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New iridoids from the fruits of Crescentia cujete
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Dist.7, Ho Chi Minh City, Vietnam
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Four new 11-nor-iridoids, 6-O-p-hydroxybenzoyl-10-deoxyeucommiol (1), 6-O-
benzoyl-10-deoxyeucommiol (2), 6-O-benzoyl-dihydrocatalpolgenin (a mixture of 3
and 4), as well as two known iridoids, ningpogenin (5) and 6-O-p-hydroxybenzoyl-
aucubin (6), were isolated from the fruits of Crescentia cujete Linn. The structures of
these compounds were established on the basis of spectroscopic analysis.
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1. Introduction

Crescentia cujete (Bignoniaceae), com-
monly known as the calabash tree, is a
species of flowering plant that is native to
Central and South America. It has been an
important source of folk medicine [1], with
both extracts and pulp of the seeds, fruits,
leaves, and flowers being used to treat a
variety of ailments. These include cold,
other respiratory illnesses [2—4], hyper-
tension [5], and the hemorrhagic effect of
venomous snake bites [6]. The part of the
tree that is used is the fruit. Its active
ingredients have not yet been defined. Its
uses are mainly in phytopharmaceuticals.
The extract of the fruit is effective in the
treatment of fever. In Vietnam, the dried
fruit is used in folk medicine, the local
name being ‘Dao Tien’. A fruit decoction
is taken orally to treat diarrhea, stomach-
ache, cold, bronchitis, cough, asthma, and
urethritis. Naphtoquinones [7], iridoid

glycosides, aucubin, plumieride, and
asperuloside [8] have already been
reported as the constituents of the leaves
of this plant. In this study, four new 11-
nor-iridoids, 6-O-p-hydroxybenzoyl-10-
deoxyeucommiol (1), 6-O-benzoyl-10-
deoxyeucommiol (2), 6-O-benzoyl-dihy-
drocatalpolgenin (a mixture of 3 and 4),
as well as two known iridoids, ningpo-
genin and 6-O-p-hydroxybenzoylaucubin,
were isolated from the fruits of C. cujete
(Figure 1).

2. Results and discussion

Compound 1 was obtained as a colorless
oil and was assigned a molecular formula
of Cy14H,005 by negative HR-FAB-MS at
miz 291.1239 [M — H] ", indicating seven
degrees of unsaturation. The IR spectrum
showed absorptions at 3398 and
1714cm™", revealing the presence of
hydroxyl and carbonyl groups. The '*C
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1 R=OH 3R, =OH, Ry=H
2 R=H 4R;=H,R,=OH

Figure 1. Structures of compounds 1-4.

NMR and DEPT spectra (Table 2)
exhibited 16 carbons, including a carbonyl
carbon (8¢ 168.3, s, C-11), three oxygen-
bearing carbons (8¢ 57.1, CH,, C-1; 61.5,
CH,, C-3; 80.0, CH, C-6), a methyl (6¢c
13.8, CH;, C-10), a benzene ring, and a
double bond (6¢ 134.5, C, C-8; 136.8, C,
C-9). The NMR spectral data of 1 were
similar to those of 10-deoxyeucommiol
[9]. The key difference was that 1
had additional signals for a benzene ring
and a carbonyl group. The signals at
oy 7.85, 6.81 (each 2H, d, J=9.0Hz)
indicated that the benzene ring was
substituted by a para-hydroxyl group. The
HMBC correlations (Figure 2) from
the proton at 8y 5.22 (H-6) and 7.85

OH

Figure 2. Key HMBC correlations of
compounds 1 and 3.

(H-2' and H-6') to the carbonyl carbon
(6¢ 168.3, C-11) revealed the presence of a
p-hydroxybenzoyloxy group located at
C-6. Therefore, compound 1 was proposed
as  6-0-p-hydroxybenzoyl-10-deoxy-
eucommiol. This assignment was con-
firmed by 2D NMR analysis. The 'H-"H
COSY spectrum of 1 proved the existence
of a spin system from C-3 to C-7 unit. In
the HMBC spectrum of 1, the significant
correlations between H-1 and C-5, C-8 and
C-9, H-10 and C-7, C-8 and C-9 were
observed. The 3-orientation of H-5 and the
hydroxyl group at C-6 were suggested by
comparison of its NMR spectral data
(chemical shifts and coupling constants)
with those reported for 10-deoxyeucom-
miol [9].

Compound 2 was obtained as a color-
less oil and was assigned a molecular
formula of C,¢H,00,4 by negative HR-ESI-
MS at m/z 299.1262 [M + Na]". The 'H
and *C NMR spectra of 2 (Tables 1 and 2)
were similar to those of 1, which suggested
that compound 2 possessed the same
iridoid skeleton. The only difference
between them was that the substituted
hydroxyl on the benzene ring of 1 was
absent in 2, which was discovered by
detailed MS and NMR analysis. Thus,
compound 2 was assigned as 6-O-benzoyl-
10-deoxyeucommiol.

Compounds 3 and 4 were obtained as
inseparable pairs in the ratio of about 3:2,
as shown by the integral intensity of
corresponding signal multiplicities in
their '"H NMR spectrum. Their proton
and carbon signals appeared as pairs.
Both compounds had the same molecular
formula of C;¢H;30¢ based on the
positive HR-ESI-MS at m/z 329.1008
[M + Na]™, which suggested an iridoid
skeleton with eight degrees of unsatura-
tion. The '*C NMR and DEPT spectra of
the mixture contained 14 carbon reson-
ances for each compound and two totally
overlapped resonances of C-11 and C-1/,
seven of which belonged to a benzoyloxy
group for 3 and 4, respectively. Comparing
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Table 2. '*C NMR (125 MHz) spectral data of compounds 1-4.

No. la 2b 3C 4(:

1 57.1 CH, 58.1 CH, 95.2 CH 90.0 CH
3 61.5 CH, 62.0 CH, 62.1 CH, 54.0 CH,
4 34.8 CH, 35.8 CH, 22.6 CH, 22.1 CH,
5 51.6 CH 524 CH 344 CH 31.8 CH
6 80.0 CH 80.7 CH 74.7 CH 76.3 CH
7 44.9 CH, 45.5 CH, 58.3 CH 60.2 CH
8 1345 C 1332 C 65.0 C 65.8 C

9 136.8 C 138.6 C 43.4 CH 39.5 CH
10 13.8 CH; 14.8 CH; 61.4 CH, 60.7 CH,
11 168.3 C 167.9 C 167.0 C 167.0 C

It 122.7 C 132.7C 129.4 C 129.4 C
2,6 132.8 CH 131.2 CH 128.3 CHY 128.4 CHY
3,5 116.1 CH 130.3 CH 129.7 CHY 129.8 CHY
4 163.5C 134.8 CH 133.2 CHY 133.4 CHY

Notes: * Measured in CD;0D.
" Measured in CD;COCDs.
¢ Measured in CDCls.
4 Signals in the same line may be interchangeable.

the NMR spectral data of 3 and 4 with
those of dihydrocatalpolgenin [10]
revealed that 3 and 4 were esters formed
by dihydrocatalpolgenin and benzoic acid
at C-6, which was confirmed by HMBC
correlations from the protons at oy 5.39
(H-61in 3) and 6y 5.61 (H-6 in 4) to an ester
carbonyl carbon (¢ 167.0, C-11 in 3 and
4). Therefore, compounds 3 and 4
possessed the same planar structure and
were identified as 6-O-benzoyl-dihydroca-
talpolgenin. The stereochemistry of com-
pounds 3 and 4 were suggested to be
similar to that of dihydrocatalpolgenin by
comparison of their NMR spectral data
(chemical shifts and coupling constants)
with those reported for dihydrocatalpol-
genin [10].

The structures of the known iridoids
isolated were identified as ningpogenin
[I1] and 6-O-p-hydroxybenzoylaucubin
[12] by comparison of their spectroscopic
data with literature values.

3. Experimental
3.1 General experimental procedures

Optical rotations were measured on a
Horiba SEPA-300 polarimeter. UV spec-

tra were measured on a Shimadzu UV-
2401 PC spectrophotometer. IR spectra
were obtained on a Tensor 27 with KBr
pellets. NMR spectra were recorded on
Bruker AV-400 and Bruker DRX-500
spectrometers. Chemical shifts (&) were
expressed in ppm with reference to the
solvent signals. FAB-MS were recorded
with a VG Autospec-3000 spectrometer.
ESI-MS and HR-ESI-MS were recorded
with an API QSTAR Pulsar 1 spec-
trometer. Preparative HPLC was per-
formed on an Agilent 1100 series with a
Zorbax SB-C18 (Spm, 9.4 X 150 mm)
column. Preparative MPLC was per-
formed on a Biichi apparatus equipped
with Biichi fraction collector C-660,
Biichi pump module C-605 and manager
C-615. Silica gel (200—300 mesh; Qing-
dao Marine Chemical Inc., Qingdao,
China), RP-18 gel (40-75 pm; Fuji
Silysia Chemical Ltd, Aichi, Japan), and
Sephadex LH-20 (Amersham Bios-
ciences, Uppsala, Sweden) were used
for column chromatography (CC).
Fractions were monitored by TLC and
spots were visualized by heating silica
gel plates sprayed with 10% H,SO, in
ethanol.
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3.2 Plant material

The fruits of C. cujete were collected from
Ho Chi Minh, Vietnam, in February, 2007.
The plant was identified by Hsiehs Biotech
Co. Ltd, Ho Chi Minh, Vietnam. The
voucher specimen (HB 2007006) has been
deposited in Hsiehs Biotech Co. Ltd.

3.3 Extraction and isolation

The air-dried pulp of the mature fruits of
C. cujete (3.0kg) was extracted with
ethanol (8 liters X 3) at room temperature.
The combined extract was concentrated
in vacuo to give a crude residue (~ 183 g),
which was suspended in H,O and then
partitioned successively with petroleum
ether, EtOAc, and n-BuOH. The EtOAc
extract (~11.4g) was subjected to silica
gel CC (200-300mesh, 5.0 X 60cm),
eluted with a CHCl;—MeOH gradient
(from 100:0 to 0:100, v/v) to afford
fractions A—G. Fraction B (1.5g) eluted
with CHCl;—-MeOH (98:2, v/v) was
separated by Sephadex LH-20 (CHCI;-
MeOH, 1:1, v/v) CC to obtain fractions
B1-B3. Fraction B1 (0.8 g) was subjected
to preparative MPLC with a reversed-
phased C;g column (MeCN-H,O, 40—
100%, v/v), followed by Sephadex LH-20
(CHCI5;-MeOH, 1:1, v/v) CC to give pure
compound 1 (9.6 mg). Fraction C (1.2g)
eluted with CHCl;—~MeOH (95:5, v/v) was
purified by repeated silica gel CC eluted
with CHCl;-MeOH (from 80:1-5:1,
v/v) and preparative HPLC to yield a
mixture of 3 and 4 (2.6 mg) and subfrac-
tion C1, which was further separated by
preparative HPLC to give 2 (10.0 mg).
Fraction D (1.8 g) was separated by silica
gel CC eluted with petroleum ether and
acetone (from 10:1 to 1:1, v/v) to obtain
subfractions D1-D4, of which D2 (0.5 g)
was chromatographed on RP-C;3 MPLC
(MeOH-H,0, 40—-100%) and silica gel
CC (petroleum ether—acetic ether, from
10:1 to 1:1, v/v) to afford ningpogenin
(6.0mg) and 6-0-p-hydroxybenzoylaucu-
bin (8.6 mg).

3.3.1 6-O-p-Hydroxybenzoyl-10-deoxyeu
commiol (1)

Colorless oil; [a]ht —70.1 (¢ =0.30,
CH;0H); UV (CH30H) A, (log €): 203
(4.09), 258 (3.93) nm; IR (KBr) vpax: 3419,
1686, 1609, 1282, 1165cm ™ '; 'H and *C
NMR spectral data, see Tables 1 and 2;
FAB-MS (neg.) m/z: 291 [M — H]; HR-
FAB-MS (neg.) m/z: 291.1239 [M — H]
(calcd for C16H90s5, 291.1232).

3.3.2  6-0-Benzoyl-10-deoxyeucommiol
(2)

Colorless oil; [a]d — 3.4 (¢ =0.28,
CHCI3); UV (CHCl3) A (log e): 241
(4.23) nm; IR (KBr) v, 3398, 2925,
1713, 1283, 1117, 715cm ™', 'H and *C
NMR spectral data, see Tables 1 and 2;
ESI-MS (pos.) m/z: 299 [M + Na]"; HR-
ESI-MS (pos.) m/z: 299.1262 [M + Na]*
(calcd for C;¢H>pO4Na, 299.1259).

3.3.3  6-0-Benzoyl-dihydrocatalpolgenin
(3 and 4, mixture, 3:2)

Colorless oil; [aly — 122.6 (c = 0.29,
CH;Cls); UV (CHCl3) Aoy (log g): 241
(4.57) nm; IR (KBr) vy, 3422, 2924,
1717, 1280, 1114, 715cm ', 'H and "*C
NMR spectral data, see Tables 1 and 2;
ESI-MS (pos.) m/z: 329 [M + Na]*; HR-
ESI-MS (pos.) m/z: 329.1008 [M + Na]*
(caled for C;¢H;gOgNa, 329.1001).

Acknowledgements

This project was financially supported by the
National Basic Research Program of China
(973 Program, 2009CB522300) and MOST
(2009ZX09501-029; 2009ZX09501-013).

References

[1] J.J. Bass, Lat. Am. Geogr. 3, 67 (2004).

[2] L.A. Bentacur-Galvis, J. Saez, H. Gran-
ados, A. Salazar, and J.E. Ossa, Mem. Inst.
Oswaldo Cruz 94, 531 (1999).

[3] M.V. Berry, SE Geogr. 45, 239 (2005).

[4] M. Heinrich, A. Ankli, B. Frei, C.
Weimann, and O. Sticher, Soc. Sci. Med.
47, 1859 (1998).



18:21 22 January 2011

Downl oaded At:

Journal of Asian Natural Products Research 775

[5] C.A. Lans, J. Ethnobiol. Ethnomed. 2, 45
(2006).

[6] R.Otero, V. Nuiiez, J. Barona, R. Fonnegra,
S.L. Jiménez, R.G. Osorio, M. Saldarriaga,
and A. Diaz, J. Ethnopharmacol. 73, 233
(2000).

[7] C.E. Heltzel, A.A.L. Gunatilaka, T.E.
Glass, and D.G.1. Kingston, Tetrahedron
49, 6757 (1993).

[8] K. Agaiwal and S.P. Popli, Fitoterapia 63,
476 (1992).

[91 Y.G. Gouda, A.M. Abdel-baky, F.M.
Darwish, K.M. Mohamed, R. Kasai, and
K. Yamasaki, Phytochemistry 63, 887
(2003).

[10] J.J. Gao, L. Yang, and Z.J. Jia, Planta
Med. 63, 248 (1997).

[11] J. Qian, D. Hunkler, and H. Rimpler,
Phytochemistry 31, 905 (1992).

[12] S.R. Jensen, C.H. Gotfredsen, and R.J.
Grayer, Biochem. Syst. Ecol. 36,207 (2008).



