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ABSTRACT. By guiding fractionation with brine shrimp lethality, three novel compounds, 
with cytotoxic activities against human tumor cell lines, have been isolated from the bark of 
Melodorum fruticosum Lour.(Annonaceae). These compounds have benzoyl moieties in common 
with a CT dimone or lactone terminal which appears to arise from a heptose or the equivalents. 
They were named melodienone, isomelodienone, and acetylmelodorinol. 

INTRODUCTION 

Melodornm is a rare genus and is known to contain only three species’. Three aporphines (asimilobine, 

liriodenine, and norushinsunine) have been found previously in Melodorum punctulatum BailL2 In our search for 

natural antitumor compounds, the bark of Melodorum jiuticosum Lour.(Annonaceae) was examined by 

bioassay-directed procedures. Previously we reported several diverse, bioactive. known natural products3 

Concurrently, three heptenc derivatives, a new type of bioactive compound, were isolated, and, herein we 

describe the isolation, bioassay results, structure elucidation, and discussion of biogenesis of these novel 

compounds. 

RESULTS AND DISCUSSION 

Screening of the 95% ethanol extract (Fool) of the bark by the brine shrimp larvae lethality bioassay4 

detected noteworthy activity (LC, 203 ppm), and antitumor activity was indicated by the inhibition of crown 

gall tumors (50 % inhibition) on potato disc$. Further partition of the EtOH extract (Fool) between water and 

CH&!l, yielded the water solubles (FOO2). CH2C12 solubles (FOO3). and the interface (X)04). The residue of the 

CHzCIz solubles (FoO3) was subsequently partitioned between hcxane (FUO6) and MeOH/& (9:l) (FOO5). All 

the fractions were tested for brine shrimp lethality, and the results indicated that the activities concentrated in the 

aqueous MeOH fraction (FOBS, Lt& 67 ppm). The potato disc assay also indicated that the antitumor activity 

resided in FUOS (80% crown gall tumor inhibition). Thus, FQOS was subjected to chromatography on gravity 

column, medium pressure column, and centrifugal radial thin-layer (chromatotmn) to yield the major active 

components. The activities of all the fractions and compounds were monitored by the brine shrimp assay at each 

step. Finally thtu compounds (A-C) toxic to brine shrimp were isolated along with other known bioactivc 
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compounds3. These three new compounds were tested for cytotoxicities ia human nulxlr cells, and showed 

moderate activities in the three cell lines with selective activity against breast cancer and colon cancer (Table 1). 

Table 1. Bioassay results of three compounds. 

acetyhnelodorinol (camp A) 
isomelodienone (comp B) 
mclodicnone (camp C) 

Brine shrimp CytOttXiCitiCSb 

Ginppm a A-549 MCF-7 HT-29 

246 (163/383) 2.14 4.08x10-t 3.04x10-’ 

10 (3/19) 1.69 1.71x10-’ 5.14x10-t 

24 (1X37) 8.92 4.43 3.85 

a: 95 96 confidence interval in pan5nthe-ses. 
lXExpfes&asBDu,in&ml. 

A-549: Human lung carcinoma. 
MCF-7: Human m e 
HT-29: Human colon adenocarcinoma. 

Compound A crystallized from the initial column fractions and was recrystallized from hexane/acetone as 

colorless crystals (m.p. 75-76’). Compounds B and C were obtained as light yellow liquids after several 

chromatographic purifications. Compound C was tecrystallized from hexaneketonc to give yellow crystals 

(m.p. 69-700). These three compounds showed very similar spectral characteristics in ‘H-nmr and “C-nmr 

(Tables 2 and 3). The most significant features of the spectral data of the three compounds wee the presence of 

axty~lcdoTinol(comp A) itom&dii~p B) =bdiaone(mp C) 

H-12 8.01 ddd (8.2 13.0.9) 8.M dd (82.1.3) 8.07 &i (8.4.13) 

H-14 756 tt (8.2 13) 758 tt (8.2 1.3) 758 tt (8.4.13) 

H-13 7.43 a (8.2, 13) 7.45 tt (8.2 13) 7.46 a (8.4. 13) 

HA 736 d (55) l 6.17 d (12) l 6.75 d (15.8) 

H-3 6.26 dd (55.0.5) l 6.60 d (12) l 737 d (15.8) 

H-7 6.12 ddd (8.1.6.1.4.1) 6.85 dt (16,45) 7.07 & (15.9.4.4) 

H-6 531 dd (8.1.05) 6.49 & (16. 1.9) 6.60 dt (15.9.1.8) 

H-h 455 dd(ll.7.4.1) 5.00 dd (45. 1.9) 5.06 dd (4.4, 1.8) 

H-Ep 450 dd(l1.7.6.1) 5.00 a (45.1.9) 5.06 &I (4.4. 1.8) 

CH3 2.08 ‘ 3.69 I 3.80 I 

Tabk 2 ‘H-Nmr cktttial dtift valus, md aw~lin~ catstmttn 
(m~tku).Specrr~ofcamPotiA~Cwsarosadsd 
at5OLJMHz.andmnqmtmdBprrrcawded~t2OOMHzhCDCl~ 

l . l Assignments may be revused. 

a benzoyl moiety, one isolated olefinic spin system. one or two ester linkages, and ABMX or A2MX proton spin 

systems. 

The MH+of annpound A was very weak in the isobutane CIMS. The expected mdccular weight was 

confumed by ammonia CIMS which gave an ammonium adduct ion (h4NH4+) at udz 320 as a base peak, 

indicating the m/z 302 to be M+. “C-Nor and ‘H-nmr showed 16 carbon signals at 14 different frequencies, and 

14 protons, suggesting the molecular formula of C1&i140ti Elemental analysis data matched the proposed 

formula (calcd. for Ct6H1406: C 63.58, H 4.67.0 31.78 ; found: C 63.66, H 4.64.0 31.70). lR spectra showed 

three carbonyl absorptions at 1790. 1750. and 1735 cm-‘. All these carbonyl carbons showed signals in the ester 
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W-h-PA) a emmp B) 
C-16 169.71 m l.nD.od - 

c-2 Mu3 &I (11.73) 16927 165.17 m (12.2s) 

c-10 lfxL94 t 0) 16626 16s.60 t (2s) 
C-S 150.64 m 151.95 19272 C(73) 

C4 14330 t(2) 14520 141.99 td (52 1.4) 
c-14 133.23 C(73) n4m 133.26 I(7J) 

c-12 129.64 dd (5.45) 13037 129s6 (d (7.6.1.7) 
c-11 129.48 103) 130.19 129.211 C(7J) 
c-13 128.43 d (68) 12933 128.37 d (7) 
c-3 121.41 d (2) 121.84 126.04 d(l.7) 
C-6 108.79 t(2) 10924 129.77 td (52.2) 
c-7 67.20 s 67.62 140.00 dd (1.4) 

C-B 6456 t(2) 6531 62.79 t(62) 
CH3 20.85 ‘ 20.7s 51.89 I 

TabIe 3. 13C-Nan chuniml shift v&u. 13C-lH bn~ rmge campliq prnem sd 
awtmts(mpawtthuta).SpcctnolmatpnmdA~mau&d 

u5002MHr.cnmpowdBa125.5h4Hzinrwtau_d6.mdmmpolndC 
ul255MHzhCDCl3. 

o:uuyltwbdainolin~d6 

mebdrmas(-Qc) 
- 

165.74 

18.81 
187.74 

14235 d (5.0.1.5) 
133.43 t(72) 
129.69 (d (6.4, 1.6) 
12933 t 
1281111 d(7.5) 
128.53 
131.40 d(3.1) 
137.79 t(u) 

6353 t (65) 
52.33 ‘ 

carbonyl regions in the 13C-ntnr spectra (169.71, 168.43, and 165.94 ppm). so the presence of one unsaturated 

lactone ring (1790 cm-‘) and two ester linkages (1750 and 1735 cm-l) was assum& The presence of a benxoyl 

moiety was assured by comparison of 13C-nmr and lH-nmr spectral data with those of benzylbenxoatt. This was 

further confirmed by hydrolysis of compound A, which gave benzoic acid as a hydrolysis product. Benxoic acid 

was obtained as colorless crystals, but other hydrolysis fragments could not be identified. An ABMX proton spin 

system, comprised of signals at 6.12, 5.31, 4.55. and 4.50 ppm. was recognized in the ‘H-nmr spectra (these 

protons were attached to carbons with signals at 67.20,108.79, and 64.56 ppm. respectively. in 13C-nmr spectra), 

which were attributed to fragment (1). Protons with signals at 4.55 and 4.50 ppm were attached to the samt 

0 HH H 

OH (1) 
> 

carbon (64.56 ppm) and were magnetically non-equivalent indicating the presence of bulky neighboring 

functional groups, thus inhibiting fret rotation along the single bond. Also, in the COLOC experiment (Figure 

1)6, these geminal protons showed long range coupling to the carbonyl carbon of the benxoyl moiety (this 

carbon, at 165.94 ppm in the proton coupled 13C-nmr spectra, was resolved to a triplet due to major three bond 

coupling with H12). Thus, the fragment (1) was extended to fragment (2). Two oltfinic protons (7.36 and 6.26 

ppm) of an isolated oltfinic spin system, were coupled to each other by unusually small coupling (5.5 Hz), 

indicating that the double bond is part of a strained ring system. IR absorption at 1790 cm-* also indicated an 

unsaturated lactont ring. Since three ester carbonyl carbon signals were recognixed in the 13C-nmr spectra, all 

six oxygens in the tnolecult were believed to participate in thtee tsttr linkages, and one of the three ester 

linkages was then suspected to constitute a la&me ring. A quatemary carbon at 150.64 ppm might be a typical 
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sp2 carbon attached to oxygen. Thus, f?agment(Z) would possibly be extended to structure (3) or (4). The nmr 

spectral data of (3) and (4) might be almost the same, and we could not confirm the long range coupling between 

the methyl group and any other carbon. Finally, X-ray diffraction analysis gave structure (5) for compound A 

0 
II 0 6 4 

(Figure 2). Atomic comdinates and their estimated standard deviations, bond lengths, and bond angles are given 

in Tables 4 and 5. 

This represents a new class of heptene natural product. and it was given a trivial name acetylmelodorinol. 

The assignments of 13C-nmr and ‘H-nmr spectra were straightforward except for H3. H4, C3, C4, C2, and C16. 

Carbons C3, C4, C2. and Cl6 were assigned on the basis of their 13C1H long range coupling patterns (Table 3). 

The carbonyl carbon signal at 169.71 ppm was a multiplet and the one at 168.43 ppm was a doublet of doublets 
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Tmbk 4. Am&c coordiinuar (d) md ESD 
for umddmhd(canp A). 

Atom x Y 7. WA3 
G-2 1726 (4) 9370 7650 (3) 4.64 (6) 

G-3 W(5) 11~0) 6839 (4) 6.69 (9) 
o-9 4521(4) 6489(3) 11714 (3) 4.80 (6) 

G-10 3130 (4) 4789 (3) 11811(3) 6.19 (8) 
G-11 6295 0) 7467 (2) 9700 (3) 4.47 (6) 

o-12 6957 (4) 8766 (3) 11583 (3) 6.00 CI) 
C-l 1997 (5) 8375 (3) a47 (4) 4.07 (8) 
c-3 453 (5) lam (4) 6517 (4) 5.1 (1) 
c4 -100 (6) 9453 (4) 5070 (5) 5.3 (1) 
C-5 821(6) 8458 (4) 5333 (4) 4.8 (1) 

C-6 3135 (6) 7527 (4) 7719 (4) 4.49 (9) 
C-l 4191(S) 1497 (4) 9424 (4) 4.36 (9) 
C-8 3661(6) 6423 (4) ml67 (4) 4.9 (1) 
C-l’ 5202 (5) 5645 (4) 14140 (4) 4.04 (8) 
c-10 4171 (5) 5576 (4) 12465 (4) 4.57 (9) 

c-12 7495 (6) 8173 (4) 10772 (4) 4.69 (9) 
c-13 9539 (6) 8088 (5) 10784 (5) 5.9 (1) 

c-2 6386 (6) 6573 (4) 14835 (4) 4.77 (9) 
c-3 7328 (6) 6589 (4) 16420 (5) 5.7 (1) 
C-4 7088 (6) 5686 (4) 17287 (4) 5.6 (1) 
C-S 5922 (6) 4765 (4) t66m (4) 5.6 (1) 

C-6’ 4973 (6) 4746 (4) 1502.6 (5) 4.92 (9) 

with relatively large 2Ja and 3Ja values (7.3 Hz and 11 Hz, respectively). So, the doublet of doublets was 

assigned to CL. since C2 might show strong coupling to a wansoid H4 and weaker coupling to H3, and the 

multiplet was assigned to C16. One sp2 carbon at 143.30 ppm was a triplet, and the other at 121.41 ppm was a 

doublet. The doublet was assigned to C3. and the triplet was assigned to C4 assuming the coupling with H3 and 

H6. Proton signals of H3 and H4 (7.36 ppm and 6.26 ppm) were assigned by a COLOC experimnt. The signal 

at 7.36 ppm showed stronger coupling with C2 than Cs; in coneast, the signal at 6.26 ppm showed stronger 

coupling to C5 than C2; so the peak at 7.36 ppm was assigned to H4, and the one at 6.26 ppm was assigned to 
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011-m 
OllC12 
012c12 
ClC5 
Cl-C6 

I=%% 
1.401(S) 
1.19X6) 

1.44q5f 
lSso(5) 
1.2w5) 
1.459(S) 

1348m 
m2& 
l&45(5) 

1=X55) 
l&%3(7) 

c4u 1.318(6) 
C6cI 1.=x5) 
cw8 1.496&I 
Cl%10 i .475(5) 
Cl’-CZ 1391(6) 
WC6 1382(6) 
C12Cl3 l-4=(6) 
Cz’cY 1391(6) 
csoa: 33790 
WCS 1370 
C!S-C6’ 1384(Q 

Cl-0243 
c6-o9-c10 
C7-011c12 
02-ixcs 
02-cl-C6 
CSSLC6 
02-u-03 
02Q-a 

03u-c4 
ac4c5 

Cl-C%!4 
CM!6-C!7 

l@w3 
122x9 
129.6(4) 
120.q4) 
106.8@) 
132.?(4) 

1=5t4) 
108.9(4) 
125.214f 

Oll-C7-C6 107.q3) 
011.c7-c8 108.4(3) 

C6#-C8 109.9(4) 

09u-# 108.3(3) 
Cloa’G? 122.1(4) 
CliMX-W 118.1(4) 
cxdx.C6’ 119*9(4f 
09CIO.010 122.7(4) 

09ClOCl 113.0(4) 
01o-c1o.c1’ 124.4(4) 
011C12-012 123.7(4) 
Oll-Cl2-Cl3 110.1~4) 

012-Cl2C13 126263(4) 
CI’CYQ’ 119.6f4) 
cTc3~-C4f 119.8(5) 

WC4“Cs 120.7(4) 

CX’U’C6 119.6(4) 

Cl’C6’CS’ 120.4(4) 

H3, assuming the transoid configuration of H3-CS and H4C2. The measured dihedral angle from X-ray 

diffraction analysis (the dihedral angle of H3-CS and H4-C2 were 179.42“) supported the analysis of the 

COLQC experimental data. Other 13C-*H long range couplings of HI-Cl0 and ClO-H12 were also detected by 

the COLOC experiment. In ‘H-nmr spectra, H3 showed small extra long range coupling (OS Hz), while H4 did 

not. Presumably, this long range tH-tH coupling was due to ‘W’ type coupling with H6, and it was confhmed by 

a decoupling experiment. When HJ was decoupled, the intensity of the H6 signal si8nificantly increased, and 

when H6 was decoupled, the signal of H3 increased. The carbon signal at 165.94 ppm showed long range 

coupling with H12 and H8 in the CCLOC experiment, so this carbon signal was assigned to ClO. 

13C-nmr and ‘H-nmr spectra of compound B showed 15 carbon signals, at 13 different frequencies, and 14 

protons. ELMS showed M+ at m/z 274 and isobutane CIMS showed MH+ at m/z 275. Exact mass gave the 

expected composition of CrsH1405 (found: 274.0839, calcd.: 274.0841). 13C-Nmr and lH-nmr spectra were 

similar to acetylmel~o~nol, and again the presence of a benzoyl moiety was clear. An A2MX proton spin 

system, comprised of signals at 5.0.6.49, and 6.85 ppm (these protons were attached to carbons of 62.79, 129.77, 

and 140.00 ppm, respectively), was recognized as being connected to the benzoyl moiety suggesting the 

fragment (6). One isolated definic proton spin system was indicated by proton signals at 6.60 ppm and 6.17 ppm 

with a cis-configuration (3Jm.t- -12 Hz). No long range ‘H-*H coupling of those protons with other protons was 

detected in regular I-D and COSY experiments. Proton homo d~o~pling explants showed long range 

coupling between two separate olefinic systems. Extra keto and ester carbonyl carbons were recognized in 

13C-nmr (192.72 ppm and 165.17 ppm, respectively). Thus, the possible structure for compound B was proposed 

as (71. 

Low resolution EJMS gave the expected fragment ions for the proposed structure (8). Exact masses were 

measured for the fra8ment ions of m/z 215,161. aud 113, to give the expected compositions of C!t3H,tOs (found: 

215.0710, &cd.: 215.0708). Ct&02 (found: 161.0605, caled.: 161.0602), and C;H& (found: 113.0242 

calcd.:l13.0238). The oxime derivative of compound B was prepared and directly analyzed by low resolution 

CJMS. The MH’ and expected major fragment of a mono-oxime derivative were recognized at m/z 304 and m/z 

182 (M+-C$i&OO) and helped to confii structure (7). 
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04 (6) 
H 

do- (7) 
14 ’ 12 

o2 0 

Conqxnmd B (7) also mpresents the novel heptene class and was named isomelodienone. Spectral 

assignments of isomelodienone were straightforward except for H3, H4, C3, C4, C6, and Cl. The olefinic 

protons H3 and H4 were assignal by decoupling experiments. Irradiation of H6 (6.49 ppm) caused an increase of 

the proton signal at 6.60 ppm, while them was no change in the proton signal at 6.17 ppm, and the irradiation of 

the ptoton at 6.17 ppm did not affect the intensity of the signal at 6.49 ppm. Thus, as with H3 and H4 of 

acetyltnelodorinol, the signal at 6.60 ppm was assigned to H3, and the signal at 6.17 ppm to H4. The carbon 

signals of C3, C4, C6, and C7 were assigned on the basis of their 13C-lH long range coupling patterns. The sps 

carbon signals at 141.99 and 129.77 ppm showed large long range couplings which were atttibuted to cisoid 

three bond coupling (5.2 Hz), so one signal at lower field was assigned to C4. and the other to C6, assuming the 

mesomeric effects of the a$-unsaturated carhonyl structure. Likewise, of the remaining two olefinic carbons, 

the doublet of doublets at lower field (140.00 ppm. 1.4 Hz) was assigned to C7. and the other (126.04 ppm. d, 1.7 

Hz) was assigned to C3. As in the case of acetylmelodorinol (compound A), the C2 carbon signal showed large 

13C-*H long range coupling (12 Hz). 

Spectral data of compound C wete very close to those of isome1odienone (compound B)(7). with an 

identical molecular weight (CIMS: Ml-J+ m/z 275). 15 carbon signals, at 13 different frequencies, and 14 protons 

were recognized in the 13C-nmr and ‘H-mm spectra_ The MH+ in the isobutanc CJMS was observed at m/z 275, 

but the M+ was vuy unstable in EJMS. instead two major ftagment ions were pmvaknt which corresponded to 

the benzoyl moiety (C7Hs02; cakd.: 121.0289. found: 121.0292) and the C7 unit (C&I&; calcd.: 153.0551. 

found: 153.0551). Thus, the elemental composition was determined to be C&It,Os, the same as 

isomelodienone. The only difference from isome1odienone (7) in the nmr spectra was observed in the two 

olefinic systems. Three olefinic carbon signals were shifted downfield (141.99 - 142.35. 129.77 - 131.40, 

126.04 * 128.53 ppm), and the remaining one was shifted upfield (140.09 - 137.79 ppm) compartd to that of 

isomelodienone. The protons of the isolated olefinic spin system wae shifted downfield (6.60 - 7.37.6.17 - 

6.75 ppm). and the 3JHtt was changed to 15.9 Hz from 12 Hz. indicating a change to the tram configuration from 

the cis configuration. Fragmentation patterns in the EIM!J wem similar to isomelodienone except that the 

mokcular ion was very unstable. Thus, structure (9) was pmposed for compound C which was named 

melodienone. The spectral assignments of melodknone (7) were straightforward except for H3, H4. C3. C4. C6, 
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C7. C2. and ClO. When H6 (6.60 ppm) was decoupled. the signal at 7.37 ppm was increa.@ but there was no 

change to the signal at 6.75 ppm. Thus, the peak a1 7.37 ppm was assigned to H3 and the peak at 6.75 ppm was 

assigned to H4. C2 and Cl0 were very close in chemical shifts (165.81 and 165.74 ppm) and 13C-‘H long range 

coupling could not be observed due to the low intensities of these quaternary carbon signals. Consequently, these 

two carbons were assigned tentatively on the basis of chemical shifts compared to those observed with 

isomelodienone. Carbon signals of C3, C4, C6, and C7 were assignd on the basis of t%SIH long range coupling 

constants and patterns (Table 3). in the same manner as in the case of isomclodienone (7). The cis isomer 

(isomelodienone)(7) was more active on human tumor cell lines than the trans isomer (melodienone)(9). 

It has been noted that a unique characteristic of the chemistry of Uvuriu in the Annonaceae is the ability to 

employ benzyl or benzoyl groups to substitute a number of different types of secondary metabolites.’ The same 

feature was observed in the chemistry of Goniothalum~?~ and now in Melodonun. Thus, this capability might 

be extended to include still more genera of the Annonaccae. A close chemical relationship is obvious among 

acetylmelodorinol (5). melodicnone (9). and isomelodienone (7); they have benzoyl and C7 moieties in common. 

The C, (heptene) moieties a reminiscent of the C,N units of antibiotics from species of Streptotnyces 

(pactamycin.l” geldanamycin.” streptonigrin,12 validamycin. l3 lincomycin A14). and a C, unit is omnipresent in 

several of the aromatic compounds of AIUWMCCW (altholactone.ls goniofufurone, goniopypyrone, I-acetyl 

goniotriol.8 goniotriol,9 goniothalamin,t6 goniothalamin 0xide.t’ epizcylenol,18 zeylena, zeylenol.19 seneol. 

senepoxide,20 pipoxide, and goniodiolq. Hence common biosynthetic origins of these C, units of Annonceue 

aromatic compounds via pathways similar to that of C,N units might be suspected. 

EXPERIMENTAL 

Pianf maferial. Stem bark of Melodorwn fiuticosum L.our. was collected in Thailand where voucher 

specimens axe maintained at the Herbarium of the Faculty of Pharmaceutical Sciences, Chulalongkom 

University. 

General. Melting points were determined on a Mettler FP5 and are uncorncted. Optical rotations were 

taken with a Perkin-Elmer 241 polarimeter. IR spectra were obtained by Beckman IR-33 or Perkin-Elmer 1600 

instruments as KBr discs, as liquids or in nujol oil. ‘H-Nmr spectra were recorded on Chemagnetics A-200 or 

Varian VXR-5000s instruments operating at 200 MHz and 500 MHz, respectively. 13C-Nmr spectra were 

recorded on the Chemagnetics A-U)O operating at SO.2 MHz or Varian VXR-5000s operating at 125.7 MHz. 

Proton coupled 13C-nmr spectra were obtained by gated decoupling (gated decoupler off during acquisition) to 

allow nuclear Overhauser enhancement. COSY and cOL0C experiments were performed using a pulse 

sequence program supplied with the Varian software. Chemical shifts were rtportcd relative to the residual 

solvents peaks. Low resolution ms were obtained on a Finn&n 4ooo and high resolution ms were obtained on a 

Kratos MS SO through peak matching. Circular dichroism was measmed by Jasco J600 spectropolarimeter. 

B~io~~ cvdustfons. The extracts, fractions. and isolated wmpounds waz routinely evaluated for 

lethality to brine shrimp larvae. The brine shrimp lethality bioassafl was performed in our laboratory. In vitro 

antitumor activities on the three human tumor cell lines were determined in the Purdue Cell Culture Laboratory, 

Purdue Cancer Center, following protocols established by the National Cancer Institute. The potato disc assay 
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for inhibition of crown gall tumors was performed as previously repor~l.~ 

Iw&ion of the compounds. The air dried and ground stem bark of Melodotwnfrr~icoswn (4.1 Kg) was 

extracted with 95% BtOH and concentrated to a residue (700 g. 17 %) 01) under vacuum. A portion of Fool 

(200 g) was partitioned between HZ0 (FOO2) and CH&lZ 03). An insoluble interface formed WO4). The 

CHzCla solubles were condensed and partitioned between 90% MeOH (FOOS) and hexane (FOO6). The 90% 

MeOH partition residue (IWt5) was most toxic to brine shrimp larvae (I& 67 ppm). so a portion (40 g) was 

cbromatographed through 1.13 kg of Si gel (60-200 mesh) in an open column using a gtadient of CHzCIZ 

@O-100%) in hexane. A total of 73 fractions were collected. Compound A crystallized from the fractions 33-35 

(LCso > loo0 ppm) and recrystallized from hexandacetone as colorless bioactive crystals (120 mg, LCW, 246 

ppm) (Table 1). A pool of fractions 27-30 (900 mg). which was toxic to the brine shrimp larvae CLC, 39 ppm), 

was chromatogmphed on a Si gel column with a gradient starting from hexane:CHzClz (20~1). Resultant fraction 

20 (24 mg) was toxic to brine shrimp larvae (LC& 10 ppm) and human tumor cells (compound B) (Table 1). 

Fractions 31-32 (817 mg) from the initial column were chmmatographed on chromatotmn (centrifugal 

radial thin layer chromatography, 2 mm Si gel rotor x3) with a gradient starting from 

hexane:CHCl+cetone(ltIl:0.5). Resultant fractions l-3 (15 mg) were toxic to brine shrimp larvae and human 

tumor cells. This yellow liquid was mixed with hexane/acetone and kept in freezer to yield bioactive light yellow 

crystals (compound C, LC&, 24 ppm) (Table 1). 

Compound A (acetylmelodorinol). Colorless crystal. m.p. 75-76’; [aID +209’(c=l. CHCl,); UV 

I,,,,,(MeOH): 287 nm; IR v,(KBr)cm-‘: 3080. 2950. 1790. 1750, 1735, 1685, 1290, 1275, 1240; elemental 

analysis: calcd. for Ct&t40,, C 63.58 H 4.67 0 31.78. found C 63.66 H 4.64 0 31.70, CD (cd.23 mg/ml, 

MeOH) [81D (nm) +O.Ol (387.8). +0.99 (339.2), +1.36 (328.6), 0.00 (310.6). -1.49 (302.8), +0.04 (300.2), 

+17.06 (281.6); EIMS m/z (a): 302 (M+.9), 244 (35). 243 (M+-OCQCH,, lOO), 215 (7). 180 (5). 105 (15). 77 

(ChHs+, 7); CIMS (Ammonia) m/z: 320 (MNH,+), 244 (3), 243 (21); ‘H-nmr, see Table 2; t3C-tutu, see Table 3; 

COLDC data, see Figure 1. 

Hydrolysis of compound A. 40 mg of compound A was dissolved in 4 ml of 2% NaOH and stirred for 24 

hours at room temperature. The reaction mixture was wash& with ether, and HCl was added to the aqueous 

layer until it reached pH 2. The resultant precipitate was filtered and recrystallized from acetone to yield 

crystalline benzoic acid (m.p. 126-127’). TR v,(KBr) cm-‘: 3000, 2835, 1684. 1422, 1289,931; ‘H-mm (200 

MHz. CDCI,) 6 8.29 (d. 8.8 Hz, 2H), 7.66 (t, 8.3 Hz, IH), 7.51 (t, 8.8 Hz, 2H); t3C-nmr (50.2 MHz, CDCl,) 6 

172.7, 133.78, 130.20. 129.52, 128.49. 

Compound B (isomelodienone). Light yellow liquid; HR EIMS: 274. 0839 (M+, calcd. for Ct5Ht405 

:274.0841). 215.0710 (calcd. for C!t3H;t@: 215.0708). 161.0605 (calcd. for C,&Oz: 161.0602), 113.0242 

(calcd. for CSH~OJ: 113.0238); IR v,(liquid) cm-t: 1720. 1665. 1268. 1221.707; EIMS m/z (96): 274 (M+.O.2). 

258 (0.1). 243 (M+-OCH,, 0.1). 229 (0.2). 215 (M+-COOCH3, 0.6). 197 (M+-GHs, O.l), 169 (M+-COC,H,, 2). 

161 (0.4). 153 (M+-OCOC,Hs. 10). 121 (C&COO+, 11). 113 (8.1). 105 (100). 77 (72); lH-nmr, see Table 2; 

t3C-nmr, see Table 3. 

Oximr derivatization of compound B. 0.4 mg of compound B was mixed with 0.1 ml of MOX (2% 
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solution of methoxyamine HCl in pyridine) in a Reacti-Vial and heated at 60” for 6 hours. The reaction mixture 

was directly analyzed by low resolution CIMS. 

Cornpound C (mclodictwne). Light yellow crystal, m.p. 69-70’; IR v_(nujol) cm-t: 2919 1725, 1672. 

1267; EIMS m/z (%): 171 (1.3). 169 (1.1). 153 (6.6). 143 (3.3). 125 (4.5). 121 (3.0). 113 (21.1). 105 (IOO), 77 

(67.8); CIMS (isobutane): I& 275 (MH+, 2.6); HR JZIMS: 121.0292 (calcd. for C,H&: 121.0289), 153.0551 

(calcd. for C$I&: 153.0551); ‘H-nmr, see table 2; 13C-nmr, see table 3. 

X-ray &a. A colorless needle was mounted on a glass fiber in a random orientation. Preliminary 

examination and data collection was pe&nmed with MO Ka radiation (X=0.71703 A> on an Enraf-Nonius CAD4 

computer controlled kappa axis dif!iactometer quipped with graphite crystal, incident beam monochromator. 

Cell constants and an orientation matrix for data collection were obtained from least-square refinement, using 

the setting angles of 25 rctlections in the range 13 < 8 < 20’. measured by the computer c~~~tmlled diagonal slit 

method of centering. The @a were collected at a temperature of 20 f lo using the t&-28 scan technique. The 

scan rate varied from 2 to 20°/min (in omega). Data were collected to a maximum 28 of 50.0’. The scan range 

(in deg.) was determined as a function of 8 to correct for the separation of the Ka doublet; the scan width was 

calculated as follows: OJ scan width= 0.50 + 0.350 tan 0. Movingcrystal moving-counter background counts 

were made by scanning an additional 25 % above and below this range. Thus, the ratio of peak counting time to 

background counting time was 2:l. The counter aprrnue was also adjusted as a function of 8. The horizontal 

aperture width ranged from 1.8 to 2.3 mm; the vertical apenure was set at 4.0 mm. the diameter of the incident 

beam collimator was 0.7 mm and the crystal to detector distance was 21 cm. For intense nflections an attenuator 

was automatically inserted in front of the detector, the attenuater factor was 12.9. Lorentz and polarization 

comctions were applied to the data. The linear absorption weffzient is 1.0 cm-’ for MO Ka radiation. No 

absorption correction was made. The structure was solved by direct methods using SHELX 86. The remaining 

atoms were located in succeeding difference Fourier syntheses. Hydrogen atoms were located and added to the 

structure factor calculations but their positions were not refined. The structure was refined in full-matrix 

least-squares where the function minimized was Xw(~ol-~l~ and the weight w is defined as per the Killean and 

Lawrence method with terms of 0.020 and 1.0. Scattering factors were taken from Ciomer and Waber.” 

Anomalus dispersion effects were included in Fc; the values for 6f and 6f” were those of timer. Only the 1024 

reflections having intensities greater than 3.0 times their standard deviation were used in the refinements. The 

final cycle of refinement included 198 variable parameters and converged (largest parameter shift was 0.00 times 

is esd) with unweighted and weighted agreement factors of: RI= Z [FeFd / > Fo = 0.038. R2= SQRT (X w 

(Fo-Fc)* / Z w Fo*) =0.045. All calculation were performed on a VAX computer using SDP/VAX. Crystal data 

and data collection pammeters arc summan ‘7.ed below. 
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