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A novel alkaloid, hydrachine A (3), has been isolated, along with 15 known compounds, from the roots of
Hydrangea chinensis. The structure and stereochemistry of the new alkaloid 3 was determined using
extensive 2D NMR data.

Hydrangea chinensis is a Chinese medicinal plant used
in treatment of malaria and cadiovascular diseases.1 Feb-
rifugine (1) was isolated as an active principle against
malaria from the roots of Hydrangea arten,2 and the
acetone adduct (2) of febrifugine was found to be equally
effective against Plasmodium berghei in vivo as the clini-
cally used drug chloroquine.3 Prior studies have shown that
members of the genus Hydrangea produce alkaloids,2
steroids,4 triterpenes,5 isocoumarins,5 secoiridoid glyco-
sides,6 and flavanoids.7 As part of our research on biologi-
cally active compounds from Chinese medicinal plants,8 we
investigated the Formosan plant H. chinenses. We now
report the isolation and structural elucidation of the novel
alkaloid hydrachine A (3), along with 15 known compounds
from the roots of this species.

The crude methanol extract of the roots of this plant
showed more than 90% inhibition against HONE-1 (human
nasopharyngeal carcinoma) and NUGC (human gastric
cancer) cancer cell lines at concentration of 20 µg/mL. This
extract was partitioned between n-hexane-H2O, EtOAc-
H2O, and n-BuOH-H2O. Bioactive EtOAc and n-BuOH
fractions were chromatographed separately on Sephadex

LH-20, followed by silica gel column chromatography and
preparative TLC (PTLC), which afforded a novel alkaloid
(3) and 15 known compounds.

Compound 3 was obtained as a semisolid, [R]25
D +25.32°

(c 0.2, CHCl3), and analyzed for C17H19N3O3 (HREIMS).
The UV spectrum of 3 showed absorptions at λmax 224, 230,
233, 265, and 302, indicating the presence of a 4-quinozo-
lone moiety.9 The IR spectrum of 3 indicated the presence
of a trans-fused quinolizidine ring system, including strong
Bohlmann bands at 2800-2700 cm-1 and an amide (1670
cm-1), a hydroxyl (3600 cm-1), and a carbonyl group (1730
cm-1).9

The 1H NMR spectrum of 3 showed signals similar to
that of 2 except for the presence of a pair of methylene
protons at δ 3.34 (dd) and 2.84 (dd), instead of two methyl
groups attached at C-3′, and in the chemical shift of H-4′.
The 13C NMR spectrum of 3 showed signals similar to that
of 2, except for the absence of two methyl groups. Com-
parison of the 1H and 13C spectral data of 2 and 3 suggested
that the 4-quinazolinone should be substituted at the C-3′
or C-4′ position of the quinolizidine ring in 3. The atomic
connectivity was further confirmed by the HMBC spec-
trum. In the HMBC spectrum of 3, the signal at δ 5.70
showed correlations with signals at δ 145.2, 58.9, 201.3,
160.5, 67.0, and 54.1; this clearly indicated that the 4-qui-
nazolinone was substituted at the C-4′ position of the qui-
nolizidine, not the C-3′ position as in 2. The COSY spec-
trum supported the assignment of two fragments between
H-3′/H-4′, as well as between H-6′/H-7′/H-8′/H-9′/H-10′/
H-1′, which further confirmed the quinolizidine moiety.

The stereochemistry of 3 was determined by analysis of
the 1H NMR coupling constants and the NOESY correla-
tions (Figure 1). The spin-spin analysis of H-4′/H-3′, H-10′/
H-1′, H-10′/H-9′, and H-9′/H-8′ provided the information
needed for the assignment of the H-4′, H-10′, and H-9′
configurations.10,11 The coupling constants 3JH-4′/H-3′pseudoeq

(6.4 Hz) and 3JH-4′/H-3′pseudoax (11.2 Hz) suggested that H-4′
is in the axial orientation. This confirms that the 4-quino-
zolone at the C-4′ position is equatorial. The coupling
constants 3JH-10′/H-1′pseudoeq (3.2 Hz) and 3JH-10′/H-1′pseudoax

(11.2 Hz) suggested that H-10′ is in the axial orientation.
The coupling constant 3JH-9′/H-10′ax (9.0 Hz) suggested that
H-9′ is axial, which was further confirmed by the coupling
constants 3JH-9′/H-8′eq (5.0 Hz) and 3JH-9′/H-8′ax (11.0 Hz).
Therefore, the hydroxyl at the C-9′ is in the equatorial
orientation. These assignments were further confirmed by
NOESY correlations. In the NOESY spectrum of 3, the
signal at δ 3.46 (1H, ddd, H-9′) showed correlations with
the signals at δ 2.50 (1H, dd, H-1′pseudoax) and 1.80 (1H, m,
H-7′ax), which confirms that H-9′ is axial. The signal at δ
2.28 (1H, ddd, H-10′) showed correlations with the signals
at δ 2.93 (1H, dd, H-6′ax), 1.29 (1H, m, H-8′ax), and 5.70
(1H, dd, H-4′), further confirming the stereochemistry of
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3. Thus, the structure of 3 was established as 3-[9′â-
hydroxy-2′-oxo-4′R-quinolizidyl]-4-quinazolinone, which we
named hydrachine A. To the best of our knowledge, this is
the first report of this class of alkaloid from natural sources.

A number of known compounds (see Experimental Sec-
tion) were characterized by comparing their spectral data
with the literature.4,5,12-19 None of the compounds isolated
from H. chinensis showed any significant activity against
HONE-1 and NUGC cancer cell lines.

Experimental Section

General Experimental Procedures. Melting points were
determined on a Laboratory Devices Mel-Temp II and are
uncorrected. Optical rotations were measured with a JASCO
DIP-370 digital polarimeter. UV spectra were obtained on a
Hitachi 220-20 spectrophotometer. IR spectra were measured
on a Hitachi 260-30 spectrophotometer. 1H and 13C NMR
spectra were recorded on Varian Unity 400 MHz or Varian
Unity 200 MHz spectrometers using TMS as internal standard.
Chemical shifts are reported in parts per million (δ), and
coupling constants (J) are expressed in hertz. LREIMS were
recorded on a JEOL JMS-SX/SX 102A mass spectrometer or
Quattro GC-MS spectrometer having a direct inlet system.
HREIMS were measured on a JEOL JMS-HX 110 mass
spectrometer. Silica gel 60 (Merck, 230-400 mesh) was used
for column chromatography. Precoated silica gel plates (Merck,
Kieselgel 60 F-254, 0.5 mm) were used for PTLC. Spots were
detected by spraying with Dragendroff’s reagent or 50%
H2SO4 and heating.

Plant Material. The roots of H. chinensis were collected
from Pintong County, Taiwan, 1999. A voucher specimen
(Saxifra-1-1) is deposited in the Graduate Institute of Natural
Products, Kaohsiung Medical University, Kaohsiung, Taiwan.

Extraction and Isolation. The roots of H. chinensis (2 kg)
were extracted with MeOH (3 × 5 L) at room temperature.
The combined MeOH extracts were filtered, and the solvent
was removed under reduced pressure to yield a brownish
viscous residue (100.5 g). The crude MeOH extract was parti-
tioned between n-hexane-H2O, EtOAc-H2O, and n-BuOH-
H2O. The organic layers were concentrated under reduced
pressure to yield an n-hexane extract (19.5 g), an EtOAc
extract (20 g), and an n-BuOH extract (50.5 g). The EtOAc
and n-BuOH extracts showed significant cytotoxicity toward
HONE-1 and NUGC cancer cell lines. The EtOAc extract was
subjected to gel filtration chromatography [Sephadex LH-20,
MeOH] followed by silica gel chromatography eluting with
n-hexane, n-hexanes-EtOAc mixtures, and finally with EtOAc
to afford umbelliferone (200 mg),5 7-methoxycoumarin (10
mg),12 5-hydroxycoumarin (5 mg),13 7-hydroxy-8-methoxycou-
marin (5 mg),14 isoarborinol (100 mg),5 rubiarbonol B (10 mg),5
hydrangenol (2 mg),5 hydrangenoside A (3 mg),6 â-sitosterol
(1.5 g),4 â-sitosterol-â-D-glucopyranoside (50 mg),15 syringal-
dehyde (5 mg),16 4-hydroxy-trans-cinnamic acid methyl ester

(3 mg),17 p-coumaric acid methyl ester (2 mg),18 and p-
hydroxybenzaldehyde (10 mg). The n-BuOH extract was
subjected to gel filtration chromatography [Sephaex LH-20,
MeOH], reversed-phase Diaion HP-20 column chromatography
eluting with H2O, H2O-MeOH mixtures, and finally with
MeOH, silica gel column chromatography eluting with CHCl3,
CHCl3-MeOH mixtures, and finally with MeOH, and pre-
parative TLC to afford 4-quinazolone (20 mg)19 and hydrachine
A (3, 10 mg).

Hydrachine A (3) (3-[9â-hydroxy-2-oxo-4r-quinoliz-
idyl]-4-quinazolinone): semisolid; [R]25

D +25.32° (c 0.2,
CHCl3); UV (MeOH) λmax (log ε) 224 (1.47), 230 (1.35), 233
(1.30), 265 (0.59), and 302 (0.28) nm; IR (KBr) νmax 3600, 2700-
2800, 1730, and 1670 cm-1; 1H NMR (CDCl3, 400 MHz) δ 8.28
(1H, dd, J ) 8.0, 1.6 Hz, H-5), 7.88 (1H, s, H-2), 7.80 (1H, ddd,
J ) 8.4, 7.2, 1.6 Hz, H-7), 7.71 (1H, dd, J ) 8.4, 1.6 Hz, H-8),
7.50 (1H, ddd, J ) 8.0, 7.2, 1.6 Hz, H-6), 5.70 (1H, dd, J )
11.2, 6.40 Hz, H-4′), 3.46 (1H, ddd, J ) 11.0, 9.0, 5.0 Hz, H-9′),
3.34 (1H, dd, J ) 10.4, 6.4 Hz, H-3′pseudoeq), 3.18 (1H, dd, J )
15.2, 3.2 Hz, H-1′pseudoeq), 2.93 (1H, br. dd, J ) 13.0, 4.0 Hz,
H-6′ax), 2.84 (1H, dd, J ) 11.2, 10.4 Hz, H-3′pseudoax), 2.50 (1H,
dd, J ) 15.2, 11.2 Hz, H-1′pseudoax), 2.28 (1H, ddd, J ) 11.2,
9.0, 3.2 Hz, H-10′), 2.18 (1H, br. dt, J ) 13.0, 4.0 Hz, H-6′eq),
2.07 (1H, m, H-8′eq), 1.80 (1H, m, H-7′ax), 1.74 (1H, m, H-7′eq),
and 1.29 (1H, m, H-8′ax); 13C NMR (CDCl3, 100 MHz) δ 201.3
(s, C-17), 160.5 (s, C-4), 147.5 (s, C-8a), 147.5 (s, C-8a), 145.2
(d, C-2), 134.6 (d, C-7), 127.4 (d, C-6), 127.3 (d, C-8), 126.9 (d,
C-5), 121.7 (s, C-4a), 72.8 (d, C-9′), 67.0 (d, C-10′), 59.4 (d, C-4′),
58.9 (t, C-5′), 54.1 (t, C-6′), 43.7 (t, C-1′), 32.8 (t, C-8′), and
23.0 (t, C-7′); EIMS m/z 314 [M+1]+ (7), 199 (3), 171 (31), 168
(31), 167 (96), 166 (84), 149 (42), 139 (25), 122 (25), 111 (24),
110 (100), 103 (26), 96 (52), 82 (39), 76 (31), 55 (48), and 43
(40); FABMS m/z 314 [M + 1]+ (39), 312 (17), 304 (27), 284
(35), 282 (58), 256 (13), 168 (47), 167 (28), 147 (28), 133 (49),
95 (31), 83 (38), 81 (50), 69 (100), 57 (66), 55 (76), and 43 (40);
HREIMS m/z 313.1420 (calcd for C17H19N3O3, 313.1426).
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Figure 1. Key NOESY correlations of 3.
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