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Abstract-The chloroform extract of the brown alga Cystosezrn@ukae afforded two new tetraprenyltoluqumols and 
two tetraprenyltoluqumones The structures were determined by spectral analysis and chermcal correlations The 
qumones are possibly artifacts formed by oxldatlon of the correspondmg qumols m the lsolatlon procedure 

INTRODUCTION 

The manne genus Cystoselra (Phaeophyta) has recently 
been characterized by the production of tetraprenyl- 
toluqumol denvatlves m which a geranylgeranyl side 
cham has been functlonahzed in various ways [l-9] 

We herem wish to report new representatives of this 
class of metabohtes which have been isolated from 
Cystoserra labukae Ezgec 

RESULTS AND DISCUSSION 

Analysis of the chloroform extract of the alga by TLC 
revealed the presence of two major, and several minor 
components, which were separated by column chromato- 
graphy on Florlsll 

The more polar of the major metabohtes, 1, Cz7HJ804, 
was obtamed as an optically active clear 011, [a]E 
+ 8 5”, m 0 09 % yield based on the dry waght of the alga 
extracted The IR spectrum illustrated the presence of 
hydroxyl(3400 cm-‘) and ketone (1705 and 1695 cm-‘) 
functions, while UV absorptlons at 219 and 291 nm 
(~12600 and 4100) were mdlcatlve for a hydroqumol 
chromophore The ‘“C NMR of 1 (Table 1) contained the 
appropriate resonances for a dlsubstltuted hydroqumol 
moiety and m addition revealed the presence of two 
carbonyls, four sp2-hybndued carbons, seven methylenes, 
two quaternary sp3-carbons and SIX methyl groups These 
data, together with the molecular formula, required a 
monocyclic side cham for the metabohte The ‘HNMR 
spectrum showed an AB system (6672 and 656, J 
= 3 Hz) asslgned to two meta-coupled aromatlc protons, 
two further AB system (S 3 18 and 2 99, J = 13 5 Hz, 6 3 55 
and 2 36, J = 16 Hz)attr&utable to moLted methylenes, a 
methykne doublet (S 3 37, J = 7 Hz) M wnth a vmyl 
proton (65 54, t. / = 7 Hz) wiuch was m turn kmg range 
mmpkd with a broad rotlryl smgk at b165, a scumd 
mctbyknc doubkt @323, J=75Hz) coupled nth a 
vinyl proton (65 23, C, J = 7 5 HZ), aad px methyls, three 
of them on sp2-carbons (6 1 76,165 and 1 59, each sb two 
on quaternary sp3-carbons (60 95 and 108, each s) and 
one on an aromatic nucleus (62 22, s) The rest of the 
spectrum was a cluster of signals between 62 1 and 1 3 

which were assigned by homonuclear spm decoupling to 
three contiguous methylenes The above data were mter- 
preted m terms of structure 1, in which the E-geometry of 

Table 1 “CNMR spectral data for compounds l-4* 
(62 9 MHz, CDCl,, TMS as cnt standard) 

C 1 2 3 4 

1’ 1503s 
2 1362s 
3’ 1153d” 
4 1454s 

5 113 Ida 
6 127 6sb 
1 283~ 
2 127 5d 
3 1253sb 
4 563~ 
5 210 1 s 

6 473c 
7 458s 
8 358CC 
9 193c 
10 33 OCC 
11 606s 
12 2178s 
13 409c 
14 1156da 
15 131 5sb 
16 256q 
17 179q 
18 21 6q 
19 214q 
20 1aoq 
#-Me 160q 
Oh& - 

1879s 1492s 

1478s 133 8sa 

133 3da 1156d” 

1879s 1528s 

132 6da 1129db 

145 9s 13179 

277~ 273c 

1163d” 128 Id 
1350s 1236s 

554c 546~ 

2088s 207 8s 

483~ 470c 

459s 458s 

360cd 358~~ 
193c 195c 

33 1 cd 33ltc 

603s 608s 
2142s 2168s 

402c 412c 

123 2db 1153d” 
1338s 1364Sa 

2554 25 6q 
179q 179q 

216q 218q 
213q 216q 
164q 158q 
158q 16.lq 

- a2q 

1875s 
148 5s 
133 2da 

1875s 
1323da 
1458s 
276c 

118ld 
1349sb 

397c 

265c 

12381 
1398s 

397c 
2661 

124 2dd 

1344sb 
397t 

268tc 
1244dd 
131 1 sb 
256q 
176q 

160q 
16Oq 
161q 
16 lq 
- 

a+‘%lues with Identical superscrcpts w&m a column an 
be Interchanged 
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the side-chain double bond at C-2 was deduced from the 
chermcal shift (16 0 ppm) of the vmyl methyl m the 
13CNMR spectrum (Table 1) Confirmation of the pro- 
posed structure was obtained as follows Dehydration 
with phosphorus oxychlorlde of compound 5, available 
from previous work [5], gave a nuxture of two lsomerlc 
compounds (6 and 7), C29H4204, whose structures were 
evident from their spectral properties (see Experimental), 
compound 6 was ldentlcal m all respects, mcludmg the 
optlcal rotation, to the methylatlon product (methyl 
iodide m the presence of potassium carbonate) of 1 This 
result m addition assessed the relative stereochenustry of 
the choral centres at C-7 and C-l 1 

The less polar of the major compounds (2), was isolated 
as a yellow 011, [a]E + 9 7”, m 0 03 y0 yield The molecular 
formula, C27H3604r and the spectral characteristics 
[(IRv~l710, 1695, 1655, 1648 and 1612cm-‘, 
UVLgH 254 nm (E 18 lOO), 13CNMR and ‘HNMR, see 
Tables 1 and 21 mdlcated that it was the qumone cor- 
respondmg to 1 Indeed, sdver oxide oxldatlon of 1 

afforded a compound mdlstmgmshable ([a], UV, IR, ‘H 
and ‘“CNMR) from 2 

One of the minor metabohtes of C pbukae (3,O 004 % 
dry wt) had the molecular formula C2eH.,004 The 
‘H NMR spectrum was very slmllar to that of 1, the major 
difference being the presence of a 3H signal at 63 66, 
which indicated that one of the hydroxyl groups m 
toluqumol 1 had become a methoxyl group m 3 Evidence 
for the posmon of the methox{l group at 1’ came from its 
chemical shift (660 2) m the ’ C NMR, m closely related 
compounds OMe groups m positions 1’ or 4’ resonate 
near 60and 55 ppm, respectively [lo] Partial methylatlon 
of 1 with methyl iodide m the presence of potassmm 
carbonate yielded, m addttlon to 6, two monomethyl 
ethers of which the more polar had physical properties 
identical to those of 3, while the less polar, 8, showed m the 
13C NMR spectrum a methoxyl resonance at 55 8 ppm 

Another of the minor compounds isolated from C 
pzbukae, 4, was an optically mactive liquid, CZ,H3sOZ 
UV absorptlons at 254 nm (E 16 700) indicated a p- 

1 R=R’=H 

3 R= Me, R’=H 

6 R=R’=Me 

8 R=H,R’=Me 

0 

q-p--- 

0 

4 

OH 

OMe OMe 

5 7 

HO HO 

9a 9b 
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Table 2 ‘HNMR spectral data for compounds 14 (300 MHz, CD&, TMS as mt standard) 

H 1 2 3 H 4 

3’ 
5 “6 ; ) AB (3)* 

1 3 37 d (7) 
2 5 54 t (7) 

4 ;;; AB (135) 
1 

6 ; $} AB (16) 

8 
9 1 3, 1 7, 2 1 
10 
13 3 23 d (7 5) 
14 5 23 t (7 5) 
16 176s 
17 159s 
18 095s 
19 108 s 
20 165s 
6’-Me 222s 
-0Me - 

6 53 d x t (2 5,2) 
6 56 d x (2 5,2) q 
3 19 d (7 5) 
5 28 t (7 5) 

313s 

“6 ;“4 AB (3) 
1 

3 39 d (7) 
5 52 t (7) 

;;;}AB (17) 

127, 17, 2 3 

3 19 d (7) 
5 28 t (7) 
166 s 
160s 
096s 
109s 
176s 
2 07 d (2) 

1 3, 1 7, 2 1 

3 22 d (7 5) 
518t (75) 
174s 
156s 
092s 
105 s 
162 s 
223s 
366s 

6 
8 
9 
10 
12 
13 
14 
16 
17 
18 
19 
20 
@-Me 

644dxt (25,2) 
6 52 d x q (2 5,2) 
3 10d (75) 
5 14 t (7 5) 

19-2 1 m 

5 08 m 

1%21m 

508m 

19-21m 

508m 
1 57 s 
164s 
157s 
157s 
160s 
2 03 d (2) 

*Couphng constants (J m parentheses) are given m Hz, assignments were confirmed by 
decoupling experiments 

benzoqumone motety, whtch was confirmed by IR bands 
at 1650, 1645 and 161Ocm-’ In the ‘HNMR spectrum 
H-5’ appeared at 66 52 as a double quartet (Jd = 2 5 Hz, 
J, = 2 Hz), due to long range couphngs with H-3 
and 6’-Me, while H-3’ (6644) was a double tnplet 
(J,, = 2 5 Hz, J, = 2 Hz) coupled with H-S and H-l The 
latter was m turn vlcmally coupled with a vinyl proton at 
65 14 The spectrum also contamed resonances from SIX 
allyhc methylenes (complex multlplet between 61 9 and 
2 l), three vinyl protons (multlplet at 65 08) and five vinyl 
methyls (6 1 64,1 60,l 57,l 57 and 1 57, each s) From this 
evidence the compound was formulated as 2’- 
geranylgeranyl-6’-methylbenzoqumone The 13C NMR 
spectrum of 4 (Table 1) was in full agreement with the 
proposed structure and m addltlon allowed us to assign 
the E-configuration to the internal double bonds of the 
geranylgeranyl side cham on the basis of the chemical 
shifts of the pertinent vinyl methyls (co 16 ppm) 

Besides the above mentioned compounds, chromato- 
graphic separation of the C jab&e lipids afforded a 
fraction homogeneous m TLC which from its ‘H NMR 
spectrum turned out to be a rmxture of the lsomerlc 
chromenes 9a and 9b The most charactenstrc features of 
the proton spectrum of this mixture, consldered m 
comparison with that of 1, was the upfield shift of the 
aromatic protons (66 31 and 6 14, J = 3 Hz) and the 
replacement of the signals pertammg to the benzyhc 
methylene and the adjacent vmyl proton in 1 by an AB 
system (66 09 and 5 61, each d, J = 9 5 Hz) assignable to 
the olefin protons at C-l and C-2 The doublet nature of 
the signals for the 7-Me and 11-Me revealed that the 
Isolated “compound” was m fact a rmxture of two isomers 
(m approximately equlmolar amounts) obviously differ- 
mg m the stereochenustry at the newly-generated choral 
center (C-3) Cychzatlon of 2 m bolhng pyrldme afforded 
a chromene nuxture whose ‘H NMR was superunposable 

on that of 9, which 1s likely an artifact of the lsolatlon 
procedure 

Finally, It 1s worth notmg that hydroqumone 1 m the 
course of column chromatography 1s m part converted 
mto benzoqumone 2, so It 1s ddEcult to assess whether the 
last compound IS really present m the hvmg alga 
Bmllarly, qumone 4 could also be an artefact, the natural 
product being possibly 2’-geranylgeranyl+‘-methyl- 
hydroqumol 

EXPERIMENTAL 

General EIMS (Kratos MS-50 instrument) 70 eV, ‘H NMR 
300 MHz and 80 MHz, ‘“C NMR 62 9 MHz All chemical shifts 
are quoted In ppm (15) relative to TMS Preparative hquld 
chromatography (preparative LC) was camed out on a 
Jobm-Yvon Muu-Prep LC instrument 

Plant matenal Cyslosetru Jabukae Ezgec (voucher specimen 
deposited at the Herbartum of the Institute of Botany, Catarua, 
Italy) was collected on rocks at &6 m depth in February 1984 at 
Castellucclo, near Augusta, Slcdy 

Extracnon and purlficat~on CHC& extraction of the shade- 
dned and ground alga (100 g) afforded a dark green concentrate 
(4 g), which was dissolved in hexane and chromatographed on a 
Florlsd column (2 x 50 cm) The polanty of the solvent (hexane) 
was increased m 10 % steps with Et,0 untd pure Et,0 was added 
Fractions of 20 ml were collected and those exlubmng slmdar 
TLC profiles were combined 

Fraction 10-12 were pooled and SubJected to preparative LC 
(LIChroprep B-60, 25-4Om C6HIb-Et20 9 1) to gwe 4, 
ody (32mg, 0003% drywt), IRvk 1650, 1645, 161O~m-~, 
UVlgHnm (s) 254 (16700), HRMS [M]’ 3942865 (cak for 
C2,HJS02 394 2871), MS m/z (rel mt ) 396 [M + 2H]+ (18), 394 
(18), 357 (4), 257 (ll), 215 (14), 189 (14), 174 (lOO), 161 (14), 149 
(lo), 14’7 (ll), 145 (If), 137 (68), 135 (25), 123 (21). 121 (37), 119 
(18), 109 (25), 107 (28), 105 (21), 95 (43),93 (43), 91 (36), 81 (43), 79 
(28), 77 (25), 69 (57), 43 (61), 41 (45) 
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Fractions 20-25 were combined and pur&d by preparative 
LC (C,H,,-Et,0 4 1) to gwe pure 3 (4 mg, 0004% dry wt), 
[a]z,, (I) +89” (589), +92” (578), + 106” (546) (c 09, EtOHk 
IRvzcm-’ 3390, 1710, 1690, 1600, UV1zHnm (s) 223 
(10 900), 285 (2700), HRMS [Ml+ 440 2935 (talc for C2.sH4004 
440 2926), MS m/z (rel mt ) 440 [M]’ (7), 235 (7), 220 (S), 205 
(14), 191 (30), 189 (50), 167 (22), 151 (15), 109 (S), 107 (9),95 (lOO), 
81 (13), 77 (lo), 69 (55), 43 (23), 41 (37) 

evaporated to gave an oily residue which was pur16ed by 
preparative LC (C6H14-EtzO, 17 3) thus affording pure 6 (8 mg), 
identical m all respects ([a], IR, UV, MS, ‘H NMR) to the sample 
obtamed by dehydration of 5 A parallel run m which the reaction 
time was shortened to 3 hr gave, after LC separation (gradient 
elutlon from 15 to 25 % Et,0 in CSH1,,) 6 (2 3 mg), 3 (2 5 mg) and 

g (2 mg) 

Fractions 30-38 were pooled and subJected to preparative LC 
(CsH14-Et20 7 3) to yield pure 2 (30 mg, 0003 % dry wt), [a]zO 
(A) +9 7” (589), + 106” (578), + 12 2” (546) (c 09, EtOH), 
IRv&‘$m -I 1720,1695,1655,1648,1612,UVd~Hnm(s) 254 
(18 lOO), HRMS [Ml’ 424 2624 (talc for Cz7HJ604 424 2613), 
MS m/z (rel mt ) 426 [M + 2H] + (7), 424 (2), 408 (2), 355 (5), 327 
(IO), 235 (2), 191 (S), 189 (5), 177 (22), 175 (SO), 167 (25), 137 (lo), 
121 (5), 109(10),95(100),81 (20),69(50),43(12),41 (30) ‘“Cand 
‘H NMR see Tables 1 and 2, respectively 

Evaporation of fractions 4>57 gave an ody residue (120 mg) 
which was subJected to preparative LC (C,H,cEtzO, 6 4) to 
pve pure 1 (87 mg, 009% dry wt), [a]zO (I) + 8 5” (589), +9 
(578), +9 8” (546) (c 2, EtOH), IRvkcm-’ 3400,1705, 1695, 
1610, UVIEH nm (E) 219 (12600), 291 (4100), HRMP [M]’ 
426 2761 (talc for 426 2769), MS m/z (rel mt ) 426 (30), 408 (4), 
357 (6), 329 (17), 235 (6), 191 (3), 177 (84), 175 (22), 167 (28), 137 
(28), 121 (9X 109 (12), 107 (S), 97 (22), 95 (lOO), 81 (18), 69 (56), 43 
(14), 41 (28) 13C and ‘HNMR see Tables 1 and 2, respectively 

Dehydration oj5 to afford 6 and 7 PGClo (2 ml) was added to a 
soln of 5 (100 mg) m CSHSN (5 ml) and the mixture was stirred at 
0” for 30 mm The soln was then diluted with Hz0 (5 ml) and 
extracted wth Et,0 Evaporation of the solvent left a residue 
which was SubJected to preparative LC (C,H1,-Et,O, 22 3) to 
gwe 6 (40 mg) and 7 (35 mg) 

Compound 3 had physical properties ([a], IR, UV, MS, 
‘H NMR) identical with those of the natural product 

Compound 8, oily, [all0 (A) + 7 9” (589), + 8 1 (578), + 9 8 
(546). IRvEcm-’ 3350, 1705, 1695, 16430, UVlgHnm (E) 
215 (9700), 288 (2430), HRMS [Ml’ 4402931 (talc for 
C2sH4004 440 2926), MS m/z (rel mt ) 440 (7), 343 (4), 235 (7), 
220 (S), 205 (14), 191(55), 189 (20), 175 (7), 167 (22), 165 (lo), 151 
(15), 135 (7), 123 (6), 109 (S), 107 (9), 97 (lo), 95 (lOO), 91 (S), 81 
(13), 79 (7), 77 (lo), 71 (9 69 (60), 43 (IS), 41 (35) ‘HNMR 
(80 MHz, CDCla, TMS) S6 44 [2H, s (br), H-3’ and H-5’], 5 29 
(lH, t, J = 7 Hz, H-2), 5 20 (lH, t,J = 7 HZ, H-14), 3 69 (3H, s, 
OMe), 3 29 (2H, d, J = 7 Hz, H-l), 3 11 (2H, d, J = 7 Hz, H-13), 
308(1H)and233(1H)(ABsystem,J= 16Hz,H-6),302(2H,s, 
H-4), 2 21 (3H, s, 6’-Me), 1 74 (6H, s, H-17 and H-20), 1 59 (3H, s, 
H-16), 104 (3H, s, H-19), 092 (3H, s, H-18) ‘%NMR 
(629MHz, CDCl,, TMS) 62158s, 2086s, 1528s, 1468s, 
1358s, 1305s, 1281s, 1271d, 1263s, 1155d, 1147d, 1136d, 
607s,558q,555t,483t,458s,414t,358t,332t,289t,255q, 
218q,217q,193t,179q,161q,16Oq 

Ag,O oxtdatton of1 to produce 2 AgzO (35 mg) and NazSO, 
(30 mg) were added to a soln of 1(25 mg) m Et,0 (1 5 ml) and the 
suspension was stirred for 20 mm The ppt was filtered off and the 
soln was evaporated to give 2 (20 mg), ldentdied by comparison 
of the physical properties ([a], IR, UV, MS, ‘H NMR) with those 
of the product isolated from the alga 

Compound 6, oily, [a]zo (2) + 18 5” (589), + 19 3” (578), 
+224” (546) (c 06, EtOH), IRvkcm-’ 1705, 1700, 1595, 
UVIg2Hnm (E) 215 (11500), 283 (2900), HRMS [Ml’ 
454 3091 (talc for Cz9H4z04 454 3082), MS m/z (rel mt ) 454 
(lo), 385 (21), 357 (35), 247 (13), 235 (5), 219 (45), 205 (63), 189 (25), 
167 (SO), 165 (40), 137 (12), 135 (25), 109 (23), 97 (23), 95 (83), 81 
(13),69(100),43(15),41 (45),‘HNMR(SOMHz,CDCl,,TMS) 
66 40 [2H, s (br), H-3’ and H-5’], 5 27 (lH, t, J = 7 5 Hz, H-2), 
5 16 (lH, t, .I = 7 Hz, H-14), 3 66 and 3 60 (each 3H, each s, 2 
x OMe), 3 30 (2H, d, J = 7 5 Hz, H-l), 3 08 (2H, d, J = 7 Hz, H- 
13), 302 (2H, s, H-4), 301 (1H) and 238 (1H) (AB system, J 
= 16 Hz, H-6), 2 22 (3H, s, 6’-Me), 1 72 (6H, s, H-17 and H-20), 
1 56 (3H, s, H-16), 104 (3H, s, H-19), 092 (3H, s, H-18) 
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