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Abstract—Integerrimene, a possible biogenetic precusor of the rhamnofolane diterpenes and a new rhamnofolane endoperoxide
2-epicaniojane together with caniojane and 1,11-bisepicaniojane were isolated from J. integerrima roots. Their structures were
elucidated by spectroscopic methods. The X-ray structure of 2-epicaniojane is also presented. © 2003 Elsevier Science Ltd. All
rights reserved.

In our ongoing investigation of bioactive compounds
from the Euphorbiaceae plants we have studied the
roots of Jatropha integerrima (synonymous name J.
pandurifolia Andr.) known in Thai as ‘Pattavia’.1 No
medicinal use of J. integerrima has been reported but its
latex is known to be toxic. Leaves, if accidentally
chewed, can cause squeamish, stomachalgia and can be
very purgative.2 Jatropha species are known to be
abundant sources of diterpenes with various skeletons.
Previously reported diterpene constituents from the spe-
cies of this genus comprise the macrocyclic diterpene
jatrophone,3,4 jatrophatrione,5 jatropholone A–B,6

riolozatrione,7 curcusones A–D,8 rhamnofolane,9 lath-
yrane,10 12-deoxy-16-hydroxyphorbol esters11 and the
cleistanthane12 series of diterpenes.

We herein report the isolation and structural determi-
nation of a macrocyclic diterpene integerrimene 1 with
a novel 8,9-seco-rhamnofolane skeleton and a new
rhamnofalane endoperoxide 2-epicaniojane 2 together
with caniojane 39 and 1,11-bisepicaniojane 49 from the
roots of J. integerrima.

Roots of J. integerrima were collected within the
Ramkhamhaeng University area in May 2000. The
chloroform extract obtained was fractionated on a sil-
ica gel column with a solvent gradient. The moderately
polar fraction was further purified by successive column
chromatography to yield 1 (7.5 mg, 1.5×10−4 % based

on dry wt),13 2 (4.9 mg, 9.8×10−5 %)14 and 3 (13.2 mg,
2.64×10−4 %)15 and 4 (3.4 mg, 6.8×10−5 %).16 Com-
pound 1 was obtained as colorless liquid. The
HREIMS gave a molecular formula of C22H30O4. The
FT-IR spectrum showed the presence of carbonyl
groups at 1732 and 1715 cm−1 as well as olefinic func-
tions at 1646 cm−1. The 1H NMR spectrum showed
three secondary methyl group signals at �H 1.00, 1.15
and 1.16 in addition to a less shielded methyl group
signal at �H 1.71 (s) assignable to CH3�C�C. The
spectrum also exhibited olefinic proton signals at �H

5.10, 5.58 and 5.77, together with additional exocyclic
methylene group signals (H2-16) as two broad one
proton singlets at �H 4.73 and 4.80. The 1H–1H COSY
spectrum indicated correlations between signals at �H

1.16 (H-18)/�H 3.29 (H-11); H-11/�H 5.10 (H-12); H-12/
�H 5.58 (H-13); H-13/�H 2.85 (H-14); H-14/�H 1.71
(H3-17), 2.73 (H-8) and 4.73 (H-16). Further correla-
tions were also observed between H3-20 (�H 1.15)/H-6
(�H 3.36); H-6/H-5 (�H 5.77); H-5/H-10 (�H 3.63);
H-10/H-1 (�H 1.83 and 2.09); H-1/H-2 (�H 2.01); H-2/
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H3-19 (�H 1.00) and H-3 (�H 5.25). The placement of
the two keto functions at C-7 and C-9 was established
through long range 1H–13C correlations particularly of
H-1, H-11, H-12 and H-18 to C-9 (�C 210.4) and of
H-6, H-8 and H-20 to C-7 (�C 211.7). The location of
the acetoxy group at C-3 was suggested by the HMBC
correlations between H-3 and carbon signals at �C 37.2
(C-1), 51.6 (C-10) and 131.5 (C-5). The trisubstituted
double bond was established at C-4 (5) through correla-
tions of H-3, H-6, H-10 and H-20 to C-5. Detailed 1H
and 13C NMR chemical shifts are shown in Table 1.

The relative stereochemistry of 1 was obtained from
NOESY and NOE difference spectra (Fig. 1). Com-
pound 1 was concluded to be 3-O-acetyl-8,9-seco-rham-
nofola-4(5),12(13),15(16)-trien-7,9-dione. This macro-
cyclic diterpene appears to be a possible biogenetic
precusor of rhamnofolane by a further condensation. It
may be postulated that this compound arises biogeneti-
cally in the plant either from a lathyrane type diterpene
by ring opening of the cyclopropane ring or from a
cembrane diterpene via cyclization (Scheme 1).17

Compound 2 was obtained as a crystalline solid. The
EIMS gave a molecular ion at m/z 344 corresponding
to the formula C20H24O5. The IR spectrum indicated

absorptions for hydroxy (3509 cm−1) and carbonyl
(1685 cm−1) functionalities. The 1H NMR signals at �H

6.37, 4.91 and 4.84 with a less shielded methyl proton
signal at �H 1.63 as well as 13C NMR signals at �C

150.0 (s), 145.8 (s), 141.6 (d), 138.2 (s), 135.4 (s), 114.1
(t) indicated the presence of one tetrasubstituted and
one trisubstituted double bond and an isopropenyl
group. The 13C NMR spectrum also showed signals for
one dioxygenated (�C 108.0, s, C-1), one oxygenated
quaternary (�C 75.4, s, C-11), one oxymethine (�C 74.9,
d, C-3) and one oxymethylene carbon (�C 73.7, t, H-18)
in addition to a keto carbonyl carbon (�C 192.0, s). The

Figure 1. Selected NOE interactions and configuration of
compound 1.

Table 1. 1H and 13C NMR spectral data of 1 and 2 (CDCl3, � in ppm and J in Hz)a

1Compound 2

HMBC (H toPosition HMBC (H to�C�H�H �C

C) C)

–108.0 (s)2.09 (�-H, m),* –C-2, 3, 4, 9,1 37.2 (t)
1.83 (�-H, m) 10, 19

40.8 (d)2 C-1, 4, 1937.8 (d) C-1, 19,2.01 (m) 2.54 (quin, 7.6)
3-OCOCH3

74.9 (d)3 C-4, 1081.4 (d) C-1, 2, 5, 10,5.25 (d, 4.6) 5.14 (dd, 7.4, 2.3)
3-OCOCH3

135.4 (s)–– –140.1 (s)–4
– 192.0 (s) –5 131.5 (d)5.77 (dd, 10.3, 1.8) C-3, 10, 20

6 –138.2 (s)–C-4, 5, 7, 2049.3 (d)3.36 (dq, 10.3, 7.2)
141.6 (d)6.37 (dq, 3.5, 1.5)– C-5, 20211.7 (s)–7

C-6, 7, 13, 14,2.73 (�-H, dd, 12.2, 10.5), 2.92 (dddq, 13.2, 11.7, 3.5,8 37.2 (d) –46.6 (t)
2.38 (�-H, dd, 10.4, 2.9) 15 1.8)
–9 210.4 (s) – 2.77 (dd, 13.0, 2.3) 43.5 (d) C-4, 8, 10

10 –3.63 (dt, 6.6, 1.8) C-1, 2, 3, 4, 5, –51.6 (d) 150.1 (s)
9

3.29 (dq, 9.2, 6.7)11 –53.7 (d) 75.4 (s) –C-9, 12, 13, 18
5.10 (dd, 15.2, 9.4) 131.9 (d) C-9, 11, 14, 1812 1.57 (ddd, 11.6, 5.3, 3.2) 25.6 (t) C-13, 14

1.85 (dt, 13.9, 3.2), (m) 1.4513 28.8 (t) C-11, 125.58 (dd, 15.2, 9.6) 134.6 (d) C-8, 11, 14, 15
(ddd, 13.7, 6.8, 5.3)

2.85 (br dt, 9.6, 2.9) 48.9 (d)14 C-7, 8, 13, 15, C-162.05 (ddd, 11.6, 11.4, 3.2) 49.0 (d)
16

– 146.3 (s) – – 145.8 (s) –15
4.80 (br s), 4.73 (br s) 110.5 (t) C-14, 15, 1716 4.91 (t, 1.6), 4.84 (s) 114.1 (t) C-14, 17

17 1.71 (s) 21.7 (q) C-14, 15, 16 1.63 (s) 19.0 (q) C-15, 16
C-1, 9, 1173.7 (t)4.29 (d, 9.7), 3.91 (d, 9.7)C-9, 11, 121.16 (d, 6.7) 17.1 (q)18

1.00 (d, 6.6) 14.0 (q) C-1, 2, 319 1.01 (d, 7.6) 7.7 (q) C-1, 2, 3
20 1.15 (d, 7.2) 18.1 (q) C-5, 6, 7 1.90 (br t, 1.7) 20.5 (q) C-5, 6, 7

3-OH, 3.63 (br s)–171.2 (s)–3-COCH3

2.08 (s)* 21.6 (q) 3-OCOCH33-COCH3

a Data recorded on a 400 MHz spectrometer with reference to the solvent signals (�H 7.24 ppm/�C 77.0 ppm).
* Overlapped signals.
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Scheme 1. Possible biogenesis and transformation of 1.
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