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	Abstract– Two trinorditerpenes, flueggrenes A and B (1 and 2), have been isolated from the roots of Flueggea virosa. Their structures were established by extensive analyses of spectroscopic data. The isolates were evaluated for anti-HCV activity, as well as the inhibition of superoxide anion generation and elastase release in response to FMLP/cytochalasin B.
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 The roots of Flueggea virosa Roxb. ex Willd. (Euphorbiaceae) have been traditionally used to treat rheumatism, pruritus, cephalic eczema, leucorrhoea, and bruising in China.1 Securinine-type alkaloids, the main constituents in F. virosa, attracted considerable interest due to their wild spectrum of biological activities and novel skeleton.2(5 However, the nonalkaloid part of this plant has been rarely studied.6 During the course of our investigation on the bioactive chemical constituents from medicinal plants, two novel trinorditerpenes, flueggrenes A and B (1 and 2) (Fig. 1), have been isolated from the roots of F. virosa. Herein, we report the isolation, structural elucidation, and biological activity of these two compounds. 

   The roots of F. virosa were collected in September 2011 from Pingtung County, Taiwan. A voucher specimen (specimen no. FV-Chao001) was deposited in Chinese Medicine Research and Development Center, China Medical University Hospital. The air-dried roots of F. virosa (13 kg) were minced and extracted exhaustively with MeOH (3 × 20 L). The organic extract was concentrated to an aqueous suspension and was further partitioned between CHCl3 and H2O. The CHCl3 extract was washed with 3% aqueous tartaric acid three times to remove alkaloids and subsequently obtained a nonalkaloid extract (93 g). This extract was fractionated by open column chromatography on silica gel using n-hexane–EtOAc and EtOAc–MeOH mixtures of increasing polarity to afford a main fraction (3.2 g). This fraction was fractioned by silica gel column chromatography (n-hexane–EtOAc, 13:1 to 5:1), Toyopearl HW-40 (C) column chromatography (2 × 60 cm, MeOH), and RP-18 column chromatography (MeOH–H2O, gradient 75 % to 79 %) to yield compounds 1 (2.5 mg) and 2 (4.5 mg).
  The molecular formula of flueggrene A (1) was found to be C17H18O2, as determined from (–)-HRESIMS7 and 13C NMR data (Table 1), appropriate for nine degrees of unsaturation. The IR spectrum showed absorption bands of hydroxy (3383 cm–1), ketonic (1712 cm–1), and aromatic (1633, 1427 cm–1) groups. The UV absorptions at 272, 283, 294, 317, and 331 nm suggested the presence of an extended aromatic conjugation. In the 1H NMR spectrum of 1, one downfield singlet methyl (δH 2.43), two aromatic protons (δH 7.58 and 7.26), and two mutually coupled aromatic protons (δH 7.64 and 7.28) were observed (Table 1). The aforementioned data coupled with 10 aromatic carbons in the 13C NMR spectrum suggested that 1 possesses a tetrasubstituted naphthyl ring carrying one methyl and one hydroxy groups. These two functionalities were assigned to be ortho-substituted according to the HMBC correlations from the methyl protons (H3-15) to C-12, C-13, and C-14 (Fig. 2). The remaining six carbon signals, composed of two methyls (δC 27.5, 2 × CH3), two methylenes (δC 36.4 and 25.4), one ketone (δC 215.0), and one quaternary sp3 carbon (δC 47.5), were assigned as an 2,2-dimethylcyclohexanone fused to the naphthyl ring. This was demonstrated by the HMBC correlations from both H3-18 and H3-19 to C-3, C-4, and C-5, H2-1 to C-5, C-9, and C-10, H2-2 to C-10, as well as the COSY correlations between H2-1 and H2-2 (Fig. 2).      

The molecular formula of flueggrene B (2) was suggested to be C18H22O2 by the analyses of (+)-HRESIMS8 and 13C NMR data (Table 1). The IR spectrum indicated that this molecule contained hydroxy group (3444 cm–1) and aromatic ring (1633, 1506, 1456 cm–1). The UV absorptions at 268, 279, 292, 313, and 327 nm suggested that it is an analogue of 1. The NMR data of 1 and 2 were similar, with significant differences for the replacement of the ketonic group in 1 by a hydroxy-methine in 2. Furthermore, a methoxy group on the benzene ring was found at δH 3.95 in the 1H NMR spectrum of 2 (Table 1). The HMBC correlations from this methoxy signal to C-11, C-12, and C-13 suggested that the methoxy group is located at C-12 (Fig.2). In an attempt to determine the absolute configuration at C-3, the Mosher esters were prepared. Treatment of compound 2 with (R)- and (S)-MTPA chlorides in separate reactions yielded the corresponding MTPA esters. In each reaction, however, two diastereomers were formed in a ratio of approximately 1:1, indicating that the natural product was not enantiomerically pure. This was also evidenced by the observation of the near-zero [α] value.8 
 Compounds 1 and 2 were evaluated for their inhibitory activity toward HCV infection using the HCVcc infection system.9 Our results revealed that compound 1 showed moderate inhibition activity against HCVcc infection with an EC50 value of 13.0 ± 0.3 μM; however, 1 were found to possess cytotoxicity toward the tested Huh7.5 cell lines with an IC50 value of 26.9 ± 1.2 μM. Compound 2 exhibited anti-HCV activity (EC50 = 23.6 ± 1.9 μM) and weak cytotoxicity toward Huh7.5 cell lines (IC50 = 64.8 ± 8.8 μM). The honokiol, an anti-HCV natural compound,10 was used as a positive control (EC50 = 9.4 ± 0.9 μM; IC50 = 58.5 ± 4.9 μM). HCV invades liver cells and leads to inflammation; thus, compounds 1 and 2 were also evaluated for anti-inflammatory activity by suppressing superoxide anion generation and elastase release by human neutrophils in response to FMLP/cytochalasin B.11 Compound 1 exhibited significant inhibition of superoxide anion generation and elastase release with IC50 values of 4.4 ± 0.2 and 4.3 ± 0.3 μM, respectively, when compared with the reference compound sorafenib (IC50 of 3.2 ± 0.4 and 2.0 ± 0.1 μM for inhibition of superoxide anion generation and elastase release, respectively). In addition, compound 2 also exhibited moderate inhibitory effect toward elastase release with an IC50 value of 9.6 ± 1.9 μM, whereas it could not inhibit the superoxide anion generation (IC50 ˃ 30.0 μM). It has to be noted here that the skeleton of flueggrene is derived from losing a methyl group at C-10 of 13-methylpodocarpan skeleton12 during a process of aromatization. Compounds 1 and 2 represented a new type of anti-HCV agents from a natural source.13–15
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Figure 1. Structures of compounds 1 and 2.
Figure 2. Selected 1H–1H COSY and HMBC correlations of 1 and 2.

Table 1
13C and 1H NMR (CDCl3, 100/400 MHz) data of compounds 1 and 2
	
	
	1, 
	
	
	2, 

	#
	δC
	δH (J in Hz)
	
	δC
	δH (J in Hz)

	1
	25.4, CH2
	3.38, t (6.8)
	
	24.0, CH2
	3.26, dt (17.2, 6.0)

	
	
	
	
	
	3.10, dt (17.2, 7.2)

	2
	36.4, CH2
	2.84, t (6.8)
	
	26.6, CH2
	2.18, m

	
	
	
	
	
	2.09, m

	3
	215.0, C
	
	
	75.4, CH
	3.85, dd (9.2, 2.8)

	4
	47.5, C
	
	
	39.4, C
	

	5
	140.6, C
	
	
	140.4, C
	

	6
	122.1, CH
	  7.28, d (8.8)
	
	122.6, CH
	 7.33, d (8.4)

	7
	126.7, CH
	7.64, d (8.8)
	
	125.7, CH
	 7.57, d (8.4)

	8
	127.5, C
	
	
	127.6, C
	

	9
	131.3, C
	
	
	131.6, C
	

	10
	127.6, C
	
	
	126.9, C
	

	11
	105.5, CH
	7.26, s
	
	100.6, CH
	7.13, s

	12
	153.4, C
	
	
	157.1, C
	

	13
	125.8, C
	
	
	127.4, C
	

	14
	129.9, CH
	  7.58, s
	
	129.2, CH
	  7.52, s

	15
	16.2, CH3
	  2.43, s
	
	16.6, CH3
	  2.36, s

	18
	27.5, CH3
	  1.50, s
	
	28.9, CH3
	  1.41, s

	19
	27.5, CH3
	  1.50, s
	
	24.8, CH3
	  1.36, s

	OMe
	
	
	
	55.2, CH3
	3.95, s
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Figure 1. Structures of compounds 1 and 2.
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Figure 2. Selected 1H–1H COSY and HMBC correlations of 1 and 2.
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