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Six new flavanone glycosided+{6) were isolated from the methanol extract of the rhizomeSyaflosorus acuminatus,
together with the parent flavanone glycosi2Zie Their structures were established on the basis of spectroscopic and
chemical methods. All compounds showed moderate activity ag8&imeptococcus pneumoniaad Haemophilus

influenzae

Cyclosorus acuminatugHoutt.) Nakai (Thelypteridaceae) is
widely distributed in the south of Chirf&. The rhizomes of this

plant have been used in Chinese folk medicine for the treatment of

diarrhea, rheumatism, and wourfd#\ previous phytochemical
investigation on th€yclosoruggenus has been reportétdpwever,
no reports orC. acuminatusave been published. As part of our
search for bioactive constituents from t@gclosorusspecies, the
rhizomes ofC. acuminatusiave been studied and six new flavanone
glycosides {—6) were isolated. We herein report the isolation and
structure elucidation of—6, as well as the antibacterial activities
of 1—-6 and the parent flavanone glycosida.

The rhizomes o€. acuminatusvere extracted with MeOH. The

spectroscopic data df(Tables 1 and 2) indicated that the molecule
consisted of a flavanone, two sugars, and one acetyl moiety.
The spin systems located &t5.61 (1H, dd,J = 13.0, 3.0 Hz,
H-2), 3.08 (1H, ddJ = 17.0, 13.0 Hz, H-8), and 2.81 (1H, dd,
J=17.0, 3.0 Hz, H-B) in the 'H NMR spectrum together with a
carbonyl resonance at 198.6 in the’*C NMR confirmed the
presence of a flavanone skeleton. The ABX spin system was found
at 6 7.04 (1H, d,J = 8.8 Hz, H-3), 6.99 (1H, d,J = 3.0 Hz,
H-6'), and 6.74 (1H, dd) = 8.8, 3.0 Hz, H-4), and the correlations
of H-2 to C-1, C-2, and C-6in the HMBC spectrum (Figure 1)
supportedl having 2,5-dihydroxy substitution in the B ring.
Furthermore, the'H NMR spectrum showed two one-proton

extract was concentrated in vacuo, and the residue was suspendedoublets § = 2.2 Hz) at 5.99 (H-8) and 5.92 (H-6). On the basis

in H,O and extracted with petroleum ether, CHEtOAc, and
n-BuOH, sequentially. Column chromatography of the CHid
EtOAc extract led to the isolation df—6. Their structures were
elucidated by spectroscopic methods, including 2D NMR experi-
ments (COSY, HSQC, and HMBC), and chemical methods.

Ri Rz R3 Rgq Rs
1 Ac H HH H
2 Ac H H H Ac
2aH H H H H
3 Ac Ac H H Ac
4 Ac H Ac H Ac
5§ Ac H H Ac Ac
6 Ac Ac Ac H Ac

Compoundl was obtained as a white, amorphous powder with
the molecular formula &Hs4016, determined on the basis of NMR
and HRESIMS datan/z 661.1734 [M+ Na]"). The IR spectrum
of 1 showed strong absorptions at 1639 and 3423(@H). UV
absorption maxima atmax 290 and 330 (sh) nm were indicative of
a flavanone structure® Examination of the!H and 13C NMR
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of the above analyses of spectroscopic data, the flavanone aglycone
was suggested as 5,72-tetrahydroxyflavanone. Acid hydrolysis
of 1yieldedp-glucose and-rhamnose, as determined by TLC and
GC analyses. Thi#H NMR spectrum also revealed one three-proton
singlet atd 2.09 (2'-OCOCH;), and this methyl group was assigned
to the acetyl moiety, which was connected to the'GsRe of the
rhamnose unit by the HMBC correlation of H/2"'-OCOCH;.
Finally, the connection of these substructures was completed by
the HMBC spectrum ofl. The §-b-O-glucopyranosyl unit was
linked to C-3 of the a-L-acetylrhamnopyanosyl moiety by tf&
interactions of H-1'/C-3" and H-3'/C-1". The sugar chain was
connected to the C osition of the flavanone aglycone by the
HMBC correlation of H-1/C-2 (Figure 1). The absolute config-
uration at C-2 was confirmed by a positive Cotton effect at 326
nm and a negative Cotton effect at 287 nm in the CD spectrum,
which is characteristic for @-flavanones. Thus, the structure of
1 was determined as §*-5,7,8-trihydroxyflavanone 20-$3-p-
glucopyranosyl-(3-3)-a-L-2-O-acetylrhamnopyanoside.
Compound2 was obtained as a white, amorphous powder with
the molecular formula &H360;7 deduced from HRESIMSn{/z
703.1827 [M+ NaJ]"). The'H and13C NMR spectra of2 were
similar to those ofl, except for the presence of two acetyl groups
atdc 173.8, 21.2 (B'-OCOCH;) and 172.6, 21.1 (20COCH) in
the 13C NMR spectrum oR. The acetyl groups were linked to the
C-2' and C-6' positions by HMBC correlations of H“22"-
OCOCH; and H-6"/6"'-OCOCH;. All the protons and carbons of
2 could be assigned on the basis of the analyses of the 2D NMR
spectroscopic data d including 'H—'H COSY, HMQC, and
HMBC spectra. The configuration at C-2 was definedSasom
the CD spectrum, which showed a positive Cotton effect at 326
nm and a negative Cotton effect at 287 Amhus, compoun@
was determined to be §5,7,3-trihydroxyflavanone 20-5-p-6-
O-acetylglucopyranosyl-(+3)-a-L-2-O-acetylrhamnopyanoside.
Compounds3, 4, and 5 were isolated as white, amorphous
powders having the same molecular formulgHzsO,s on the basis
of HRESIMS. Comparing th&H and'3C NMR spectroscopic data
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Table 1. 'H NMR (400 MHz) Data ofl—6 and?2a (6 values,J in Hz)
position 12 22 32 42 52 6o 22
2 5.61 dd 5.69 dd 5.67 dd 5.71dd 5.61 dd 5.81 dd 5.57 dd
(13.0, 3.0) (13.0, 3.0) (13.0, 3.0) (13.0, 3.0) (13.0, 3.0) (13.0, 3.0) (13.2,3.0)
3 3.08 dd 3.10dd 3.08 dd 3.11dd 2.91dd 3.12dd 3.07 dd
(17.0, 13.0) (17.0, 13.0) (17.0, 13.0) (17.0, 13.0) (17.0, 13.0) (17.0, 13.0) (17.8,13.2)
2.81dd 2.81dd 2.81dd 2.82dd 2.74 dd 2.84 dd 2.77 dd
(17.0, 3.0) (17.0, 3.0) (17.0, 3.0) (17.0, 3.0) (17.0, 3.0) (17.0, 3.0) (17.8, 3.0)
6 5.92d (2.2) 5.92d (2.2) 5.93d (2.2) 5.94d (2.2) 5.88d (2.2) 6.00d (2.2) 5.96 d (2.4)
8 5.99d (2.2) 6.00d (2.2) 5.99d (2.2) 5.99d (2.2) 5.94d(2.2) 6.05d (2.2) 5.90d (2.4)
3 7.04d (8.8) 7.04d (8.8) 7.03d (8.8) 7.05d (8.8) 6.99d (8.8) 7.05d (8.8) 7.07d (9.0)
4 6.74 dd 6.74 dd 6.74 dd 6.74 dd 6.68 dd 6.80 dd 6.72 dd
(8.8,3.0) (8.8,3.0) (8.8, 3.0) (8.8,3.0) (8.8,3.0) (8.8,3.0) (9.0, 3.0)
6' 6.99d (3.0) 7.00d (3.0) 6.98d (3.0) 7.01d (3.0) 6.94d (3.0) 7.07d (3.0) 6.96 d (3.0)
1" 5.31d (1.7) 5.3% 5.28 5.32 5.28 5.34d (1.7) 5.27brs
2" 5.40m 5.34rf 5.28 nfl 5.32 nt 5.28 ni 5.30m 4.24 m
3" 4.00m 3.97m 3.96m 3.97m 3.94m 4.06 m 3.80m
4" 3.60m 3.60m 3.50m 3.60m 3.57m 3.56m 3.62m
5" 3.80m 3.69m 3.73m 3.78m 3.75m 3.76 m 3.72m
6" 1.30d (7.4) 1.30d (7.4) 1.28d (7.4) 1.30d (7.4) 1.24d (7.4) 1.28d (6.0) 1.27 d (6.0)
I 4.35d (7.7) 4.39d (7.7) 4.41d (8.0) 4.42d (8.0) 4.22d(7.8) 9,76 4.36d (7.8)
2" 3.19m 321m 4.66 m 3.31lm 3.23m 478 m 3.25m
3" 3.31m 3.32m 3.46m 4.90 m 3.44m 5.01m 3.39m
4" 3.30m 3.21m 3.31lm 3.40m 4.63m 3.62m 3.33m
5 3.09m 3.21m 3.26m 3.35m 3.25m 3.58m 3.06 m
6" 3.62m 4.20 brd 4.23dd 4.23 dd 3.84dd 4.26 dd 3.65dd
(11.6) (12.0, 2.0) (12.0, 2.0) (12.0, 5.0) (11.8,2.2) (12.0, 3.6)
3.58m 3.95m 3.95dd 3.94dd 3.75dd 4.08 m 3.53dd
(12.0,5.7) (12.0,5.0) (12.0, 2.0) (12.0,1.8)
2"-0OCOCH; 2.10s 2.05s 2.04s 2.05s 2.05s 2.02s
2""-OCOCH; 2.10s 1.97%
3""-0OCOCH; 2.10s 1.96%
4"-0COCH; 2.10s
6"'-OCOCH; 191s 1.94s 191s 1.90s 1.94s

2]n CD3OD. PIn DMCO-ds. ¢"9Overlapping signalsValues may be interchanged.

of 3, 4, and 5 with those of2 (Tables 1 and 2), the obvious
differences were the additional acetyl moieties in compods
and>5. The acetyl groups @ were linked to C-2, C-2", and C-6'

by the HMBC correlations of H-22"-OCOCH;, H-2"'/2""'-
OCOCH;, and H-6"/6"'-OCOCH,. The HMBC correlations be-
tween H-2/2"-OCOCH;, H-3"/3"'-OCOCH;, and H-6"/6"'-
OCOCH; indicated that the acetyl moieties were connected td C-2
C-3", and C-6' of 4, and the acetyl groups & were linked to
C-2', C-4", and C-6' by the HMBC correlations of H-22"-
OCOCH;, H-4"/4""-OCOCH;, and H-6"/6"'-OCOCH,;. The CD
spectra of3, 4, and5 showed a positive Cotton effect at 326 nm
and a negative Cotton effect at 287 nm, suggesting theSL-(2
configuration® Thus, 3, 4, and5 were identified as (8-5,7,5-
trihydroxyflavanone 20-3-p-2,6-di-O-acetylglucopyranosyl-(3)-
o-L-2-O-acetylrhamnopyanoside,25,7,3-trihydroxyflavanone 2
0O-$-p-3,6-di-O-acetylglucopyranosyl-(#3)-a-L-2-O-
acetylrhamnopyanoside, andgz5,7,3-trihydroxyflavanone 20-
p-p-4,6-di-O-acetylglucopyranosyl-(+3)-a-L-2-O-
acetylrhamnopyanoside.

Compound6 was obtained as a white, amorphous powder and
assigned the molecular formulad8 40019, Which was determined
by HRESIMS (Wz 787.2094 [M+ Na]*). The!H and'3C NMR
spectra ofé were similar to these o2, except for the additional
acetyl groups ob. Alkaline hydrolysis of2 and6 with 1% KOH
gave the same deacetylated glycos2dewhich was identified by
TLC. In the HMBC spectrum, the correlations between 'H22-
OCOCH;, H-3"/3""-OCOCH;, H-4"/4""-OCOCH;, and H-6"/6""-
OCOCH; indicated that the acetyl moieties were connected t¢ C-2
C-3", C-4", and C-6'. The configuration at C-2 was defined as
Sfrom the CD spectrum, which showed a positive Cotton effect at
326 nm and a negative Cotton effect at 285 thifhese results
indicated thab is (29-5,7,3-trihydroxyflavanone 20-3-p-3,4,6-
tri-O-acetylglucopyranosyl-(+3)-a-L-2-O-acetylrhamnopyano-
side.

The antibacterial test results bf-6 and2a are shown in Table
3. These compounds showed weak activity agahtaphylococcus

Table 2. 13C NMR (100 MHz) Data ofl—6 and2a (6 values)

position 12 28 3 42 54 6° 2a

2 773 774 776 774 773 753 77.3
3 435 437 438 43.6 438 424 43.6
4 198.3 198.6 198.3 198.6 198.6 196.6 198.2
5 166.1 166.2 1659 166.1 166.2 164.5 166.0
6 98.0 98.0 979 98.0 98.0 96.1 97.9
7 169.6 169.3 169.0 169.3 169.3 167.4 196.0
8 971 97.1 97.0 97.1 97.1 957 96.9
9 165.4 165.6 1654 165.6 165.6 163.8 165.4
10 103.8 104.0 1039 103.9 104.0 1025 103.8
T 131.0 131.0 130.9 131.0 131.1 129.7 130.8
2 148.2 148.3 148.2 148.3 148.4 146.5 148.4
3 1185 1183 118.2 1183 1174 117.0 1182
4 1174 1173 1173 1174 1174 116.0 1173
5 154.8 154.7 154.6 1547 154.8 153.3 154.4
6' 1155 1154 1153 1155 1154 1141 1153
1" 98.6 98.7 98.6 988 988 973 1014
2" 743 744 741 744 743 723 72.5
3" 81.0 81.3 804 80.9 819 783 83.8
4" 731 729 728 730 728 713 73.0
5" 711 712 717 712 714 702 71.2
6" 185 18.6 184 18.6 18.7 17.7 18.7
1" 106.9 106.9 104.6 1064 107.1 101.8 106.9

- 758 757 755 741 755 719 75.9
3" 781 780 76.2 789 758 756 78.3
4" 712 717 718 71.0 725 68.4 71.0
5" 781 755 755 754 734 741 78.1
6" 62.5 646 645 642 64.1 628 62.2
2'-0COCHs 173.5 1726 172.7 1726 1724 170.2
2"-OCOCH3 213 211 21.2 212 213 203
2""-OCOCHs 173.2 170.4
2""-OCCCH3 21.5 20.4
3""-OCOCHs 173.5 170.8
3""-OCCCH3 21.5 20.4
4""-OCOCHs 1725
4""-OCOCH3 21.4
6"'-OCOCHs 173.8 173.8 173.7 173.0 170.8
6"'-OCCOCH3 212 211 211 213 20°3

a|n CD;OD. PIn DMCO-ds. “%alues may be interchanged.
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Figure 1. Selected HMBC correlations for compountis6.

Table 3. Antibacterial Effects ofl—6 and 2a against Bacteria

MIC (ug/mL)
compound S.aureus E.coli S.pneumoniae H.influenzae
1 128 64 32 32
2 128 64 32 32
3 128 64 32 32
4 128 64 32 32
5 128 64 32 32
6 128 64 32 32
2a 128 64 32 32
azithromycin 0.5 0.5 4 8
erythromycin 0.25 0.25 64 64

aureusand Escherichia coliand moderate activity againStrep-
tococcus pneumoniaend Haemophilus influenzae

Experimental Section
General Experimental Procedures.Optical rotations were deter-

mined on a Perkin-Elmer model 341 polarimeter, and CD data were
recorded on a JASCO J-810 spectropolarimeter. UV and IR spectra
were obtained on a Shimadzu UV-260 and a Perkin-Elmer Spectrum
577 spectrophotometer. NMR spectra were obtained on a Bruker AM-
400 spectrometer using TMS as the internal standard. HRESIMS were
obtained on a Marine instrument. GC was carried out on a GC-14C
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(4.04), 330 (3.48) nm; IR (KBrymax 3423, 2929, 1733, 1639, 1498,
1457, 810 cm’; 'H and*C NMR data, see Tables 1 and 2; ESIMS
m/z 661.5 [M + Na]"; HRESIMS (positive-ion modevz 661.1734
[M + Na]* (calcd for GgHz40:6Na, 661.1745).

Compound 2: white, amorphous powderp]?; —20.0 ¢ 0.30,
MeOH); CD (c 0.0032, MeOH)A (A¢) 216 (+26.4), 229 (-8.8), 287
(—23.9), 326 {-3.3) nm; UV (MeOH)Anax (I0g €) 217 (4.40), 290
(4.38), 330 (3.78) nm; IR (KBrymax 3415, 2929, 1727, 1639, 1498,
1457, 810 cm?; *H and3C NMR data, see Tables 1 and 2; ESIMS
m/z 703.5 [M + Na]*; HRESIMS (positive-ion modejvz 703.1827
[M + Na]* (calcd for G;H3¢017Na, 703.1850).

Compound 3: white, amorphous powderp]*»; —33.5 € 0.27,
MeOH); CD (c 0.0048, MeOH)1 (Ae€) 216 (+25.9), 230 (-7.4), 287
(—21.1), 326 {-3.5) nm; UV (MEOHW max (10ge) 227 (4.40), 289 (4.45),
330 (3.85) nm; IR (KBr)vmax 3430, 2937, 1731, 1639, 1498, 1457,
810 cn1!; *H and**C NMR data, see Tables 1 and 2; ESIMfx 745.4
[M + Na]t; HRESIMS (positive-ion modeyz 745.1955 [M+ Na]*
(calcd for GsHzgO1gNa, 745.1956).

Compound 4: white, amorphous powderp]?® —34.0 € 0.27,
MeOH); CD (€ 0.0048, MeOH)A (Ac) 216 (+40.6), 229 (11.4),
287 (~30.8), 326 §-4.8) nm; UV (MeOH)Amax (I0g €) 225 (4.31),
290 (4.31), 330 (3.76) nm; IR (KBinax 3423, 2939, 1727, 1639, 1498,
1457, 810 cm?®; 'H and3C NMR data, see Tables 1 and 2; ESIMS
m/z 745.5 [M + Na]"; HRESIMS (positive-ion modevz 745.1965
[M + Na]* (calcd for G3HzgO1sNa, 745.1956).

Compound 5: white, amorphous powderp]*» —35.0 € 0.27,
MeOH); CD (c 0.0048, MeOH)A (Ae) 216 (+28.5), 229 (7.9), 287
(—23.8), 326 {-3.7) nm; UV (MeOH)Anax (I0g €) 227 (4.16), 290
(4.20), 330 (3.59) nm; IR (KBrymax 3401, 2936, 1741, 1640, 1498,
1460, 810 cm’; 'H and*C NMR data, see Tables 1 and 2; ESIMS
m/z 745.3 [M + Na]*; HRESIMS (positive-ion modejvz 745.1926
[M + Na]* (calcd for G3HzgO1Na, 745.1956).

Compound 6: white, amorphous powderp]*>; —33.5 € 0.27,
MeOH); CD (€ 0.0080, MeOH) A (Ac) 217 (+-28.5), 230 £21.7),
285 (~71.9), 326 ¢-8.7) nm; UV (MeOH)Amax (I0g €) 230 (4.18),
290 (4.28), 330 (3.78) nm; IR (KBinax 3438, 2939, 1743, 1639, 1498,
1457, 810 cm’; 'H and*C NMR data, see Tables 1 and 2; ESIMS
m/z 787.4 [M + Na]"; HRESIMS (positive-ion modez 787.2094
[M + Na]* (calcd for GsHagO19Na, 787.2061).

Compound 2a: white, amorphous powderp]?, —55.0 € 0.32,
MeOH); UV (MeOH) Amax (I0g €) 231 (4.20), 290 (4.35), 330 (3.61)

gas chromatograph (Shimadzu, Japan) with a AC-1 fused silica capillary ,m: |r (KBr) vmax 3382, 2931, 1639, 1498, 1457, 811 ¢mH and

column (30 mx 0.25 mmx 0.25x4m) (SGE); detection, FID; carrier
gas, N; temperature for injector and detector, 230; temperature

gradient system for the oven, 18Q for 1 min and then raised to 230
°C at the rate of 3C/min. Silica gel plates for TLC and silica gel for

3C NMR data, see Tables 1 and 2; ESIM# 619.5 [M + Na]*.
Alkaline Hydrolysis of 1—6. Compound (15 mg) was hydrolyzed

with 1% KOH (1.0 mL) fa 1 h atroom temperature. After acidification

with 1% HCI until pH 5, the reaction mixture was extracted with

column chromatography were produced by Qingdao Marine Chemical n-BuOH. Then-BuOH extract was purified on silica gel (CHEI

Company, Qingdao, People’s Republic of China.
Plant Material. The rhizomes ofC. acuminatusvere collected in

MeOH-H0, 4:1:0.1) to give2a (7 mg). Compound4 and3—6 (0.5
mg) were treated in the same manner2a® afford 2a, which was

July 2005 from Rusan County of Jianxi Province, People’s Republic determined by co-TLC (CHG+MeOH—H,0, 4:1:0.1,R; = 0.25).
of China, and identified by Prof. Changgong Zhang, College of Acid Hydrolysis of 1—6. A solution of each compound (3 mg) in
Pharmacy, Huangzhong University of Science and Technology. A 10% HCI was stirred at 90C for 5 h. After cooling, the reaction
specimen (CAC0121) was deposited in the College of Pharmacy, Tongji mixture was filtered. The filtrate was examined by TLC together with
Medical Center, Huangzhong University of Science and Technology. authentic sugar samples (EtOAMeOH—H,O—HOAc, 6:1:1:1, glu-
Extraction and Isolation. The air-dried rhizomes (5.0 kg) were  cose,R: = 0.31; rhamnoseR: = 0.55). The remaining filtrate was
ground and extracted with MeOH (& 10 L) at room temperature, concentrated to dryness to give a residue, which was dissolved in dry
and 500 g of extract was obtained. The extract was suspended inpyridine; to which was added-cysteine methyl ester hydrochloride.
distilled H,O and extracted with petroleum ether, CH&tOAc, and The mixture was stirred at 6 for 1 h, then hexamethyldisilazane
n-BuOH, sequentially. The CHgéxtract (5.0 g) was subjected to silica  trimethylchlorosilane (2:1) was added, and the mixture was stirred at
gel column chromatography (26@00 mesh, 120 g) eluted with a 60 °C for 30 min. After centrifugation, the supernatant was directly
CHCl;—MeOH system (20:1) to yield fractions-MI. Fraction Il (0.5 subjected to GC analysis. The sugar derivatives obtained from
g) was passed through a Sephadex LH-20 column with GH@eOH compoundsl—6 were detected in each case by co-injection of the
(2:1) and then further purified on a silica gel (36800 mesh) column, p-glucose and-rhamnose derivatives, giving single peaks at 23.14 and
eluting with CHC—MeOH (15:1) to give6 (30 mg). The EtOAc 19.17 min, respectively.
extract (12.0 g) was separated by column chromatography on silica  Antibacterial Activity. The antibacterial activities df—6 and2a
gel (200-300 mesh, 200 g) eluting with a CHEIMeOH gradient were determined by the 2-fold dilution meth®daboratory standard
(20:1, 10:1, 5:1, 2:1) to yield fractions-KX. Fraction Il (0.8 g) was ATCC strains §. aureusATCC # 25923,E. coli ATCC # 25922,S.
then repeatedly chromatographed on a silica gel {3 mesh) pneumoniaéATCC # 49619, andH. influenzaeATCC # 49247) were
column using CHGH~MeOH (10:1) as eluent to givé (20 mg),4 (19 used as the test bacteria. Erythromycin and azithromycin were used as
mg), ands (27 mg). Compounds (10 mg) and? (40 mg) were obtained the positive controls.
from fraction IV (0.6 g) by chromatography on a silica column (CHCI

MeOH, 6:1).

Compound 1: white, amorphous powderp]?%, —36.0 € 0.053,
MeOH); CD (€ 0.0048, MeOH)A (A¢) 216 (+31.2), 230 £9.2), 287
(—27.6), 326 ¢-3.2) nm; UV (MeOH)Amax (I0g €) 216 (4.12), 290
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