
We previously reported several new monoterpene alka-
loids from the Chinese medical plant Incarvillea sinensis,1—5)

including incarvillateine, which showed antinociceptive and
anti-inflammatory activity.6,7) Subsequently, we obtained a re-
lated antinociceptive monoterpene alkaloid from Incarvillea
delavayi Bureau & Franchet.8) Here, we report the isolation
and structure determination of two additional new actinidine-
type monoterpene alkaloids, delavayines B (1) and C (2)
from I. delavayi.

The isolation of the monoterpene alkaloids 1 and 2 was
performed by extracting the dried aerial parts of I. delavayi
with MeOH, followed by fractionation of the crude extract by
a variety of column chromatographic procedures (Diaion HP-
20, Chromatorex and Si gel) to afford 1 (0.00080%, dry
weight) and 2 (0.0011%, dry wt).

Compound 1 showed an [M1H]1 ion peak at m/z 356 in
the positive-mode FAB-MS, and its molecular formula was
established as C21H25NO4 by HR-FAB-MS. The 13C-NMR
signals of 1 were resembled to those of an actinidine-type al-
kaloid9) [d 139.2 (d), 140.9 (d), 133.0 (s), 161.8 (s), 148.8
(s), 31.1 (t), 33.7 (t), 37.8 (d), 19.2 (q)] and a 2-substituted
dihydrocinnamate group [d 136.6 (s), 128.5 (d), 128.7 (d),
126.9 (s), 41.0 (t), 78.6 (d), 167.5 (s)]. The HMBC data con-
firmed the actinidine skeleton and allowed the placement of
the dihydrocinnamate group at N-2 [connectivities between
the C-89 carbon (d 78.6 d) and the H-1, H-3, H-7a9 and H-
7b9 protons (d 8.42 s, 8.48 s, 3.37 m and 4.04 m, respec-
tively)]. The two methoxy groups (dH 3.17 and dH 3.29) cor-
related with C-10 (d 98.5), indicating the presence of a di-
methyl acetal functionality (Fig. 1). Therefore, the structure

of delavayine B was established as 1, although the configura-
tions at C-8, 89 were not determined. The MS and NMR data
indicated that 1 was isolated as a zwitterion, as shown.10)

The 1H- and 13C-NMR spectra of 2 were similar to those
of 1 for the actinidine portion of the molecule, but indicated
a different substituent at N-2 [dH 2.55 (2H, m), 3.00 (1H, m),
3.17 (1H, m) and 5.20 (2H, m); dC 174.7 (s), 31.8 (t), 27.8 (t)
and 60.7 (t)]. These signals were assignable to a g-substi-
tuted butyrate moiety. The HMBC spectrum showed correla-
tions between the H-49 and C-1, C-3, C-39 and C-29 signals;
thus, the location of the butyrate side chain was assigned to
N-2. Therefore, the structure of 2 was established, although
again the stereochemistry at C-8 was not determined.

Investigation of the potential pharmacological activity of
these compounds in now progress.

Experimental
General Procedures Optical rotations were taken with a JASCO DIP-

360 polarimeter. The 1H- and 13C-NMR were recorded in pyridine-d5 solu-
tion on JEOL JNM-GX-400 and JEOL a-500 spectrometers, and chemical
shifts are given on a d (ppm) scale with tetramethylsilane (TMS) as an inter-
nal standard. 13C-NMR assignments were determined from HMQC and
HMBC spectra. FAB-MS and HR-FAB-MS were recorded on a JEOL DX-
303HF mass spectrometer. Column chromatography was carried out on sil-
ica gel 60 (spherical, 40—100 mesh, Kanto Chemicals), Chromatorex Chro-
matography Silica gel (DM-1020, 100-200 mesh, FUJI Silylia) and Diaion
HP-20 (Mitsubishi Chemicals). TLC was performed on precoated Kieselgel
60 F254 (0.2 mm, Merck), and spots and bands were viewed by UV light (254
and 366 nm). TLC solvent system was CHCl3–MeOH–H2O (7 : 3 : 0.5).

Plant Material The bulbs of Incarvillea delavayi Bureau & Franchet
(Bignoniaceae) were purchased from Heiwa-en Ltd., Tenri, Japan. The
plants were grown at the Botanical Garden of the Faculty of Pharmaceutical
Sciences, Kumamoto University, and collected in June 1998. A voucher
specimen is kept at the same garden.

Extraction and Separation Dried aerial parts of Incarvillea delavayi
(1.5 kg) were extracted with MeOH at room temperature. The MeOH extract
was concentrated under reduced pressure to a syrup (yield 128 g), and was
partitioned with 80% MeOH (MeOH–H2O 8 : 2) and n-hexane. The 80%
MeOH-sol. part was repeatedly chromatographed over Diaion HP-20 col-
umn with H2O–MeOH (10 : 0—0 : 10), silica gel column with CHCl3–
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Fig. 1. Selected HMBC Correlations in Delavayine B (1)



MeOH–H2O (30 : 1 : 0 to 6 : 4 : 1) and chromatorex column with CHCl3–
MeOH–NH3 soln. (9 : 1 : 0.1 to 6 : 4 : 1) to afford compounds delavayine B
(1, 12 mg) and C (2, 17 mg).

Compound 1: A off-white powder, [a]D
24 26.5° (c51.8, pyridine). Positive

FAB-MS m/z: 356 [M1H]1, negative FAB-MS m/z: 354 [M2H]2. HR-
FAB-MS m/z: 356.1861 [M1H]1 (Calcd for C21H25NO4: 356.1862). 1H-
NMR (pyridine-d5) d : 1.25 (3H, d, J58.0 Hz, H-11), 1.73 (1H, m, H-7a),
2.45 (1H, m, H-7b), 3.00 (1H, m, H-6a), 3.13 (1H, m, H-6b), 3.17 (3H, s,
OMe), 3.29 (3H, s, OMe), 3.33 (1H, m, H-8), 3.37 (1H, m, H-79a), 4.04
(1H, m, H-79b), 5.29 (1H, br d, J54.7 Hz, H-89), 5.43 (1H, s, H-10), 7.01
(2H, d, J57.0 Hz, H-29), 7.12 (2H, t, J57.0 Hz, H-39), 7.15 (1H, t, J5
7.0 Hz, H-49), 8.42 (1H, s, H-1), 8.48 (1H, s, H-3). 13C-NMR (pyridine-d5)
d : 19.2 (C-11), 31.1 (C-6), 33.7 (C-7), 37.8 (C-8), 41.0 (C-79), 52.4 (OMe),
53.1 (OMe), 78.6 (C-89), 98.5 (C-10), 126.9 (C-49), 128.5 (C-29, 69), 128.7
(C-39, 59), 133.0 (C-4), 136.6 (C-19), 139.2 (C-1), 140.9 (C-3), 148.8 (C-9),
161.8 (C-5), 167.5 (C-99).

Compound 2: A off-white powder, [a]D
24 272.3° (c50.5, MeOH). 1H-

NMR (pyridine-d5) d : 1.37 (3H, d, J57.0 Hz, H-11), 1.56 (1H, m, H-7a),
2.26 (1H, m, H-7b), 2.55 (2H, m, H-39), 2.73 (2H, m, H-6), 3.00—3.17(2H,
m, H-29), 3.36 (3H, s, OMe), 3.38 (1H, m, H-8), 3.40 (3H, s, OMe), 5.20
(2H, m, H-49), 5.72 (1H, s, H-10), 9.28 (1H, s, H-3), 9.80 (1H, s, H-1). 13C-
NMR (pyridine-d5) d : 19.3 (C-11), 27.8 (C-39), 31.6 (C-6), 31.8 (C-29), 34.0
(C-7), 38.4 (C-8), 53.5 (OMe), 54.0 (OMe), 60.7 (C-49), 99.9 (C-10), 134.8
(C-4), 141.1 (C-3), 141.5 (C-1), 150.5 (C-9), 163.0(C-5), 174.7 (C-19).

Acknowledgments We are grateful to Mr. I. Hori and Mr. K. Kitaoka of
our faculty for cultivating the crude plants in the Botanical Garden, and to

Mr. K. Takeda and Mr. T. Iriguchi of Kumamoto University for measure-
ment of the NMR and mass spectra.

References
1) Chi Y., Hashimoto F., Yan W., Nohara T., Phytochemistry, 39, 1485—

1487 (1995).
2) Chi Y., Hashimoto F., Yan W., Nohara T., Phytochemistry, 40, 353—

354 (1995).
3) Chi Y., Hashimoto F., Yan W., Nohara T., Phytochemistry, 46, 763—

769 (1997).
4) Chi Y., Hashimoto F., Yan W., Nohara T., Yamashita M., Marubayashi

N., Chem. Pharm. Bull., 45, 495—498 (1997).
5) Nakamura M., Chi Y., Kinjo J., Yan W., Nohara T., Phytochemistry, 51,

595—597 (1999).
6) Nakamura M., Chi Y., Yan W., Nakasugi Y., Yoshizawa T., Irino N.,

Hashimoto F., Kinjo J., Nohara T., Sakurada S., J. Nat. Prod., 62,
1293—1294 (1999).

7) Chi Y., Hashimoto F., Nohara T., Nakamura M., Yoshizawa T., Ya-
mashita M., Marubayashi N., “38th Symposium on the Chemistry of
Natural Products,” Sendai, Japan, October 14, 1996, Symposium Pa-
pers, pp. 43—48.

8) Nakamura M., Kido K., Kinjo J., Nohara T., Phytochemistry, 53,
253—256 (2000).

9) Shiao M., Chia W., Peng C., Shen C., J. Org. Chem., 58, 3162—3164
(1993).

10) Kinjo J., Matsumoto K., Inoue M., Takeshita T., Nohara T., Chem.
Pharm. Bull., 39, 116—119 (1991).

November 2000 1827


