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Extracts of the stems of Jatropha divaricata have yielded the two new diterpenes ent-3â,14R-
hydroxypimara-7,9(11),15-triene-12-one (3) and the rearranged pimarane ent-15(13f8)abeo-8â(ethyl)-
pimarane (4), which appears to be a new skeletal type. The rare cleistanthane diterpenes spruceanol (1)
and cleistanthol (2) were also obtained.

The large euphorbiaceous genus Jatropha L. is recog-
nized as a source of several structural classes of diter-
penes,1 many of which are biologically active, possessing
antitumor and cytoxic,1a tumor-promoting,1c or antimicro-
bial activity.1d Other types of compounds known to occur
in Jatropha include alkaloids,2 lignans,3 and triterpenes.4

Jatropha divaricata Sw. is a shrub that is endemic to
Jamaica.5 The latex has been screened for protease activ-
ity,6 but prior to this study the plant has not been subjected
to thorough phytochemical investigation.

In an initial fractionation of extracts of the aerial parts
of J. divaricata,7 the stems and bark were found to contain
the diterpenes spruceanol (1) and cleistanthol (2), trans-
triacontyl-4-hydroxy-3-methoxy cinnamate, and scopoletin.
Compounds characterized from the leaves and twigs were
ficaprenol-13, R-tocopherol, plastochromenol-9, and â-sito-
sterol.7 Spruceanol (1)8 and cleistanthol (2)9 are the only
two known naturally occurring members of the cleistan-
thane series of diterpenes and have each been reported only
once previously. Because of the marked bioactivity observed
for 1 and 2 isolated from J. divaricata, a new supply of
plant material was collected. Compounds 1 and 2 were
reisolated, and the new diterpenes 3 and 4 were also
obtained.

Compound 3, C20H28O3, was determined to be ent-3â,14R-
hydroxypimara-7,9(11),15-triene-12-one from spectroscopic
data. Signals in the 1H NMR spectrum for the C-15,C-16
vinyl group, which is characteristic of pimarane diterpe-
noids,10 indicated that 3 was likely to be of this skeletal
class. This group provided the starting point for formula-
tion of that portion of the skeleton numbered C-7 through
C-14 and the attached methyl groups. This was necessarily
based on connectivity data obtained from HSQC and
HMBC spectra, as this C-7 to C-14 residue contains no
linear protonated sequences apart from the pendant vinyl
group. The presence of the protonated sequences C-1 to C-3
and C-5 to C-6 was inferred from associations in the COSY
spectrum. These groups were joined to the C-4 center
bearing the gem-dimethyl group on the basis of HMBC
cross-peaks, corroborated by biogenetic arguments, which
also enabled linkage of the two major substructures, C-1
to C-6 and C-7 to C-14, to provide structure 3. The observed
long-wavelength UV maximum, 289 nm, provided ad-
ditional support for the presence of the ketone with
extended conjugation. The 2-oxo derivative of 3 has been

described as one of the diterpene stress metabolites of
cassava roots, Manihot esculenta (Euphorbiaceae).10

Compound 4, C20H28O2, displayed many similarities to
3 in the 1H and 13C NMR spectra. Ring A could be
constituted as a CH2CH2CH(OH) group flanked by two
quaternary carbons, the first bearing an angular methyl
group and the other a gem-dimethyl group, and these
centers are joined by the C-5 methine. A CH2CH2 group
was attached to this C-5 methine, from COSY data, to
provide the substructure C-1 to C-7 and C-10 with the
attached methyl groups. Another feature common to 3 and
4 was a vinyl group, and again this was used as the
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reference point for working out the connectivity of ring C
in 4. This vinyl group was attached to a quaternary carbon
which showed two- and three-bond correlations to the vinyl
protons of two trisubstituted double bonds, one with an
R-hydrogen and one with a â-hydrogen, both necessarily
contained in ring C, which was completed by a carbonyl
group. The carbon chemical shift (δ 188.7) and IR absorp-
tion (1664 cm-1) of this group and the UV maximum of 4
(245 nm) indicated that the carbonyl was probably cross
conjugated. The foregoing could be accommodated by two
structures. A strong HMBC cross-peak between the signal
for the C-20 methyl protons (δ 1.14) and that of the
quaternary â-carbon C-9 (δ 172.7) provided decisive evi-
dence for structure 4 and ruled out the alternative with
the vinyl, methyl, and carbonyl groups located at positions
9, 12, and 13, respectively. Several additional HMBC cross-
peaks were also consistent with structure 4, e.g., cross-
peaks between the carbonyl carbon and both H-14 and the
C-17 methyl protons. Compound 4 appears to be a new
diterpene skeleton which can formally be named ent-15-
(13f8)abeo-8â(ethyl)pimarane.

The relative stereochemistry of 3 and 4 was assigned on
the basis of 1H NMR and NOE data. From the coupling
constants, H-3 and H-5 are axial in both 3 and 4. The C-20
methyl group is also axial, as the previously reported10

W-coupling to H-1 axial was observed. Cross-peaks in the
T-ROESY spectrum of 3 revealed that this C-20 methyl,
H-14, and the vinyl group are on the same face of the
molecule. For 4, a T-ROESY cross-peak between the signal
for the C-20 methyl group and that for H-15 established a
syn relationship between the vinyl group and the C-20
methyl.

The co-occurrence of the ent-pimarane (3), cleistanthane
(1, 2), and ent-15(13f8)abeo-8â(ethyl)pimarane (4) diter-
penes in J. divaricata implies a close biogenetic link
between the three skeletal types; the relationship between
the pimaranes and the cleistanthanes is substantiated
by the reported conversion, under mild conditions, of a
9-hydroxy-8(14),15-pimaradiene derivative to products with
the cleistanthane skeleton.11 In fact spruceanol (1) and
compounds 3 and 4 are easily derivable from a common
pimarane precursor, ent-3â-hydroxypimara-8(14),9,15-trien-
12-one (5): 1,2-shift of the vinyl group enables aromatiza-
tion of ring C and forms spruceanol (1); â-epoxidation of
the 8,14 double bond and rearrangement of the epoxide
produces 3; thermal [1,3] sigmatropic shift of the vinyl
group from C-13 to C-8, suprafacially on the ring, yields
compound 4 and accounts for the stereochemistry of the
vinyl group.

Spruceanol (1) obtained in this study of J. divaricata was
converted to 12-O-methylspruceanone (6) by methylation
of the phenolic group and oxidation of the C-3 hydroxyl.
This compound was strongly levorotatory, [R]D -68°, and
the value of the specific rotation compares favorably with
that of the 12-O-methylspruceanone prepared from spru-
ceanol isolated from Cunuria spruceana;8,12 the absolute
configuration of the dihydro derivative of this compound,
from the chiroptical properties, was determined to be
5S,10R.8,9 Spruceanol (1) from J. divaricata therefore has
3R,5S,10R stereochemistry, and on the basis of the close
biogenetic relationship between spruceanol and compounds
3 and 4 we propose that the absolute configuration of 3 is
3R,5S,10R,13R,14S and that of 4 is 3R,5S,8S,10R.

Experimental Section

General Experimental Procedures. Melting points were
determined on a Thomas-Hoover capillary melting point
apparatus. Optical rotations were measured on a Perkin-Elmer

241MC polarimeter. IR spectra were recorded on a Perkin-
Elmer 735B spectrophotometer. NMR spectra were obtained
on a a Bruker AC200F or Varian UNITY-500 spectrometer
with CDCl3 as solvent and TMS as internal standard. COSY,
HSQC, and HMBC spectra were obtained in gradient-selected
mode using standard Varian software. All mass spectra were
obtained on a Micromass VG 70-250S mass spectrometer at
70 eV. Adsorption column chromatography was performed with
silica gel 60 (230-400 mesh). TLC analysis utilized Whatman
precoated silica gel 60 F254 plates. Spots were visualized under
UV and by spraying with 4% phosphomolybdic acid in 5%
H2SO4 followed by heating.

Plant Material. Aerial parts of Jatropha divaricata were
collected at Ramgoat Cave, Trelawny, in September 1996 and
at Mt. Denham, Manchester, Jamaica, in August 1997 and
March 2000. Voucher specimens, nos. 34,077-81, 34,675-76,
are preserved in the Herbarium, Department of Life Sciences,
University of the West Indies, Mona, Jamaica.

Extraction and Isolation. The dried, milled branches (2.9
kg) were extracted by cold percolation with Me2CO (3 × 6 L)
and the extracts evaporated to dryness under reduced pressure
to give a gum (30 g). The gum was chromatographed in
EtOAc-hexane mixtures of increasing polarity (2%-50%) to
produce 12 fractions. Spruceanol (1) (1.2 g) and compound 4
(6 mg) were obtained after repeated chromatography of the
fraction eluted with 40% EtOAc-hexane. The 50% EtOAc-
hexane fraction was rechromatographed in 5% MeOH-CHCl3,
and cleistanthol (2) (160 mg) was obtained after recrystalli-
zation from CHCl3-hexane of one fraction; another fraction
yielded compound 3 (13 mg) after further chromatography in
30% Me2CO-hexane.

ent-3â,14r-Hydroxypimara-7,9(11),15-triene-12-one (3):
colorless oil: [R]D +226° (c 0.21, CHCl3); UV (EtOH) λmax (log
ε) 289 (3.71) nm; IR νmax 3442, 1656, 1640, cm-1; 1H NMR δ
6.45 (1H, br m, W(1/2) ) 12.4 Hz, H-7), 5.93 (1H, dd, J ) 17.8,
10.8 Hz, H-15), 5.74 (1H, br s, W(1/2) ) 3.7 Hz, H-11), 5.44
(1H, dd, J ) 10.8, 0.9 Hz, H-16), 5.29 (1H, dd, J ) 17.8, 0.9
Hz, H-16), 4.33 (1H, br s, W(1/2) ) 7.9 Hz, H-14), 3.28 (1H,
dd, J ) 11.5, 4.2 Hz, H-3), 2.48 (1H, dt, J ) 20.5, 5.6 Hz, H-6â),
2.30 (1H, m, H-6R), 1.88 (1H, dt, J ) 13.7, 3.2, H-1R), 1.81
(1H, m, H-2â), 1.79 (1H, m, H-2R), 1.59 (1H, m, H-1â), 1.44
(1H, dd, J ) 13.1, 5.6 Hz, H-5), 1.12 (3H, s, H-17), 1.07 (3H, d,
J ) 0.7 Hz, H-20), 1.04 (3H, s, H-18), 0.96 (3H, s, H-19); 13C
NMR δ 202.2 (C-12), 164.2 (C-9), 138.9 (C-15), 131.7 (C-7),
131.0 (C-8), 117.9 (C-16), 116.7 (C-11), 78.2 (C-3), 73.1 (C-14),
55.5 (C-13), 47.9 (C-5), 39.3 (C-4), 37.3 (C-10), 34.4 (C-1), 27.4
(C-18), 27.3 (C-2), 24.0 (C-6), 20.7 (C-20), 15.5 (C-19), 14.0 (C-
17); HMBC (C/H) 1/2R, 2/1R,3, 3/2R,5,18,19, 4/2R,3,5,18,19,
5/7,6â,18,19, 6/5, 7/6â, 8/6â,11, 9/5,7, 10/5,6â,11, 12/15,17, 13/
11,15,16-cis,16-trans,17, 14/15,17, 15/16-trans,17, 17/15, 18/
5,19, 19/3,5,18, 20/5; EIMS m/z 316 [M]+ (64), 301 (21), 299
(37), 283 (48), 211 (43), 185 (49), 176 (63), 157 (70), 145 (62),
131 (66), 121 (58), 105 (78), 95 (83), 77 (57), 69 (67), 55 (100);
HREIMS m/z 316.2030 (calcd for C20H28O3, 316.2039).

Compound 4: colorless oil: [R]D +133° (c 0.27, CHCl3); UV
(EtOH) λmax (log ε) 245 (3.82) nm; IR νmax 3432, 1664, 1628,
cm-1; 1H NMR δ 6.15 (1H, q, J ) 1.4 Hz, H-14), 6.14 (1H, br
s, H-11), 5.44 (1H, ddd, J ) 17.5, 10.3, 0.9, H-15), 5.20 (1H, d,
J ) 17.5 Hz, H-16), 5.19 (1H, d, J ) 10.3 Hz, H-16), 3.22 (1H,
dd, J ) 11.6, 4.3 Hz, H-3), 2.37 (1H, ddd, J ) 13.7, 3.3, 3.3
Hz, H-7R), 1.86 (3H, d, J ) 1.4 Hz, H-17), 1.81 (1H, m, H-2â),
1.80 (2H, m, H-1R, H-6R), 1.74 (1H, m, H-6â), 1.72 (1H, m,
H-2R), 1.58 (1H, m, H-1â), 1.42 (1H, ddd, J ) 13.7, 10.6, 3.3
Hz, H-7â), 1.14 (3H, brs, W(1/2) ) 2.4 Hz, H-20), 1.01 (3H, s,
H-18), 0.97 (1H, dd, J ) 12.0, 2.5 Hz, H-5), 0.86 (3H, s, H-19);
13C NMR δ 188.7 (C-12), 172.7 (C-9), 150.9 (C-14), 140.0
(C-15), 131.4 (C-13), 122.0 (C-11), 113.7 (C-16), 78.3 (C-3),
53.1 (C-5), 47.0 (C-8), 41.4 (C-10), 39.6 (C-4), 36.0 (C-1), 33.7
(C-7), 28.3 (C-18), 27.4 (C-2), 21.4 (C-20), 17.9 (C-6), 15.6
(C-19), 15.2 (C-17); HMBC (C/H) 1/20, 3/1,2R,2â,5,18,19,
4/5,18,19, 5/6R,6â,7R,18,19,20, 7/14,15, 8/6â,7R,11,14,15,16-
trans, 9/7R,11,14,20, 10/2R,6R,11, 11/7â, 12/11,14,17, 13/
11,14,17, 14/17, 15/7â,16-trans, 17/14, 18/19, 19/5,18; EIMS
m/z 300 [M]+ (100), 285 (48), 267 (26), 257 (29), 239 (23), 213
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(20), 199 (20), 185 (24), 171 (26), 161 (41), 147 (56), 133 (44),
118 (41), 97 (28), 91 (36), 83 (35), 69 (50), 55 (67); HREIMS
m/z 300.2084 (calcd for C20H28O2, 300.2089).
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