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Only two Hylomecon species, H. hylomeconoides and
H. vernalis, grow in Korea. H. vernalis is widely distributed
in mountainous regions of Korea, and China.'” H. vernalis
has been used as Chinese folk medicine for the treatment of
arthritis, neuralgia, and eczema.® Previous phytochemical
and pharmacological studies on this plant reported the
isolation of several alkaloids and reported them to have anti-
inflammatory, antispasmodic, antimicrobial, and anfi-tumoral
activities.>* Column chromatographic purification of the
BuOH-soluble fraction of the MeOH extract of the aerial
parts of H. vernalis led to the isolation of three new mega-
stigmane glycosides (1-3), together with four known com-
pounds (4-7). The structures of these new compounds were
elucidated on the basis of 1D and 2D NMR spectral analy-
ses. The structures of the known compounds were identified
to be (6R, 9R)-3-oxo-a-ionyl-9-O-a-L-rhamnopyranosyl-
(1"—>2")-pD-glucopyranoside (4),” (6R, 9R)-9-hydroxy-
megastigman-4-en-3-one 9-O-o~L-thamnopyranosyl-(1"—2")-
SD-glucopyranoside (5),° 3-hydroxy-5,6-epoxy-ionol-9-
O-p-D-glucopyranoside  (6),° and megastigmane-7-ene-
3,5,6,9-tetraol-9-O-D-glucopyranoside (7)" by comparing
their spectroscopic data with data in the literature. The iso-
lated compounds (1-7) were tested for cytotoxicity against
four human tumor cells in vitro using a sulforhodamin B
bioassay.

Compound 1 was obtained as a colorless gum. The mole-
cular formula was determined to be Ci9H3,Os from the
[M + Na]* peak at m/z 411.1985 (calcd. for Ci9H3,0sNa:
411.1989) on HR-ESI-MS spectrum. The 'H-NMR spectrum
(Table 1) of 1 displayed signals for four methyl groups at o
= 1.40 (3H, s), 1.30 (3H, d, J = 6.4 Hz), 1.18 (3H, s), and
0.85 (3H, s), two oxymethine proton signals at dy = 4.41
(1H, m), and 4.33 (1H, m), and two olefinic proton signals at
Sy = 5.79 (2H, m). In the *C-NMR spectrum, 13 carbon
signals appeared, including four methyl carbons at 5c = 31.6,
30.3, 24.7, and 20.2, two methylene carbons at 6¢ = 48.5,
and 47.8, two oxygenated methine carbons at 5c = 76.9, and
75.6, two olefinic carbons ¢ = 133.1, and 125.4, two oxy-
genated quaternary carbons at 5¢ = 91.5, and 81.0, and one
quaternary carbon at 8¢ = 43.3. The '"H-'H COSY spectrum
of 1 showed correlations at &y = 4.33 (H-3)/1.95 (H-2) and
1.75 (H-4), 5.75 (H-8)/5.75 (H-7) and 4.41 (H-9), 4.41 (H-
9)/5.75 (H-8) and 1.30 (H-10), indicating the presence of
partial segments (see bold lines in Figure 2). In the HMBC

spectrum, long-range correlations were observed between
the following protons and carbons: H-2 and C-1, C-3; H-3
and C-1, C-5, C-6; H-4 and C-2, C-6; H-7 and C-1, C-5, C-
9; H-8 and C-6, C-10; H-9 and C-7, C-1'; H-10 and C-8, C-
9; H-11, H-12 and C-1, C-2, C-6; H-13 and C-4, C-5, C-6
(Figure 2). These spectral data led us to conclude that the
aglycone structure of 1 is 3,6-epoxy-7-megastigmene-5,9-
diol, which was isolated from tobacco.®® Also, the sugar
moiety appeared at oy = 4.38 (1H, d, /= 7.5 Hz), 3.82 (1H,

Table 1. 'H, >*C-NMR data of 1,2 and 3

1¢ 2¢ 3¢
Position
Su dc Su dc Su d¢c

1 433 433 434

1. 11. 1. 11. 1. 11.
2 PG T e PSSO ans TRRCLD ass
3 433 m 75.6 438, m 75.7 438, m 75.6
I 1 1 g 15880
5 81.0 81.0 81.0
6 91.5 91.7 91.7
7 579,m 1254 5.76,m 12577  576,m 125.7
8 133.1 132.9 132.9
9 441, m 76.9 438, m 77.5 438, m 77.5
10 1.30,d(64) 202 1.30,d(6.4) 204 1.29,d(64) 20.5
11 1.40,s 24.7 1.40,s 24.7 1.40,s 24.7
12 0.85,s 30.3 0.85,s 30.5 0.85,s 30.5
13 1.18,s 31.6 1.18,s 31.6 1.19,s 31.6

' 438,d(7.5) 101.6 4.32,d(7.5) 1013 432,d(8.0) 101.3

2 318,m 742 318m 741 3.19,m 741
3 32Lm 769 32L,m 768 32L,m 768
4 328m 703 330,m 704 335m 704
S 335m 767 340,m 755 342m 755
' (ffg’ gf)) 3.62, m 361, m
o (2039 615 410dd 688 412dd 685
B0, (12.0,3.0) (12.0,3.0)
o 425,d(75) 1043 426,d(6.5) 1044
2 328m 737 358,m 728
3 334,m 764 354m 712
4 348,m 700 380,m 683
s sem 7 3ism 656

“Chemical shifts in ppm relative to TMS; coupling constants (J) in Hz.
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Figure 1. The structures of the isolated compounds 1-7 from H. vernalis.

dd, J=12.0, 3.0 Hz), 3.66 (1H, dd, J = 12.0, 5.0 Hz), 3.35
(1H, m), 3.28 (1H, m), 3.21 (1H, m), 3.18 (1H, m) in the 'H-
NMR spectrum and &¢ = 101.6, 76.9, 76.7, 74.2, 70.3, and
61.5 in the *C-NMR spectrum, which suggested the presence
of D-glucopyranose moiety.'’ The coupling constant (J = 7.5
Hz) of the anomeric proton of D-glucose indicated to be the
Sform.'* The glycosidic position was established by an
HMBC experiment, in which a long-range correlation was
observed between the H-1' (8 = 4.38) of D-glucose and the
C-9 (8¢ = 76.9) of the aglycone (Figure 2). The 'H- and *C-
NMR, HMQC, 'H-'H COSY, and HMBC spectra revealed
that 1 had the same planar structure as crotalionoside C
isolated from Crotalaria zanzibarica,"" except for the optical
rotation value. The optical rotation of 1 ([a.]5 : —13.0°) was
almost of the same value but of opposite sign to that of
crotalionoside C ([a]; : +15.8°), which suggested that
compound 1 could be a stereoisomer of crotalionoside C.
The relative stereochemistry of the aglycone moiety was
characterized by a NOESY experiment, which showed NOE

10 OH

Figure 2. '"H-'H COSY (=), and HMBC (-~ \) correlations
of 1,2 and 3.

correlations between the following proton pairs (H-2a/H-4a,
and H-12; H-2b/H-4b, and H-11; H-11/H-7 and H-3) as
shown in Figure 3. The absolute configuration at C-9 was
determined by application of a modified Mosher’s method to
be R (Figure 4)."" But the absolute stereochemistries at C-3,
C-5 and C-6 for the ring part could not be determined.
Enzymatic hydrolysis of 1 with f-glucosidase (emulsin)
yielded 3,6-epoxy-7-megastigmene-5,9-diol (1a), whose 'H-
NMR spectral data were in good agreement with values
reported previously,’ and D-glucose. Thus, the structure of
1 was determined to be megastigmane-7-en-3,6-epoxy-5,9-
diol 9R-O- F-D-glucopyranoside.

Compound 2 was obtained as a colorless gum. The mole-
cular formula was determined to be C24HaO12 from the [M +
Na]" peak at m/z 543.2412 (caled. for Co4Hi9O12Na: 543.2412)

- RN
Y HC T sk
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p
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‘,

D
_D-Xyl-(1"—6')-B-D-Glc
-L-Ala-(1"—6')-B-D-Glc

Figure 3. NOESY correlations of 1, 2 and 3.
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Figure 4. Values of 8s-0xr of the MTPA esters of 1a.



Notes

on HR-ESI-MS spectrum. The proton and carbon signals in
the 'H- and '*C-NMR spectra of 2 were very similar to those
of 1. The only differences were the signals from an addi-
tional sugar unit that appeared at 6y = 4.25 (1H, d, J=17.5
Hz, H-1"), 3.85 (1H, m), 3.48 (1H, m), 3.34 (1H, m), 3.19
(1H, m), 3.18 (1H, m) and 8¢ = 104.3, 76.4, 73.7, 70.0, 65.7
in the "H- and >C-NMR spectra, indicating that 2 has an
additional D-xylopyranose moiety.'> The coupling constant
(J = 7.5 Hz) of the anomeric proton of D-xylose indicated
that it was in the Bform.'”> The HMBC spectrum showed
correlations between H-1' (6 = 4.32) of the D-glucose moiety
and C-9 (8¢ = 77.5) of the aglycone structure,'' and between
H-1" (du = 4.25) of D-xylose and C-6' (8¢ = 68.8) of D-
glucose (Figure 2)."” Enzymatic hydrolysis of 2 with hes-
peridinase yielded 2a. The NMR data of 2a were same to
those of 1a. The sugars were confirmed to be D-glucose and
D-xylose by comparison of optical rotation and GC-MS
analyses. Thus, the structure of 2 was determined to be
megastigmane-7-en-3,6-epoxy-5,9-diol 9R-O--D-xylopyra-
nosyl-(1"—6')-#D-glucopyranoside.

Compound 3 was obtained as a colorless gum. The
molecular formula was determined to be C24H40O12 from the
[M + Na]" peak at m/z 543.2412 (calcd. for Co4HaoO12Na:
543.2419) in the HR-ESI-MS spectrum. The proton and
carbon signals in the 'H- and *C-NMR spectra of 3 were
very similar to those of 2. The major difference was the
terminal sugar unit; signals from the sugar unit appeared at
du =4.26 (1H, d, J= 6.5 Hz, H-1"), 3.85 (1H, m), 3.80 (1H,
m), 3.58 (1H, m), 3.54 (2H, m) in the "H-NMR spectrum and
8c =104.4,72.8,71.2, 68.3, 65.6 in the '*C-NMR spectrum,
indicating that 3 has an L-arabinopyranose moiety instead of
the D-xylopyranose moiety in 2."* The coupling constant (J
= 6.5 Hz) of the anomeric proton of L-arabinose indicated
that it was in the a-form."* The positions of sugar residues in
3 were established by an HMBC experiment. The HMBC
spectrum showed correlations between H-1' (o = 4.32) of
D-glucose and C-9 (8¢ = 77.5) of the aglycone,'" and between
H-1" (8 = 4.26) of L-arabinose and C-6' (8¢ = 68.5) of D-
glucose (Figure 2).° Enzymatic hydrolysis of 3 with
hesperidinase yielded 3a. The NMR data of 3a were same to
those of 1a. The sugars were confirmed as D-glucose and L-
arabinose by comparison of optical rotation and GC-MS
analyses. Thus, the structure of 3 was determined to be
megastigmane-7-en-3,6-epoxy-5,9-diol  9R-O-a-L-arabino-
pyranosyl-(1"—6')-D-glucopyranoside.

The cytotoxic activities of the isolated compounds (1-7)
were evaluated by determining their inhibitory effects on
human tumor cell lines (A549, SK-OV-3, SK-MEL-2, and
HCT15) in vitro using the sulforhodamine B (SRB) assay.'
All the compounds showed little cytotoxicity against any
tested cell line (ICsp > 30 pM).

Experimental Section
Plant Materials. The aerial parts of H. vernalis Maxim

(Papaveraceace) (2.6 kg) were collected at Tacback mountain
in Gangwon-Do province, Korea in May 2009. A voucher
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specimen of the plant (SKK-09-002) was deposited at the
School of Pharmacy in Sungkyunkwan University.

Extraction and Isolation. The half dried aerial parts of H.
vernalis Maxim (Papaveraceae) (2.6 kg) were extracted with
80% MeOH three times at room temperature. The resultant
MeOH extracts (240 g) were suspended in distilled water
(800 mL x 3) and then successively partitioned with n-
hexane, CH,Cl, EtOAc and #»-BuOH, yielding40 g, 1 g,3 g
and 30 g, respectively. The #n-BuOH soluble fraction (30 g)
was chromatographed on a Diaion HP-20, eluting a gradient
solvent system of 100% H»O and 100% MeOH to give two
fractions (Fraction A-B). Fraction B (8 g) was separated
over a silica gel column (230-400 mesh, 360 g) with a
solvent system of CHCI3/MeOH/H,0 (15:4:0.5 — 6:4:1) as
the eluent to give thirteen fractions (fr. B1-B13). Fr. B4 (240
mg) was purified by preparative reversed-phase HPLC, using
a solvent system of 45% MeOH to obtain 6 (22 mg) and 1
(10 mg). Fr. B5 (180 mg) was purified by preparative normal-
phase HPLC, using a solvent system of CHCl;/MeOH (7:1)
to give 4 (6 mg) and 5 (7 mg). Fr. B6 (280 mg) was purified
by preparative reversed-phase HPLC, using a solvent system
0f 53% MeOH to obtain 2 (5 mg). Fr. B7 (980 mg) was puri-
fied by preparative reversed-phase HPLC, using a solvent
system of 50% MeOH to furnish 3 (5 mg). Fr. B8 (500 mg)
was purified by preparative normal-phase HPLC, using a
solvent system of CH>Cl,/MeOH (4:1) to obtain 7 (6 mg).

Megastigmane-7-en-3,6-epoxy-5,9-diol 9R-O-F-D-gluco-
pyranoside (1): Colorless gum. [a]p : —13.0° (¢ 0.04,
MeOH); IR (KBr) vimax cm™': 3402, 2965, 1642, 1530, 1024,
673; 'H- NMR (CD;OD, 500 MHz): see Table 1; *C-NMR
(CDs0D, 125 MHz): see Table 1; HR-ESI-MS m/z=411.1985
[M + Na]" (calcd for: 411.1989).

Megastigmane-7-en-3,6-epoxy-5,9-diol 9R-O-/-D-xylo-
pyranosyl-(1''—6')-AD-glucopyranoside (2): Colorless
gum. [a]f : —10.0° (¢ 0.06, MeOH); IR (KBr) Vg cm™:
3402, 2963, 1648, 1529, 1026, 672; 'H- NMR (CD;0D, 500
MHz): see Table 1; *C-NMR (CD;OD, 125 MHz): see
Table 1; HR-ESI-MS m/z = 543.2412 [M + Na]" (calcd for:
543.2412).

Megastigmane-7-en-3,6-epoxy-5,9-diol 9R-O-o-L-ara-
binopyranosyl-(1''—6')-5-D-glucopyranoside (3): Color-
less gum. [a ]y : —16.0° (¢ 0.2, MeOH); IR (KBr) Vinax cm '
3383, 2947, 2837, 1649, 1459, 1026, 672; '"H-NMR (CD;0D,
500 MHz): see Table 1; *C-NMR (CD;OD, 125 MHz): see
Table 1; HR-ESI-MS m/z = 543.2419 [M + Na]" (calcd for:
543.2412).

Enzymatic Hydrolysis of 1, 2 and 3 Compound 1 (1.0
mg) with 1 mL of H,O and 4 mg of fglucosidase (Emulsin)
was stirred at 37 °C for 8 days, and then extracted with
CHCI; three times, and the CHCl; extract was evaporated in
vacuo. The CHCI; extract (0.5 mg) was purified using Silica
HPLC (CHCI3:MeOH = 10:1) to afford an aglycone 1a as a
colorless gum [a]p : 10.0° (¢ 0.03, MeOH), 'H-NMR (CDCL;,
500 MHz). The sugar in water layer was identified as D-
glucose by co-TLC (EtOAc:MeOH:H,O = 9:3:1, Ry value:
0.2) with a D-glucose standard (Aldrich Co., USA). Each
compound 2-3 (each 1.0 mg) with 1 mL of 0.2 M citrate
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buffer (pH 4) and hesperidinase (each 10 mg) was stirred at
42 °C for 5 days. After cooling, the reaction mixture was
extracted with CHCl;. The CHCIl; extract (2.0 mg) was
purified using Silica HPLC (CHCl3:MeOH = 10:1) to afford
aglycones 2a as a colorless gum [oc]zD5 : 8.0° (¢ 0.04, MeOH),
'H-NMR (CDCl;, 500 MHz) and 3a as a colorless gutm
[a]s : 16.0° (¢ 0.06, MeOH), 'H-NMR (CDCls, 500 MHz).

1a. [a]y : 10.0° (¢ 0.03, MeOH); 'H-NMR (CDCls, 500
MHz): § 6.30 (1H, dd, J=16.0, 5 Hz, H-7), 6.20 (1H, d, J =
16.0, H-8), 4.65 (1H, m, H-9), 4.40 (1H, m, H-3), 2.06 (1H,
m, H-4pB), 1.86 (1H, d, J = 11.5 Hz, H-2p), 1.81 (1H, m, H-
4a), 1.71 (3H, s, H-11), 1.66 (1H, d, J = 11.5 Hz, H-2a),
1.51 (3H, s, H-13), 1.45 (3H, d, J= 6.5 Hz, H-10), 1.06 (3H,
s, H-12).

2a. [a]p : 8.0° (¢ 0.04, MeOH); 'H-NMR (CDClL, 500
MHz): § 6.25 (1H, dd, J=16.0, 5 Hz, H-7), 6.17 (1H, d, J =
16.0, H-8), 4.61 (1H, m, H-9), 4.36 (1H, m, H-3), 2.06 (1H,
m, H-4p), 1.82 (1H, d, J = 11.5 Hz, H-2P), 1.75 (1H, m, H-
4a), 1.67 (3H, s, H-11), 1.62 (1H, d, J = 11.5 Hz, H-2a),
1.47 (3H, s, H-13), 1.41 (3H, d, /= 6.5 Hz, H-10), 1.02 (3H,
s, H-12).

3a. [a]p : 16.0° (¢ 0.06, MeOH); 'H-NMR (CDClL;, 500
MHz): § 6.29 (1H, dd, J=16.0, 5 Hz, H-7), 6.20 (1H, d, J =
16.0, H-8), 4.65 (1H, m, H-9), 4.39 (1H, m, H-3), 2.08 (1H,
m, H-4p), 1.86 (1H, d, J = 11.5 Hz, H-2p), 1.81 (1H, m, H-
4a), 1.71 (3H, s, H-11), 1.66 (1H, d, J = 11.5 Hz, H-2a),
1.51 (3H, s, H-13), 1.45 (3H, d, /= 6.5 Hz, H-10), 1.00 (3H,
s, H-12).

Determination of the Sugars of Compounds 2-3 Each
sugar (each ca. 0.5 mg) obtained from the hydrolysis of 2-3
was dissolved in anhydrous pyridine (0.1 mL) and L-
cysteine methyl ester hydrochloride (2 mg) was added. The
mixture was stirred at 60 °C for 1.5 h. After the reaction
mixture was dried in vacuo, the residue was trimethyl-
silylated with 1-trimethylsilylimidazole (0.1 mL) for 2 h.
The mixture was partitioned between #-hexane and H»0 (0.3
mL each), and the organic layer (1 pL) was analyzed by GC-
MS." Identification of D-glucose, D-xylose, and L-arabinose
for 2 and 3 were detected in each case by co-injection of the
hydrolysate with standard silylated samples, giving single
peaks at D-glucose (10.11 min), and D-xylose (5.54 min) of
2, and D-glucose (10.19 min), and L-arabinose (5.39 min) of
3. Retention times of authentic samples treated in the same
way with 1-trimethylsilylimidazole in pyridine, were D-
glucose (10.04 min), D-xylose (5.55 min), and L-arabinose
(5.41 min).

Preparation of the (R)-MTPA Ester and the (S)-MTPA
Ester from 1a Compound la (1.0 mg), in deuterated
pyridine (0.2 mL), was transferred to a clean NMR tube. (S)-
(+)-a-(trifluoromethyl)phenylacetyl chloride (7 plL) was
immediately added under a N, gas stream, and the NMR
tube was permitted to stand at room temperature overnight.
When the reaction was completed, it afforded the (R)-MTPA
ester derivative (1b) of 1a. In the same manner as described
for 1b, the (S)-MTPA ester derivative (1¢) of 1a was obtain-

Notes

ed. The 'TH-NMR spectra of 1b, and 1¢ were measured in the
NMR reaction tubes.

1b. '"H-NMR (Pyridine-ds, 500 MHz): & 0.968 (3H, s, H-
12), 1.288 (3H, d, J= 6.5, H-10), 1.465 (3H, s, H-13), 1.639
(1H, d, J = 11.5, H-2a), 1.693 (3H, s, H-11), 1.781 (1H, m,
H-4a), 1.849 (1H, d, J = 11.0, H-2b), 2.047 (1H, m, H-4b),
4.384 (1H, m, H-3), 5.776 (1H, m, H-9), 6.057 (1H, dd, J =
15.8, 7.6, H-8), 6.259 (1H, d, J= 7.6, H-7).

lc. "H-NMR (Pyridine-ds, 500 MHz): § 0.937 (3H, s, H-
12), 1.345 (3H, d, J= 6.5, H-10), 1.463 (3H, s, H-13), 1.625
(1H, d, J = 11.5, H-2a), 1.666 (3H, s, H-11), 1.758 (1H, m,
H-4a), 1.836 (1H, d, J = 11.0, H-2b), 2.032 (1H, m, H-4b),
4.360 (1H, m, H-3), 5.776 (1H, m, H-9), 5.964 (1H, dd, J =
15.8, 7.6, H-8), 6.181 (1H, d, J= 7.6, H-7).
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