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ABSTRACT

Two novel ansa farnesyl quinols, designated likonides A and B, were isolated together with avarone from the Kenyan sponge Hyatella sp. The
compounds are of a unique ansa structure. The structures and stereochemistry of the compounds were elucidated by interpretation of MS,
two-dimensional NMR, and CD experiments.

Marine secondary metabolites of mixegs@- Cs biogenesis quinones and quinols, £+ Cs metabolites are knowh?

are well-known from algae and especially from spongés.  Among the latter are the longithorontgngithorols!® and
More than 100 sesquiterpene quinones or quinols from floresolides'! unique para- and metacyclophane ansa com-
marine sources have been reportédany of them exhibit ~ pounds, exclusively reported froAplidium spp. ascidians.

a variety of promising biological activities such as cytotoxic, |4 our continuing focus on the chemistry of Kenyan
antiviral, antimicrobial, and immunomodulatory effetts. i ertebrated212we report here the isolation and structure
Well-known examples are the avarone and averaind elucidation of avaronel( Figure 6) and two novel ansa
llimaquinone _ compounds, designated likonides A and B4nd 3), of

i Tun|cqtes, contrary to sponges and algae, are poor Ir‘unprecedented structure from the Kenyan spatgatella
isoprenoids, and only a few examples of farnesylated sp. The sponge was collected off Likoni in a site known as
“Wall”, a steep reef, almost vertical, at a depth of 16—28
m. Previous reports ohlyatella sponges by tsand oth-
erst415 already described the isolation of sesquiterpene
quinones such as compoutdHence, it was of interest to
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find other metabolites embodying the farnesyl and quinol quaternary methyl group, most likely next to an oxygen atom

building blocks in a completely different way. (6n 1.36 s), and a pentasubstituted benzene ring (Table 1).
The ethyl acetate extract of the freeze-dried sponge (23 Two of the benzene substituents are a methodyl3.73 s)

g) was separated by sequential chromatographies on Sephaand a hydroxyl ¢ 6.85 s). The single benzene protah, (

dex LH-20 (eluting with hexane/CHgMeOH, 2:1:1) and 6.31 s) has, according to its high-field resonance, to be seated

silica gel (eluted with hexane and ethyl acetate) to afford ortho to the latter two oxy substituents.

avaronel (15 mg, 0.06% dry weight® (15 mg, 0.06% dry The COSY spectrum revealed three spin systems as shown

weight), and3 (1 mg, 0.004% dry weight). Compouridof by the bold lines in Figure 1. Most instructive for the

MW 358 was determined according to its one- and two-

dimensional NMR data to be avarone previously isolated ||| | | N NG

from sponge$§.’

1sMe 4 Me Figure 1. COSY (—) and selected HMBC (—) correlations &f
likonide A(2) likonide B(3)

. . structure elucidation were the CH correlations (Figure 1).
The EIMS of2 exhibited a molecular ion an/z340. The First, the strong HMBC correlations of the four methyl

molecular formula gaHzd0 (9° of unsaturation) was deter- groups with their neighboring C-atoms were analyzed, and
. 1 6 i - )
mined by**C NMR and HRMS dat&® The NMR experi the resulting unities were then extended by the COSY

ments revealed the presence of a cis-disubstituted double

— . . correlations. Additional CH correlations from the clear
Egzg ((Sigljs_%r?éz)i?’ d; —59.295Hbzg, :;SS(;' l;sstltgtgdH;j o;rt:le resonances of H-1,-2,-6,12a,b and H-19, through Bonds
- t H - - 1 1

. to neighboring C-atoms, corroborated the planar structure
isopropenyl group (4 4.79, 4.85, and 1.63 s, 3H), a of 2. Key correlations (Figure 1) were from H-1 to C-3,-4,-

13,-16,-17, 20, and-21 (J to 4J); H-2 to C-19 £J); H-19
_ to C-17 and -21; ® to C-16,-17, and C-18; and from the
Table 1. NMR Data for Compound® and3 in DMSO-ds* OCH;s to C-18 and C-19. th& configuration of the C-6(7)
position b o 26u@inHZE 8¢ 30n(JinHz) double bond was suggested on the basis of the relative high-
field chemical shift of C-5d§c 25.2) due to g/-effect with
Me-14 and a NOE between the latter and H-5. The relative

1 CH 1223 645d(9.9) 1238 6.37d(9.8)
CH 1266 543d(9.9) 1250 5.40d(9.8)

§ c 76.2 78.6 stereochemistry o2 was determined mainly by analysis of

4 CH, 425 1.801.70 412  1.66 1.56 the measured NOEs (Figure 2). To diminish the transannular

5 CH, 252 2051.88 22.8 2.082.00

7 c 131.7 129.9

8 CH, 349 230bd(13.9) 388 1.981.62

1.45 t (13.9)

9 CH, 29.0 2.081.92 224  2.051.90
10 CH 428 3.94d(4.0) 131.1  4.76t(7.2)
11 C 148.4 131.0
12 CH, 109.1 4.85s54.79s 79.5 4.38d(11.4)

4.07 (11.4)

13 CHs; 31.0 1.36s 30.0 141s
14 CHs; 19.7 0.93s 141 1.32s
15 CHs; 227 1.63s 144 160s
16 C 123.6 119.3" 6.60s . .
17 o 1391 140.0 Figure 2. Key NOE correlations of.
18 c 147.54 153.0
;g SH 12?:;1(, 6:3Ls 12(1):3 6335 strain, between the chromene and the bridging chain (C-4
21 c 116.9 113.0 to -10) in the ansa molecule, C-4 has to be pseudoaxial, thus
22 CH; 559 3.73s 550 3.66s

(16) Likonide A @): an oil; [oa]o +85 (c0.56 MeOH); CDA27s + 0.4,
aMeasured at 500 MHZH) and 100 MHz #3C). P Multiplicity based 2330+ 1.5 (CHOH); vmax 3540, 2930, 1633, 1609, 1480 cifor H and
on DEPT experiment Proton correlation to C-atoms based on HMQC  13C NMR data, see Table 1; EIM®/z340 [M*]; HREIMS m/z340.2034
experimentd Assignments can be switchetNotations a and b denote high- (caled for GoH2g03 340.2031).
field and low-field protons of the geminal pairCH for 3. (17) The high field of the vinyl methyl group is caused by the benzene
ring.
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fixing the dihydropyrane conformation, i.e., the angle of the || NN N

1(2) double bond relative to the benzene ring. The direction
of the isopropenyl group, on C-10, was determined to be on
the same side as the chromene 1(2)-double bond on the basis
of NOEs between CH15, H-12a, H-12b, and H-1 (Figure

2). Key NOEs from the OCHlto the OHand H-19 and
between H-6 and H-2 confirmed the suggested structure. The
absolute stereochemistry ®tould be determined according
to the Cotton effect of the styrene chromophore of the
chromene systeA?:?°The absolute configuration of the C-3
position of 2 was deduced on the basis of Kikuchi's
method!®?° The CD spectrum of likonide A exhibited a
positive Cotton effect around the 275 nm region (MeOH,
A& + 0.4) due to the styrene chromophore of the chromene

moiety, indicating that the latter ring has a negative chirality 1€2ving a free ortho OH group, BC-12 forms an ethereal
(a left-handed helix) (Figure 5). As (vide supra) £#) bond with the phenol group leaving C-16 nonalkylated. The

adopts the pseudoaxial conformation, the absolute configu-_
ration of C-3 isR, and hence the chirality of C-10 &

The EIMS of likonide B 8) also exhibited a molecular

Figure 4. Key NOE correlations 08.

peak atm/z340. The molecular formula was determined by (4)HZC/

13C NMR and HRMS dat# to be identical to that o, 3

C22H2403. The NMR data of3 pointed to a structure similar (Me

to that of2, i.e., to the existence of a chromene system, two o g

double bonds (besides the chromene one), and, most likely,

also a bridging chain. The above functionalities account for Figure 5. Perspective drawing of the chromene moiety of likonides
the 9°of unsaturation of the molecule. However, significant A and B (a left-handed helix).

differences were also observed, namely, no isopropenyl group
was seen but rather a second trisubstituted double hind (
4.76 t, 1H and 1.60 s, 3H), the benzene ring was found to
carry two para-positioned protonsy®.33 and 6.60 s), a

structure of3 was corroborated by the measured NOEs as
shown in Figure 4. Compoung possesses a single chiral
- center, C-3, the absolute configuration of which was
methylenoxy group showed up ¢.07 .and 4.38 d = 11.4 determined, as in the casefby the positive Cotton effect

Hz), and the phenol OHlisappeared.
The structure determination 8fwas achieved in the same g;tﬂigswre”e chromophore of the chromene system to be

manner as described f@: Again, three spin systems were

observed by the COSY experiment and the complete planarjji NN

structure was concluded from the HMBC correlations (Figure
3). Important were the additional correlations from the H

Figure 3. COSY (—) and key HMBC ) correlations of3.

12 AB-system to C-10 and C-17 and the correlations of the

second aromatic proton, H-16, to C-1,-18, and -20.
Compound® and3 differ in the cyclization mode of the

bridging chain, namely, whereas thC-10 binds to C-16,

(18) A different, less likely, substitution pattern was excluded by NOE
correlations.
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Likonides A and B are new ansa compounds. Likonide A ring sizes and assembly and they are the first examples of
can be considered a 1-oxa-[9]metacyclophane, [10]ortho-these ansa compounds from sponges.
cyclophane, or 2,5-(4-methyl-7-isopropenyl-hept-3-enylene)-
chromene, and likonide B can be looked upon as a 1-oxa-
[13]metacyclophane, 1,12-dioxa-[12]paracyclophane, or 2,6-
(2,6-dimethylnona-2,6-dienylene)-chromene.
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