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Abstract — Chemical investigations of the tropical marine sponge of the genus
Ircinia have resulted in the isolation of three new polyprenyl chromenes (1-3),
together with known hydroquinone derivatives (4-9). Their structures were
elucidated on the basis of mass spectrometry and detailed 2D NMR spectroscopic
data. The anti-inflammatory activity of these compounds was evaluated.
Compounds 7, 8, and 9 exhibited moderate inhibition of LPS-induced NO
production in RAW 264.7 macrophages.

Polyprenyl quinones and chromenes are widely distributed among various marine organisms, including
sponges™— and brown algae.* These metabolites, which are abundant in marine sponge Ircinia sp. and
Sarcotragus spinulosus, exhibit brine shrimp lethality,> anti-inflammatory activity,” and inhibition
activity against various enzymes such as Na'/K'-ATPase,” tyrosine protein kinase,* and HIV-integrase.*
Quinones and chromenes from other marine organisms also possess diverse bioactive properties such as

antimicrobial activity,” cytotoxicity,"" antioxidant activity,'*" and phospholipase A, activity."® During

. . . . . . 17,1
the course of our search for biologically active constituents from tropical marine sponges,*

we
encountered a sponge of the genus Ircinia from the Federated States of Micronesia, and a crude extract
from the sponge exhibited moderate anti-inflammatory activity. Guided by the results of '"H NMR
analyses, the organic extracts from this animal were separated by employing solvent partitioning followed

by silica vacuum flash chromatography and HPLC to afford several polyprenyl quinones and chromenes
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(1-9) (Figure 1). Herein, we describe the structure elucidation and biological evaluation of these

secondary metabolites.
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Figure 1. Structures of compounds 1-9 isolated from marine sponge Ircinia sp.
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The specimens of Ircinia sp. were collected along the offshore of Weno Island, Chuuk State, Federated
States of Micronesia, in 2009. The collected specimens were extracted with methanol and
dichloromethane. The combined extracts were concentrated and fractionated into water, n-butanol, 15%
aqueous methanol and n-hexane. The residue of the n-hexane layer was subjected to silica vacuum flash
chromatography using gradient mixtures of n-hexane and ethyl acetate followed by silica HPLC to afford
nine polyprenyl quinones and chromenes, including three new compounds. The six known metabolites
were readily identified as 2-heptaprenylmethyl-2-methylchromen-6-ol (4),> 2-hexaprenylmethyl-2-
methylchromen-6-ol (5),> 2-pentaprenylmethyl-2-methylchromen-6-ol (6),> 2-octaprenyl-1,4-hydro-
quinone (7).} 2-heptaprenyl-1,4-hydroquinone (8),> and 2-hexaprenyl-1,4-hydroquinone (9)! by a
combination of spectroscopic analysis and comparison with data reported for these compounds.

Compounds 1, 2, and 3 were each obtained as a yellow gum, and analyzed for C47H7003, C42Hs203, and
Ca7Hs403, respectively, by combined HREIMS and *3*C NMR spectrometry. The analysis of the 3C NMR
data of these compounds revealed that the compounds had quite similar carbon signals in the
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aromatic/olefinic region. The chromenol and polyprenyl natures of these compounds were evident from
the eight individual carbon signals (3¢ 100.1 — 146.7) and the two clustered carbon signals (¢ 124.0 —
124.4 and ¢ 134.8 — 135.2) in the **C NMR data. There were subtle differences in the relative intensities
of the clustered carbon signals in this region of the *C NMR spectra of each compound; these differences
resulted from the difference in the identities of repeated prenyl units. In the *H NMR spectra, two singlet
aromatic protons (dy 6.57, 6.39) and two sets of doublet protons at 6y 6.26 (d, J = 9.8 Hz) and 5.46 (d, J =
9.8 Hz) were found, which revealed the presence of a tetra-substituted styrene moiety in the molecule.
The presence of a chromene skeleton was supported by an observed absorption maximum at 326 nm in
the UV spectrum.

The structures of the metabolites (1-3) were determined by detailed interpretation of 2D NMR data.
Long-range correlations of the aromatic protons at 6y 6.57 and 6.39, the olefinic proton signals at &y 6.26
and 5.46, and the upfield singlet protons at oy 3.85 (3H) and 1.37 (3H) with chromene carbons in the
HMBC data readily established the presence of a 7-methoxy-2-methylchromen-6-ol moiety (Table 1).
Similarly, long-range correlations of the vinyl methyl protons at 6y 1.59 — 1.68 with neighboring carbons,
combined with the "H COSY correlations of the olefinic protons with aliphatic protons, defined the

structure of the prenyl portions. The important HMBC interactions of compound 1 are shown in Figure 2.

Table 1. Selected NMR data for compound 1 in CDCl;3 (6 in ppm)

Position ou (mult., J) d¢c HMBC (&4 to 8¢)

2 78.2

3 5.46 (d, 9.8) 127.6 C2, C4a

4 6.26 (d, 9.8) 1225 C2,C5, C8a
da 113.9

5 6.57 (s) 111.7 C4, C6, C7,C8a
6 139.2

7 146.7

8 6.39 () 100.1 C4a, C6, C7, C8a
8a 146.7

I 1.59-1.62 (m) 40.9

2’ 1.98-2.08 (m) 22.6

3’ 5.09-5.14 (m) 124.1

4 135.2

5 1.59 (s) 16.0

6’ 1.37 (s) 25.7

7-OCHj 3.85 () 56.0 c7
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Figure 2. COSY and selected HMBC (H—C) correlations of compound 1.

The identities of the repeated prenyl units were determined to be linear heptaprenyl (1), hexaprenyl (2),
and pentaprenyl (3) on the basis of MS and NMR analysis. E geometry of C-3” olefin was determined by
the upfield shifts of the vinyl methyl carbons at d¢c 16.0 (C-5). The absolute stereochemistry at the C-2
asymmetric center was determined to be R on the basis of CD measurement and application of Crabbe’s
rule.22 Thus, the structures of 1, 2 and 3 were determined to be (2R)-2-heptaprenylmethyl-7-methoxy-
2-methylchromen-6-ol, (2R)-2-hexaprenylmethyl-7-methoxy-2-methylchromen-6-ol, and (2R)-2-penta-
prenylmethyl-7-methoxy-2-methylchromen-6-ol, respectively.

Compounds 1-9 were evaluated for their cytotoxicity on human leukemia HL-60 cells via a colorimetric
MTT assay. The absorbance was measured in triplicate and the percentage of cell viability was
calculated.?2 In vitro growth inhibition activity was examined after 72 h treatment of cells, and the results
are summarized in Figure 3. As can be seen from the figure, compounds 2, 7, 8, and 9 exhibited
significant growth inhibition at 50 uM concentration against HL-60 with 76.9%, 66.0%, 71.5%, and
72.8% inhibition, respectively. The growth inhibition rate was determined by the MTT assay. Each value

represents that the mean + SE from three independent experiments.
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Figure 3. Inhibitory effect of compounds against growth of HL-60 cells.

The anti-inflammatory effects of these nine compounds were also evaluated by determining their
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inhibitory effects on pro-inflammatory mediators in lipopolysaccharide (LPS)-stimulated murine
macrophage RAW 264.7 cells. NO is a short-lived free radicals and plays an important role in the
pathogenesis of various inflammatory diseases.2t LPS induced NO production, and the increase was
inhibited markedly by three compounds. As shown in Figure 4, polyprenyl-1,4-hydroquinones 7, 8, and 9
inhibited LPS-induced NO production by 89.0%, 86.6%, and 71.8% at 50 uM, respectively. Therefore,
the inhibitory effect on NO production suggests anti-inflammatory action of polyprenyl-1,4-
hydroquinones 7, 8, and 9. The production of NO was assayed in the culture medium of macrophages
stimulated with LPS (1 ng/mL) for 24 h in the presence of compounds (50 uM). Each value indicates the

mean * SE from three independent experiments.
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Figure 4. Inhibitory effect of compounds on LPS-induced NO production in RAW 264.7 macrophages.

In conclusion, biological and chemical investigations of the crude extract of the Micronesian marine
sponge of the genus Ircinia led to the isolation of three new polyprenyl hydroquinone derivatives 1-3,
together with six known related hydroquinone derivatives. Their structures were elucidated on the basis of
mass spectrometry and detailed 2D NMR spectroscopic data. Among the isolated polyprenyl
hydroquinone derivatives, compounds 7, 8, and 9 exhibited moderate inhibition of LPS-induced NO

production in RAW 264.7 macrophages.

EXPERIMENTAL
General Experimental Procedures
Optical rotations were measured on a JASCO DIP-1000 digital polarimeter using a 5 cm cell. CD data

were obtained on a JASCO J-715 spectropolarimeter. NMR spectra were recorded on a Varian Unity 500
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instrument at 500 MHz for *H and 125 MHz for *C. All chemical shifts were recorded with respect to the
residual solvent signals as an internal standard (CDCl; 6y 7.26 ppm, d¢c 77.0 ppm). IR spectra were
recorded on a JASCO FT/IR-4100 spectrophotometer as thin films. UV spectra were obtained in MeOH
using a Shimadzu UV-1650PC spectrophotometer. Mass spectral data were obtained at the Korean Basic
Science Institute, Seoul, Korea. All solvents used were of spectroscopic grade or were freshly distilled
from glass prior to use.

Animal Material

Specimens of Ircinia sp. were collected by hand with scuba equipment at a depth of 15-20 m off the
shore of Weno Island, Chuuk State, Federated States of Micronesia, in July, 2009. The sample was
identified by its morphological character and deposited at the Marine Biotechnology Research Center,

Korea Ocean Research & Development Institute, Korea, under the curatorship of Dr. H. S. Park.

Extraction and Isolation

The specimens of Ircinia sp. were collected from the Federated States of Micronesia in 2009. The fresh
sponge was immediately frozen and kept at -25 °C until its chemical investigation. The specimens were
lyophilized (wet wt. 512 g) and repeatedly extracted with MeOH (1 L x 2) and CH,Cl, (1 L x 1). The
extract was filtered and concentrated under reduced pressure to afford 82.7 g of crude extract. The residue
was partitioned between H,O and n-BuOH to yield 11.2 g of organic-soluble material. The n-BuOH layer
was re-partitioned between 15% aqueous MeOH (3.7 g) and n-hexane (6.2 g). The residue of the
n-hexane layer was subjected to silica vacuum flash chromatography using gradient mixtures of n-hexane
and EtOAc as eluents (elution order: 10%, 20%, 30%, 40%, 50% EtOAc in n-hexane, and 100% EtOAc).
The fraction eluted with 20% EtOAc in n-hexane (1.41 g) was dried and separated by silica HPLC (YMC
silica column, 250 x 10 mm; 5% EtOAc in n-hexane) to afford in order of elution, 11.2, 5.3, 8.1, 24, 5.1,
and 61 mg of 1, 2, 3, 4, 5, and 6, respectively. The fraction eluted with 30% EtOAc in n-hexane (2.65 g)
was dried and separated by silica HPLC (10% EtOAc in n-hexane) to yield 37.1, 19.2, and 5.0 mg of 7, 8,
and 9, respectively. The purity of these compounds was checked by HPLC.

(2R)-2-Heptaprenylmethyl-7-methoxy-2-methylchromen-6-ol (1): [a]*°o +18.5 (c 0.05, CHCIs); *H
NMR (500 MHz, CDCl3) & 6.57 (1H, s, H-5), 6.39 (1H, s, H-8), 6.26 (1H, d, J = 9.8, H-4), 5.46 (1H, d, J
= 9.8, H-3), 5.14-5.09 (7H, m, =CH), 3.85 (3H, s, OCHj), 2.04-2.09 (14H, m, CH,), 1.95- 2.01 (14H, m,
CH,), 1.67 (3H, s, CHs) , 1.60-1.67 (21H, m, CHs), 1.37 (3H, CHs, H-6"); **C NMR (CDCls, 125MHz) &
146.7 (C-7, C-8a), 139.2 (C-6), 135.2 (C-4’), 135.0-134.8 (5C), 131.2 (1C), 127.6 (C-3), 124.4-124.0
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(7C), 122.5 (C-4), 113.9 (C-4a), 111.7 (C-5), 100.1 (C-8), 78.2 (C-2), 56.0 (OCHs3), 40.9 (C-1°), 39.7
(6C), 26.8-26.6 (6C), 26.0 (1C), 25.7 (C-6"), 22.6 (C-2°), 17.6 (1C), 16.0 (C6); IR 3350, 2995, 1770,
1759, 1374, 1245, 1056 cm™; UV (MeOH) Amax (I0g £) 324 nm (2.7); HREIMS m/z 682.5316, (calcd for
Cu7H700s, M/z 682.5325)

(2R)-2-Hexaprenylmethyl-7-methoxy-2-methylchromen-6-ol (2): [o]®p +20.9 (c 0.05, CHCIs); *H
NMR (500 MHz, CDCls) § 6.57 (1H, s), 6.39 (1H, s), 6.26 (1H, d, J = 9.8), 5.45 (1H, d, J = 9.8),
5.15-5.09 (6H, m), 3.84 (3H, s), 2.04-2.09 (12H, m), 1.95-2.01 (12H, m), 1.67 (3H, s), 1.60-1.67 (18H,
m), 1.37 (3H, CHy); *C NMR (CDCls, 125MHz) & 146.7, 139.2, 135.2, 135.0-134.8 (4C), 131.2, 127.6,
124.4-124.0 (6C), 122.4, 113.9, 111.7, 100.1, 78.1, 56.0, 40.9, 39.7 (5C), 26.8-26.6 (5C), 26.0, 25.7, 22.6,
17.6, 16.0 (C5); IR 3350, 2995, 1770, 1759, 1374, 1245, 1056 cm™; UV (MeOH) Anmax (I0g &) 326 nm
(3.0); HREIMS m/z 614.4697, (calcd for C4,Hs,03, m/z 614.4699)

(2R)-2-Pentaprenylmethyl-7-methoxy-2-methylchromen-6-ol (3): [a]*> +19.5 (c 0.05, CHCls); 'H
NMR (500 MHz, CDCls) § 6.57 (1H, s), 6.39 (1H, s), 6.25 (1H, d, J = 9.8), 5.46 (1H, d, J = 9.8),
5.15-5.00 (5H, m), 3.85 (3H, s), 2.04-2.09 (10H, m), 1.95-2.01 (10H, m), 1.67 (3H, s), 1.60-1.67 (15H,
m), 1.37(3H, CH3); *C NMR (CDCls, 125MHz) 5 146.7, 139.2, 135.2, 135.0-134.8 (3C), 131.2, 127.6,
124.4-124.0 (5C), 122.5, 113.9, 111.7, 100.1, 78.1, 56.0, 40.9, 39.7 (4C), 26.8-26.6 (4C), 26.0, 25.7, 22.6,
17.6, 16.0 (C4); IR 3345, 2995, 1772, 1760, 1378, 1244, 1056 cm™; UV (MeOH) Amax (log &) 326 nm
(3.1); HREIMS m/z 546.4074, (calcd for C37Hs403, m/z 546.4073).

2-Heptaprenylmethyl-2-methylchromen-6-ol (4): LRAPCIMS m/z 653.48 (M+H), (calcd for C4sHggOo,
m/z 653.53).

2-Hexaprenylmethyl-2-methylchromen-6-ol (5): LRAPCIMS m/z 585.42 (M+H), (calcd for C4;Hs10,
m/z 585.46).

2-Pentaprenylmethyl-2-methylchromen-6-ol (6): LRAPCIMS m/z 517.38 (M+H), (calcd for C3sHs30,
m/z 517.40).

2-Octaprenyl-1,4-hydroquinone (7): LRAPCIMS m/z 655.55 (M+H), (calcd for C46H710,, m/z 655.55).

2-Heptaprenyl-1,4-hydroquinone (8): LRAPCIMS m/z 587.44 (M+H), (calcd for C4He3O,, m/z
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587.48).

2-Hexaprenyl-1,4-hydroquinone (9): LRAPCIMS m/z 518.41 (M+H), (calcd for C3sHs302, m/z 519.42).

HL-60 Cell Culture.
The human promyelocytic leukemia cell line (HL-60) was grown on an RPMI-1640 medium
supplemented with 10% (v/v) heat-inactivated FBS, penicillin (100 U/mL), and streptomycin (100

pug/mL). Cultures were maintained at 37 °C in a 5% CO; incubator.

Cell Growth Inhibitory Assay.

The cytotoxicity of compounds on tumor cells was assessed via a colorimetric MTT assay. The
suspension of cells was seeded at 5 x 10* cells/mL together with the test compounds and incubated for up
to 72 h prior to MTT treatment. MTT stock solution [2 mg/ml in phosphate buffered saline (PBS)] was
added to each well to achieve a total reaction volume of 250 uL. After 4 h of incubation, the plates were
centrifuged for 10 min at 2000 rpm and the supernatants were aspirated. The formazan crystals in each
well were dissolved in DMSO, and the amount of purple formazan was quantified by measuring the

absorbance at 540 nm.

RAW 264.7 Cell Culture.

The murine macrophage cell line RAW 264.7 was purchased from the Korean Cell Line Bank (KCLB;
Seoul, KOREA). RAW 264.7 cells were cultured in Dulbecco's modified Eagle's medium (DMEM,;
GIBCO Inc., NY, USA) supplemented with 100 U/mL of penicillin, 100 pg/mL of streptomycin and 10%
fetal bovine serum (FBS; GIBCO). The cells were then incubated in an atmosphere of 5% CO, at 37 °C

and were subcultured every 3 days.

Determination of NO Production.

LPS-induced NO production was measured in RAW 264.7 cells to determine the anti-inflammatory
activites of polyprenyl hydroquinones. The cells (1.5 x 10° cells/mL) were treated with compounds 1-9
(at 50 uM concentration), followed by incubation with LPS (1 pg/mL) for 24 h. The quantity of nitrite
that accumulated in the culture medium was measured as an indicator of NO production. In brief, 100 uL
of cell culture medium was mixed with 100 puL of Griess reagent (1% sulfanilamide and 0.1%
naphthylethylenediamine dihydrochloride in 2.5% phosphoric acid); the mixture was incubated at room

temperature for 10 min, and the absorbance at 540 nm was measured in a microplate reader. Fresh culture
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medium was employed as a blank in every experiment. The quantity of nitrite was determined from a

sodium nitrite standard curve.

ACKNOWLEDGEMENTS

We are grateful to the Department of Marine Resources, State of Chuuk, Federated States of Micronesia,

for allowing our marine organism research. This work was partially supported by the KORDI (PE98785)
and the Ministry of Land, Transport and Maritime Affairs (PM56641), Republic of Korea.

REFERENCES

1.
2.
3.

10.

11.

12.

13.

14.

15.

16.

17.

G. Cimino, S. De Stefano, and L. Minale, Tetrahedron, 1972, 28, 1315.

V. A. Stonik, T. N. Makarieva, and A. S. Dimitrenok, J. Nat. Prod., 1992, 55, 1256.

Y. Venkateswarlu and M. Venkata Rami Reddy, J. Nat. Prod., 1994, 57, 1286.

G. De Bifulco, I. Bruno, L. Minale, R. Riccio, C. Debitus, G. Bourdy, A. Vassas, and J. Lavayre, J.
Nat. Prod., 1995, 58, 1444.

S. Rosa, A. Crispino, A. De Giulio, C. lodice, and A. Milone, J. Nat. Prod., 1995, 58, 1450.

J. P. Baz, L. M. Canedo, and D. Tapiolas, J. Nat. Prod., 1996, 59, 960.

L.-A. Tziveleka, D. Abatis, K. Paulus, R. Bauer, C. Vagias, and V. Roussis, Chem. Biodivers., 2005,
2,901.

T. Kusumi, Y. Shibata, M. Ishitsuka, T. Kinoshita, and H. Kakisawa, Chem. Lett., 1979, 8, 277.

M. Ochi, H. Kotsuki, S. Inoue, M. Taniguchi, and T. Tokoroyama, Chem. Lett., 1979, 8, 831.

T. Kikuchi, Y. Mori, T. Yokoi, S. Nakazawa, H. Kuroda, Y. Masada, K. Kitamura, and K. Kuriyama,
Chem. Pharm. Bull., 1983, 31, 106.

A. Numata, S. Kanbara, C. Takahashi, R. Fujiki, M. Yoneda, E. Fujita, and Y. Nabeshima, Chem.
Pharm. Bull., 1991, 39, 2129.

K. H. Jang, B. H. Lee, B. W. Choi, H.-S. Lee, and J. Shin, J. Nat. Prod., 2005, 68, 716.

J. 1. Lee and Y. Seo, Chem. Pharm. Bull., 2011, 59, 757.

A. Sato, T. Shindo, N. Kasanuki, and K. Hasegawa, J. Nat. Prod., 1989, 52, 975.

Y. Yamamoto, N. Maita, A. Fujisawa, J. Takashima, Y. Ishii, and W. C. Dunlap, J. Nat. Prod., 1999,
62, 1685.

B. Gil, M. J. Sanz, M. C. Terencio, A. De Giulio, S. De Rosa, M. J. Alcaraz, and M. Paya, Eur. J.
Pharmacol., 1995, 285, 281.

H.-S. Lee, K.-M. Yoon, Y.-R. Han, K. J. Lee, S.-C. Chung, T.-I. Kim, S.-H. Lee, J. Shin, and K.-O.
Oh, Bioorg. Med. Chem. Lett., 2009, 19, 1051.



v
http://dx.doi.org/10.1021/np50087a012
http://dx.doi.org/10.1021/np50111a018
http://dx.doi.org/10.1021/np50123a017
http://dx.doi.org/10.1021/np50123a017
http://dx.doi.org/10.1021/np50123a018
http://dx.doi.org/10.1021/np960367a
http://dx.doi.org/10.1002/cbdv.200590066
http://dx.doi.org/10.1002/cbdv.200590066
http://dx.doi.org/10.1246/cl.1979.277
http://dx.doi.org/10.1246/cl.1979.831
http://dx.doi.org/10.1248/cpb.31.106
http://dx.doi.org/10.1248/cpb.39.2129
http://dx.doi.org/10.1248/cpb.39.2129
http://dx.doi.org/10.1021/np058003i
http://dx.doi.org/10.1248/cpb.59.757
http://dx.doi.org/10.1021/np50065a010
http://dx.doi.org/10.1021/np990230v
http://dx.doi.org/10.1021/np990230v
http://dx.doi.org/10.1016/0014-2999(95)00419-L
http://dx.doi.org/10.1016/0014-2999(95)00419-L
http://dx.doi.org/10.1016/j.bmcl.2009.01.017

1446 HETEROCYCLES, Vol. 85, No. 6, 2012

18. H.-S. Lee, J. H. Lee, H. Won, S.-K. Park, H. M. Kim, H. J. Shin, H. S. Park, C. J. Sim, and H.-K.
Kim, Lipids, 2009, 44, 71.

19. M. lwashima, N. Tako, T. Hayakawa, T. Matsunaga, J. Mori, and H. Saito, Chem. Pharm. Bull., 2008,
56, 124.

20. S.-J. Heo, K.-N. Kim, W.-J. Yoon, C. Oh, Y.-U. Choi, A. Affan, Y.-J. Lee, H.-S. Lee, and D.-H.
Kang, Food Chem. Toxicol., 2011, 49, 1998.

21. Y. C. Luiking, M. P. Engelen, and N. E. Deutz, Curr. Opin. Clin. Nutr. Metab. Care, 2010, 13, 97.



http://dx.doi.org/10.1007/s11745-008-3249-3
http://dx.doi.org/10.1248/cpb.56.124
http://dx.doi.org/10.1248/cpb.56.124
http://dx.doi.org/10.1016/j.fct.2011.05.011
http://dx.doi.org/10.1097/MCO.0b013e328332f99d



