
Plants belonging to the genus Caesalpinia (Fabaceae)
occur mainly in the tropics and subtropics, and a few species
among them have been utilized as crude drugs in folk medi-
cine throughout the regions where they occur botanically.1)

Extensive chemical investigation has been undertaken exclu-
sively on C. bonduc (L.) ROXB.,1—4) C. major (MEDIC.) DANDY

et EXELL (also under the name of its synonymous name C.
bonducella),5—9) and C. pulcherrima (L.) SWARTZ

10—15) of
medicinal value among the genus, which revealed the pres-
ence of characteristic furano-diterpenes phytochemically
classified as cassane diterpenes and otherwise known as cae-
salpins. We also undertook chemical studies on C. bonduc
seeds that have been reputed in both Indonesian and Philip-
pine traditional medicine, and reported the isolation of a new
type of hemiacetal diterpenes fused with an a ,b-butenolide
ring for which the general skeletal name of neocaesalpins
was proposed.1,2) Though the genus Caesalpinia consists of
more than 100 species, most plant species belonging to this
genus have long remained uninvestigated chemically. This
fact has thus instigated us to further engage in the chemistry
of Caesalpinia species. Caesalpinia crista L. (“nanten-
kadsura” in Japanese) is, the one selected by us for phyto-
chemical study under the concept stated above, a prickly
climber that occurs mainly in the mangrobe marsh in the
tropics or subtropics including the Ryukyu Islands south of
Yakushima Island, Japan. We started chemical study on this
species in order to obtain phytochemical accounts of this
species on which no chemical information under its name
with the solid evidence is available, and herewith report the
isolation and structure elucidation of two novel cassane diter-
pene-acids named neocaesalpins H (1) and I (2). During a
search of literatures concerning the chemistry of Caesalpinia
species, we have encountered confused use of botanical
names in some Caesalpinia species. Therefore, the botanical
nomenclature of some Caesalpinia species was also re-
viewed, which led to the suggestion that some may require
correction of names.

Crushed dry leaves of Caesalpinia crista were extracted
with acetone, and the extract was subjected to a series of col-
umn chromatography over silica gel, Sephadex LH-20 and

reversed-phase silica gel. Further purification of chromato-
graphic fractions by preparative thin layer chromatography
led to the isolation of neocaesalpins H (1) and I (2) in pure
forms.

Neocaesalpin H (1) was isolated as optically active color-
less needles, mp 255—256 °C, [a]D

25 �73.2°. The molecular
formula of 1 was deduced as C20H28O5 from the high-resolu-
tion mass spectrometry. The IR spectrum showed carbonyl
absorptions at 1738 (lactone) and 1717 cm�1 (carboxyl). The
UV absorption maximum at 213 nm along with the IR ab-
sorption band at 1738 cm�1 attested to the presence of an
a ,b-butenolide ring. This was further substantiated by the
presence of the following signals in its 1H- and 13C-NMR
spectra: an olefinic proton at d 5.87 (s), a carbonyl carbon at
d 171.38, a quaternary olefin carbon at d 174.46 and an
olefinic methine carbon at d 113.22. These 1H- and 13C-
NMR signals along with one sp3 quaternary carbon at d
106.86 in its 13C-NMR spectrum were in agreement with
those assigned to an a ,b-butenolide hemiacetal occurring in
neocaesalpins A—C.1,2) The intense fragment ion at m/z 330
in the mass spectrometry of 1 corresponded to the dehydra-
tion of the hemiacetal hydroxyl from the molecular ion. In
addition, the 13C-NMR spectrum of 1, which is summarized
in Table 1, revealed the presence of twenty carbon signals ac-
counting for three methyl carbons, six methylene carbons,
four sp3 methine carbons, one olefinic methine carbon, three
sp3 quaternary carbons, one quaternary olefinic carbon as
well as two carbonyl carbons. The classification of these car-
bon species was based on DEPT. Many of proton signals oc-
curred as multiplet peaks reflecting that the structure of 1
was composed of complex spin systems due to the lacking of
substituents in rings. However, the signals at d 1.79, d 2.13
and d 2.62 were observed as either clear dd or ddd coupled
signals. The HMBC 2J and/or 3J correlation (Fig. 1) between
a proton signal at d 2.62 and three carbon signals (C-8, C-12,
C-13), and between a proton signal at d 2.13 and six carbon
signals (C-4, C-6, C-7, C-10, C-19, C-20) unequivocally as-
signed these proton signals to Ha-11 and H-5, respectively.
The assignment of Ha-11 and H-5 along with H-9 that had
no appreciable HMBC correlation was confirmed by HMQC.
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The assignment of the corresponding carbon signals were in
part based on their comparison with those in literatures.1,2,16)

The further HMBC correlation analysis coupled with HMQC
led to the assignment of the rest of signals. Coupling con-
stants of such key protons as H-5 and H-9, which are essen-
tial for establishing the stereochemistry of ring fusions, were
also obtained. H-9 was observed as ddd with coupling con-
stants of 10.2, 10.2 and 3.0 Hz. Though protons (Hb-11 and
H-8) adjacent to H-9 were either overlapped with other sig-
nals or observed as multiplets, it is apparent that H-9 shared

coupling constants of 10.2 Hz and 10.2 Hz with both Hb-11
and H-8, since a coupling constant of 3.0 Hz was shared be-
tween H-9 and Ha-11. The large coupling constants of
10.2 Hz displayed that Hb-11, H-8 and H-9 were in axial po-
sition depicting H-9 transplanar to both 11-Hb and H-8. H-5
proton was also found axial to Hb-6 as reflected by the large
coupling constant of 11.2 Hz. The small coupling constant of
1.2 Hz between H-5 and Ha-6 indicated that both protons oc-
curred almost perpendicular to each other. A dq signal at d
2.77 was assignable to a H-14 methine, which was coupled
with both CH3-17 and an axial H-8 methine at the coupling
constants of 7.1 and 4.1 Hz, respectively. H-14 methine pro-
ton was depicted equatorial based on the relatively small cou-
pling constant (4.1 Hz) which H-14 shared with H-8. These
spectral data stated above suggested that three hexagonal
rings are trans-fused, and also that a hemiacetal hydroxyl at
C-12 is a-configuration in view of its energy-minimized con-
formation. However, the spectroscopic analyses alone have
still left the stereochemistry at the 4-position of 1 undeter-
mined. The ROESY data not only enabled the determination
of the stereochemistry at the 4-position but also further sub-
stantiated the relative stereochemistry of the whole structure
as summarized in Fig. 2 by arrows in the perspective struc-
ture of 1. The presence of correlation from CH3-19 to CH3-
20 and absence of correlation from CH3-19 to H-5 and Ha-3
supported that CH3-19 was b-axial whereas COOH-18 was
a-equatorial. The rest of main correlations observed in the
ROESY were as follows: H-5 correlated to H-9, Ha-3 and
Ha-1, and H-9 correlated to Ha-11 and CH3-17. The absolute
stereochemistry of 1 has not determined yet. It should be
noted that only a few caesalpins having the diol functionality
have the absolute stereochemistry determined.

Neocaesalpin I (2) was obtained in optically active color-
less fine needles, mp �260 °C, [a]D

25 �27.7°. It had the mol-
ecular formula of C20H26O4 according to the high-resolution
mass spectrometry. The UV absorption maximum at 277 nm
indicated that it had an a ,b-butenolide ring conjugated with
one extra double bond. This type of a conjugate a ,b-buteno-
lide ring was found only in neocaesalpin D1) among cassane
diterpenes obtained from the genus Caesalpinia. Since the
proton and carbon resonances of 2 referred to above were in
agreement with those assigned to a conjugate a ,b-butenolide
ring of neocaesalpin D,1) the structure of neocaesalpin I was
readily presumed to be a dehydrated form of 1. Treatment of
1 with acid smoothly caused a dehydration to yield one prod-
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Table 1. 13C-NMRa) Data of Neocaesalpins H (1) and I (2)

Carbon 1 2

C-1 38.79b) 37.61c)

C-2 18.44 18.20
C-3 37.48 37.51c)

C-4 47.44 47.46
C-5 49.62 49.25
C-6 24.47 24.44
C-7 30.71 30.04
C-8 41.09 38.83
C-9 45.87 48.89
C-10 36.66 37.00
C-11 38.84b) 111.37
C-12 106.86 150.60
C-13 174.46 162.17
C-14 36.97 33.56
C-15 113.22 110.40
C-16 171.38 170.38
C-17 13.19 14.37
C-18 181.17 180.93
C-19 17.61 17.02
C-20 14.60 15.68

a) Spectra were measured at 150 MHz with TMS as internal standard. Assignments
were based on HMQC and HMBC correlations. b, c) Assignments may be inter-
changable.

Fig. 1. HMBC Correlations in Neocaesalpin H (1)

Fig. 2. Molecular Model of Neocaesalpin H (1) with Arrows Representing
Main ROESY Correlations



uct, which was identical in all respects with 2.
Quite recently, chemical reports on plant materials under

the name of “C. crista” have been published.17,18) However,
all compounds but one isolated from this plant species have a
tertially hydroxyl group at the 5-position of cassane skeleton
and also a few acetyloxy groups,17) the feature of which char-
acterizes those of C. bonduc. There is evidence, as men-
tioned hereinafter, to suspect that “C. crista”, which is liter-
ally the same as the one we worked on, might be a botanical
synonym to C. bonduc. One reason is that types of con-
stituents are closely related to those isolated from C. bonduc
from the chemotaxonomical viewpoint. The other is that the
scientific names of “C. crista sensu auct., non L.” and “C.
crista L.” were often used as either a synonym or invalid
name to C. bonduc, which cannot help but be very confusing
even to botanists. There was an article19) referred to “C.
crista” dealing with phytochemical analysis, which clearly
regarded it as a synonym to C. bonduc. These facts indicate
that old (invalid) names are still in use. There are many refer-
ences to plants under the names of C. bonduc ROXB., C.
crista L., C. bonducella (L.) FLEM., and a few under C. nuga
(L.) AIT. f. DANDY and EXELL did a study on the typification
of these species and found it necessary to change the applica-
tion of the names.20) Plants for a long time erroneously
named C. crista and C. bonducella are now named C. bonduc
(L.) ROXB. The species widely known as C. bonduc ROXB. is
now C. major (MEDIC.) DANDY et EXELL; another synonym of
the new name is C. jajabo MAZA. C. nuga is the present C.
crista L. Confusion of names will be derived from the fact
that there are enormous morphologic variations (and possibly
chemical variations as well) at the infra-specific level in
some Caesalpinia species. The nomenclature of three Cae-
salpinia species that have long confused not only phyto-
chemists but also botanists is regularized in Table 2, in which
both valid and invalid names along with Japanese names are
shown.21) We suggest that all phytochemists take notice of
abiding by the valid nomenclature in order not to disturb a
search of literatures in chemical databases.

Experimental
All melting points were measured on a Yanagimoto melting point appara-

tus and are uncorrected. Spectral data were obtained using the following ap-
paratus: 1H- and 13C-NMR spectra with a JEOL JNM ECP-600 (1H,
600 MHz; 13C, 150 MHz) spectrometer with tetramethylsilane (TMS) as in-
ternal standard; mass spectra (MS) and high-resolution mass spectra (HR-
MS) with a JEOL SX-102A mass spectrometer; IR spectra with a JASCO
FT/IR-8000 infrared spectrometer; optical rotations with a JASCO DIP-370
polarimeter and UV spectra with a Shimadzu UV-240 spectrometer. Column
chromatography was carried out with Wakogel C-200 or Merck Kieselgel 60
(eluted with hexane–ethyl acetate or benzene–acetone), Sephadex LH-20
(Pharmacia, eluted with MeOH–CHCl3) and RP-8 reversed-phase silica gel

(eluted with MeOH–H2O), and thin-layer chromatography (TLC) was con-
ducted on a 0.25 mm pre-coated silica-gel plate (60F254, Merck), and spots
were detected by inspection under short (254 nm) or long (365 nm) wave-
length UV lights, or by the colors developed with 10% H2SO4 spraying fol-
lowed by heating on a hot plate.

Plant Material The leaves of C. crista were collected in Iriomote Is-
land, Okinawa, Japan, in March 2001. The processing of plant materials was
carried out at Iriomote Station, Tropical Biosphere Research Center, Univer-
sity of the Ryukyus. A voucher specimen in complete form with flowers was
on deposit at the Herbarium of Medicinal Plant Garden, Teikyo University.

Extraction and Isolation The dried leaves (2.1 kg) of C. crista were ex-
tracted two times with distilled acetone at room temperature, and the com-
bined extracts were evaporated to dryness under reduced pressure to yield
greenish viscous syrup (127.4 g). The extract (120 g) was dissolved in ace-
tone and adsorbed on silica gel (120 g). The adsorbed material was trans-
ferred to a silica gel column (600 g) packed in hexane. The column was
eluted with the following solvent system: hexane–ethyl acetate 9 : 1
(1000 ml), 4 : 1 (2000 ml), 3 : 1 (3000 ml), 2 : 1 (4000 ml), 1 : 1 (4000 ml),
and acetone (2000 ml). Fractions of 500 ml each were taken and 26 fractions
(fr. 1—fr. 26) were collected. Fr. 17 was evaporated and the residue was sub-
jected to a series of chromatographic separation by use of Sephadex LH-20
and RP-8 reversed-phase silica gel to afford semicrystalline crude materials.
The crude materials were finally purified by preparative thin layer chro-
matography followed by recrystallization from MeOH–H2O to furnish neo-
caesalpin I (2; 127 mg) in pure forms. The crystalline precipitates deposited
in fr. 22 was recrystallized from MeOH–H2O to give neocaesalpin H (1) as
colorless needles (268 mg).

Neocaesalpin H (1): Colorless needles, mp 255—256 °C. [a]D
25 �73.2°

(c�0.101, MeOH). IR (KBr) cm�1: 3364, 2934, 2361, 1738, 1684, 1474,
1458, 1248, 1132. UV lmax nm (log e): 213 (4.25). 1H-NMR (600 MHz,
pyridine-d5) d : 0.81 (3H, s, 20-CH3), 1.07 (1H, ddd, J�13.2, 12.8, 3.3 Hz,
Ha-1), 1.16 (3H, d, J�7.1 Hz, 17-CH3), 1.38—1.43 (3H, m, Hb-2, Hb-7, Hb-
11), 1.41 (3H, s, 19-CH3), 1.43—1.53 (4H, m, Ha-2, Hb-6, Ha-7, 8-H), 1.61
(2H, m, Hb-1, Ha-6), 1.73 (1H, br ddd, J�13.0, 1.0, 0.9 Hz, Hb-3), 1.79 (1H,
br ddd, J�10.2, 10.2, 3.0 Hz, H-9), 2.04 (1H, ddd, J�13.0, 13.2, 3.8 Hz, Ha-
3), 2.13 (1H, dd, J�11.3, 1.2 Hz, H-5), 2.62 (1H, dd, J�12.6, 3.0 Hz, Ha-
11), 2.77 (1H, dq, J�7.1, 4.1 Hz, H-14), 5.87 (1H, s, H-15). 13C-NMR
(150 MHz, pyridine-d5) d : see Table 1. EI-MS m/z (rel. int.): 348 (M�, 13),
330 (M��H2O, 53), 304 (75), 207 (70), 161 (100). HR-MS: m/z 348.1942
(Calcd for C20H28O5: 348.1937).

Neocaesalpin I (2): Colorless fine needles, mp �260 °C. [a]D
25 �27.7°

(c�0.098, MeOH). IR (KBr) cm�1: 2926, 2361, 1748, 1717, 1456, 1391,
1240. UV lmax nm (log e): 277 (4.26). 1H-NMR (600 MHz, pyridine-d5) d :
0.79 (3H, s, 20-CH3), 0.81 (3H, d, J�7.4 Hz, 17-CH3), 1.03 (1H, ddd,
J�13.2, 12.9, 3.7 Hz, Ha-1), 1.31 (1H, m, Hb-7), 1.34 (3H, s, 19-CH3), 1.37
(1H, m, Ha-7), 1.44 (1H, m, Hb-6), 1.49 (1H, m, Hb-2), 1.58 (2H, m, Ha-2,
Ha-6), 1.65 (1H, dddd, J�11.8, 11.8, 4.1, 4.1 Hz, H-8), 1.74 (2H, m, Hb-1,
Hb-3), 1.95 (1H, dd, J�10.4, 0.8 Hz, H-9), 2.07 (1H, ddd, J�13.5, 13.5,
4.1 Hz, Ha-3), 2.08 (1H, dd, J�11.9, 2.3 Hz, H-5), 2.57 (1H, dq, J�7.4,
4.2 Hz, H-14), 5.85 (1H, br s, H-11), 5.90 (1H, d, J�0.9 Hz, H-15). 13C-
NMR (150 MHz, pyridine-d5) d : see Table 1. EI-MS m/z (rel. int.): 330 (M�,
46), 284 (18), 207 (78), 161 (100). HR-MS: m/z 330.1836 (Calcd for
C20H26O4: 330.1831).

Dehydration of Neocaesalpin H (1) A mixture of neocaesalpin H (1;
30 mg), p-toluenesulfonic acid (0.5 mg) and 30 ml of dry benzene was re-
fluxed for 10 h. The reaction mixture was evaporated in vacuo, and the residue
was subjected to preparative TLC to afford the dehydrated product. The prod-
uct was recrystallized from MeOH–H2O to furnish colorless needles (12 mg),
which were identical to neocaesalpin I (2) in the IR and 1H-NMR spectra.
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Table 2. A List of Confusing Scientific Names of Some Caesalpinia Species

Synonymous or erroneous (invalid) names Correct (valid) names Names in Japanese

C. bonduc ROXB., non L.
C. jajabo MAZA. C. major (MEDIC.) DANDY et EXELL Hasu-no-mi-kadsura
C. globulorum BAKH. et v. ROYEN

C. bonducella (L.) FLEM.
C. crista sensu auct., non L. C. bonduc (L.) ROXB. emend. DANDY et EXELL Shirotsubu
C. crista L.

C. nuga (L.) AIT. f. C. crista L. emend. DANDY et EXELL Nanten-kadsura



Acknowlegements The first author is grateful to the Japan Society for
the Promotion of Science for offering an opportunity to carry out overseas
scientific research under Exchange of Scientist Program in Philippines and
Indonesia, respectively. This research was supported by Grant-in-aid for Sci-
entific Research (No. 15590022) from the Ministry of Education, Culture,
Sports, Science and Technology (to T. K.). We are indebted to University of
the Ryukyus for providing us a facility to carry out part of research. We
thank Prof. K. Takeya and Y. Hitotsuyanagi, Tokyo University of Pharmacy
and Life Science, for the measurement of NMR spectroscopy.

References and Notes
1) Kinoshita T., Chem. Pharm. Bull., 48, 1375—1377 (2000) and refer-

ences cited in.
2) Kinoshita T., Kaneko M., Noguchi H., Kitagawa I., Heterocycles, 43,

409—414 (1996).
3) Lyder D. L., Peter S. R., Tinto W. F., Bissada S. M., McLean S.,

Reynolds W. F., J. Nat. Prod., 61, 1462—1465 (1998).
4) Lyder D. L., Tinto W. F., Bissada S. M., McLean S., Reynolds W. F.,

Heterocycles, 48, 1465—1469 (1998).
5) Roengsumran S., Limsuwankesorn S., Ngamrojnavanich N., Petsom

A., Chaichantipyuth C., Ishikawa T., Phytochemistry, 53, 841—844
(2000).

6) Peter S. R., Tinto W. F., McLean S., Reynolds W. F., Yu M., Phyto-
chemistry, 47, 1153—1155 (1998) and references cited in.

7) Peter S. R., Tinto W. F., McLean S., Reynolds W. F., Tay L.-L., Tetra-
hedron Lett., 38, 5767—5770 (1997).

8) Kitagawa I., Simanjuntak P., Mahmud T., Kobayashi M., Fujii S., Uji
T., Shibuya H., Chem. Pharm. Bull., 44, 1157—1161 (1996).

9) Kitagawa I., Simanjuntak P., Watano T., Shibuya H., Fujii S., Yama-

gata Y., Kobayashi M., Chem. Pharm. Bull., 42, 1798—1802 (1994).
10) Roach J. S., McLean S., Reynolds W. F., Tinto W. F., J. Nat. Prod., 66,

1378—1381 (2003).
11) Ragasa C. Y., Ganzon J., Hofilena J. G., Tamboong B., Rideout J. A.,

Chem. Pharm. Bull., 51, 1208—1210 (2003).
12) Ragasa C. Y., Hofilena J. G., Rideout J. A., J. Nat. Prod., 65, 1107—

1110 (2002).
13) Patil A. D., Freyer A. J., Webb R. L., Zuber G., Reichwein R., Bean M.

F., Faucette L., Johnson R. K., Tetrahedron, 53, 1583—1592 (1997).
14) Che C.-T., McPherson D. D., Cordell G. A., Fong H. H. S., Harry H.

S., J. Nat. Prod., 49, 561—569 (1986).
15) McPherson D. D., Che C.-T., Cordell G. A., Soejarto D. D., Pezzuto J.

M., Fong H. H. S., Phytochemistry, 25, 167—170 (1986).
16) Ogawa K., Aoki I., Sashida Y., Phytochemistry, 31, 2897—2898

(1992).
17) Kalauni S. K., Awale S., Tezuka Y., Banskota A. H., Linn T. Z.,

Kadota S., J. Nat. Prod., 67, 1859—1863 (2004).
18) Banskota A. H., Attamimi F., Usia T., Linn T. Z., Tezuka Y., Kalauni

S. K., Kadota S., Tetrahedron Lett., 44, 6879—6882 (2003).
19) Jadhav A. N., Kaur N., Bhutani K. K., Phytochem. Anal., 14, 315—

318 (2003).
20) Dandy J. E., Exell A. W., J. Bot. Brit. For., 76, 175—180 (1938).
21) Kinoshita T., Uji T., Madulid D. A., Unpublished data. The results ob-

tained from the botanical inspection on specimens of Caesalpinia
species undertaken in Herbarium Bogoriense, Bogor, Indonesia, and
Philippine National Herbarium, Manila, Philippines, in 1998 and
1996, respectively, proved that some specimens identified nominally as
either species of three listed in Table 2 require correction of names.

720 Vol. 53, No. 6


