
Phytochemlstry, Vol 27, No 5, pp 1327 1331, 1988 0031 9422/88 $ 3 0 0 + 0 0 0  
Printed m Great Britain Pergamon Press plc 

ANTIMICROBIAL TETRAPRENYLTOLUQUINOL DERIVATIVES FROM 
C YSTOSEIRA SPINOSA VAR. SQUARROSA 

VINCENZO AMICO, FRANCESCA CUNSOLO,* PLACIDO NERI,* MARIO PIATTELLI and GIUSEPPE RUBERTO* 

Dlpartlmento dl Scienze Chlmlche dell'Umversltfi dl Catama, Vle Andrea Dorm 6, 95125 Catanla, Italy, * Istltuto del C N R per lo 
Stu&o delle Sostanze Naturah dl Interesse Ahmentare e Chlmlco-Farmaeeutlco, Vle Andrea Dorm 6, 95125 Catanm, Italy 

(Recewed l0 July 1987) 

Key Word Index--Cystosetra spmosa var squarrosa, Cystoselraceae, brown algae, cystofuranoqumols, tetrapren- 
yltoluqumols 

Abstract--Six new tetraprenyltoluquinol derivatwes have been isolated from the brown alga Cystoseira spinosa var. 
squarrosa and their structures determined by chemical and spectral methods. Three of these compounds possess 
antimlcrobial activity against both gram-positive and gram-negative bacteria 

INTRODUCTION 

In the course of our continuing investigation of Medi- 
terranean algae for the presence of biologically actwe 
metabolites, we observed that the crude dichlorometh- 
ane extract of the brown seaweed Cystosezra spmosa var 
squarrosa possesses antimicroblal actlvlty against both 
gram-positive and gram-negative bacterm Since pre- 
hminary experiments indicated that most of the actwlty 
was associated with fractions containing tetraprenyltolu- 
quInol derivatives, these were examined in detail and six 
novel compounds (1-6) were isolated. 

RESULTS AND DISCUSSION 

The over-all spectral data strongly suggested that the 
six new compounds isolated from C spinosa var. squar- 
rosa together with the known geranylgeranyltoluquinone 
were closely related to the prewously reported Cystosetra 
tetraprenyltoluquinols [1] 

The least polar of the new metabohtes, 5-oxo-lsocysto- 
furanoquinol* (1), C27H340 4 (HREIMS), was obtained 
as an optically inachve oil. The UV spectrum was 
consistent with the presence of a hydroquinol [2max 287 
(~=4800) and 218 (e = 30 000) nm] and an enone [2max 
246 (e= 14600)nm] chromophore The presence of a 
conjugated carbonyl was also evident from the appropri- 
ate resonance (J 198 6, s) m the 13C NMR spectrum and 
the relevant band (1676 cm- 1) m the IR spectrum, which 
also contained strong olefinIc bands at 1660 and 
1610 cm-1, and absorptions at 1550 and 900 cm-1 in- 
dicative of a furan ring The presence of this heterocycle 
was confirmed by the 1H NMR data, which in addition 
indicated a 2,4-substitution pattern (67.06, H-16'; 5.88, 
H-14', 3.21, H-IT; 1.98, H-IT) Pertinent resonances for 
the furan ring (154.4, s, C-IY; 108.8, d, C-14', 120.4, s, C- 
15', 137.7, d, C-16') and the carbons &rectly bonded to It 
(38 4, t, C-12'; 9.7, q, C-17') were present In the 13CNMR 

*We have named the parent compound of 1, ~socystofurano- 
qumol (see formula) The hypothetical all-tran~ isomer has been 
named cystofuranoqumol 

spectrum (Table 1) thus allowing us to define the struc- 
ture of the terminal isoprene unit. 

The 1HNMR also included (Table 2) an AB system 
(66.52 and 6.48) assignable to two meta-coupled aromatic 
protons, and signals for a methyl on a benzene ring 
(J2.20) and a benzyhc methylene (J3 33, J = 7.5 Hz, H-I') 
coupled with the olefinic proton at 65 37 (J =7 5 Hz, H- 
2'). The last was m turn long-range coupled with both the 
vinyl methyl at 61 74 and the methylene at 63 14 (H-4'). 
These data clarified the structure of the aromatic moiety 
and the victual isoprene umt, which was confirmed by the 
presence in the MS spectrum of an intense fragment at 
m/z 175, assignable to the stablhzed oxomum 1on A The 
low-field position of the protons at C-4' revealed the 
proximity to the conjugated carbonyl function, thus allo- 
wing us to extend the part structure to include a second 
isoprene residue Assignment of the rest of the signals in 
the 1H NMR spectrum was trivial and led to structure 1 
for the novel algal metabolite The proposed structure 
agreed with the 13CNMR data, which also allowed 
assignment of the Z geometry to the C-6' double bond 
based on the &agnostic values of the chemicl shifts of C- 
8' (33 7 ppm) and C-19' (25.6) [2]. 

The second compound (2) isolated as an optically 
inactive oil was an isomer of 1. Its spectral properties 
[)'max 220 (e=24000), 243 (e=15300) and 288 (e 
=4700) nm, Vma x 3370, 1675, 1610, 1550 and 900cm -1] 
closely resembled those of 1, and the mass spectra of the 
two compounds were almost superimposable. The 
XH NMR spectrum of 2 (Table 2), when compared with 
that of 1, displayed &fferences confined to the region 
influenced by the stereochemistry of the C-6' double 
bond; in fact, the chemical shift of the vinyl methyl at C-7' 
moved downfield from 61.89 m I to ~i2 18 m 2 and 
concomitantly the C-8' methylene shifted upfield from 
62 64 to ca 62, indicating a change in the geometry of the 
double bond from Z in 1 to E in 2 (comparable &fferen- 
ces are observed in the spectra of related couples of 
geometrical isomers [3]). Analogously, in the 13C NMR 
spectrum of 2 (Table 1) C-8' and C-9' were the only 
carbon atoms whose chemical shift differed slgmficantly 
from those of the corresponding atoms in 1. Based on the 
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Table 1 
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13CNMR data of compounds 1-6 (75 MHz, CDCI 3. TMS as 
mt standard)* 

C l 2 3 4 5 6 

1 1492s 1493s 1493s 1492s 1494~ 14965 
2 1326sa 1329S" 1321S 1313S 134l ~ 1315S" 
3 l141d  l140d  I142d 1142d l140d 1141 d 
4 1464s 1459s 1461 s 1462s 1460s 1458s 
5 1156d 1155d I155d 1155d 1155d 1155d 
6 1277s 1277s 1279s 1278s 1279s 1277~ 
1' 301 t 299t  301 t 301 t 298t  299t  
2' 1268d 1271 d b 1274d ~ 1273d ~ 1284d" 1272d h 
3' 1260s 1261 s 1257s 1257s 1257s 1271 s 
4' 550I 549t  478t  479t  480t  552t  ~ 
5' 1986s 1999s 664d 664d 664d 1998s 
6' 1232d b 1225d b 1261 d" 1238d" 1243d" 1224d b 
7' 1602s 1600~ 1340s b 1343s 1343s b 1592~ 
8' 337t  410 t  392t  ~ 397t  h 397t  ~ 408 t 
9' 268 t 258 t 263 t 268t  ~ 263t  a 26l t 

10' 1259d b 1251 d b 1257d" 1244d" 1257d a 1278d h 
11' 132[ s" 1315s a 1385s 1389s a 1383s ~' 1304~" 
12' 384t  382t  384t  ~ 395t  ~ 393t  ~ 549t" 
13' 1544s 1539s 1543s 264t  ~ 260t  ~ 199 6 .s 
14' 108 8 d 108 8 d 108 8 d 125 6 d" 127 6 d" 123 0 d b 
15' 1204s 1204s 1204s 1354~ d 1349Q 1560s 
16' 1377d 1377d 1377d 256q 212q 276q 
17' 9 7 q  9 6 q  9 7 q  176q 616t  207q 
18' 161 q' 164q ~ 160q d 160q ~ 165q ~ t66q  d 
19' 256q 196q 164q d 166q ~ 161 q' 194q 
20' 167q 168q ~ 165q d 164q ~ 164q ~ 166q 'j 
6-Me 158q ~ 160q ~ 159q d 160q ~ 161 q~ 161 qd 

*Multiplicities were obtained by off-resonance decouphng experi- 
ments 

~Values with Identical superscript within each column can be 
interchanged 

above evidence, the structure of the new cystofurano- 
qulnol was defimtely assigned as 2. 

Compound  3 had a molecular formula C27H3604 
(HREIMS) and was an opncally active clear oil [~]o = 
÷1.2 ~ The UV spectrum exhibited bands at 221 (~ 
= 12 500) and 290 (c=2800) nm, while the IR spectrum 
showed absorpt ions for hydroxyl(s) and furan ring, Con- 
slderatlon of the ~3C and ~ H N M R  data (Tables 1 and 2) 
suggested 3 to be the allyhc alcohol corresponding to 2, 
confirmation of this assumption came from sodium boro- 
hydride reduction of 2, which afforded a compound 
indistinguishable from 3, apart  from the optical rotation 
( [ e ]o=0 )  It Is worth noting that  m the I H N M R  spect- 
rum of 3 the signal of the benzyhc methylene, which m 
the preceding compounds  is an AB system, appears as the 
AB part of an ABX system, as a consequence of restricted 
rotation caused by Intramolecular hydrogen bonding 

C om pound  4 was isolated as a yellow oil, [~]o = + 1~' 
Its elemental composation, established as C27H4003 by 
combust ion analysis and ~3CNMR spectroscopy, re- 
qmred e~ght degrees of unsaturatlon, taking into account 
that the ~3C N M R  spectrum of 4 contained resonances 
for eight olefinic carbons and assuming a tetraprenyltolu- 
qmnol structure, this indmated an uncyclized side chain. 
The EIMS of 4 did not show a molecular Ion peak at m/z 
412, but showed a peak at m/z 394 for the ion [M 
- H 2 0 ]  +, moreover,  an intense fragment at m/z 175 

Indicated the presence of a partial structure including the 
toluqumol moJety and the first isoprene unit The appro- 
priate signals m both 13 C and i H NM R spectra (Tables I 
and 2) supported this partial structure, while 1H NMR 
decouphng experiments permitted the hydroxyl to be 
located at C-5' In fact, the hydroxymethme proton at 
<74 54 was coupled with both an olefimc proton and a 
methylene, the latter was positively located at C-4' by its 
allyhc coupling with a vmyhc proton (65 37 t, J = 7 2 Hz, 
H-2') in turn long range coupled with the vlnyhc methyl 
at C-20' The remaining signals in the ~ C  and ~H N M R  
spectra allowed the new metabohte  to be formulated as 4, 
in which the all-tran~ geometry of the side chain was 
deduced from the chemical shifts of the pertinent methyls 
in the 13C NMR spectrum 

Another  metabohte.  5, was assigned a molecular for- 
mula of C27H400 4 on the basis of elemental analysis and 
~3CNMR The EIMS contained no molecular ion, the 
highest m/z ion being at m/z 410 [ M - H 2 0 ]  ~ The 
structure of 5 was established from comparison of Its 
spectral data with those of 4, to which it was obwously 
related From the ~H N M R  spectrum it was evident that 
compound 5 one of the six methyl groups present m 4 
was replaced by a hydroxymethklene group (2H br ~ at 
64 10) This was contirmed by the ~ C  N M R  spectrum of 
5, which displayed a triplet at ,761 6 replacing a methyl 
quartet  m 4 In order to accommodate  the displacement 



Tetraprenyltoluqulnol derivatives from brown alga 

Table 2. iH NMR data of compounds 1-6 (300 MHz, CDCIs, TMS as int standard)* 

1329 

H 1 2 3 4 5 6 

3 6 52"/~, ~ (3) 6 52lAB 6 49 6 49 6 51 
5 6 48) AB 6 6 44J 

1' 333 d(75)  3 33 d (7.5) {33 32 dd (15' 8) ~3.34 dd (15, 7 6){33 30 dd (15, 8 ) 331 d(751 
22 dd (15, 7) [3 24 dd (15, 6.8) 20 dd (15, 7) 

2' 5 37 t (7.5) 5 35 t (7 5) 5.35 t (7 5) 5.37 t (7 2) 5.36 t (7 5) 5.39 t (7 5) 
4' 3 14 br s 3.17 br s 220 m 2 22 m 2.23 m 3 10 br s 
5' - -  - -  4 54 ddd (8, 8, 5) 4 54 ddd (8, 8, 6) 4 51ddd (8, 8, 6 5) - -  
6' 6 10 br s 6 12 br s 5 19 d (8) 5 19 d (8) 5 14 d (8) 609 br s 

9"8' 2"2"64 t (7)0-2 2f }Z .0:-Zg~ }9_0~-Z 1~'~ } 1~ q-Z 1~ t }1~ 9-9_ 1~ t }Z l~-9_Z'~ 

10' 524 t (75) 520 t (65) 5 18 t (7) 5 10 t (7) 506 t (7) 5 18 t (7) 

13' 12' 32tbrs__ 325brs__ 323brs__ }1.9-21]" }1.9-2.1]" 303brs__ 

14' 5 88 br s 5.86 br s 5 88 br s 5 10 t (7) 5 26 t (7) 6.09 br s 
16' 706 br s 707 br s 707 br s 1 60 br s 1.76 br s 1.86 br s 
17' 1 98 br s 201 br s 200 br s 1 69 br s 4.10 br s 2 12 br s 
18' 1.61 br s 1 63 br s 1 61 br s 1 60 br s 1.55 br s 1.57 br s 
19' 1 89 br s 2 18 br s 1 71 br s 1 70 br s 1 64 br s 2 10 br s 
20' 1 74 br s 1 77 br s 1 81 br s 1 79 br s 1 75 br s 1.70 br s 
6-Me 2 20 s 2 22 s 2.15 s 2.16 s 2 15 s 2 15 s 
OH 5.60 br s 6.63 br s 5 12 br s 5 79 br s - -  - -  
OH 5 05 br s - -  - -  4 94 - -  - -  

*Coupling constants (J m parentheses) are given m Hz 
].Overlapped with other signals. 

of the resonance of the 16'-Me 0dentified from the char-  
actenstically downfield positron of its chemical shift) 
from 625.6 m 4 to 621 2 m 5, the hydroxymethylene  had  
t a  replace 1T-Me. Thus,  for all the ca rbons  of the termi- 
nal isoprenold umt  an  excellent agreement  was obta ined  
with the l i terature values for related compounds  [4]. 
Therefore, this me taboh te  was asstgned structure 5. 

The last c o m p o u n d  (6) had  molecular  formula  
C27H360 4 (HREIMS)  and  was an  optically inactive oil 
The  presence of two conjugated carbonyls  was evident 
from the IR (Vma x 1680 cm -1) and  1 3 C N M R  (199 6 and  
199 8 ppm) spectra, The mass spectrum, in add i tmn  to a 
p rominen t  peak at m/z 175 which indicated tha t  the 
lmtial par t  of the molecule was the same as m all the 
compounds  discussed above,  conta ined  a base peak at 
m/z 83 [ ( M e ) 2 C = C H - C = O ]  + a t t r t b u t a b l e  to a terminal  
isoprenold umt  This and  a compar i son  of the spectral 
da ta  (Tables 1 and  2) with those of 2 led to s t ructure  6 for 
the new metaboli te.  

Similarly to what  is observed for the cystofurano- 
qumols,  m the above open-chain  compounds  the benzyhc 
methylene is seen as the AB par t  of an  ABX system when 
an  hydroxyl,  but  no t  a carbonyl  group, is present  at 
posi t ion 5 

Each new metabol i te  was tested for ant ibiot ic  actlvtty 
against  gram-posi t ive (Staphylococcus aureus, Strepto- 
myces Jhecahs, Mtcrococcus iuteus, Bacdtus subtlhs) a n d  
gram-negat ive  orgamsms (Aeromonas hydrophyla, Ha fma  
alvei, Proteus mwabihs, Eschermhm coil). C o m p o u n d  3 
was considerably active against  all h u m a n  pa thogens  
used except S.faecahs,  c o m p o u n d  5 moderate ly  inhibi ted 
S. aureus, A. hydrophyla and M. luteus, and  1 exhibited 

modera te  acttvlty against  S aureus The remain ing  com- 
pounds  were inactive. 

EXPERIMENTAL 

General experimental procedures 1H and 13C NMR 300 and 
75 MHz respectively, CDCI3, TMS as mt stand Low resolution 
MS 70 eV, high-resolution MS Kratos MS-50S Final purlfiC- 
aUon of all metabolltes was achieved by prep LC on silica gel 
(LiChrosorb $1-60, 25-40 #) using a Jobm-Yvon Mlmprep hquld 
chromatograph TLC was carried out using glass-backed pre- 
coated sdica gel F254 plates (Merck) Compounds were detected 
by spraying with 10% soln ofCe(SO4) 2 m 1 M H2SO 4, or by UV 
light (254 nm). All solvents were spectral grade or dtstdled prior 
to use 

Plant material Cystoseira spmosa Sauv var squarrosa (De 
Notarls) was collected on rocks at about 3 m depth m June t986 
at Portopalo, near Pachmo, Slcdy A voucher specimen was 
deposited in the Herbarium of the Istltuto e Orto Botamco, 
Catama, Italy. 

Extraction and purification. Shade-dried and ground plant 
material (150 g) was extracted ( x 3) with CH2C12 at room temp 
with continuous stirring. The combined extracts were evapd m 
vacuo to yield the final crude extract as a dark green oil (2.4 g) 
which was chromatographed on silica gel (100-200 mesh, 150 g) 
with hexane containing increasing amounts of Et20 Fractions 
of 50 mf were coffected anff tflose exfiibiting simffar I 'LC pr olaqes 
were combined Frachons 5 and 6 contained only the known 2'- 
geranylgeranyl-6'-methylbenzoqumone (23 mg, 0.015% dry wt) 
Fractions 25 and 26 contained predominantly 1 and 2 which 
were separated by prep LC using CH2C12 as eluant to give pure 
1 (40mg, 0.026% dry wt) and 2 (145mg, 0096% dry wt) 
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17' 
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1 '  
OH Cystofuranoqumol 

19' 

6 '  "~' 

tso" Cystofuranoqumol 

Fractions 27-31 were further purified by prep LC 
(Et20-C6H~4, 5 6, followed by M%CO-CHCI  3, 1 32) to give 4 
(32 rag, 0021% dry wt) and 6 (52 rag, 0.034% dry wt) Finally, 
fracnons 32 and 33 were purified by prep LC (EtzO-C6H~4, 
1 1) to yield pure 3 (85mg, 0056% dry wt) and 5 (34mg, 
0 023% dry vet) All compounds vcere obta,ned as ods 

5-Oxo-lsocystoJuranoqumol (I) IR v~l~ cm 1 3390, 2930, 
1675, 1660, 1610, 1550, 1470, 900, UV 2~a °~l nm 218 (e= 30000), 
246 (a= 146007, 287 (a=4800), HRMS [M] + 422 2458 (calc for 
C2vH340, ~ 422 2456), MS m/z (rel mt 7 422 (29), 404 (12), 255 
(15), 221 (59), 177 (82), 175 (72), 149 (base), 137 (67), 135 (35), 121 
(41), 109 (29), 107 (29), 105 (29), 95 (56), 93 (35), 91 (47), 83 (18), 81 
(21), 79 (29), 77 (26), 69 (18), 67 (23), 65 (22), 55 (18) 53 (18), 43 
(18), 41 (29) 

5-Oxo-cystofuranoqumol (2). IR v ~  cm~ 1 3370, 2920, 1675, 
1610, 1550, 1470, 900; UV)~ta°~tnm 220 (c=24000), 243 (e. 
=15300), 288 (e.=4700), HRMS [M] + 4222452 (calc, for 
C27H3,,O 4 422 2456), MS m/z (rel mt)  422 (23), 404 (3), 255 (16), 
221 (39), 177 (27), 175 (39), 149 (base), 137 (19), 135 (11), 131 (26), 
121 (16), 109 (8), 107 (10), 105 (13), 95 (19), 93 (10), 91 (19), 83 (8), 

OH 
1 

OH 
2 

OH 
3 

81 (13), 79 (13), 77 (10). 69 (197, 67 (6), 55 (11), 43 (16), 41 (16) 
5-Hydroxy-cvstofuranoqumol (3) [:t] z° (Z) + 1 2 ~ (589), + 3 6 ~ 

(578), +6  1 (546) (EtOH, e 2 8}, IR v ~  cm -1 3360, 2930, 1670, 
1610, 1550, 1470 900, UV2~t°~nm 22l (a=12500), 290 (e. 
= 2800), HRMS [M] + 424 2611 (calc for C27H3604 424 2613), 
MS m/z (rel mt)  424 (7), 406 (13), 257 (12), 225 (11), 192 (10), 177 
(60), 175 (40), 149 (77), 137 (base), 123 (30), 121 (30), 95 (33), 9l 
(33), 83 (53), 55 (20), 43 (20t. 41 {271 

2-[(2'E,6'E, 10'EF5"-hydro x~ -3' 7', 11 ', 15'-tetrameth vlhe,cadeca- 
2',6',10' 14'-tetraen)rj-6-,~leth~lhvdroqumone (4) [~]20 (/) + 1 0' 
(589). + I I (578), + 1 2 (5461 (EtOH, ~ 2 3}, l R l ~ c m  ~ 3380, 
2920, 1660, 1610. 1470, UV /,~'~Unm 220 0=I I000) ,  290 (e. 
=3500), HRMS [M- H20 ]" 3942868 (calc for C:vHs~O 2 
394 2871 ), MS m/z (rel mt) 394 {14), 288 (5), 257 (21), 192 (25), 
177 (79), 175 (32), 150 {39), 137 (base), t21 (29) 109 (18), 95 (18), 
81 (43) 69 (80), 55 it8) 43 (14)~ 41 (50! (Found C~ 78 50~ I:L 9 62 
C2~H4oO3 reqmres C 78 64, H. 9 71) 

2-[(2'E,6'E 10'E, 14 Z)-5'-hydro:, ~- 15'-hydroxymethyl-3',7',l 1 '- 
trtmeth ~ lhe ~ade¢ a-2',6', 10', 14'-tetraen vl]-6- Methylhydroqumone 
(5) 1 R v ~ c m  ~ 3360, 2920. 1655, 1615. 1470, U V 2 ~ ° ~ n m  
220 (~,= 13700), 290 (+,=41~)), HRMS E M - H 2 0 ]  + 4102827 
(calc for C2.HssO~ 410 2820). MS m z (rel lnt ) 410 (7), 257 (13), 
255 (11). 215 (8), 192 ( 171 177 (86). 175 (71 ), 149 (21 I, 137 (base). 
131 (37), 109 (20), 107 (36), 105 (17) 95 {27), 93 (37), 91 (27), 81 
(36). 79 (24), 69 (26), 67 (26) 55 (37t. 43 (57), 4l (36J (Found C, 
75 65, H, 9 30 C2vH¢00 4 reqmres C, 75 70, H, 9 35J 

2-[(2'E,6'E,10'E)-5' 13'-dw'~o-3',7' l 1,15'-tetramethylhexa- 
de~ a-2',6' 10', 14'-tetl aen vii-6-Meth ~ lh ydroqumone (6) 
IR vl '~cm 1 3390. 2920, 1680, 1625, 1470, UV " ~to. nm 240 (~: A m a x  

~32000) 285 (~-6600}. fIRMS [M] + 4242610 (calc for 

OH 
4 

O H  
Ott 

5 

OH 
6 
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C27H360 4. 424 2613), MS m/z (rel lnt )' 424(14), 406 (2), 255 (12), 
177 (37), 175 (25), 137 (30), 109 (10), 107 (11), 97 (17), 91 (10), 83 
(base), 69 (12), 55 (30), 43 (9), 41 (12). 

Reduction of 2 to gwe 3 NaBH4 (3 mg) was added to a soln of 
2 (10 mg) m EtOH (1 ml) and the mixture was stirred for 20 mm 
After addiUon of H20  the orgamc matter was extracted ( x 3) 
with Et20. Evapn of the solvent left a residue which was 
subjected to prep. LC (Et20--C6H~4, 1:1) to give optically 
macUve 3 (5 mg), Identified by comparison of the physical pro- 
pertles (IR, UV, NMR, MS) with those of the natural compound 

Btoassays Antimicrobml assays were carried out using the 
standard agar plate-assay disc method at disc concentrations of 
100 #g Zones of inhibition m excess of 4 mm were interpreted as 
positive inhibitions. 
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