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The genus of Rosa is one of the most important ornamental

plants in the world. Some species of Rosa, such as R.

rugosa, R. damascene, and R. centifolia, are renowned for

their beautiful flowers and fine fragrance, and had widely

been cultivated in several areas of Yunnan Province because

of high commercial values.1,2 Meanwhile, their petals and

buds also have been used as food or medicine for treating

stomachache, diarrhoea and women’s diseases.3,4 The previous

phytochemical researches have revealed that tannins,5,6

flavonoids,7-9 terpenoids,10,11 as well as phenylethanoids12

are major components isolated from this plant. 

In our previous studies, some aurones9 and phenylethanoids12

were isolated from the flower of R. rugosa, and some of

them showed anti-HIV-1 activities and cytotoxicities. Continuing

the efforts to discover bioactive metabolites from local

plants, we now investigated the chemical constituents of the

flowers of R. rugosa growing in the Yuxi Prefecture, leading

to the isolation of two new (1 and 2) and six known (3-8)

chalcones. Since many phenolic compounds are known to

exhibit anti-TMV activities.12-16 Compounds 1-8 were tested

for their anti-tobacco mosaic virus (anti-TMV) activities, and

compounds 1 and 4 exhibited in vitro anti-TMV activities.

Results and Discussion

A 70% aq. methanol extract prepared from the flowers of

R. rugosa was subjected repeatedly to column chromatography

on Si gel, Sephadex LH-20, RP-18 and Preparative HPLC to

afford two new chalcones, rugchalcones A and B (1 and 2),

and six known chalcones (3-8). The structures of the

compounds 1-8 were as shown in Figure 1, and the 1H and
13C NMR data of the compounds 1 and 2 were listed in

Table 1. The known compounds were identied as hamilcone

(3),17 4,2'-dihydroxy-3',4',6'-trimethoxy-chalcone (4),18 brousso-

chalcone A (5),19 broussochalcone B (6),19 morachalcone A

(7),20 and crotmadine (8) 21 by comparison of experimental

and reported spectroscopic data.

Compound 1 was obtained as yellow gum. The HRESIMS

showed a quasi-molecular ion peak at m/z 321.0733 [M+Na]+,

corresponding to a molecular formula of C17H14O5. The 1H

and 13C NMR spectrum of 1 (Table 1) displayed 17 carbon

and 14 proton signals, respectively, corresponding to one

aromatic ring [C-4 (δC 105.2 d), C-5 (δC 145.8 s), C-6 (δC

148.7 s), C-7 (δC 101.0 d), C-8 (δC 156.3 s), C-9 (δC 126.0

s)] with two aromatic proton [H-4 (δH 7.15 s) and H-7 (δH

6.82 s)], one aromatic ring [C-1' (δC 123.5 s), C-2',6' (δC

130.9 d), C-3',5' (δC 117.2), C-4' (δC 160.0 s)] with four

aromatic proton [H-2',6' (δH 7.74, d, J = 8.6) and H-3',5' (δH

7.03, d, J = 8.6)], a carbonyl (C-10, δC 186.5 s), a pair of

double bond [C-2 (δC 152.0 s) and C-3 (δC 118.9 d); H-3 (δH

7.58 s)], two methoxy groups (δC 55.9 and 56.0; δH 3.89 and

3.82), and a phenolic hydroxy group (δH 9.27). Strong

absorption bands accounting for hydroxy (3354 cm−1),

carbonyl (1679), and aromatic groups (1615, 1542, 1482

cm−1) could be observed in its IR spectrum. The UV absorp-

tions at 370, 309, 250 and 230 nm also suggested the pre-

sence of a conjugated aromatic ring system. The NMR data

(Table 1), together with the HMBC correlations (Fig. 2) of

H-3 (δH 7.58) with C-2 (δC 152.0)/C-4 (δC 105.2)/C-8 (δC

156.3)/C-9 (δC 126.0)/C-10 (δC 186.5), of H-4 (δH 7.15) with

Figure 1. The structure of Chalcones from the Flowers of R. Rugosa.
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C-3 (δC 118.9), and of C-2',6' (δC 130.9) with C-10 (δC

186.5), suggested that 1 should be a chalcone derivative

fused with a furan ring at C-2 and C-8.22 The signals for four

coupled aromatic protons at δH 7.03 (d, J = 8.6 Hz, 2H) and

7.74 (d, J = 8.6, 2H), suggested a 4-monosubstituted for C

ring,9 and the proton signals for two singlets at δH 7.15 (s,

1H) and δH 6.82 (s, 1H) also revealed that the substituents

for B-ring should be located at C-5 and C-6.9 The HMBC

correlations between the methoxy proton signals (δH 3.89

and 3.82) and C-6 (δC 148.7)/C-4' (δC 160.0) suggested the

positions of two methoxy groups at C-6 and C-4'. On the

other hand, the phenolic hydroxy group at C-5 was sup-

ported by the HMBC correlations observed between the

hydroxy proton (δH 9.27) and C-4 (δC 105.2), C-5 (δC 145.8),

and C-6 (δC 148.7), respectively. Two methoxy groups at C-

6 and C-4' were also supported by the cross-peak between

one methoxy proton signal (δH 3.89) and H-7 (δH 6.82), and

the other methoxy proton signal (δH 3.82) and H-3',5' (δH

7.03) in the NOESY experiment. On the basis of the above

observations, the structure of 1 was elucidated as (5-hydroxy-6-

methoxybenzofuran-2-yl)-(4-methoxyphenyl)-methanone.

Compound (2) was also obtained as yellow gum. It was

assigned the molecular formula of C16H12O5 by HRESIMS

at m/z 307.0587 [M+Na]+. IR absorption bands for hydroxy

(3354 cm−1), carbonyl (1679), and aromatic groups (1615,

1542, 1482 cm−1), and UV absorptions (370, 309, 250 and

230 nm) for conjugated system were observed on its IR and

UV spectra. The 1H and 13C NMR spectra of 2 (Table 1)

were similar to those of 1; the major difference being the

replacement of a methoxy signal in 1 by a phenolic proton

(δH 8.85) in 2, and the up-shift of NMR data for C-4' from

(δC 160.0) to (δC 157.0). This indicated that the methoxy

group at C-4 in 1 should be substituted by a hydroxy group

in 2. The HMBC correlations of the hydroxy proton (δH

8.85) with C-4' (δC 157.0) and C-3'/5' (δC 116.5) indicated

that a hydroxy group was located at C-4'. The other hydroxy

group at C-5 and a methoxy group at C-6 were also sup-

ported by its HMBC correlation. Compound 2 is therefore

the 4-hydroxyl derivative of 1. 

Compounds 1-8 were tested for anti-TMV activities using

the half-leaf method.23,24 Ningnanmycin, a biochemical pesti-

cide against virus diseases on tobacco, was used as the positive

control. The results are listed in Table 2. Compounds 1 and 4

(20 µM) showed moderate anti-TMV activity with inhibition

rates of 22.2 and 25.8%, respectively, which were close to

that of ningnanmycin (28.9%). For the compounds showing

inhibitory rates above 10%, the IC50 values (Table 2) were

determined. Compounds 1 and 4 exhibited the highest

activities with IC50 values of 62.5 and 52.1 µM, respectively.

Experimental

General Procedures. IR spectra were obtained in KBr

disc on a Bio-Rad Wininfmred spectrophotometer. ESI-MS

were measured on a VG Auto Spec-3000 MS spectrometer.
1H, 13C and 2D NMR spectra were recorded on Bruker

DRX-500 instrument with TMS as internal standard. Column

chromatography was performed on silica gel (200-300

mesh), or on silica gel H (10-40 µm, Qingdao Marine Chemical

Inc., China). Second separation was used an Agilent 1100

HPLC equipped with ZORBAX-C18 (21.2 mm × 250 mm,

7.0 µm) column and DAD detector. 

Plant Material. The flowers of R. rugosa were collected

in Yuxi Prefecture, Yunnan Province, People’s Republic of

China, in September 2011. The identification of the plant

material was verified by Prof. Chen Y. J (Yunnan Nationalities

University). A voucher specimen (YNNI 11-9-32) has been

deposited in our laboratory.

Extraction and Isolation. The air-dried and powdered

flowers of R. rugosa (4.5 kg) were extracted four times with

70% methanol (4 × 5.0 L) at room temperature and filtered.

The crude extract (185 g) was applied to silica gel (200-300

Table 1. 1H and 13C NMR data of compounds 1 and 2 (Data obtained in
CDCl3, 500 and 125 MHz)

No.
Compound 1 Compound 2

δC (m) δH (m, J, Hz) δC (m) δH (m, J, Hz)

2 152.0 s 151.2 s

3 118.9 d 7.58, s 118.5 d 7.59, s

4 105.2 d 7.15, s 105.1 d 7.15, s

5 145.8 s 145.5 s

6 148.7 s 148.5 s

7 101.0 d 6.82, s 100.7 d 6.85, s

8 156.3 s 156.3 s

9 126.0 s 126.0 s

10 186.5 s 186.1 s

1' 123.5 s 123.9 s

2',6' 130.9 d 7.74, d, J = 8.6 131.0 d 7.76, d, J = 8.6

3',5' 117.2 d 7.03, d, J = 8.6 116.5 d 6.99, d, J = 8.6

4' 160.0 s 157.0 s

OMe-6 055.9 q 3.89, s 056.0 q 3.87, s

OMe-4' 056.0 q 3.82, s

Ar-OH-5 09.27, brs 9.16, brs

Ar-OH-4' 8.85, s

Figure 2. Selected HMBC ( ) correlations of compound 1.

Table 2. Anti-TMV Activity of 1-8 on Nicotiana glutinosa leaf

Compound % Inhibition at 20 µM IC50 (µM)

1 22.2 ± 3.1 62.5

2 13.8 ± 2.2 122.6

3 6.16 ± 3.0 ND

4 25.8 ± 3.2 52.1

5 9.21 ± 2.2 ND

6 8.26 ± 2.3 ND

7 15.2 ± 2.0 98.3

8 6.24 ± 1.8 ND

Ningnanmycin 28.9 ± 2.3 49.7

All results are expressed as mean ± SD; n = 3. ND: Not determined
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mesh) column chromatography, eluting with a chloroform-

acetone gradient system (20:1, 9:1, 8:2, 7:3, 6:4, 5:5), to give

six fractions A–F. The further separation of fraction C (8:2,

22.3 g) by silica gel column chromatography, eluted with

chloroform-methanol (9:1, 8:2, 7:3, 6:4, 1:1), yielded mix-

tures C1–C5 Fraction C1 (9:1, 2.36 g) was subjected to

preparative HPLC (48% methanol, flow rate 12 mL/min) to

give 1 (13.6 mg) with retention time 35.8 min, 4 (15.8 mg)

with retention time 32.4 min, 6 (18.2 mg) with retention time

27.6 min, and 8 (22.4 mg) with retention time 29.5 min. On

the other hand, the separation of fraction C2 (7:3, 4.28 g) by

silica gel column chromatography and preparative HPLC

(44% methanol, flow rate 12 mL/min), to afford 2 (22.8 mg)

with retention time 36.2 min, 3 (21.2 mg) with retention time

33.6 min, 5 (22.4 mg) with retention time 29.7 min, and 7

(16.3 mg) with retention time 27.4 min.

Anti-TMV Assays. TMV (U1 strain) was obtained from

the Key Laboratory of Tobacco Chemistry, Yunnan Academy of

Tobacco Science. The virus was multiplied in Nicotiana

tabacum cv. K326 and purified as previously described.25

The concentration of TMV was adjusted to 20 mg/mL as

determined by UV absorption. [virus concentration = (A260 ×

dilution ratio)/ ]. The purified virus was kept at

−20 oC and diluted to 32 μg/mL with 0.01 M PBS before use.

Nicotiana glutinosa plants were cultivated in an insect-

free greenhouse. The experiments were conducted when the

plants grew to 5-6-leaf stage. The tested compounds were

dissolved in DMSO and diluted with distilled H2O to the

required concentrations. A solution of equal concentration of

DMSO was used as negative control; and Ningnanmycin

was used as positive control. 

For the Half-Leaf Method,23 the virus was mixed with the

solution of test compound for 30 min before inoculated on

the left side of a leaf of N. glutinosa, whereas the right side

of the leaf was inoculated with a mixture of DMSO and

virus as a control. The local lesion numbers were recorded 3-

4 days after inoculation. Three leaf blades were used for

each compound. The inhibition rates were calculated accord-

ing to the formula: Inhibition Rate (%) = [(C-T)/C] × 100%,

where C is the average number of local lesions in the control

and T is the average number of local lesions in the treated

leaves.

Rugchalcone A (1). Obtained as a yellow gum; UV

(MeOH), λmax (log ε) 370 (3.92), 309 (3.68), 250 (3.56), 230

(4.18) nm; IR (KBr) νmax 3354, 2962, 2907, 1679, 1615,

1542, 1482, 1262, 1148, 1056, 876, 753 cm−1; 1H NMR and
13C NMR data (CDC13, 500 MHz and 125 MHz, respectively),

Table 1; ESIMS (positive ion mode) m/z 309 [M+Na]+;

HRESIMS (positive ion mode) m/z 321.0733 [M+Na]+

(calcd 321.0739 for C17H14NaO5). 

Rugchalcone B (2). Obtained as a yellow gum; UV

(MeOH), λmax (log ε) 368 (3.97), 311 (3.74), 253 (3.59), 230

(4.22) nm; IR (KBr) νmax 3360, 2965, 2902, 1681, 1619,

1540, 1487, 1264, 1146, 1050, 872, 758 cm−1; 1H NMR and 13C

NMR data (CDC13, 500 MHz and 125 MHz, respectively),

Table 1; ESIMS (positive ion mode) m/z 307 [M+Na]+;

HRESIMS (positive ion mode) m/z 307.0587 [M+Na]+

(calcd 307.0582 for C16H12NaO5).
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