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~-The isolation and structure determination of three new diterpenoids from the brown alga Cysfoseira 
elegans is reported. The structures of these compounds were determined by combined chemical and spectral (“C 
and ‘H NMR with decoupling experiments, high resolution mass spectral) methods. 

A number of marine metabolites have been found 
recently in Phaeophyta (brown algae), mainly in the 
families Sargassoceae’ (order Fucales) and Dicty- 
otaceae* (order Dictyotales). Continuing our research on 
the genus Cysfoseiro’ (Cystoseiraceae), we describe here 
the isolation and structure determination of new diter- 
penoids of mixed biogenesis which were obtained from 
Cysloseiru elegans collected along the Catalan coasts 
(June 1980). 

Compounds A-C were isolated from the ether soluble 
material of the aqueous methanol extract of the seaweed. 
The ether extract was fractionated on a silica gel open- 
column to yield various fractions, some of which were 
further purified by HPLC on Silicagel (p-Porasil). 

Compound A, obtained as a colorless oil, had a mole- 
cular formula C28H4205 (determined from high resolution 
mass spectrometry). IR absorption established the 
presence of an alcohol functionality ( u~,_~ = 3450 cm ‘1, 
an unstrained ketone (vclo = 1705 cm-‘) and aromatic 
ring (v,., = 3030, 16OOcm-‘). In the UV spectrum, ab 
sorptions at 214 nm and 288nm (E = 11500 and 3100). 
indicated a hydroquinol chromophore. Support for the 
assignment of a phenol moiety was obtained from the 
“C NMR (Table I) with a -0Me group resonance 
(8 = 55.54ppm), and from the ‘H NMR (SOMc = 
3.73 ppm, &, = 2.20ppm. Table 2), in which the two 
metacoupled (J = 2.9 Hz) proton resonances (S = 6.52 
and 6 = 6.56 ppm for C-3’, 5’) were indicative of I, 2, 3, 

tTwo OH groups were consistent with the ‘H NMR data 
obtained from the corresponding diacetate and from the high 
resolution mass spectrum. 

SThe olgfin geometries were assigned based upon the Me 
resonances observed at higher than 20ppm in the “C NMR 
spectrum (y shielding effect). 

S-substitution on the phenol ring. Furthermore, the 
presence of important ions with m/z 150/151* in the mass 
spectrum.4 established the following structure for the 
benzenoid moiety: (The exact position of the OMe group 
in 4’ instead of I’ was further confirmed by the formation 
of the ion at m/z 189). 
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R(&HI,Oj) = diterpenoid component with three un- 
saturation equivalents, a CO group and two alcohol 
functi0nalities.t 

The acyclic nature of the diterpene component was 
determined by the presence of three olefmic protons and 
four olefinic Me groups, in combination producing three 
total unsaturations (all E).S The four tirst diterpenoid 
carbons were discerned by ‘H NMR; the C-l benzylic 
methylene was observed as an ABX pattern at 8 = 
3.39ppm (I H, dd, J = I6 and 7.5 Hz) and 3.29 ppm (I H. 
dd, J = I6 and 6.5.H~) due to an adjacent olefinic proton 
at S = 5.39 ppm (t, J = 7 Hz) 

Jle=leHz 

Jex = 6.5 Hz 
J&x = 7.5 Hz 
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Table 1. “C chemical shift data in CDCIl (ppm/from TMS) 

Compound A Coapound B Compound 

measured 

values 

off i measured 

it> 

id) 

(8) 

tt) 

Cd) 

td) 

(5) 

tt) 

ft) 

(t) 

Cd) 

(5) 

cd) 

(df 

(4) 

(fI) 

((3) 

(9) 

(Q) 

(ql 

(4) 

(4) 

Cdl 

(8) 

(d) 

(8) 

(q) 

(9) 

30.5 

125.6 

139.8 

41.8 

65.9 

127.3 

138.2 

39.2 

25.2 

31.8 

41.0 

214.1 

73.1 

121.2 

134.0 

25.9 

17.7 

18.6 

16.3(=) 

16.3(a' 

146.4 

l27.&(b' 

113.0(c) 

(Cl 

tdl 

(5) 

(t) 

(d) 

cd> 

(8) 

(t) 

tt> 

(d) 

(§) 

(d) 

(t.f 

(d> 

(a) 

(q) 

(ql 

(9) 

(q) 

(q) 

(8) 

(s) 

(d) 

(8) 

fd> 

(8) 

(q) 

(q) 

30.7 

125.3 

138.2 

48.0 

66.2 

127.8 

137.4 

39.1 

25.7 

125.9 

134.7 

71.4 

34.3 

120.4 

134.4 

25.8 

18.0 

16.5" 

16.gfa 

16.3(' 

146.7 

128,0(b 

113.3(= 

153.4 

114.2(= 

125.atb 

16.3'a 

55.7 
I 

(t) 30.1 

(Cl 125.8 

(5) 138.3 

(t) 48.1 

(df 66:8 

(d) 128.1 

(5) 137.5 

(t) 39.L 

ft.) 25.4 

tt> 32.7 

cd) 41.1 

(5) 215.1 

(tf 40.3. 

(dl 118.2 

(9) 133.6 

(q) 25.3 

<qf 17.8 

(g) 18.4 

(P) 1?.1(8 

(q) 16.3(a 

(9) 147 

is) 128.Stb 

(d) 113.8(' 

(a) 154.5 

fd) 1,4.3(= 

(Sl 125.3'b 

(q) 1.6.3(' 

(ql 55.6 

Assignmsntr ar4 baaed on extrapolation from (7) 

l These results were noted here Only for attribution. 

(a), ib) and (C) : assignments may be reversed. 



Table 2. Chemical shifts and coupling constants in ‘H NMR spectra of compounds A, B and C (6 units/TMS as an 
internal standard) 

Cdp. 
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CH3-0 

cH3-9 

C3' 

Cs' 
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'lb 

c2 

cs 

'6 

Cc3 

c1O 

Cl1 

c12 

C13a 

'13b 

c14 

Cl6 

c17 

c10 

cl9 

C20 

R 

v-‘-7’. .. 
_.---- -._ 

tdppmr ’ 6 lppmk’ I I 

(CDCl3) 1 (C6D6)~muit. J(k) 
I f 

3.73 

2.20 

6.52 

6.56 

3.39 

3.29 

5.39 

4.50 

5.13 

11.93 

2.67 

4.92 

s 

4.92 

1.85 

1.79 

1.09 

1.65 

1.81 

3.43 5 

2.15 s 

6.63 d 

6.69 d 

3.36 dd 

3.21 dd 

5.42 bt 

4.42 ddd 

5.16 bd 

1.82 bt 

2.15 m 

4.86 d 

4.99 d 

1.52 bs 

1.51 bs 

0.84 d 

1.49 bs 

1.65 bs 

2.9 

2.9 

16, 7.5 

16, 6.5 

7 

8.5, 8.5, 5.5 

8.5 

7 

7 
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I 
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-- -'-.--'-I 

~(ppml ;aPPm): 
i I _ . ..-. 
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:CDC13) ; (C6D61fmult 

I_-Av 
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6*53 
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3.38 

3.29 

5.39 

4.51 

5.14 

5.34 

3.98 

5.09 

I..72 

1.64 

1.60 

1.70 

1.82 

3.43 s 

2.19 5 

6.62 d 

6.68 d 

3.41 dd 

3.24 dd 

5.45 bt 

4.45 ddd 

5.17 bd 

5.34 bt 

4.02* t 

2.30 ddd 

2.27 ddd 

5.21 bt 

1.67 bs 

1.56 bs 

1.63 bs 

1.54 bs 

1.67 bs 

JfHt) 

__ ._ I-.-- 

2.9 

2.9 

16, 7.5 

16, 6.5 

7 

6.5, 8.5, 5.5 

8.5 

7 

6.5 

13, 6.5, 6.5 

13, 6 , 6 

7 

-. .I_ - 
- 

c 

~-_.r . 
I 

e,(ppnrf : bm.xn~~ 
1 

I ..~ 
I I 

CDC13); (C6D6ff"ult. J(Hz) 

I 1 _- 

3.74 

2.21 

6.52 

6.56 

3.39 

3.29 

5.39 

4.51 

5.14 

1.97 

2.56 

3.14 

5.29 

1.74 

1.62 

1.06 

1.66 

1.81 

3.44 s 

2.19 s 

6.63 d 

6.69 d 

3.38 dd 

3.23 dd 

5.43 bt 

4.44 ddd 

5.19 bd 

1.86 bt 

2.31 m 

2.95 d 

5.45 bt 

X.62 bs 

1.47 bs 

0.93 d 

1.50 bs 

1.65 bs 

2.9 

2.9 

16, 7.5 

16, 6.5 

7 

8.5, 8.5, 5.5 

8.5 

7 

7 

7.5 

7 

* 
other epimer = 3.96 ppm. 
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Acetylation of compound A (Ac201pyridine/room Oh’ 

temp.) produced a triacetate which showed simplified ‘H 
NMR signals from the C-l methylene (S = 3.26 ppm, d), 
as illustrated in the related compound atomaric acid.’ 
Finally, part structure 1 was strongly indicated by the 

I$&C<YH, 

0 H 

base peak m/z 189* in the mass spectrum. 2 

m/t 191.106909 
(CI?H,So*) 

reaction smoothly afforded carboxylic acids which were 
methylated with CH2N2 to yield the corresponding 
methyl esters. The major product was investigated by ‘H 
NMR (in CaDs) and was consistent with structure 3 (Fig. 
1). The methyl ester was observed at 3.42 ppm (+OMe, 
S = 3.50 ppm) and the doublet Me group at 1.06 ppm. 
Other bands in the ‘H NMR spectrum were identical to 
product A except that signals attributed to protons at 
Cls, C,,, Cls. Cl6 and C,, were lacking. 

We conclude that compound A can be assigned the 
following structure: 

16 

The final structure assignment for compound A was 
accomplished by extensive 36OMHz ‘H NMR experi- 
ments involving double resonance techniques (Table 3). 
These data were consistent with the “C NMR spectrum, 
in particular with the off-resonance decoupling experi- 
ments. In the 13C NMR spectrum, only three methylene 
carbons (S = 31.84, 30.48 and 25.18 ppm), and the un- 
strained ketone (S = 214.07 ppm, s) were not yet assig- 
ned. Considering the lack of quaternary carbons in the 
13C NMR spectrum, the multiplicity (AB pattern) and the 
chemical shift (4.86ppm) of the a to alcohol proton in 
the NMR spectrum, 
the ketone and alcohol form an structure 
2). 

placement was oxidative 
of the ketol The 

tin the of two at was 
indicated = 4.02 and ppm). The epimers to be 
60/40 but the two were not separable. 

n I 

\ 
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OH OH OH 

H202 

/ NaOH 

OCH) 

Structure 3 

Fig. 1. Oxidative cleavage of compound A. 

the presence of three hydroxylic groups. Thus structure carbonate, then with pyridinium chlorochromate at - 10“ 
B appeared to be: in CH2C12 yielded structure 5 

OH 
OH 

with R=OH, R’=H 
OCH 

? and R=H, &OH 

Proof of the proposed structure for B was obtained by 
oxidation of the alcohol functionalities to the cor- 
responding diketone (in particular to eliminate the pos- 
sible part structure 4). 
Treatment of B tirst with methyl iodide in potassium 

W , y-v 
OH 

The lack of signals due to OH functionalities (fR and 
NMR), and in the ‘H NMR spectrum of 5, the presence 
of bands due to methylene groups attached to CO func- 
tionalities (C, 6 = 3.11 ppm, bs, and CIS S = 3.31 ppm, d, 
J = 7 Hz) contirmed the presence of a diketone. The 
chemical shifts of Cg (S=6.13ppm, s) and Cl0 (S= 
6.56ppm, t) provided considerable support in the sub- 
sequent assignment of structure 5. 

The last product, compound C, was rapidly assigned 

1, rycol/,cn, 

6 -w 
2) P.C c 

5 - 
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m z 151.0757 

m I 14~.OIO6 
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. . 
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/’ 
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. 
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-+--Hfz 
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-A.-., ,” 

272.1753 [C,,H,,O,] - 
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270.1616 [C,,H,,OJ -_ ._ 
-,-,. ..-,* 

209.lS23 [C,,H,,O~]‘- 

330.2200 [C,,H*OJ- 
- r, -2 “20 

--1” 

m z 222.1907 [C,&,O,] -’ 

ComDound A 

twz 337.2116 [C,,H,oO,]--’ ( 

Compound 6 

‘=4.., 

Compound C 

Fig. 2. Apparent mass spectral fragmentations for the diterpenoid-hydrquinones A-C. The ions indicated with the 
star exist at 42 amu higher values in the corresponding acetates. 
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by comparison of its ‘H and “C NMR data with those of 
a product obtained form Halidrys siliquosa:’ S’-hydroxy- 
12’ oxohalidrol. Attempts to transform C to A were not 
successful. We noted however, that C spontaneously 
degraded to several products. One of these compounds 
(C,) was isolated and its structure assigned. The IR 
spectrum of C, showed absorptions for ketone (vc4 
1710 cm-‘) and olefin (ucK 1620 cm-‘) functionalities. 
The UV spectrum consisted mainly of absorption at 
213 nm (c = lO,OOO). A ‘H NMR (in C&,) comparison 
between C and C, illustrated two sets of shifts for the 
meta-coupled aromatic protons (6 = 6.4 and 6.58 ppm), 
two Me’s for C-20 (6 = 1.3 and 1.35 ppm double singlets 
indicative of two isomers) and the existence of an ethy- 
lenic AX pattern (6 = 6.1, d, J = IOHz for C-l and 
S = 5.42, d, J = IO Hz for C-2). These ‘H NMR results, in 
comparison with model compounds9 allowed the struc- 
ture of C, to be assigned as the isomeric mixture of 
chromene structures 6 and 7. 

R= 

In an other part of our work, we determined the 
antibacterial properties of these new products (by the 
agar plates assay disc method: 0.4 mg/disc). Compound A 
showed in vitro activity against Pseudomonas aeruginosa 
(6 mm total zone of inhibition) but was not active against 
Escherichia coli. Staphylococcus aureus and Klebsiella 
pneumoniae. Compounds B and C showed no activity. 
Other biological activities were investigated and these 
results will be published in a subsequent paper. 

Figure 2 illustrates the possible fragmentations of the 
major compounds as detemined by high resolution mass 
spectrometry. 

EXPeRIMENTAL 

IR spectra were recorded on a Perkin Elmer Model 621 spec- 
trophotometer and optical rotations were measured on a Roussel 
Jouan (T 71) polarimeter using a 0.5 cm microcell. ‘H NMR 
spectra were recorded at 36OMHz on an Oxford Mag- 
&ics/Nicolet Instruments “Home-Built” and at 250 MHz on 
CAMECA Proton Ma&tic Resonance Soectrometers. “C NMR 
were recorded at SO-MHz on a Nicolei II80 E Multinuclear 
(Wide-Bore) Spectrometer. All chemical shifts are reported rela- 
tive to Me$i (8 = 0) and coupling constants are in Hertz. UV 
spectra were recorded on a Perkin Elmer 551 spectrophotometer 
and high-resolution mass spectra were obtained through the 
Biorganic and Biomedical Mass Spectrometry Resource Center, 
Space Sciences Laboratory University of California, Berkeley. 

Exfroction and isohfion of consfifuenfs. The alga (0.53Okg) 
collected in June 1980 at Banyuls sur Mer, France, was frozen, 
ground to a fine powder with a blender in presence of 
MeOH/H,O (7/3 v/v) and extracted three times with MeOH/H,O. 
The extracts‘were left one night at - 30” in order lo precipitate 
the lipids. After filtration, the MeOH was evaporated and the 
aqueous phase was extracted with ether. After solvent evapora- 

*Values in ChDo. 

tion, the extraction yielded I g of extract that was applied to an 
open column of silica gel. l’be column was eluted with a solvent 
gradient from hcxane to ether. 

Fractions of 100 ml were collected: The more polar compounds 
(A and B) were eluted with S/S hexanelether and the least polar 
fraction (6/4 bexane/etber) contained C. Each compound was 
subsequently purilied by HPLC on a IO mm x 100 cm preparative 
silica gel column using various proportions of EtOAc in TMP 
(trimethylpentane). 

Compound A. (2E. 6E. 14E)_l-(l’-hydroxy-4’-methoxy-6’- 
methyl-phenyl)-5, 13dihydroxy-12_one-3, 7, I I, IS-tetramethyl 
hexadeca-2,6, Wtriene. The ketol was isolated as an oil (80 mg, 
0.15% dry wt) and showed the following spectral features: 
Lain -96” (c =9.%, MeOH): IR: v!?. = 3450. 1705. 1600, 
i@cm-‘; U~:A~$‘H=214nm (c=ll’&), 288nm (~=3100): 

Hiah resolution mass soectra: MT-H,0 = 440.29499 CrLOl 
(req&es 440.29267) d.z (%): 440(b), 422(1.7), 298(1.45), 
257(2.%), 255(2.19), 253(1.66), 217(7.49), 2lq8.1 I), 215(2.25), 
206(3.14), 205(4.02), 204(2.94), 203(5.02), 202(3.25). 192(13.89), 
191(92.53), 190(15.17), W(81.94). 188(9.%), W(4.19). 175(5.66), 
175(3.23), 165(2.77), 163(7.1), 152(13.16), 151(72.6), 150(13.37), 
148(4), l47(1 l.8), 145(4.63), 141(3), 137(3.72), 135(4.33). 131(3.47), 
125(4.04). 123(6.7), 121(7.9). I W5.28). Il7(3.5). KW6.53). 
107(16.7), 105(12.37), 95(13.4), 93(15.68), 91(14), 85(22.75), 
84(7.56), 83(100), 81(18.29), 79(10.20), 77(5.72), 71(4.7). 

Acetates MT-AcOH = 524.3130 C,2HU06 (requires 524.3094) 
m/z (%): 524(l.5), 482(7.5), 464(9.3), 422(8.4), 404(l), 397(12.5), 
379(2.4), 35q3.3). 342(1.4), 339(11.7), 299(8.4), 298(6.1), 271(12.0), 
259(8.5), 257(6.1). 255(4.0), 248(5.8), 247(6.0), 245(3.2), 235(12.9), 
234(3.7), 233(18.7), 22ql3.9). 227(4.8), 218(9.7), 217(13.6), 
206(6.9), 205(10.3), 204(7.4), 203(10.9), 199(2.7), 191(81.2), 
W(59.1). 188(4.3), W(5.43, 175(8.7), 165(5.9), 163(9.09), 
152(17.5), 151(100), 150(13.5), 149(19.2), 147(24.5). 137(9.1), 
135(7.7), 133(11.5). 127(12.9), 125(12.2), 123(8.6), 121(11.9), 
I W2.7). 109(9.9), 107(17.7), 105(15.4), 95(16.0), 93(19.1), 
91(14.3), 85(62.9), 8y29.6). 81(22.4), 79(ll.l), 77(7.3). 

‘H NMR acetylated product A (CDCI,): 6 = 6.59(bs, IH, 6.74’). 
6.56@s, IH. 6.54’), .(.8O(bd, IH, J=7Hz. 5.95*), 5.64(dd, IH, 
J =7Hz, 5.95*), 5.26&t, IH, J=7Hz, 5.43’). S.O9(td, IH. J= 
7.5 Hz, 5.2P). S.O6(d, IH. J = 6.5 Hz, 5.2P), 3.75(s, 3H, 3.38’). 
3.14(d. 2H. J = 6.5 Hz, 3.26*), 2.49(m, IH), 2.3O(s, 3H, 2.04*), 
2.13(s. 3H. 1.89’). 2.12(s, 3H. 1.78’). 1.94(s. 3H. 1.72*), 1.85(s, 3H. 
1.67*), 1.81(s, 3H, l.67*), 1.70(s, 3H, 1.53’). I.@& 3H, 1.49’). 
l.l3(d, 3H, J=7Hz. 1.16’). ‘H NMR (Table 2) and “C NMR 
(Table I). 

Compound B. (2E, 6E, IOE, l4E)-I+‘-hydroxyd’-metboxy-6’- 
methyl phenyl)_S, I2 dihydroxy-3.7, II, IS-tetramethyl kxadeca- 
2.6, IO, l4-tetratm. The diol epimeric mixture was isolated as an 
oil @O/40 mixture) (a]o - I.9 (c = 9.3, MeOH); IR: Y?! = 3400, 
1600, 148Ocm-‘; UV: A~~“=214nm (c=8900), 289nm (c = 
2400). 

High resolution mass spectra: M’-2H,O = 406.28833 C2sH3s02 
(requires 406.2862) m/z (%): 40644.54). 404(3.6), 305(2.4), 
337(2.22), 271(3.18), 207(2.1 I), 269(2.8), 257(1.45), 255(4.2), 
217(2.9), 215(2.67), 205(2.3). 203(4.6), 201(7.8), 191(50.8), 190(14). 
189(100), W22.8). 175(4.8), 173(lO.l), 163(6), 159(5.76), 
151(67.26), 150(9.72), 149(5.3), 147(7.34), l45(1 I), 143(4.25), 
135(35.74), l33(l I), 131(7.6), 121(12.9), lW3.6). Il7c4.5). 
115(5.83). 109(11.4), W(24.33). I05 (20.84). 97(7), 95(12.5), 
93W.4). 9K24.3). 81(311.79(16.5L 77114). 71(6L 7016.58). 

Acetate MT-i.kOH = 448.2976 (Call f0; CoHL0,‘448.2%7). 
nrlz (%): 448(10.8), 406(3.8). 392(8.6), 379(4.3), 313(17.6), 299(2.2), 
284(1.8), 271(4.8), 257(2.0), 255(13.7), 233(5.8), 229(5.5), 217(3.7), 
2lq3.6). 215(2.6). 206(5.2), 205(6.3), 2OW8.0). 2Oq8.8). W(l3.7). 
192(6.7), 191(47.9), 190(6.8), 189(19.9), 185(7.7), 175(6.9). 173(9.4), 
171(5.87), 16X3.6). 163(4.9), 161(4.7), 159(16.3), 157(11.2), 
152(17.9), 151(100), 150(11.8), 149(18.7), 147(11.5), 145(32.4), 
135(61.5), 134(13.(n), 133(25.9). 131(13.1), 129(6.5), 123(5.9), 
12Kl8.9). I PX26.7). Il7c7.4). lO!X’O..o. 107c41.8). lOWO.8). 
95(14.4), 93(71.7). 91(34.1), 81(22.3);79(20.5), 77(18.4), ‘H NMR 
flable 2) and “C NMR (Table I). 

‘H NMR (acetylated product B in CDCI,) SW, = 6.59 (bs, 1H). 
6.55(bs. IH). 5.6@dd. IH. J = 7 Hz), 5.37(1. IH. J = 7 Hz). 5.260. 
IH, J=7Hz), S.lO(d, IH, J=6.5Hz). 5.08(t, IH, J=.7Hz). 
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4.98(b1, IH, J = 7.5 Hz), 3.75(s, 3H), 3.13(d, 2H, J = 7 Hz), 2.31(s, 
3H), 2.12(s, 3H), 2.02(s, 3H), 1.95(s. 3H). 1.71(9. 3H). 1.70(s. 3H). 
1.67(s, 3H), l.ao(s, 3H), 1.59(s, 3H). ‘. .. 

Compound C. (2E. 6E. 14E)-lql’-hvdroxv4’-•ethoxv-6’- 
methyl~henyl)-5-hyhro~y-l2-~ne-3, 7, 1 I,- IS-&amethyl hex- 
adeca5,6, 14-triene. This compound was obtained as an oil and 
presented the spectral features described in S’-hydroxy-12’ oxo- 
halidrol. High resolution mass spe.ctra: MT-H, =440.2!#0 
Ca)400, (requires 440.2926). m/z(%)_ 440(0.9), 424(2:7), 422(1.8), 
298(1.06). 257(1.24). 217(4). 21511.7). 20513.3). 20X2.65). 192t5.76). 
191(47.5& 1+0(14S), $(looj, i88(2i.65j; l7$8.8jI lsi(6.2j: 
15109). 150(6), 149(7.22), 147(l I), 145(6.3), 137(10.8), 135(8.9), 
133(4.1), 123(6.09), 121(6.12), ll9(9.2), 117(10.4), 115(6.44), 
ll3(5.18), lU7(13.1), 105(12.3), 95(12.56), 93(18.55), 91(15). 
SS(lO.S), 83(11.11), 81(19.45), 79(16.49), n(lO.9). 71(8.9), 70(2.48j; 
‘H NMR (Table 2) and “C NMR (Table 1). 

Com{o$ C, iyellow oil). IR:. y”, =‘1710cm-‘, l620cm-‘; 
UV: A&‘“-213nm (c= 10.000). ‘H NMR (&De) 6=6.58&s, 
lH), 6.4(bs, IH), 6.1(d, lH, J= IOHz), 5.47@& lH, J=7.5Hz), 
5.42&d, lH, J= lOHz), 4.92&i, IH, J=8.5Hz). 4.41(ddd. 1H. 
J=8.5, 8.5 and 6Hz), 3.34(s, 3H), 2.96(d, 2H, i=7I&), 2:13(s, 
3H). l.ES(bl. 1H. J = 7 Hz). 1.631s. 3H). 1.55(3. 3H). 1.481s. 3HI. 
l.3jis) + i.3&) = 3~, 0.93& 3H; i = 7Hz). ’ ’ ” 

. I ~~,, 

Acetylations. Excess Ac20 and dry pyridiie were added 10 
milligram quantities of natural products and the resultant solo 
was stirred at room temp. overnight 

Oxidativc cleavage with alkaline hydrogen peroxide To 0.22 ml 
of mcthanolic soln (0.022 mM) of A (10 mg) was added 0.05 ml 
2M NaOH, 0.064 m mole EDTA and 0.06 ml H202 (0.5 M soln). 
After 1 hr, the soln was extracted with diethyl ether. After 
solvent evaporation, the acidic products were treated with 
CH2N2 in order 10 obtain the corresponding methyl esters which 
were purified on PLC (thickness 1 mm) in hcxane/AcOEt So/SO. 
The main product 3 (R, = 0.38) gave the following spectral data. 
IR: Y:: = 3440 cm-‘, 1730 cm-‘, 1600 cm-‘; ‘H NMR (C64) 6 = 
6.84(d, lH, J=2.9Ht). 6.8(d, IH, J=2.9Hz), 5.50&t, lH, J= 
7Hz), 5.25&d, IH, J=8.5Hz), 4.46(ddd, IH, 1=8.5, 8.5 and 
5.5 Hz), 3.50(s, 3H), 3.42(s, 3H), 3.36(dd, lH, J = 16 and 7.5 Hz), 
3.2l(dd, IH, J = 16 and 6.5 Hz), 2.3O(m, lH), 2.20(s, 3H), l.82(bl, 
IH, J = 7 Hz), 1.64(s, 3H), 1.52(s, 3H), l.O6(d, 3H. J = 7 Hz). 

Mefhylation of compound B. To a soln of B (22mg) in dry 
acetone (2 ml) were added Me1 (0.1 ml) and anhyd K+ZO, 
(3OOmg). The mixture was refluxed for Shr, diluted with water 
and extracted with ether. The ether layer was washed with water, 
dried over MgSO, and evaporated to dryness. The resulting 
product was subjected to HPLC lo give the pure dimethoxy 
phenyl product. 

Oxidation of methylated compound B with PCC. The methyl- 
ated B (60 mg) was treated for 5 hr at - IO with excess (100 mg) 
pyridinium chlorochromate (PCC) in CH+& (2ml) after which 

the reaction was quenched with the addition of 5Oml diethyl 
ether. After Bltration through a thin layer of silica gel, the 
oxidation product 5 was purified using a “lobar” column (24x 
1 cm) (20% AcOEt/80% isooctane). IR: vEX = 168Ocm-‘, 
1600 cm-‘. ‘H NMR (CDCI,): 8 = 6.57(bs, 2H), 6.56(1, lH, J 
indeterminable), 6.13(bs, lH), 5.43(1, lH, J=7Hz), 5.28(1, lH, 
J = 7 Hz), 3.76(s, 3H), 3.68(s, 3H), 3.37(d, 2H, J = 7 Hz), 3.31(d, 
2H, J = 7 Hz), 3.11@s, 2H), 2.30(s, 3H), 2.28(s, 3H), 1.88(s, 3H), 
1.74&s, 6H),(s, 3H). 
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