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Abstract

A new labdane diterpenoid\ crotonadiol\ was isolated from an extract of the stem bark of Croton zambesicus together with the
known clerodane crotocorylifuran and two trachylobanes] 6b!acetoxytrachyloban!07!oic acid and trachyloban!6b\07!diol[ Lupeol\
b!sitosterol and its 2!b!glucopyranosyl derivative were also isolated[ The structure of crotonadiol was determined as 7"06#\02!
labdadiene!5a\04!diol\ by spectral analysis[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

Croton zambesicus Muell[ Arg[ "Syn[ C[ amabilis Muell[
Arg[# is a shrub or small tree reaching 09 m in height and
widespread in tropical west and Central Africa
"Hutchinson + Dalziel\ 0847#[ The stems are used for
house posts in parts of West Africa[ The roots are used
as an aperient[ The leaf decoction is used as a wash for
fevers in Sierra Leone and Nigeria and internally for
dysentery and convulsions "Irvine\ 0850#[ Alkaloids
"Shamma\ Shine\ + Dudock\ 0856^ Stuart + By_eld\
0860# and diterpenoids "Burke\ Chan\ Keith\ Blount\ +
Manchand\ 0870^ Craveiro\ A_anio\ + Edilberto\ 0871#
have mainly been recorded from this genus[ No previous
phytochemical and pharmacological studies have been
reported on C[ zambesicus[ As part of our continuing
studies on Cameroonian plants of medicinal interest\ we
have examined the extract of the stem bark of C[ zamb!
esicus[ This paper reports the isolation and structural
elucidation of a new labdane diterpenoid\ crotonadiol
"0#\ together with the previously known clerodane\ cro!
tocorylifuran "1# "Burke et al[\ 0865^ Burke et al[\ 0870^
Tchissambou\ Chiaroni\ Riche\ + Khuong!Huu\ 0889#\
the trachylobanes\ 6b!acetoxytrachyloban!07!oic acid "2#
"Hasan\ Healey\ + Waterman\ 0871# and trachyloban!
6b\ 07!diol "3# "Gonzalez\ Breton\ Fraga\ + Luis\ 0860^
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Gonzalez\ Fraga\ Hernandez\ + Luis\ 0862#\ the penta!
cyclic triterpenoid\ lupeol "Ayafor\ Ngadjui\ Sondengam\
+ Tsamo\ 0873# and sitosterol and its glucoside[

1[ Results and discussion

Crotonadiol "0# was isolated from a chloroformÐmeth!
anol "0]0# extract of dried powdered stem bark\ as
described in Section 2[ Its molecular formula was deter!
mined as C19H23O1 from NMR and EI!mass spectroscopy
measurements[ Crotonadiol showed IR absorption bands
for hydroxy groups at nmax 2499Ð2399 cm−0 and an
exomethylene group at nmax 0529\ 789 cm−0[ The NMR
spectra of 0 showed typical characteristics of a labdan!
7"06#\ 02!diene skeleton ðdH 3[50 and 3[89 "0H each\ br s\
1H!06#\ 4[27 "0H\ t\ J�5[8 Hz\ H!03#\ dC 097[1 "t\ C!06#\
034[4 "s\ C!7#\ 012[1 "d\ C!03#\ 039[2"s\ C!02#Ł[ The 0H
NMR spectrum of crotonadiol also indicated the pres!
ence of four tertiary methyl groups at 9[61\ 0[91\ 0[08 and
0[61 "2H each\ s#[ The E!geometry of the side chain was
established by the chemical shift of the methyl carbon at
C!02 "dc 05[2#[ The chemical shift "dCa 3[04# of the meth!
ylene group at C!04 which was coupled to the proton at
C!03 "d 4[27\ t\ J�5[8 Hz# indicated that this methylene
group was hydroxylated[ Furthermore the 0H NMR spec!
trum of crotonadiol displayed a broad triplet doublet
signal ðd 2[72 "0H\ J�3[8\ 09[6 Hz#Ł due to an oxymethine
which was coupled to both a proton at 0[03 "d\ J�09[6
Hz# and methylene protons at 1[93 "0H\ br t\ J�01[9 Hz#
and 1[57 "0H\ dd\ J�3[8\ 01[0 Hz#[ Therefore\ this second
hydroxy group should be attached to C!5 or C!00[
However\ the latter alternative position for the hydroxy
group was discarded from HMBC and NOESY since the
chemical shift "dCa 0[6# of the proton at C!8 was observed
at a similar position to those in a similar compound
"Iwagawa\ Yaguchi\ Hase\ Okubo\ + Kim\ 0881#[ The
trans!relationship between the protons at C!4 and C!5
was deduced from the diaxial coupling constant "J�09[6
Hz#[ Thus crotonadiol was identi_ed as labda!7"06#\ 02E!
dien!5a\ 04!diol[ This structure was con_rmed by both
the 02C NMR spectrum and the EI mass spectrum[ The
EI mass spectrum showed fragments at m:z 177\ 162
and 144 corresponding to ðM!H1OŁ¦\ ðM!H1OÐMeŁ¦ ðM!
1H1OÐMeŁ¦\ respectively[ The 02C NMR "Tables 0\ 1
and 2# was fully assigned using DEPT spectra and by
comparison of measured values with those reported for
similar compound "Iwagawa et al[\ 0881#[ Crotonadiol
"0# is reported here for the _rst time while its 5\04!di!O!
glucopyranoside "gomojoside H# has been isolated from
Viburnum suspensum "Caprifoliaceae# "Iwagawa et al[\
0881#[

2[ Experimental

2[0[ General

M[p[|s uncorr^ UV!visible] MeOH solution^ IR] KBr
disk or CHCl2 solution^ EIMS direct inlet 69 eV[ 0H

Table 0
02C NMR spectral data of 0 and 0a in CDCl2 at 89 MHz

C 0 0a

0 28[2 "t# 28[0 "t#
1 08[0 "t# 08[9 "t#
2 32[6 "t# 33[1 "t#
3 22[8 "s# 22[4 "s#
4 59[4 "d# 46[4 "d#
5 60[6 "d# 62[1 "d#
6 38[1 "t# 32[4 "t#
7 034[4 "s# 033[1 "s#
8 44[4 "d# 44[1 "d#
09 28[3 "s# 28[5 "s#
00 11[0 "t# 10[8 "t#
01 27[3 "t# 27[2 "t#
02 039[2 "s# 031[6 "s#
03 012[1 "d# 007[1 "d#
04 48[3 "t# 50[2 "t#
05 05[2 "q# 05[4 "q#
06 097[1 "t# 098[2 "t#
07 25[5 "q# 25[0 "q#
08 11[3 "q# 11[3 "q#
19 05[0 "q# 05[9 "q#
COMe 10[0 "q#
COMe 10[7 "q#
COMe 069[0 "s#
COMe 060[0"s#

NMR "259 MHz# and 02C NMR "89 MHz# recorded at
room temp[\ residual solvent peaks as internal reference[
HMBC\ HMQC and NOESY experiments were per!
formed with gradient enhancements[

2[1[ Plant material

The stem bark of Croton zambesicus was collected at
Eloundem mountain\ Yaounde�\ in the Central Province
of Cameroon[ A voucher specimen "No[ 7193:SRFCAM#
for the collection is deposited at the National Herbarium\
Yaounde\ Cameroon[

2[2[ Extraction\ isolation and characterization

The air!dried powdered plant material "1 kg# was
macerated in CH1Cl1ÐMeOH "0]0#[ Removal of the sol!
vent under red[ pres[ yielded a dark brown extract "59
g#[ Part "49 g# of this extract was subjected to repeated
chromatographic fractionations on a silica gel column
eluted with hexane followed by a hexaneÐEtOAc gradi!
ent[ Sitosterol "39 mg#\ lupeol "24 mg# and cro!
tocorylifuran "1^ 04 mg# were obtained from frs eluted
by hexaneÐEtOAc 08]0\ 8]0 and 06]2\ respectively^ 6b!
acetoxytrachyloban!07!oic acid "2^ 19 mg#\ trachyloban!
6b\ 07!diol "3^ 04 mg#\ crotonadiol "0^ 19 mg# together
with sitosterol glucoside "049 mg#\ were obtained from
frs eluted by hexaneÐEtOAc "0]0#[ Known compounds
were identi_ed by comparison "m[p[\ 0H\ 02C NMR# with
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Table 1
0J " from HMQC# 1J and 2J gradient HMBC correlations for compound 0

Proton Position 0J correlated carbon 1J\ 2J correlated carbons

4[27 03 012[1 05[2 "C!05#
3[89 06 097[1 38[1 "C!6#^ 44[4 "C!8#
3[50 06 097[1 38[1 "C!6#^ 44[4 "C!8#
3[04 04 48[3 012[1 "C!03#^ 039[2 "C!02#
2[72 5 60[6
1[57 6 38[1 44[4 "C!8#^ 59[4 "C!4#^ 60[6 "C!5#^ 097[1 "c!06#^ 034[4 "C!7#
1[93 6 38[1 60[6 "C!5#^ 097[1 "C!06#^ 034[4 "C!7#
0[72 0 28[2 05[0 "C!19#
0[61 Me!05 05[2 27[3 "C!01#^ 012[1 "C!03#^ 039[2 "C!02#
0[53 8 44[4 05[2 "C!05#^ 28[3 "C!09#^ 11[0 "C!00#^ 27[3 "C!01#
0[42 1 08[0 32[6 "C!2#^ 22[8 "C!3#
0[37 1 08[0 22[8 "C!3#
0[08 Me!07 25[5 11[3 "C!08#^ 22[8 "C3#^ 32[6 "C!2#^ 59[4 "C!4#
0[03 4 59[4 11[3 "C!08#^ 22[8 "C3#^ 25[5 "C!07#
0[91 Me!08 11[3 22[8 "C3#^ 32[6 "C!2#^ 59[4 "C!4#^ 25[5 "C!07#
9[61 Me!19 05[0 28[2 "C!0#^ 28[3 "C!09#^ 44[4 "C!8#^ 59[4 "C!4#

Table 2
Volume integrated NOESY correlations observed for H!03\ 1H!06\ 1H!
04\ H!5b\ H!6eq\ H!6ax\ 1H!01\ H!4\ Me!05\ Me!07\ Me!08 and Me!
19 in crotonadiol "0#

From to

H!4 H!8 "2[8# H!6a "0[4#
H!5b H!6eq "0[5#^ Me!19 "0[4#^ Me!08 "1[1#
H!6ax H!6eq "4[3#^ H!4 "9[6# H!8 "9[6#
H!6eq H!6ax "5[1#^ H!5b "0[6#\ H!06a "1[0#
H!01a H!01b "3[9#
H!01b H!01a "2[6#^ H!8 "0[3#^ H!03 "9[8#
H!03 1H!04 "1[6#
H!04a H!03 "1[9#^ Me!05 "1[9#
H!04b H!03 "1[9#^ Me!05 "1[9#
H!06a H!6eq "3[9#^ H!06b "02[9#
H!06b H!06a "3[9#^ H!01 "0[2#^ H!00 "2[2#
Me!05 H!0 "2[2#
Me!07 Me!08 "2[0#^ H!2ax "0[1#
Me!08 Me!19 "6[0#^ H!5b "4[1#^ Me!07 "1[7#^ H!2eq "0[2#^ H!1ax

"0!3#
Me!19 Me!08 "5[7#^ H!1ax "0[7#^ H!0eq "9[7#

The volme of integration ")# is given in parentheses[

authentic samples or published information[ Sitosterol
glucoside "59 mg#\ which was insoluble in the usual
organic solvents\ was acetylated using boiling Ac1O "5
ml# for 1 h[ The reaction mixture was evaporated in a
petri dish to leave a residue which was chromatographed
by CC "hexaneÐEtOAc\ 2]1# to give white platelets of
tetraacetate of sitosterol!2!b!D!glucopyranoside "44 mg\
79)# m[p[ 055>C[

2[3[ Crotonadiol "0#

Colourless oil^ ðaŁD14 −17>C "CHCl2\ c 9[01#\ UV
lMeOH

max nm "log o#] 109 "3[09#^ IR nCHCl2
max cm−0] 2499Ð2399

"OH#\ 0529\ 0429\ 0319\ 0199\ 0099\ 829\ 789\ 759\ EIMS
m:z "rel[int[#] 295 "ðMŁ¦\ 09#\ 177 "ðM!H1OŁ¦\ 14#\ 162
"ðM!H1OÐMeŁ¦\ 39#\ 144 "ðM!MeÐ1H1OŁ¦\ 24#\ 132 "04#\
192 "07#\ 089 "19#\ 076 "06#\ 042 "24#\ 098 "54#\ 58 "099#^
0H NMR "259 MHz\ CDCl2#] d 9[61 "2H\ s\ 2H!19#\ 0[91
"2H\ s\ 2H!08#\ 0[03 "0H\ d\ J�09[6 Hz\ H!4#\ 0[08 "2H\
s\ 2H!07#\ 0[37 "0H\ m\ H!1a#\ 0[42 "0H\ m\ H!1b#\ 0[53
"0H\ br d\ J�00[7\ H!8#\ 0[61 "2H\ s\ 2H!05#\ 0[72 "0H\
m\ H!0#\ 0[81 "0H\ br dt\ J�7[9\ 03[9 Hz\ H!01a#\ 1[93
"0H\ br t\ J�01[9 Hz\ Ha!6#\ 1[06 "0H\ m\ H!01b#\ 1[57
"0H\ dd\ J�3[8\ 01[0 Hz\ Hb!6#\ 2[72 "0H\ br dt\ J�3[8\
09[6 Hz\ H!5#\ 3[04 "1H\ d\ J�5[8 Hz\ 1H!04#\ 3[50 "0H\
br s\ H!06a#\ 3[89 "0H\ br s\ H!06b# and 4[27 "0H\ br t\
J�5[8 Hz\ H!03#[ 02C NMR "89 MHz\ CDCl2#] Table 0[

2[4[ Acetylation of crotonadiol "0#

Compound 0 "01 mg# in CH1Cl1 "1 ml# was treated
with Ac1O "1 ml# in the presence of a catalytic amount
of DMAP for 1 h[ The reaction was monitored by TLC[
The reaction mixture was mixed with celite "2 g# and
evaporated into dryness in vacuo and the powder
obtained was introduced on to a silica gel column and
eluted with hexaneÐEtOAc "6]2# to give the diacetate 0a

"09 mg\ 69)#] colourless oil^ UV lMeOH
max nm "log o#] 100

"2[79#^ IR nCHCl2
max cm−0] 0699 "C19#\ 0539 "C1C#\ 0479\

0499\ 0349\ 0399\ 0099\ 779[ EIMS m:z "rel[ int[#] 289
"ðMŁ¦\ 04#[ 0H NMR "259 MHz\ CDCl2#] d 9[63 "2H\ s\
2H!19#\ 9[76 "2H\ s\ 2H!08# 0[90 "2H\ s\ 2H!07#\ 0[28
"0H\ d\ J�00[1 Hz H!4#\ 0[58 "2H\ s\ 2H!05#\ 0[87 "0H\
br dt\ J�6[7\ 02[6 Hz\ H!01a#^ 1[92 "2H\ s\ CH2CO#\ 1[94
"2[03\ s\ CH2CO#\ 1[19 "0H\ m\ H!01b#\ 1[58 "0H\ dd\
J�4[9\ 01[0 Hz\ Hb!6#\ 3[47 "1H\ br d\ J�5[6 Hz 1H!04#\
3[51 "0H\ br s\ H!06a#\ 3[82 "0H\ br s\ H!06b#\ 4[92 "0H\
dt\ J�4[9\ 09[1 Hz H!5#\ 4[29 "0H\ br t\ J�5[6 Hz H!
03#\ 02C NMR "89 MHz\ CDCl2#] Table 0[
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