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Sesquiterpenes from the Root and Stem of Aristolochia cucurbitafolia
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Investigation of the root and stem of Aristolochia cucurbitafolia Hayata resulted in the isolation
of seven sesquiterpenes, five of which are new compounds, namely, madolins A (1), B (2), C
(3), D (4), and E (5), together with two known sesquiterpenes, aristolactone and manshurolide.
Their structures were elucidated by spectral methods.

The genus Aristolochia is distributed in a wide area
from the tropics to temperate zones and consists of about
400 species. Aristolochia cucurbitafolia is native to
Taiwan.! The fruits and roots of this plant are used in
traditional Chinese medicine as anodynes, antiphlogis-
tics, antitussives, expectorants, and antiasthmatic agents
and also for the treatment of snakebite and lung
inflammation.? Several aristolochic acids were isolated
from the leaves and stems of Aristolochia cucurbitafolia
Hayata.® In continuation of our chemical investigation
of the genus Aristolochia,* we are interested in the
constituents of this species. We report herein the
isolation and structure elucidation of sesquiterpenoids.

The known compounds aristolactone® and man-
shurolide® were identified and characterized by com-
parison of their spectroscopic data with literature
values. Madolin A (1) was isolated as optically active
colorless needles, mp 67—69 °C. The HRMS of 1
indicated a molecular ion at m/z 234.1618 in agreement
with the molecular formula C;5H2,0,. Considering the
molecular formula and signals in the 13C NMR spectrum
of 1 (Table 1), the existence of three quaternary carbons,
five methines, four methylenes, and three methyls
shown by DEPT spectra suggested a tricyclic sesquit-
erpene structure. The presence of a partial structure
—CH=C—-CHO in this molecule was inferred by the
appearance of IR bands at 1674 and 1629 cm™1; a UV
absorption band at 263.2 nm, and *H NMR signals at 6
9.30 (1H, s) and 6.42 (1H, d, 3 = 9.4 Hz), together with
13C NMR signals at ¢ 193.7(d), 154.8(d), and 144.0(s).
The NMR signals also showed the presence of a dim-
ethylcyclopropane ring [0n 1.61 (1H, dd, J = 9.4, 94
Hz), 1.07—1.01 (1H, m), 1.12, and 1.17 (each 3H, s); dc
23.8 (s)] and a long-range correlation of H-6 and H-7 to
C-13 and C-12; a tertiary methyl [0y 0.79 (3H, s); ¢
17.2 (g)] and an epoxide ring [01 2.90 (1H, dd, J = 11.1,
3.0 Hz); 6¢c 62.8 (d) and 60.0 (s)]. This sesquiterpene
was believed to have a germacrane skeleton. To confirm
the structure of 1, two-dimensional correlation spec-
troscopy (2D COSY) and the long-range 3C—H cor-
relation in the HMBC experiment (Table 2) were
conducted. The results showed the plane structure of
madolin A as 1. The stereochemistry of 1 was unam-
biguously determined by the NOESY experiment (Table
2) and was additionally confirmed by X-ray analysis
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(Figure 1). On the basis of the above results, the
structure of madolin A was assigned as 1.

Madolin B (2) was obtained as an optically active
colorless powder, and the MS established the molecular
formula as C15H2,03. The structure of 2 was similar to
that of 1, according to the 1H NMR and the 13C NMR
spectral data (Table 1). In the 13C NMR spectrum, the
carbonyl signal at 193.7 in 1 shifted to 6 177.3 in 2,
suggesting that the aldehyde group in 1 was oxidized
to a carboxylic acid in 2. To confirm this result, COSY,
HMQC, and HMBC experiments were conducted, which
definitely confirmed the proposed structure on the basis
of the correlation peaks via 2J and 2J (Table 2). The
relative stereochemistry of 2 was determined by the
NOESY experiment (Table 2). Hence, structure 2 was
established for madolin B.

Madolin C (3), optically active colorless needles,
exhibited [M*] at m/z 206, corresponding to a molecular
formula C14H2,0. The 13C NMR spectrum contained 14
distinct signals attributable to three quaternary car-
bons, three tertiary carbons, five secondary carbons, and
three methyls as deduced from DEPT experiments
(Table 1). The spectral properties of 3 were similar to
those of 1 and 2, except for the signals of C-4 and C-5
at 6 130.6 (d) and 128.4 (d) [1 at 6 144.0 (s) and 154.8
(d), respectively] and the absence of the 'H and 13C
signals due to CHO. The plane structure of 3 was
established from the 'H—1H COSY, HMQC, and HMBC
experiments. The coupling constant 9.6 Hz between H-4
and H-5 indicated the Z-configuration of the double
bond. The stereochemistry of 3 was determined by the
NOESY experiment (Table 2). Consequently, the above
spectral data afforded the structure of madolin C as 3.

Madolin D (4) was obtained as a colorless oil, and the
molecular formula was determined as C;7H2,04 by
HRMS. The 13C NMR spectrum of 4 appeared as five
guaternary carbons, four methines, six methylenes, and
two methyls from DEPT experiments (Table 1). The 'H
NMR spectrum displayed a trisubstituted-o,S-unsatur-
ated aldehyde moiety at 6 9.32 and 6.28(1H, d, J = 8.6
Hz), which was confirmed by the IR bands at 1676
(C=0), 1629 (C=C) cm~! and the UV absorption at
255.6 nm. A terminal methylene signal appeared at ¢
5.73(1H, s) and 5.69(1H, s). One singlet signal at 2.07
(3H, s), together with methylene protons at ¢ 3.93(1H,
J =11.4 Hz) and 3.83(1H, J = 11.4 Hz), were attributed
to —CH,OCOCH; moiety. The presence of a bicyclic
skeleton in the molecule was determined by seven
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Figure 1. Structure and solid-state conformation of madolin
A (1); small circles represent hydrogen atoms.

successively between H,O and CHCI;, and then n-
BuOH. The CHCI; layer was filtered to obtain a
precipitate and filtrate solution. The filtrate was dried
over Na,SO, and then concentrated under reducing
pressure to leave a brown syrup that was chromato-
graphed directly on Si gel and eluted with a gradient of
CHCI; and MeOH to afford three fractions. Fraction 1
was rechromatographed on Si gel and eluted with
n-hexane—EtOAc (15:1) to give madolins A (1) (15 mg),
B (2) (5 mg), C (3) (13 mg), D (4) (3 mg), and E (5) (1
mgQ); aristolactone (683 mg), and manshurolide (23 mg),
successively.

Madolin A(1): colorless needles; mp 67—69 °C; [a]p
+156.74° (c 0.038, CHCI3); UV (MeOH) Amax (log €) 264.0
(4.02) nm; IR (KBr) vmax 1674, 1629, 1377, 1251, 1207,
1186, 1066 cm™1; EIMS m/z 234 [M] * (32), 219 (59), 206
(21), 191 (77), 163 (84), 149 (82), 135 (54), 121 (67), 109
(65), 107 (100); HREIMS m/z 234.1618 (anal. calcd for
C1s5H2,0,, 234.1619); crystal data monoclinic, space
group P2;2;2; a = 11.3372 (18), b = 9.1153 (20), ¢ =
13.3167 (13) A, U = 1376.2 (4) A3, Z = 2, Dc = 1.078
mg m~3, (Mo Ka radiation, 1 = 0.70930 A), crystal
dimensions 0.06 x 0.13 x 0.50 mm. Intensity data (+h,
+Kk, +l, 20max = 49.8°) were recorded on a Nonius
diffractometer. The crystal structure was solved by a
direct method. Full-matrix least-squares refinement of
atomic parameters (anisotropic C, O; isotopic H) con-
verged at R = 0.053 (Rw = 0.048) over 2581 reflections
with | > 2.54(1).

Madolin B (2): colorless powder; mp 83—85 °C; [alp
+7.07° (c 0.10, CHCI3); UV (MeOH) Amax (log €) 248.6

Notes

(3.62) nm; IR (KBr) vmax 1710, 1641, 1527, 1429 cm™1;
EIMS m/z 250 [M] * (92), 209 (14), 208 (100), 166 (30),
165 (61), 153 (14), 152 (13), 132 (13), 129 (10), 89 (11),
77 (10), 63 (10); HREIMS m/z 250.1566 (anal. calcd for
Ci15H2203, 250.1569).

Madolin C(3): colorless needles; mp 59—-60 °C; [a]p
—18.56° (¢ 0.10, CHCIy); IR (KBr) vmax 1724, 1643, 1454,
1382, 1236, 1139 cm™%; EIMS m/z 206 [M] * (8), 162 (21),
148 (11), 144 (17), 134 (24), 132 (12), 125 (10), 122 (14),
120 (32), 108 (25), 106 (61), 104 (36), 94 (100); HREIMS
m/z 206.1670 (anal. calcd for C14H2,0, 206.1671).

Madolin D (4): colorless oil; [a]p +188.41° (c 0.028,
CHCl3); UV (MeOH) Amax (log €): 225.4 (3.86), 255.6
(3.72) nm; IR (KBr) vmax 1737, 1676, 1629, 1371, 1236,
1151 cm™1; EIMS m/z 290 [M] * (9), 231 (11), 217 (28),
215 (12), 202 (33), 201 (44), 189 (15), 187 (24); HREIMS
m/z 290.1518 (anal. calcd for C;7H2,04, 290.1519).

Madolin E (5): colorless oil; [a]p +9.20° (c 0.44,
CHClg); UV (MeOH) Amax (log €) 237.4 (3.66) nm; IR
(KBr) vmax 1775, 1652, 1527, 1139 cm~1; EIMS m/z 232
[M] * (4), 136 (70), 121 (73), 107 (59), 105 (32), 93 (96),
81 (90), 68 (100); HREIMS m/z 232.1460 (anal. calcd for
Ci5H2003, 232.1463).
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