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Abstract—S1x new tetraprenyltoluguinol derivatives have been isolated from the brown alga Cystoseira spinosa var.
squarrasa and their structures determined by chemical and spectral methods. Three of these compounds possess
antimicrobial activity agamst both gram-positive and gram-negative bactera

INTRODUCTION

In the course of our continung investigation of Med:-
terranean algae for the presence of biologically active
metabolites, we observed that the crude dichlorometh-
ane extract of the brown seaweed Cystoserra spinosa var
squarrosa possesses antimicrobial activity agamnst both
gram-positive and gram-negative bacteria Since pre-
hminary experiments indicated that most of the activity
was associated with fractions contaming tetraprenyltolu-
quinol dertvatives, these were examined in detail and six
novel compounds {1-6) were 1solated.

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 previously reported Cystosetra
tetraprenyltoluguinols [ 1]

The least polar of the new metabolites, 5-oxo-1s0cysto-
furanoquinol* (1), C,,H,,C, (HREIMS), was obtained
as an optically mactive cil. The UV spectrum was
consistent with the presence of a hydroquinol [/, 287
(e=4800) and 218 (¢=30000) nm] and an cnone [4,,
246 (z=14600) nm] chromophore The presence of a
conjugated carbonyl was also evident from the appropri-
ate resonance (5198 6, s) in the "3CNMR spectrum and
the relevant band (1676 cm™ ') in the IR spectrum, which
also contained strong olefinic bands at 1660 and
1610 cm ™!, and absorptions at 1550 and 900 cm ™' -
dicative of a furan ring The presence of this heterocycle
was confirmed by the 'H NMR data, which in addttion
indicated a 24-substitution pattern (47.06, H-16"; 5.88,
H-14', 3.21, H-12"; 1.98, H-17') Pertinent resonances for
the furan ring (154.4, 5, C-13; 108.8, d, C-14', 1204, 5, C-
15, 137.7, d, C-16") and the carbons directiy bonded to 1t
(384,11, C-12;,9.7, g, C-17') were present in the '*CNMR

*We have named the parent compound of 1, isocystofurano-
quinol (see formula} The hypothetical all-trans 1somer has been
named cystofuranoquinol

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

The '"HNMR 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
(42.20) and a benzyhc methylene (63 33, J=7.5 Hz, H-1")
coupled with the olefinic proton at 6537 (J =75 Hz, H-
2’). The last was 1n turn long-range coupled with both the
vinyl methyl at 61 74 and the methylene at 43 14 (H-4").
These data clarified the structure of the aromatic motety
and the vicinal isoprene unit, which was confirmed by the
presence in the MS spectrum of an intense fragment at
m/z 175, assignable to the stabihzed oxoniumon A The
low-fleld 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 restdue Assignment of the rest of the signals in
the "TH NMR spectrum was trivial and led to structure 1
for the novel algal metabolite The proposed structure
agreed with the '3CNMR data, which also allowed
assignmenl of the Z geometry to the C-6' double bond
based on the diagnostic values of the chemuc] shifts of C-
8 (337 ppm) and C-19" (25.6) [2].

The second compound (2) tsolated as an optically
inactive oil was an 1somer of 1. Its spectral properties
[Aipas 220 (e=24000), 243 (z=15300) and 288 (&
=4700) nm, v, 3370, 1675, 1610, 1550 and 900 cm ™ ']
closely resembled those of 1, and the mass spectra of the
two compounds were almost superimposable. The
'H NMR spectrum of 2 (Table 2), when compared with
that of 1, displaved differences confined to the region
influenced by the stercochemistry of the C-6° double
bond; 1n fact, the chemical shift of the vinyl methyl at C-7'
moved downfield from §1.89 in 1 to 8218 in 2 and
concomitantly the C-8 methylene shifted upfield from
82 64 to ca 82, indicating a change 1n the geometry of the
double bond from Z 1n 1 to £ 1n 2 (comparable differen-
ces are observed in the spectra of related couples of
geometrical isomers [3]). Analogously, 1n the 1*C NMR
specttum of 2 {Table 1) C-8 and C-9 were the only
carbon atoms whose chemical shaft differed significantly
from those of the corresponding atoms in 1. Based on the
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13CNMR data of compounds 1-6 (75 MHz, CDCl,. TMS as
mt standard)*

C 1 2 3 4 [

i 1492 149 3 4 149 3 ¢ 1492 1494 149 6 s
2 1326 13295 1320s 1313 131 13154
3 11414 11404 11424 11424 11404 11414
4 1464 14595 14615 14625 1460 1458
S 1sed 11554 11854 11554 11554 1155 d
& 1277« 1277 s 1779 & 1278 s 1279« 1277«
U 3011 299 ¢ 301¢ 61 298¢ 2097+
2 12684 1271d" 12744 1273 4% 12844 1272 4%
¥ 1260 5 1261« 1257« 1237 s 1257« 12715
4 5501 34651t 478 479 ¢ 4801 552
§ 198 & « 1999 « 664 d {0 664 d 199 8 «
& 123245 12254° 12614 12384 12434 1224 4°
7 16025 1600 1340 13435 1343+ 15925
g 3371 410 392 397 9T 4081
9 2681 25K+ 263¢ 268 ¢ 2631 261
1w 1259 4° 12514° 12574 12444 12574 1278 4"
1 13215 1315s 1383+ 1389 1233s" 1304
12 384t 3824 384 95 303 549+
13 1544+ 1539« 1543 264 - 26000 1996
14’ N8R4 10884 1088d 12564 12764 12304d°
15 12045 1204 1204 1354 % 1349 4" 1560
16 13774 1377d 1377d 2564 2124 276 g
17 97y 96 4 974 1764 6161« 207y
18 1614 1644 160g° 160g° 1654 1664
19 256¢ 1964 lodgq' le6gt  161g° 1944
20 167 4 l68g" 1654% 1644 1644 1664g°
6-Me 158¢° 1604 1594% 1604° 161g¢ 161 g%

*Multiplicitics were abtained by off-resonance decoupling experi-

menis

“"*Values with wdentical superscript withm gach column can be

irterchanged

above evidence, the structure of the new cystofurano-
quinol was definitely assigned as 2.

Compound 3 had a molecular formula C,,H,,0,
{HREIMS) and was an optically active clear ol [x]p=
+12° The UV spectrum exhibited bands at 221 (g
=12500) and 290 (¢ =2800) nm, while the IR spectrum
showed absorptions for hydroxyl(s) and furan nng. Con-
stderation of the '3C and 'H NMR data (Tables 1 and 2)
suggested 3 to be the allylic alcohol corresponding to 2,
confirmation of this assumption came from sodium boro-
hydnde reduction of 2, which afforded a compound
indistinguishable from 3, apart from the optical rotation
([«]p =0} Ttis worth noting that in the '"H NMR spect-
rum of 3 the signal of the benzylic methylene, which in
the preceding compounds 1s an AB system, appears as the
AB part of an ABX system, as a consequence of restncted
rotation caused by iniramolecular hydrogen bonding

Compound 4 was 1solated as a yellow o, [a]p=+1"
Its elemental composition, estabhished as C,,H 0, by
combustion analysis and '*CNMR spectroscopy, re-
quired eight degrees of unsaturation, taking mto account
that the ""CNMR spectrum of 4 contammed resonances
for eight olefintc carbons and assuming a tetraprenyltolu-
quinol structure, this indwcated an uncychzed side chain.
The EIMS of 4 d:d not show a molecular 1on peak at m/z
412, but showed a peak at m;z 394 for the 1on [M
—IH,0]", moreover, an intense fragment at m/z 175

indicated the presence of a partial structure including the
toluguinot morety and the first 1soprene umt The appro-
priate signals 1n both ?C and "H NMR spectra (Tables |
and 2) supported this partal structure. while 'II NMR
decouphing expeniments pernutted the hydroxyl to be
located at C-5' In lact, the hydroxymethine proton at
34 34 was coupled with both an olefimc prolon and a
methylene, the latter was positively located at C-4' by its
allylic coupling wrth a vinylic proton (6537 ¢, J=72 Hz,
H-2) 1n turn long range coupled wih the vinylic methyl
at C-20° The remaining signals 1 the *C and "H NMR
spectra allowed the new metabolite to be formulated as 4,
in which the all-trans geometry of the side chain was
deduced from the chemical shifts of the pertinent methyls
m the *C NMR spectrum

Another metabohte, 5. was assigned o molecular for-
mula of C,,H,,0, on the basis of elemental analysis and
3CNMR The ETMS contained no molecular 10n, the
highest m/z 1on being at m/z 410 [M~H,0]" The
structure of & was cstabhshed from comparison of s
spectral data with those of 4, to which 1t was obviously
related From the 'H NMR spectrum it was evident that
compound § one of the six methyl groups present i 4
was replaced by a hydroxymethylene group (2H br » at
34 10) This was confirmed by the ' *C NMR spectrum of
5, which dhsplayed a triplet at 061 6 replacing a methyl
quartet ;n 4 In order to accommodate the displacement
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Table 2. TH NMR data of compounds 1-6 (300 MHz, CDCl,;, TMS as int standard)*

H 1 2 3 4 5 6

3 652 655 648 649 649 651

. . 48}AB (3) ) 52}AB ) . 44}AB 3) . 44}AB 3) . M}AB ) ¢ 49};:.3 (3)

’ 1334(75) 3334079) {3 32 dd (15, 8) {3,34 dd (15, 76) {3 W (15,8 Sy 40y

3224d (15,7 13244415, 68) (32044 (15,7

Y 537¢(7.5) 5351(79) 535:(75) 5371(72) 336 1(75) 539:(75)
4 31d brs 317 brs 2200m 22 m 223 m 310 brs

5 — — 454 ddd (8,8,5) 454 ddd (8,8,6) 451ddd(8,8,65 —

& 610 br s 612brs 5194 (R) S19 4(8) 514 4 (8) 609 br s
¥ 2641 (7) 2022 20-21% L 9714 ll 9714 17 1274
g ZO-227 S Y o )"' o 5" o _!"" -
1y 524t (75) 320t (65) $18: (7 510t (7) 506t (7) 518 (7
ﬁ 32L0rs 325brs 32 brs }1_9_2” }1.972.11 303 brs
14 588 brs 5.86 br s 588 brs S10¢ (7 5261 (7) 609 br s
16 706 brs 707 brs 707 br s 160 brs 1.76 br s 1.86 br s
17 198 br s 201 brs 200 br s 169 br s 410 br s 212 brs
18 16l brs 163 brs 161brs 160 brs 155 br s 1.57 brs
19 189 br s 218 brs 171 brs 170 br s 164 brs 210 brs
20 174 br s 177 brs 181 brs 178 hrs 175 brs 1.70 br s
6-Mc 220s 2228 2155 216 s 2155 2155
OH 560 br s 6.63 br s 512 brs 579 brs — —
OH 494 — —

505brs — —

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

of the resonance of the 16’-Me (1dentified from the char-
actenistically downfield position of 1s chemical shift)
from 625.6 11 4 to 21 2 1n &, the hydroxymethylene had
ta replace 17'-Me. Thus, for all the carbons of the termi-
nal isoprencid umt an excellent agreement was obtained
with the literature values for related compounds [4].
Therefore, this metabolite was asstgned structure 5.

The last compound (6) had molecular formula
C,-H,;0, (HREIMS) and was an optically tnactive oil
The presence of two conjugated carbonyls was evident
from the IR (v,,, 1680 cm 1) and '*C NMR (1996 and
199 8 ppim) spectra. The mass spectrum, in addition to a
promment peak at mjz 175 which indicated that the
mitial part of the molecule was the same as m all the
compounds discussed above, contamed a base peak at
m/z 83 [(Me),C=CH-C=0]" attributable to a terminal
tsoprenoid untt This and a comparison of the spectral
data (Tables 1 and 2) with those of 2 led to structure 6 for
the new metabolite.

Similarly to what is observed for the cystofurano-
quinols, in the above open-chain compounds the benzylic
methylene 1s seen as the AB part of an ABX system when
an hydroxyl, but not a carbonyl group, 1s present at
position 5

Each new metabolite was tested for antibiotic activity
against gram-positive (Staphylococcus aureus, Strepto-
myces Jaecals, Micrococcus futeus, Bacillus subtiiisj and
gram-negative orgamsms (Aeromonas hydrophyla, Hafra
alvei, Proteus murabihs, Escherichia coli). Compound 3
was considerably active agamst all human pathogens
used excepl S. fuecalis, compound 5 moderately inhibited
S. aureus, A. hydrophyla and M. luteus, and 1 exhibited

moderate activity against § aureus The remaining com-
pounds were 1nactive.

EXPERIMENTAL

General experimental procedures 'H and 1*C NMR 300 and
75 MHz respectively, CDCl,, TMS as int stand Low resolution
MS 70eV, mgh-resclution MS Kratos MS-505 Final purific-
ation of all metabolites was achieved by prep LC on silica gel
(LiChrosorb 51-60, 25-40 4) using a Jobin-Yvon Muuprep hquid
chromatograph TLC was carned out using glass-backed pre-
coated sihca gel F, 5, plates (Merck) Compounds were detected
by spraying with 10% saln of Ce(SO,), in | M H,SO, 0rby UV
light (254 nm). All solvents were spectral grade or distilled prior
to use

Plant matertal Cystoserra spinosa Sauv var squarrosa (De
Notaris) was collected on rocks al about 3 m depth 1n June 1986
at Portopalo, near Pachino, Sicily A voncher specimen was
deposited n the Herbarum of the Istrtuto e Orto Botanico,
Catania, Italy.

Extraction and purification. Shade-dned and ground plant
material (150 g) was extracted ( x 3} with CH,Cl; at room temp
with continnous stirring. The combined extracls werc evapd in
vacuo to yield the final crude extract as a dark green o1l (2.4 g)
which was chromatographed on silica gel (100-200 mesh, 150 g)
with hexane contaiming increasing amounts of Et,O Fractions
of 5U ml were collected and those exfubiting simufar TLC profiles
were combined Fractions 5 and 6 contamed only the known 2'-
geranylgeranyl-6'-methylbenzoquinone (23 mg, 0.015% dry wt)
Fractions 25 and 26 contained predomunantly 1 and 2 which
were separated by prep LC using CH,Cl, as eluant to give pure
1 (40mg, 0.026% dry wt) and 2 (145 mg, 0096% dry wi)
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Fractions 27-31 were further purified by prep LC
(Et,0-C H, ., 5 6, followed by Me,CO-CHCl;, 1 32)to give 4
(32 mg, 0021% dry wt) and 6 (52 mg, 0.034% dry wt) Fually,
fractions 32 and 33 were purified by prep LC (Et,O0-C.H, 4,
1 1) to yield pure 3 (85 mg, 0056% dry wi) and 5 {34 mg,
0.023% dry wi) All compounds were obtamned as ods

5-Oxo-1socystofuranoquine! (1) TRvM™em U 3300, 2930,
1675, 1660, 1610, 1550, 1470, 900, UV 259 nm 218 (0 = 30000),
246 (e= 14 600), 287 {¢ =4800), HRMS [M7]~ 422 2458 (calc for
C,,H;.0, 422 2456), MS m/z {rel 1nt) 422 (29), 404 {12), 255
(153, 221 (593, 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 (1K), 81
(21), 79 (29), 77 (26), 69 (18}, 67 (23). 65 (22), 55 (18) 53 (18). 43
{18}, 41 (29)

5-Oxo-cystofuranogquanol (2), IR viimcm ~' 3370, 2920, 1675,
1610, 1350, 1470, 900; UV ESH nm 220 (e =24000), 243 (&
=15300), 288 (s=4700), HRMS [M]}* 4222452 (calc. for
C,;H;,0, 422 2456), MS myz (rel 1nt) 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 (3),
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81 ¢13), 79 (13}, 77 (1O) 69 (19), 67 (6), 55 (11}, 43 (16), 41 (16)

3-Hydroxy-cysiofuranogumol (3) [x]*° () +12° (589), +36"
(578), +6 1 (546) (E1OH, ¢ 2 8), IR vfim oy =1 3360, 2930, 1670,
1610, 1550, 1470 900, UV.AE® nm 271 (o =12500), 290 ¢
=28000. HRMS [M]* 424 26i [ (cale for C,5H,,0, 424 2613),
MS m/zirel inty 424 (7). 406 {13}, 257(12), 225(11), 192(10), 177
{60), 175 (40), 149 (77). 137 thasek 123 (30}, 121 (30), 95 (33), N
33), B3 {53), $5(20), 43 {200, 41 (27)

2-[2EOENVE)S hydroy -3 7 11 15 -tetramethylhe xadeca-
26000 14 tetraen 1-6- Methy thvdroguunene (4) [2]2° () +10
(389). ~ 11 (578) +12 (S46) (FLOH, (23} IR U em ¥ 3380,
2920, 1660, 16H), 1470, UV £S5 nam 220 (= 11000), 290 (¢
=3500), HRMS [M- H,0]" 39428068 (calc for C,-H,4,0,
394 2871), MS myzirel int) 394 (14), 288 (5), 257 (21), 192 (25),
177479). 175(32). 150 (391, (37 (base). 121 (29} 109 (18). 35 (18),
81 (43) 69(80), S5718) 43¢14). 4L (50 (Found C. 78 50, H, 2 62
C,oH o,y requires C 78 64, H. 971

2-[2ENLE 1014 Z)-5 - hydroxy-15-Aydroxymethpl-3,7,11°-
trimethy hexadeca-2° 0 107 14 -teiruenyt |-6-Methylh ydroquinone
(5) IR vpvem ™' 3360, 29200 1655, 1615, 1470, UV AEM gy
220 (&= 137000, 290 {» —4100), HRMS [M —H,0]" 4102827
{cale for CynH ,, O 410 28200, MS m = (rel 10t} 410 (7}, 257 (13),
255 (11). 215 (R), 192 (17) 177 (86), 175{71), 149 (21), 137 (base).
131 (373, 109 (20, 107 (30), 105 (17} 95(27). 93 (37, 81 (27). 81
(36). 79 (24), 69 (26), 67 126) 55 (37 43 (57, &1 (36) (Found C,
7565, HL 930 €, H,00, requirss C. 7570, 1, 9 35)

UL ENVERS 13 dwve-3.7 11 1S retramethylhe xa-
deca-2.6" 10,14 - teti genvl J-6-Methn hpdroquinone 6)
TR viwen 1 3390, 2920, 1680, 1625, 1470 UV A%9H i 240 (&

=32000) 285 (= 6600, HRMS [M]* 4242610 (cale for

OH

OH

OH

[oid}
5
OH O o
s ~ w\
OH
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C,,H;,0, 424 2613), MS myz (rel 1t ) 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 af 2 to give 3 NaBH, (3 mg) was added to a soln of
2(10 mg)1n EtOH (1 ml) and the mixture was stirred for 20 nun
After additton of H,O the organic matter was extracted (x 3)
with Et,O. Evapn of the soivent left a ressdue which was
subjected to prep. LC (Et;0-CgHy,, 1:1) to give optically
mactive 3 (5 mg), identified by companson of the physical pro-
perties (IR, UV, NMR, MS) with those of the natural compound

Bioassays Antimicrobial assays were carned out using the
standard agar plate-assay disc method at disc concentrations of
100 ug Zones of inhibition in excess of 4 mm were interpreted as
positive inhibitions.
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