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Six new sesquiterpene lactones, annuolid@)iHelivypolides

F, H-J (4, 11—-13), and helieudesmanolide &), together

with known compounds, were isolated from polar bioactive fractiontdedfanthus annuusv. SH-222 and Stella fresh

leaf water extracts. Spectroscopic analysis of the new data for 1,2-anhydroniveusin A and 1-methoxy-4,5-dihydroniveusin
A corrects some previous assignments. The compounds were tested using the etiolated wheat coleoptile bioassay, and
the most active compounds were assayed in standard target species (8i8u(m satium, Allium cepa Lactuca

sativa, Lycopersicon esculentyrand Triticum aestium) from 5 x 1074 to 10°> M. The most phytotoxic compounds

were helivypolide F and 15-hydroxy-3-dehydrodeoxyfruticin, both of which have a carbonyl group at C-3 conjugated

with two double bonds.

Sesquiterpene lactones are widely distributed in plants. More than corresponding to H-7. This proton was coupled with the signal at

7000 structures have been describdthese, together with diter-

0 4.40 (dd J = 10.7, 9.0 Hz) assigned to H-6 that showed

penes, are the most abundant chemicals isolated from the genugorrelation with H-5 ¢ 3.08, dd J = 9.0, 8.1 Hz).

Helianthus? The sesquiterpene lactones isolated display germac-

Absence of the angular methyl group, together with the correla-

ranolide, heliangolide, melampolide, eudesmanolide, and secoger-ion of H-5 with the proton a® 2.41 (dd J = 7.8, 5.4 Hz, H-1),
macranolide skeletons, the most common being germacranolidesconfirmed the presence of a guaiane-type skeleton. H-I correlated

and heliangolides (including furaneheliangolides), presenting in
most cases an angelate substituent at C-8 fvishientation. These
compounds present a wide spectrum of biological activities,
including potential allelopathyWe have continued our systematic
studies of the allelopathic activity of different varietiesH#lianthus
annuusby analyzing water fresh leaf extracts of cv. SH-222 and
Stella. Herein, we report the isolation and structural elucidation of
six new sesquiterpene lactones, annuolideSH ijelivypolides F,
H—J (4, 11-13), and helieudesmanolide &), in addition to the
known compoundsi, 2, 5, 7, 8, 9, 10, and14. The spectroscopic
data of8 and 10 correct some previous assignments.

Results and Discussion

The polar bioactive fractions ddelianthus annuusar. cv. SH-
222 and Stella fresh leaf water extracts yielded compounrdist.
Spectroscopic data df 2, 5, 7—10, and14 were identical to those
previously reported for annuolide A),* 85-angeloyloxycumam-
branolide ),> 118H-dihydrochamissonirg),® niveusin B ¢),” 1,2-
anhydroniveusin Ag&),® 15-hydroxy-3-dehydrodeoxyfruticird),®
1-methoxy-4,5-dihydroniveusin ALQ),2 and argophyllin A 14).1°
Some spectroscopic data 8fand 10 have been corrected with
respect to assignments reported previously.

Compound3 was isolated as a colorless oil, with a molecular
ion at m/z 362.1729 that agrees with the molecular formula
CooH2606. Its IH NMR spectrum showed signals typical of a
guaiane-type sesquiterpene lactone witluemethyleney-lactone
moiety atd 6.26 (d J = 3.7 Hz) and 5.48 (1H, dd) = 3.2 Hz).
The signal at) 5.56 (brs H-3) was assigned to an olefinic proton.
Two methyl groups were evident, one bonded to a double bond,
according to the chemical shift @& 1.94 (3H, brs H-15), and
another at) 1.33 (3H, s H-14), attached to a quaternary carbon
bonded to oxygen. ThéH NMR-2D-COSY spectrum showed
correlation of the exocyclic methylene with a signal &aB3.69
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with the signal atd 4.79 assigned to H-2. The chemical shift
suggested that a hydroxyl group was at C-2. H-2 also correlated
with a signal at) 5.56, which corresponded to the olefinic proton
at C-3 ¢ 129.7, CH), according to the gHSQC spectrum. H33 (
5.56, brs) showed coupling with the methyl bonded to C-4 at
1.94 (3H, m H-15). Finally, H-8, at 5.69 (ddd J=6.5, 5.9, 3.4
Hz), correlated with both C-9 protons @a2.29 (dd J = 14.1, 6.5

Hz, H-9) and 2.01 (ddJ = 14.1, 5.9 Hz, H-B).

The peak in the MS atvz 83, as well as signals in tHel NMR
spectrum av 1.76 (3H, dqJ = 1.5, 1.5 Hz, H-5, 1.90 (3H, dq
J=17.3,1.5HzH-4), and 6.04 (qqJ = 7.3, 1.5 HzH-3') indicated
the presence of an angeloyloxy moiety. This ester group was placed
at C-8 with g-orientation, based on the shift and multiplicity of
H-8 (0 5.69, dddJ = 6.5, 5.9, 3.4 Hz). A clear nOe effect between
H-14 and H-6 indicateg@-orientation of the C-14 methyl. This was
corroborated with the nOe effects among the signals corresponding
to H-2, H-14, and H-6, establishing-orientation for H-2. The
p-orientation of H-8 was confirmed by a nOe effect between H-7
and H-8. These data allowed for assignment of the structe, 8
angeloyloxy-2x,10a-dihydroxy-guaiano-3-(4),11(13)dierafl2-
olide, which is described for the first time, and the compound was
named annuolide H.

Compound4 was isolated as colorless oil. The mass spectrum
showed peaks atVz 358.1414 [M], 275 [M — CsH;O]*, and 83
[CsH;O]*. These data are in accord with a molecular formula
C.oH2206 and suggested the presence of an angelate ester in its
structure. ThéH NMR-2D-COSY spectrum presented two doublet
signals corresponding to an exocyclic methylenkctone moiety
atd 5.62 (d J= 3.2 Hz, H-13a) and 6.29 (d = 3.4 Hz, H-13b),
coupled with a proton ab 3.41 (ddddJ = 9.7, 3.4, 3.2, 1.7 Hz)
assigned to H-7. This signal was correlated with anothérmai 1,
corresponding to H-6, which showed coupling with H-5at.54.

The chemical shift of H-5 indicated the presence of oxygen at this
position, and C-4 must be a quaternary carbon because H-5 was
only coupled with H-6.

The IH NMR-2D-COSY spectrum of4 showed a second
correlation series: H-7 coupled with Fx8and H-& with H-94
and H-%.. The angelate moiety should be located at C-8 as deduced
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Chart 1

9 10: Ry =CH3, Ry =H 11
12:R1=H ,R2=CH3
13: R1 =H , R2 = CH2CH3

from the chemical shift of H-8 5.75). On the other hand, the
chemical shifts of the 14 methyd (1.40) and C-10{ 80.4) agree
with an oxygen function at C-10.

The molecular formula (§H220s) and the chemical shifts for
C-5 and C-10 imply the presence of an ether union between these
carbons. This explains the value obtained for the coupling constant
between H-1 and H-2 (d] = 13.1 Hz). On the other hand, these
protons are observed as an isolated AB system that infers the
presence of a ketone at C-3 according to its chemical ghif80.4)
in the 13C NMR spectrum. The double bond between C-l and C-2
was confirmed by the nOe effect observed between the signals of
the 14 methyl and H-1q 6.33, d,J = 13.1 Hz). Absence of an
assignable signal to H-4, as well as the presence iftHhEMR
spectrum of two isolated doublet $.60,J = 1.5 Hz, H-15a and
0 6.35,J = 1.5 Hz, H-15b) and a triplet in theC NMR spectrum
at 0 128.5 (CH), indicated the presence of an exocyclic double

bond between C-4 and C-15. The gHMBC experiment confirmed
the carbon skeleton of this compound. Figure 1. nOe effects observed for the most stable conformer of

helivypolide F @) using PM3 calculations.

The a-orientation for the C-10 methyl group was assigned by
comparison with the spectroscopic data of chapliatrin and its ) ) )
derivativesi! This was further supported by the nOe effects The NMR data of4 were identical to those published for 4,15-
observed between GH4 and H-& and H-®. These effects can  anhydrohelivypolide 15).*? This suggests that structufis must
be explained because the methyl group is located in the bisector ofbe revised tel. Those authors suggested that this compound could
the angle formed by H&®and H-$ in the most stable conformer ~ be an artifact of helivypolide B. The structure assigned for
(Figure 1). The low value of the coupling constant between H-7 helivypolide B wasl6.'2 Comparison of spectra of helivypolide B
and H-8 ¢ = 1.8 Hz) indicates am-orientation for H-8, which and4 suggest that the structure 6 should be revised th7. This
was corroborated by the corresponding nOe experiment. Whenis further supported by the absence of coupling between the signal
irradiating the signal of H-7, effects on H-7, H-8, and H-5 were atd 6.33, which should be assigned to H-3 in structife and
observed. Thugl was established ag&ngeloyloxy-B,103-epoxy- H-4 ato 3.09. This also agrees with the usual oxidation pattern for
3-oxo-germacraneZl4(15),11(13)-trien-&,12-olide and was named  heliangolides and furaneheliangolides previously isolated from the
as helivypolide F. genusHelianthus?
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Compoundb was isolated as a colorless oil. The molecular ion ;rmf 2‘\‘2 <
at m/'z 362.1729 indicated molecular formulasd,e0e. Its IR ) ¥ 5349 S2060
spectrum showed bands at 3400 (hydroxyl), 1750 and 1659 ( @ S S e s NTTT
unsaturated lactone), and 1700 @nfo.,5-unsaturated ester). The 3%% ; 1 g2 2 oggg
1H NMR spectrum showed signals characteristic of a sesquiterpene %) ::("\‘O ) NGt g_)',g-/ :L\:.l ggg
lactone with a eudesmane skeleton: an angular methy|(a96 N S ox 2 2o m 3 Iz So
(H-14); an exocyclic methylene at6.18 (H-13b) and 5.50 (13a) “53 ¢ s 2 ¥ oweg 29 3 3 NS SN
conjugated with H-7, and H-6. An exocyclic double bond belonging 22 o 83 g ©5%% g
to C-4 was observed as two broad singletd &t35 and 5.12. The B IV i L3
IH NMR-2D-COSY experiment showed that H-6 was coupled with Hos
signals atd 2.14 and 2.84 assigned to H-5 and H-7, respectively, Nelg
and H-7 also showed correlation with the signad &.81 (H-&). . ':r?. 3 3 ) S
The signal assigned to H-8 showed coupling with H-9a and H-9b. e g wo9 ooann
Signals were observed in thel NMR spectrum a® 4.10, 3.58, s3e 9 g%ﬁ S8 %a oYaNl
1.58, and 2.25, assigned to H-1, H-3, B;2nd H-2x, respectively. N 23 N T8 ;’*'_“D_g £ —gkto
The chemical shifts of C-1, C-2, and C-3 in tH€ NMR spectrum 1833 § ®u IEEEe Sd888
atd 69.5 (CH), 39.9 (CH), and 76.7 (CH) indicated that there 833 g gﬁﬁ_ggggggggg;
were hydroxyl groups bonded to C-1 and C-3. The peak in the RN ] E b E w0 °z 0 1 @ He—" "2
mass spectrum atvz 83 [CGsH;O]", as well as signals ai 1.84 da modA N~ P
(dg, J= 1.5, 1.5 Hz, H-5, 1.97 (dq J = 7.0, 1.5 Hz, H-4, and R
6.01 (qq J = 7.0, 1.5 Hz, H-3 indicated the presence of an D
angeloyloxy moiety. This was placed at C-8, wjthorientation, R 3
based on the chemical shift and multiplicity of the H-8 signal. The . < 8:.';—,\ PR
orientation of H-5 was established according to coupling constant o828 g covim o %
with H-6 (J = 11.2 Hz) and assuming orientation for H-6 andx Woe N YTNTNCa ) s
for the H-7 and H-8. The relative stereochemistry at C-l and C-3 il NN Ssm%g 53329 ttg £
is based on the coupling constants of Hdd, J = 11.6, 5.4 Hz) 338 3 ZBE s 35‘;% 838 g
and H-3 (dd,J = 11.6, 4.6 Hz) that implies axial disposition for Rzsz g:rr. 23333 2o o @ 38X 3
both protons. Thuss was assigned the structurg-angeloyloxy- “sg dg v Bwghgee - 5 n
,38-dihydroxy-eudesmane-4(15),11(13)-dien;B-olide and was NP ~ - 0 p i
named helieudesmanolide A. 2
Compound3 was previously isolated froHelianthus annuu§. —_ ) 2
The spectroscopic data are identical to those published except for 8 & AT ©
the chemical shifts and assignments for C-l, C-4, and C-5. These srjvfg,\ S 2 : 5EE 8
have been corrected according to the correlations observed in the “’t‘;: ﬁ ;oom o~ o =
two-dimensionalH-13C NMR g-HSQC (Table 2). Chaces & c9ofN®Sa Sow -
i SO dddd « STV ~N e 19
Analytical data for compountlO suggested the structure shown, Sooo o -8s¥8ds , oo o
and the spectroscopic data agree with those for I-methoxy-4,5- = S 8383 ° o33 58 So S29°7° 2
dihydroniveusin A previously isolated frokfelianthus annuuand S J808 O JABox2498 G 2® o7
published with unknown stereochemistry at C-1 and Qfadia- NS N WILT O, 8
tion of the signal corresponding to H-14 produced an nOe effect L—;’ o
on the signal of H-1 indicating. orientation of H-1. Irradiation of ) ~ )
the signal of H-15 gave an nOe effect with the signal of H-2, LC) o 3
indicating that the C-4 hydroxymethylene hasorientation. The P § ~ %
bidimensionalH-*C NMR gHSQC experiment allowed assigment 633."058% XY %)
of the signal a®v 86.7 (CH) to C-1 and the signal &t77.5 (CH) s —_ @ TN 54 - &
to C-6, changing these values with respect to those previously «j| < sy © '\':‘/f;}?,-@@ B9 g
described. < =2 e 53522l digsy 2
. . — o5 T TE8TTTOCoC o —00T @
Compound11 was isolated as a colorless oil. Itsi NMR — B D 99meo08230o9388 <
spectrum indicated that it was a sesquiterpene lactone with an © © 3 S 6y ¥ E o L
angelate ester and an additional methoxyl group. Its spectroscopic ~. =
data were very similar to those of compout@ suggesting that it % =
was a furaneheliangolide-type lactone. One of the methyl groups § % N
was modified as an olefinic methylene appeared &.38 (brs, 8 o ‘:
H-15a) and 5.30 (brs, H-15b), attached at C-4. Two doublet signals § < -~ 5 of® sem T
coupled each other ai 6.29 (H-13a) and 5.59 (H-13b) were O 0 o 2 2:: © o R £
correlated with a signal ai 3.92 (H-7). Data comparison df0 G|o|d S 2 o< EAS i 3
with those for I-methoxy-4,5-dihydroniveusin A, showed similarity & = v 5T 5.3 ;’;‘3@; v Zoo 8
of the structures, except for disappearance of the hydroxymethylene © ©E & © ©ETTTVToa ©TT c
group at C-15, which appears as an exocyclic methylen&0in 8 SR B8 8 93333%¥8HBI I|L >
The stereochemistry of the methoxyl group bonded to C-1 was o N 0O SOUANNPOTT O S
deduced from the nOe effect between-Hand H-14, suggesting % §
p-orientation for this methoxyl group. Thuk] is 83-angeloyloxy- T ool s
3p,103-epoxy-3-hydroxy-18-methoxy-germacrane-4(15),11(13)- =~ | 5518
dien-6x,12-olide and was named helivypolide H. z e 6"’6“‘3 2
CompoundL2 was isolated as a colorless oil, and its MS indicated % o mwo o~mwo 2 I8 wxno0o|?
the molecular formula §H300s. Additional peaks corresponding —
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Table 2. 13C NMR Data ¢) of Compounds3, 4, 6, 8, 10, 11,
12, and13in CDCl; (100 MHz) 2

no. 3 4 6 8 10 11 12 13
1 63.2 150.0 695 126.7 86.7 86.9 783 783 '§ 0
2 77.7 127.3 399 140.0 376 427 383 384 8
3 129.7 189.4 76.7 108.6 106.7 103.4 109.3 109.3 S —
4 146.6 143.8 1444 1413 433 1505 404 409 g =
5 545 79.3 506 1347 319 399 318 318 &
6 80.6 76.2 747 765 775 818 776 776 gq-si]—
7 473 471 523 47.8 467 481 465 465 £
8 66.1 654 653 740 463 693 664 664 g _
9 404 46.8 403 436 356 329 356 356 LS | e B Ry me kil e
10 731 804 427 877 817 822 820 819
11 134.7 1345 1343 138.7 136.9 169.1 137.0 137.0 o0 L—8 8 S :
12 169.4 168.3 169.6 169.5 169.5 137.0 169.5 169.5 3
13 121.9 122.6 119.9 1245 119.2 122.0 119.2 119.1 123 45 67 8 911213 H
14 297 329 135 313 258 240 242 243 W oM [ re'm [ nesm [ ‘M
15 17.4 1285 1075 66.2 656 1176 654 656 .
1’ 167.0 166.1 166.8 166.1 166.8 166.8 166.9 166.9 Flgure 2. EﬁeCtOfcompoundS_l“-OﬂgrOWthOfWheatethlated
2 127.2 1224 127.0 126.7 127.3 127.3 127.3 127.3 Ccoleoptiles.
3 139.1 141.2 139.7 1409 139.2 139.0 139.2 139.2
4 158 158 159 158 159 157 159 159 ICs0 (mM) Squared Euclidian distances
5 205 205 206 205 205 204 205 205 0.14 4
OCHj 586 589 486 015 2
OCH,CHs 56.7 o.16 9
OCH,CH3 15.3 0.91 " G1.1

0.37 3 G1

to the presence of an unsaturated five-carbon ester were observed. g:zz :;'7 :
This was identified as an angeloyloxy group, based on the signals o.97 12 612 :
observed in théH NMR spectrum. ThéH NMR spectrum of12 1.9 5 v v '
was similar to that o0, except for the chemical shifts of the signals ~ 2-0 14]:|7 oz |
corresponding to the methoxyl group, H-1 and, H-4. The differences >>1-0 13 —’—
suggested thdt2 must be an isomer df0, with the methoxyl group >>1.0 6

attached at a different position but having the same stereochemistry. 0 2000 4000 6000 8000 10000 12000

The chemical shift of C-34109.3) was too high with respect to Linkage Distance

that of a carbon bonded to a hydroxyl group. Comparison of the Figure 3. Cluster analysis of compounds-14 based on the on
chemical shifts of H-14 4.32) and of C-14 78.3) indicated they ~their activity on wheat etiolated coleoptiles.

were similar to those corresponding to H-1 and C-1 in 4,5-

dihydroniveusin A. This suggested that the methoxyl group was at gave total inhibition of growth at 16 M. (Figure 3) Cluster analysis
C-3. The nOe effects observed between H-1, H-14, and the of the data allowed us to split the sesquiterpene lactones into two
methoxyl group indicated-orientation for H-l and the methoxyl  different groups, namel$z1 and G2. Group G1 contains those
group at C-3. The nOe effect observed between H-15a and thecompounds that presentd{values lower than 16 M, and G2
methoxyl group suggestedorientation for the hydroxymethylene  contains compounds that are less active. GrG@pis formed by

group at C-4. Thus, compour@ is 83-angeloyloxy-3,103-epoxy- the less-active compounds 14, 13, and6. Compounds was the
15,15-dihydroxy-3t-methoxy-4-H-germacran-11(13)-ene612- only compound in this group with the lactone group located between
olide and was named helivypolide I. C-7 and C-8. Compoun@lwas the only eudesmane, and it was the

only compound showing a stimulating effect at concentrations lower
than 103 M. It is unusual for a natural product to be a plant growth
were observed in the IR spectrum: 3406 (hydroxyl) and 1766icm  Promoter, and a search of the literature showed that this is a rare
(y-lactone). The'H NMR spectrum of13 was similar to that of ~ Phenomenon. The usual natural product plant growth promoters
12. The ethoxy group was deduced from the absence of the singleta'e IAA, gibberellins, cytokinins, ethyleriéand brassinosteroids.

signal corresponding to a methoxyl group present in the compound The behavior o was similar to that of IAA, which inhibits the
12 and the appearance of signal®8.50 (q,J = 7.1 Hz) and a growth of etiolated wheat coleoptiles at £M, and promotes

signal atd 1.18 (t,J = 7.1 Hz) in the'H NMR spectrum and signals growth. atllc.)wer goncentratioﬁ%Promoting plant growth in crops
ato 56.7 and 15.3 in th&C NMR spectrum. Assignment of relative 1S of significant importance in global food production. Anytime
stereochemistry was based on nOe experiments. Irradiation of theCroP production is increased, or sped up, economic savings may
H-14 signal induced nOe effects on H-1 and the signal assigned tobe realized. The short_er period of time that a crop is in the field
the CH of the ethyl group. The hydroxymethylene group at C-4 also means reduced time of exposure to phytopathogens.
presentedv-orientation on the basis of the nOe effect observed ~ Among the guaianolides, compourftlwas the most active
between H-15a and the Ghbf the ethyl group. Thusl3 was (—98% at 10° M, IC5 = 0.15 mM); whereas compourgj with

Compoundl3 was presented a molecular ionratz 424.2090,
agreeing with the molecular formula413,0s. The following bands

determined to be/8angeloyloxy-B,103-epoxy-3x-ethoxy-13,15- a second hydroxyl group at C-2, showed lesser activit§2%).
dihydroxy-43-H-germacran-11(13)-ene612-olide and was named ~ Compoundl, which lacks an angeloyloxy group at C-8, showed
helivypolide J. good activity at high concentrations90% at 102 M, ICso = 0.37

Compoundg_—lzl (exceptlo’ due to the low amount obtained) mM) and Significant effects at the lowest test Concentratie'ﬁﬁ(%
were tested using the etiolated wheat coleoptile biod$sag range at 10°° M).
from 10-3to 10 M. Compoundl1 was tested starting at 1OM With regard to the furaneheliangolides, compouhthad the
due the low amount isolated. (Figure 2) This is a fast bioassa@y ( highest activity £92% at 10° M), whereas the closely related
h), and it is sensitive to a wide range of bioactive substances compound8, having a double bond between C-1 and C-2, had
including plant growth regulators, herbicid€santimicrobials, slightly lower activity levels at higher concentrations. The group
mycotoxins, and assorted pharmaceutiéaiSompounds2 and4 attached to C-3 appears to play an important role in the activity.
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anes-EtOAc 7:3 and 5:5 yielded compoun@¢8 mg),4 (45 mg), and
7 (50 mg). The fraction eluted with hexareStOAc 4:6 yielded
compounds3 (9 mg),5 (8 mg), and9 (55 mg).

Fresh leaves dfl. annuuscv. SH-222 (6 Kg) were treated in a similar
way. The DCM-A extract (16.0 g) was chromatographed over silica
gel using a hexaneEtOAc mixtures of increasing polarity, and
finishing with acetone. Those fractions eluted between hexgf&3Ac
5:5 and 3:7 yielded compoun®y7 mg) andl (4.3 mg). The fraction
eluted with acetone yieldel (5 mg), 10 (1 mg), 11 (1 mg), 12 (2
mg), 13 (5 mg), and14 (4 mg).

Annuolide H (3): colorless oil; ft]*% +23.0 € 1.0, CHC}); IR
vmax (KBr) cm™%; 3485 (OH), 1775y-lactone o, S-unsaturated), 1720
(estera,S-unsaturated)'H NMR data, see Table 23C NMR data,
see Table 2; EIM3wz (rel int.): 362 [M]", 279 [M — CsH-0]" (15);
HREIMS m/z 362.1729 (calcd for &H260s, 362.1729).

Helivypolide F (4): colorless oil; IRvmax (KBr) cm=; 3468 (OH),
1776 (-lactone, o, -unsaturated), 1720 (ester,5-unsaturated)H
NMR data, see Table £3C NMR data, see Table 2; EIMBVz (rel

W sw'm ] te'm [O s’ [] L1°Mm int.): 358 [M]* (3), 83 [M — CsH-0]* (100), 55 [GH7]"; HREIMS
Figure 4. Selected effects of compounds?7, and9 on growth of m'z 358.1414 (calcd for £3H220s, 358.1416).

. — Helieudesmanolide A (6):colorless oil; {1]*> —12.0 € 1.0, CHC});
standard target species.<Rroot, S= shoot. IR vmax (KBr) cm™%; 3410 (OH), 1776 ¥-lactone,a,S-unsaturated).

] ) o ) 'H NMR data, see Table 13C NMR data, see Table 2; HREIM®/z
Regarding phytotoxic activity, the four most active compounds 362.1729 (calcd for &H2606, 362.1729).

in the previous bioassag,(4, 7, and9) were assayed using standard Helivypolide H (11): colorless oil; f]?% +53.6 € 1.0, CHC});

Percentage from control

Lettuce Tomato Onion

target species (ST®epidium satrumL., Allium cepal., Lactuca IR vmax (KBr) cm™%; 3480 (OH), 1780 ¥-lactone, o, S-unsaturated),
sativa L.,Lycopersicon esculentuiwill., and Triticum aestium 1720 (esterf-unsaturated)'H NMR data, see Table TFC NMR
L.20at concentrations from & 1074 to 10°5 M. The results obtained ~ data, see Table 2; HREIM$vz 392.1848 (calcd for &GH2s0r,
are summarized in Figure 4. 392.1835).

L . Helivypolide | (12): colorless oil; p]%% +17.1 € 1.0, CHC}); IR
The most significant values obtained on lettuce were found for Ve (KBT) cm-; 3360 (OH), 1760lactone o f-unsaturated), 1710

root or shoot growth with compoundsand 9. There were few (estera,S-unsaturated), 1600 (6C),1150 (G-O—C). 'H NMR data,
effects on tomato germination, but a significant effect for tomato gee Taple 1:3C NMR data, see Table 2; HREIM&z410.1941 (calcd

root growth was found for compourt(—32%). Compoundsd, 7, for CoiH300s, 410.1941).
and9 also showed inhibitory effects (around 20% ak5.0~* M) Helivypolide J (13): colorless oil; %% +45.4 € 1.0, CHC}); IR
for the shoot development in this species. vmax (KBr) cm~%; 3380 (OH), 1760-lactone o, S-unsaturated), 1720

Higher phytotoxicity was observed with onion. Thus, compounds (estera,S-unsaturated), 1600 ¢€C),1130 (C-O—C). *H NMR data,
4 and9 showed significant inhibitory effects on root growthg4% see Table 1;°C NMR data, see Table 2; HREIM&Zz 424.2090 (calcd
at 5 x 1074 M) which remained upon dilution. Compourdalso for CoH3,0g, 424.2097). » ,
showed effects on shoot growth 20% at 5x 1074 M). Coleoptile Bioassay Wheat seedsTiticum aestiumL. cv. Duro)
In all species, the most phytotoxic compounds wérand 9, were sown in 15 cm diameter Petri dishes moistened with water and

. > ; grown in the dark at 22 1 °C for 3 days'* Roots and caryopses were
which present, in both cases, a carbonyl group at C-3 conjugatedremoved from the shoots. The latter were placed in a Van der Weij

with two double bonds. It is also interesting to note tHabad guillotine, and the apical 2 mm were cut off and discarded. The next
selective growth-promoting properties in lettuce roots but did not 4 mm of the coleoptiles were removed and used for bioassay. All
exhibit this property in tomato or onion. manipulations were performed under a green safefigBompounds
were predissolved in DMSO and diluted to the final bioassay
Experimental Section concentration with a maximum of 0.1% DMSO. Parallel controls were

also run.

Crude extracts, fractions, or pure compounds to be assayed for
biological activity were added to test tubes. The assays were duplicated.
Phosphatecitrate buffer (2 mL) containing 2% sucr@seat pH 5.6

General Experimental Procedures|IR spectra (KBr) were recorded
on a Perkin-Elmer FT-IR Spectrum 1000, Matton 5020 spectropho-
tometer. NMR spectra were run on Varian INOVA-400 and Varian

INOVA 600 spectrometers. Chemical shifts are given in ppjnith was added to each test tube. Following the placement of five coleoptiles
respect to residual CHglor CDCk signals ¢ 7.25 and 77.00, in each test tube (three tubes per dilution), the tubes were rotated at
respectively). Optical rotations were determined using a Perkin-Elmer g o5 rpm in a roller tube apparatus for 24 h at°22in the dark. The
polarimeter model 241 (sodium D line). FABMS and HRMS were coleoptiles were measured by the digitalizing of their images. Data
carried out on VG 1250 and VG AUTOESPEC mass spectrometers were statistically analyzed using Welch's t&sData are presented as
(70 eV). percentage differences from control. Thus, zero represents the control,
Plant Material. H. annuuscv. Stella (commercialized by SENASA)  positive values represent stimulation of the studied parameter, and
and cv. SH-222 (commercialized by Semillas Hiao) were collected negative values represent inhibition.
during the third plant development stdgéplants 1.2 m tall with Phytotoxicity Bioassays.The selection of target plants was based
flowers, 1 month before harvest) and were provided by Rancho de la on an optimization process made by us in our search for a standard
Merced, Agricultural Research Station (CIFA), Junta de Andaluci  phytotoxicity bioassa$® Several STS were proposed, including mono-

Jerez, Spain. cotsTriticum aestiumL. (wheat) andAllium cepal. (onion) and dicots
Extraction and Isolation. Fresh leaves ofl. annuuscv. Stella (4 Lycopersicoresculentum Will. (tomato),.epidium satiumL. (cress),

Kg) were extracted in water (12 L) for 24 h at room temperature in the andLactuca satia L. (lettuce), which were assayed for this study.

dark. The agueous solution was extracted withClH(DCM) and then Bioassays were conducted using Petri dishes (90 mm diameter), with

with EtOAc at room temperature. The solvent was removed in vacuo, one sheet of Whatman No.1 filter paper as support. Germination and
yielding two fractions of 17.6 (DCM-A) ath 7 g (EtOAc-A), respec- growth were conducted in aqueous solutions at controlled pH by using
tively. The plant residue was dried at room temperature and re-extracted10-2 M 2-[N-morpholinoJethanesulfonic acid (MES) and NaOH 1 M
with CH,Cl, and MeOH yielding, after solvent removal, 64.0 (DMC- (pH 6.0). Compounds to be assayed were dissolved in DMSO (0.1,
P) and 69.0 g (MeOH-P), respectively. These extracts were bioassayed.02, 0.01, and 0.002 M), and these solutions were diluted with buffer
using wheat etiolated coleoptiles. DCM-P extract was the most active. (5 uL DMSO solution/mL buffer) so that test concentrations for each
This was chromatographed over silica gel using hexaBt®Ac compound (5< 1074, 1074, 5 x 1075 and 10° M) were reached. This
mixtures of increasing polarity. Those fractions eluted between hex- procedure facilitated solubility of the assayed compounds. The number
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of seeds in each Petri dish depended on the seed size. Twenty fiveA Postdoctoral fellowship from FAPESP, Brazil (P.L.C.A.A.), is also
seeds were used for tomato, lettuce, cress, and onion, and 10 seedgratefully acknowledged.

were used for wheat. Treatment, control, or internal reference solution
(5 mL) was added to each Petri dish. Four replicates were used for

References and Notes

tomato, cress, onion, and lettuce (100 seeds); 10 replicates (100 seeds) (1) Fraga, B. MNat. Prod. Rep2005 22, 465486, previous reviews,

were used for wheat.

After seeds and aqueous solutions were added, Petri dishes were
sealed with Parafilm to ensure closed-system models. Seeds were further
incubated at 25C in a Memmert ICE 700 controlled-environment
growth chamber in the dark. Bioassays took 4 days for cress, 5 days
for lettuce, tomato, and wheat, and 7 days for onion. After growth,
plants were frozen at-10 °C for 24 h to avoid subsequent growth
during the measurement process.

The commercial herbicide Logran, a combination N¥f(1,1-
dimethylethyl)N'-ethyl-6-(methylthio)-1,3,5-triazine-2,4-diamine (Ter-
butryn, 59.4%) and 2-(2-chloroethoxiWH[(4-methoxy-6-methyl-1,3,5-
triazin-2yl)amino]carbonyl]benzene sulfonamide (Triasulfuron, 0.6%)
was used as an internal reference, according to a comparison study
reported previously? It was used at the same concentrations (504,

104, 5 x 1075 and 10° M) and in the same conditions as those
reported. Control samples (buffered aqueous solutions with DMSO and
without any test compound) were used for all of the plant species
assayed.

Evaluated parameters (germination rate, root length, and shoot length)
were recorded by using a Fitomed systéthat allowed automatic data
acquisition and statistical analysis using its associated software. Data
were analyzed statistically using Welch’s test, with significance fixed

and references therein.

(2) Maces, F. A.; Molinillo, J. M. G.; Varela, R. M.; Torres, A.; Galindo,
J. C. G. InRecent Adances in Allelopathy. A Science for the Future
Macias, F. A., Molinillo, J. N. G., Galindo, J. C. G., Cutler, H. G.,
Eds.; Servicio de Publicaciones de la Universidad deiaCaliz,
Spain, 1999; Vol. 1, Chapter 12, pp 12148.

(3) (a) De Luque, A. P.; Galindo, J. C. G.; Mas| F. A.; Jorrin, J.
Phytochemistr200Q 53, 45-50. (b) Galindo, J. C. G.; Hernandez,
A.; Dayan, F. E.; Tellez, M. R.; Maas, F. A,; Paul, R. N.; Duke, S.
O. Phytochemistry1999 52, 805-813. (c) Macas, F. A.; Galindo,
J. C.; Massanet, G. MPhytochemistry1992 31, 1969-1997. (d)
Macias, F. A.; Galindo, J. C. G.; Molinillo, J. M. G.; Castellano, D.
Phytochemistry200Q 54, 165-171. (e) Macas, F. A.; Galindo, J.
C. G.; Castellano, D.; Velasco, R. B. Agric. Food. Chem200Q
48, 5288-5296. (f) Macas, F. A.; Velasco, R. F.; Alvarez, J. A,;
Castellano, D.; Galindo, J. C. Getrahedror2004 60, 8477-8488.
(9) Macms, F. A.; Velasco, R. F.; Castellano, D.; Galindo, J. C. G.
J. Agric. Food. Chem2005 53, 3530-3539. (h) Spring, O.; Albert,
K.; Gradmann, WPhytochemistry1 981, 20, 1883-1885. (i) Spring,
O.; Hager, APlanta1982 156, 433-440. (j) Wedge, D. E.; Galindo,
J. C. G.; Magas, F. A.Phytochemistry200Q 53, 747—757.

(4) Macias, F. A.; Varela, R. M.; Torres, A.; Molinillo, J. M. G.
Phytochemistryl 993 34, 669-674.

(5) Gerhenzon, J.; Mabry, T. Phytochemistry1984 23, 1959-1966.

(6) Herz, W.; Kumar, NPhytochemistryi981, 20, 1339-1341.

(7) Ohno, N.; Mabry J. TPhytochemistry198Q 19, 609-614.

at 0.01 and 0.05. Results are presented as percentage differences from (8) Spring, O.; Benz, T.; llg, MPhytochemistryl989 28, 745-749.

the control. Zero represents control, positive values represent stimula-
tion, and negative values represent inhibit##.Once the germination

and growth data were acquired, cluster analysis was used to group
compounds with similar phytotoxicity behaviors and associate them

with their molecular structure. Complete Linkage was used as amal-

gamation rule and the distance measurement was based on Squared

Euclidean Distance®,given by this equation:

d(xy) = zm -y

Where d(x,y) is the Squared Euclidean Distanded{mensional),i
represents the number of variables, anandy the observed values.
The cluster was obtained by using Statistica v. 5.0 software.

ICso values were obtained after adjusting phytotoxicity data to
concentration (logarithmic scale) to a sigmoidal desesponse curve
defined by the equation:

Y, Y,

max_ 'min

Y= 1+ 1dog EC50—-X

Ymin

Where X indicates the logarithm of concentratiov indicates the
response (phytotoxicity), andmax and Ymin are the maximum and
minimum values of the response, respectively. Goodness of fit is
described by determination coefficiem?)( The adjustment and thé
were obtained by using GraphPad Prism software v. 4.00.

Acknowledgment. This research was supported by the Ministerio
de Ciencia y Tecnoldgy Spain (MCYT; Project No. PPQ2002-03595).

(9) Spring, O.; Klaus, A.; Hager, APhytochemistry1982 21, 2551~
2553

Watanabe, K.; Ohno, N.; Yoshioka, H.; Gershenzon, J.; Mabry, T.

Phytochemistryl 982 21, 709-713.

(11) (a) Herz, W.; Watanabe, K.; Blount, J. Fhytochemistry1 984 23,
373-382. (b) Herz, W.; Sharma, R. B. Org. Chem.1976 41,
1248-1253.

(12) Meragelman, K. M.; Espinar, L. A.; Sosa, V. E.Nat. Prod.1998
61, 105-107.

(13) Macas, F. A.; Torres, A.; Molinillo, J. M. G.; Varela, R. M;
Castellano, DPhytochemistryi996 43, 1205-1215.

(14) Hancock, C. R.; Barlow H. W.; Lacey, H. J. Exp. Bot.1964 15,
166-176.

(15) Cutler, H. G. InProceeding of the 1 Annuual Meeting of the Plant
Growth Regulator Society of AmericRGRSA: Boston, 1984; pp
1-9.

(16) Jacyno, J. M.; Cutler, H. @GRSA Q1993 21, 15-24.

(17) Taiz, L.; Zeiger, EPlant Physiology 3rd ed.; Sinauer Associates:
Sunderland, MA, 2002.

(18) Leubner-Metzger, GRlanta 2001, 213 758-763.

(19) Gruzdela, L. PRostaye Veshchesa Rost Rast1974 3, 28—33.
(CAN 85:88394)

(20) Macias, F. A.; Castellano, D.; Molinillo, J. M. G. Agric. Food.
Chem.200Q 48, 2512-2521.

(21) Macias, F. A.; Varela, R. M.; Torres, A.; Molinillo, J. M. G. In
Principles and Practices in Plant Ecologinderjit, Dakshini, K. M.
M., Foy, C. L., Eds.; CRC: Boca Raton 1999; pp 5350.

(22) Nitsch, J. P.; Nitsch, (Rlant Physiol.1956 31, 94—-111.

(23) Marfn Andres, A.; Luna del Castillo, J. de [Bioestadstica para
las Ciencias de la SalydNorma: Madrid, 1990.

(24) Castellano, D.; Mdes, F. A.; Castellano, M.; Cambronero, R. Spain
Patent No. P9901565, 2001.

(25) Macas, F. A.; Velasco, R. F.; Violo, V. M. |.; Castellano, D.;

Galindo, J. C. G.; Molinillo, J. M. G. IAllelopathy: from molecules

to ecosystemd$Reigosa, M. J., Pedrol N., Eds.; Science Publishers,

Inc.. Enfield, NH, 2002; pp 305316.

(10)

NP060056S



