrum of 6 showed a similar absorbance to that of 5, including functional groups of hydroxyl (3425 cm-1) and ketone (1708 cm-1), suggesting that 6 was an analogue of 5. By comparing the NMR data, the methine H-5 on the benzene moiety in 5 was substituted by a methoxyl group (OMe-19’) in 6, which also confirmed by the HMBC correlation from OMe-19’ (H 3.78) to C-5 (δC 142.3). The 2R configuration at the dihydropyran ring was corroborated by the CD measurement (278 nm, 1.19) and compared with that of 1. Thus, the structure of litchtocotrienol F was unambiguously established.

Compound 7 possessed an molecular formula of C28H42O5 with 8 units of unsaturation by deducing from the HR-ESIMS peak at m/z 481.2910 [M+Na]+. The specific NMR peaks (six methyls and a m-cresol) revealed that 7 also possessed a chromanol ring moiety with a side chain containing three double bonds. Except the geranyl part, the quaternary carbon resonance at δC 214.1 and the IR absorption at 1699 cm-1 indicated that the third sp2 hybridized carbon was ketone functionality as compounds 5 and 6. The protons of H-4, H-7 and Me-19’ corresponded with C-5 in HMBC spectrum suggesting a 5-methoxyl modification. Meanwhile, the HMBC correlations of both Me-13’ and Me-14’ with the oxygenated quaternary carbon C-12’ (C 76.2) and that of H-9’, H-10’, Me-13’ and Me-14’ with carbonyl carbon C-11’ (δC 214.1) evidenced that the side chain ended in a 2-hydroxyl isobutanone. Finally, it gave the name litchtocotrienol G to compound 7, a 12’-hydroxylated derivate of 2.
Compound 8 was obtained as a colorless oil and had the molecular ion peak at m/z 451.2820 [M(Na]( (calcd for 451.2819) in HRESIMS, corresponding to the molecular formula C27H40O4 and 8 degrees of unsaturation. The IR, 1H and 13C NMR spectra of 8 revealed that 8 should be a derivative of itchtocotrienol without ketone structure. Similarly, the gross structure of 8 was mainly established by the COSY correlations of H-3/H-4, H-1’/H-2’/H-3’, H-5’/H-6’/H-7’ and H-9’/H-10’/H-11’ connected by the HMBC correlations of the methyl protons at Me-16’ with C-3’ (C 124.6), C-4’ (C 137.1) and C-5’ (C 38.4), Me-15’ with C-7’ (C 127.1), C-8’ (C 133.9) and C-9’ (C 34.1). Furthermore, the HMBC correlations of two terminal methyl protons (Me-13’and Me-14’) with C-11’ (C 72.0) and C-12’ (C 83.2) indicated the linear prenyl chain attached to a 2, 3-pentanediol group via C-11’. So far, seven degrees of unsaturation were applied; an extra ring was required for compound 8. There are four possible ether arrangements for cycling through oxygen bridge (C-5 or C-6 connected with C-11’ or C-12’) by considering of 1H and 13C NMR data. The absence of the proton-carbon correlations of H-11’ with C-5 or C-6 inferred that either the ring was formed via the linkage between C-5 and C-12’ or that between C-6 and C-12’. This problem was solved by the presence of the key NOESY correlation (Figure 2) of H-7/Me-14’ which only appeared in the ether linkage crossing C-6 and C-12’. Therefore, the planar structure of 8 was identified as -tocotrienol skeleton and occupied an unusual oxacyclicnonadecane ring. 
The configuration of 8 was determined mainly from the NOESY correlations and circular dichroism. The CD spectrum of 8 exhibited the negative Cotton effect at 282 (Δε 2.67) nm, indicating 2R chiral center.23-27, 31 Thus, it was assumed that Me-17’ of 8 favored -orientation as those naturally occurring chromane derivatives and the prenyl chain was on the -face. The NOESY correlations of H-3’/H-5’and H-7’/H-9’could assign the E geometry of the double bonds.  Importantly, H-11’, Me-14’, Me-15’, and Me-18’ showed the dipolar couplings with Me-16’ (Figure 2) which had a quasi-equatorial orientation and upfield-shifted to δH 1.03 by anisotropic effects from benzene ring, confirming the existence of this macro-cyclic structure and revealed the -orientation of H-11’. Thus, the whole structure of 8 was elucidated and named cyclolitchtocotrienol A. 

Compound 9 had the molecular formula C27H40O3 with 8 indices of unsaturation by measuring the HR-ESIMS. Analysis of 13C NMR data showed 10 olefinic signals which revealed that compound 9 contained a tricyclic ring system. 1H NMR spectrum exhibited two characteristic methine signals at H 6.39 (d, J = 2.8 Hz) and 6.48 (d, J = 2.8 Hz) coupled with HMQC spectrum as well as the UV maximal absorption at 293 nm (log = 3.0) revealing the presence of hydroquinone-type moiety.32 1H-1H HCOSY spectrum of 9 showed four segments similar to that in 1 and with the aid of key correlations in the HMBC spectrum (H-4, H-5 and H-7/ C-8a; Me-18’/C-7, C-8 and C-8a; Me-17’/C-1’, C-2 and C-3; H-4/C-2, C-4a and C-5; Me-16’/C-3’, C-4’ and C-5’), illustrated the chromanol moiety attached with first isoprene unit (C-1’~C-5’) via C-2. However, the proton sequence III revealed H-5’/H-6’ connecting to an aliphatic proton H-7’ rather than an olefinic one, and H-10’/H-11’ corresponding to sp2 methine proton H-9’ not a sp3 methylene, and the HMBC correlations of Me-15’/C-7’, C-8’ and C-9’ indicated that the last double bond located at 8’9’and suggested the presence of an additional ring at the prenyl portion. Incorporated with the long-range heteronuclear couplings of H-7’ with C-8’, C-9’ and C-11’as well as of Me-13’ and Me-14’ with C-7’, C-11’ and C-12’ allowed the accomplishment of the rest structure containing the third ring, a trimethylcyclohexenol. Consequently, the planar structure of cyclolitchtocotrienol A was established as a new chromane meroditerpene.

The CD curve of 9 showing a negative Cotton effect at 267 nm proved the absolute 2R of 9. The NOESY correlations of H-7’ and H-10’b /H-11’, H-11’/ Me-13’ indicated that these protons were at the same  position. Oppositely, the NOESY cross-peak of H-10’a /Me-14’ showed the  orientation of H-10’a and Me-14’. Furthermore, the -orientation of both H-7’ and H-11’ was identified by the 1H and 13C NMR signal comparisons of 9 and camelliol C, which also contained a trimethylcyclohexenol portion. 33 On the basis of above interpretation, the configuration of 9 was unambiguously established as 2R, 7’R*, and 11’S*. 

Human hepatocellular carcinoma (HepG2 2.2.15) and human gastric epithelial (AGS) cells were chosen to test the in vitro cytotoxicity of the isolated compounds. The results (Table 3) showed that compounds 1-8 exhibited minor cytotoxic activities against HepG2 2.2.15 and AGS cells line. 

As for the bioassay of anti-HepG2 2.2.15 cells, litchtocotrienol C (C-12’ methylated form of 1) exhibited 2 times less potent than that of 1, but litchtocotrienol B (5-methoxylated form of 1) possessed slightly weaker anti-HepG2 activity than 1. The similar situation was observed between compounds 5 with 7 and between 5 with 6. The above findings suggested that the functional groups at position C-12’ rather than at chromanol ring moiety was important for the cytotoxicity against HepG2 cells of δ-tocotrienol type compounds. As for the bioassay of anti-AGS cells, litchtocotrienols B and C were about 3 and 2 times less potent than that of 1, respectively. In addition, compounds 6 and 7 (5-methoxylated form of 5) were both exhibited 2 times less potent than that of 5. These results suggested that the functional groups at position C-5 of δ-tocotrienol type compounds was important for anti-AGS cell activities. 
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Figure 1. The Structures of compounds 1-9 from the leaves of Litchi chinensis
Figure 2. Selected NOESY correlations of 8
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	Table 1. 1H NMR Data (600 MHz, CDCl3) for Compounds 1-9 (δ in ppm, J in Hz)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3a
	1.80

(dd,7.2, 13.5)
	1.78

(dd,6.6, 13.2)
	1.79

(dd,7.2, 13.5)
	1.77

(dd 6.6, 13.2)
	1.79

(dd 6.6, 13.2)
	1.79

(dd,7.2, 13.8)
	1.75

(dt,6.6, 13.2)
	1.84 (m)
	1.79

(dd, 6.6, 13.5)

	3b
	1.75

(dd,7.2, 13.5)
	1.75

(dd,6.6, 13.2)
	1.75

(dd,7.2, 13.5)
	1.74

(dd 6.6, 13.2)
	1.75

(dd 6.6, 13.2)
	1.75

(dd, 7.2, 13.8)
	1.78

(dt, 6.6, 13.2)
	1.85 (m)
	1.75

(dd, 6.6, 13.5)

	4
	2.70

(td, 3.0, 7.2)
	2.75

(dt, 6.6, 13.8)
	2.69

(td, 2.4, 7.2)
	2.75

(dd 6.6, 14.1)
	2.70

(td 4.8, 6.6)
	2.75

(dd ,7.2, 14.4)
	2.75

(dt, 6.6, 13.8)
	2.66 (m)
	2.70 (t, 6.6)

	5
	6.39

(dd, 2.4, 3.0)
	
	6.39 (d, 2.4)
	
	6.39 (d, 3.0)
	
	
	
	6.39 (d, 2.4)

	7
	6.48

(d, 2.4)
	6.62 (s)
	6.48 (d, 2.4)
	6.63 (s)
	6.48 (d, 3.0)
	6.63 (s)
	6.62 (s)
	6.59 (br s)
	6.48 (d, 2.4)

	1'a
	1.64 (m)
	1.63 (m)
	1.55 (m)
	1.55 (m)
	1.82 m
	1.61 (m)
	1.56 (m)
	1.53 (m)
	1.63 (m)

	1'b
	1.55 (m)
	1.56 (m)
	1.62 (m)
	1.63 (m)
	1.55 m
	1.55 (m)
	1.63 (m)
	1.21 (m)
	1.56 (m)

	2'a
	2.11 (m)
	2.13 m
	2.1 (m)
	2.10 (m)
	2.10 m
	2.10 (m)
	2.13 (m)
	1.95 (m)
	2.12 (m)

	2'b
	
	
	
	
	
	
	
	1.85 (m)
	

	3'
	5.17

(brt, 6.6)
	5.17

(brt,7.2)
	5.13

brt (6.6)
	5.15

(brt 7.2)
	5.11

(brt, 7.2)
	5.10
(brt, 7.2)
	5.13 (brt, 6.6 )
	5.13 (t, 6.6)
	5.14 (t, 6.6)

	5'a
	1.98 (m)
	1.98 (m)
	1.97 (m)
	1.98 (m)
	1.96 m
	1.96 (m)
	1.96 (m)
	2.11 (m)
	2.15 (m)

	5'b
	
	
	
	
	
	
	
	1.80 (m)
	1.92 (m)

	6'a
	2.08 (m)
	2.07 (m)
	2.06 (m)
	2.06 (m)
	2.05

(dd, 7.2, 7.8)
	2.05 (m)
	2.05 (m)
	1.13 (m)
	1.32 (m)

	6'b
	
	
	
	
	
	
	
	1.99 (m)
	1.67 (m)

	7'
	5.13

(brt, 6.6)
	5.13

(brt,7.2)
	5.13

(brt, 6.6)
	5.15

(brt 7.2)
	5.11

(brt, 7.2)
	5.13
(brt, 7.2)
	5.12

(brt, 6)
	5.08

(brt, 7.2)
	1.61 (m)

	9'a
	2.22 (m)
	2.22 (m)
	2.26 (m)
	2.27 (m)
	2.22

(brt, 7.8)
	2.22 (m)
	2.28

(t, 7.8)
	2.14 (m)
	5.23 (s)

	9'b
	2.06 (m)
	2.07 (m)
	2.02 (m)
	2.02 (m)
	
	
	
	2.10 (m)
	

	10'a
	1.58 (m)
	1.41 (m)
	1.41 (m)
	1.41 (m)
	2.53

(brt, 7.8)
	2.53 (m)
	2.63 (t, 7.8)
	1.45

(dt, 3.6, 7.2)
	2.25 (m)

	10'b
	1.44 (m)
	1.58 (m)
	1.51 (m)
	1.51 (m)
	
	
	
	
	1.97 (m)

	11'
	3.36

(br d, 10.2)
	3.36

(brd,10.8)
	3.29
(brd, 10.2)
	3.43

(dt, 2.4, 10.8)
	
	
	
	3.31 (m)
	3.45 (m)

	12'
	
	
	
	
	2.61 (m)
	2.61 (m)
	
	
	

	13'
	1.20 (s)
	1.20 (s)
	1.12 (s)
	1.12 (s)
	1.09 (d, 6.6)
	1.08 (d, 6.6)
	1.38 (overlap)
	1.37 (s)
	0.81 (s)

	14'
	1.16 (s)
	1.15 (s)
	1.09 (s)
	1.09 (s)
	1.09 (d, 6.6)
	1.09 (d, 6.6)
	1.38 (overlap)
	1.24 (s)
	0.94 (s)

	15'
	1.59 (brs)
	1.59 (brs)
	1.59 (brs)
	1.59 (brs)
	1.59 (brs)
	1.59 (brs)
	1.61 (brs)
	1.58 (brs)
	1.71 (brs)

	16'
	1.60 (brs)
	1.60 (brs)
	1.58 (brs)
	1.58 (brs)
	1.59 (brs)
	1.59 (brs)
	1.59 (brs)
	1.03 (brs)
	1.61 (brs)

	17'
	1.26 (s)
	1.27 (s)
	1.26 (s)
	1.26 (s)
	1.26 (s)
	1.27 (s)
	1.27 (s)
	1.37 (s)
	1.27 (s)

	18'
	2.13 (s)
	2.10 (s)
	2.13 (s)
	2.11 (s)
	2.13 (s)
	2.11 (s)
	2.10 (s)
	2.11 (s)
	2.13 (s)

	19'
	
	3.78 (s)
	3.22 (s)
	3.78 (s)
	
	3.78 (s)
	3.78 (s)
	
	

	20'
	
	
	
	3.22 (s)
	
	
	
	
	


	Table 2. 13C NMR Data (150 MHz, CDCl3) for Compounds 1-9 

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	75.2
	74.9
	75.3
	74.9
	75.3
	74.9
	74.8
	74.9
	75.2

	3
	31.3
	30.6
	31.4
	30.6
	31.3
	30.6
	30.6
	32.5
	31.3

	4
	22.4
	17.4
	24.1
	17.4
	22.4
	17.4
	17.4
	17.8
	24.1

	4a
	121.2
	114.3
	121.2
	114.3
	121.3
	114.3
	114.3
	110.3
	120.2

	5
	112.6
	142.3
	112.6
	142.2
	112.6
	142.3
	142.3
	132.5
	112.6

	6
	147.7
	140.7
	147.8
	140.7
	147.7
	140.7
	140.3
	147.0
	147.7

	7
	115.6
	115.0
	115.6
	114.9
	115.6
	114.9
	115.0
	123.4
	115.6

	8
	127.3
	122.3
	127.3
	122.3
	127.3
	122.3
	122.3
	116.0
	127.3

	8a
	145.9
	145.4
	145.9
	145.4
	145.9
	145.4
	145.4
	148.8
	145.9

	1’
	39.4
	39.6
	39.4
	39.6
	39.5
	39.7
	39.6
	34.0
	39.4

	2’
	22.1
	22.1
	22.1
	22.1
	22.1
	22.1
	22.1
	21.1
	22.1

	3’
	124.5
	124.4
	124.3
	124.2
	124.4
	124.3
	124.4
	124.6
	124.7

	4’
	134.9
	135.0
	134.9
	135.1
	134.9
	135.0
	134.9
	137.1
	135.3

	5’
	39.5
	39.6
	39.6
	39.6
	39.5
	39.5
	39.5
	38.4
	41.9

	6’
	26.4
	26.4
	26.6
	26.6
	26.5
	26.5
	26.5
	29.4
	27.0

	7’
	125.0
	125.0
	124.5
	124.5
	124.6
	124.6
	125.1
	127.1
	48.7

	8’
	134.9
	134.9
	135.0
	134.9
	133.2
	133.8
	133.3
	133.9
	137.0

	9’
	36.7
	36.8
	36.8
	36.8
	33.5
	33.5
	33.1
	34.1
	118.3

	10’
	29.6
	29.7
	29.6
	29.6
	39.1
	39.1
	34.3
	32.2
	31.7

	11’
	78.3
	78.3
	76.3
	76.8
	214.8
	214.6
	214.1
	72.0
	75.0

	12’
	73.0
	73.0
	76.8
	77.4
	40.8
	40.8
	76.2
	83.2
	38.0

	13’
	26.3
	26.4
	20.7
	20.7
	18.2
	18.2
	26.4
	21.3
	16.0

	14’
	23.2
	23.2
	18.9
	18.8
	18.2
	18.2
	26.4
	24.3
	25.2

	15’
	15.9
	15.9
	15.9
	15.9
	16.1
	16.1
	15.8
	17.4
	22.4

	16’
	15.8
	15.8
	15.9
	15.8
	15.8
	15.9
	16.1
	15.9
	16.0

	17’
	24.0
	23.9
	24.1
	23.9
	24.1
	23.9
	23.9
	25.9
	22.6

	18’
	16.1
	15.9
	16.1
	16.0
	16.1
	15.8
	15.9
	15.3
	16.1

	19’
	
	60.5
	49.0
	60.6
	
	60.6
	60.5
	
	

	20'
	
	
	
	49.0
	
	
	
	
	


	Table 3. Cytotoxicity of 1-8 on tumor cell lines, IC50 (M)

	compound
	HepG2
	AGS
	compound
	HepG2
	AGS

	1
	11.11
	10.91
	6
	12.30
	49.24

	2
	14.18
	32.02
	7
	34.13
	43.24

	3
	22.66
	24.20
	8
	16.52
	NTa

	4
	NTa
	26.76
	5-Fluorouracilb
	62.9
	

	5
	10.71
	27.36
	Doxorubicinb
	
	11.0

	a not tested, b used as positive control
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