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Abstract: A new nucleoside, aplysidine (1), has been isolated from the Okinawan marine sponge Aplysina sp. and
the structure elucidated by spectroscopic data and confirmed by synthesis of 1. Synthetically known 2',3'-didehydro-
2',3'-dideoxyuridine (2) has also been isolated from the same sponge for the first time as a natural product.

Several biologically active nucleosides have been isolated from marine organisms such as sponges,! a
gorgonian,2 nudibranchs,3 a seaweed,* an acorn worm,5 and a tunicate.5 During our studies on bioactive
substances from Okinawan marine organisms,’ we have isolated a new nucleoside, aplysidine (1), together
with the synthetically known 2',3'-didehydro-2',3'-dideoxyuridine (2) from the Okinawan marine sponge
Aplysina sp. In this paper we describe the isolation, structure elucidation and synthesis of 1.

The sponge Aplysina sp. was collected off Kerama Islands, Okinawa, and kept frozen until used. The
residue from the methanol extract was partitioned between ethyl acetate and water, and the aqueous portion was
subsequently extracted with n-butanol. The n-butanol soluble material was subjected to a silica gel column
(CHCl13/MeOH, 85:15) followed by reversed-phase HPLC on ODS (H2O/CH3CN, 90:10) to give aplysidine
(1, 0.0003 %, wet weight), together with 2',3'-didehydro-2',3'-dideoxyuridine (2, 0.001 %).

The HREIMS data of 1 established the molecular formula, C12H;6N4O5 (m/z 296.1118, M*, A -0.2
mmu), which was supported by the 13C NMR spectrum showing signals for twelve carbon atoms. The IR
spectrum indicated the presence of hydroxyl (3360 cm™1) and amide carbonyl groups (1660 cm-1). Nucleoside
nature of 1 was indicated by the fragment ion peaks observed at m/z 181, 180, and 117 in the EIMS spectrum,
which corresponded to [aglycon + 2H]*, [aglycon + H]*, and [deoxysugar]*, respectively.!8 The UV
absorption [Amax (H20) 274 nm (¢ 8500)]° and 13C NMR signals (8¢ 154.2s, 150.9s, 148.7s, 139.94,
105.5s, 29.4q, and 27.6q)10 suggested that 1 possessed 1,3-dimethyl xanthine moiety. The 'H NMR
spectrum showed a singlet of low field resonance [3y 8.38 (s)] due to the H-8 of the xanthine ring. Singlets at
8 3.23 and 3.43 were assigned to N-1 and N-3-methyl protons of 1,3-dimethyl xanthine by comparison of the
1H NMR spectral data with published values.? The !H NMR signals for the deoxysugar unit were firmly
assigned with the aid of decoupling experiments, which established the proton connectivities from H-1' to Hp-
5'. Upon addition of D70 the signals due to H-3' and H2-5' were simplified and two hydroxyl protons [y
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Table 1. 'H and 13C NMR Data of 1 in DMSO-ds

position 1H J (Hz) 13C
2 1509 s
0‘ 4 148.7 s
N s 5 105.5 s
| 6 1542 s
o&,l\ o 8 838s 139.9d
N 1 649t 6.4 85.8d
Ho—S' 0. 2' 235ddd 13.2,64,44 413t
. 1 241ddd 13.2,64,59
_ 3 431 m 69.7d
s 2 4' 3.86dt 39,44 88.0d
5! 3.53 de 11.7, 44 61.0t
1 2 3.61dt 11.7, 4.4
N1-Me 3235 276 q
N3-Me 343s 29.4 q
3-0H 5.30d 3.9
5-OH 497brt 44
CH,
N
o. N
7/ \ T/ | \> NaOMe
1) NaH/CH,C N N N a 1
HC X MeOH
TolO TolO
]
TolO TolO
4 5

5.30 (d, 3'-OH) and 4.97 (brt, 5'-OH)] disappeared. These data suggested that 1 contained 2-
deoxyribofuranose portion. The signal of H-1' was observed as a pseudotriplet, indicating a B configuration at
the anomeric carbon.!! Since no NOE was detected for H-1' proton on irradiation of N-3-methyl protons, we
assumed the glycosylation site as N-7 and assigned the structure of 1, therefore, to be theophylline N-7-2-
deoxyribofuranoside. This structure was unambiguously confirmed by synthesis of 1 as follows. Treatment!2
of the sodium salt of theophylline (3) with 1-chloro-2-deoxy-3,5-di-O-p-toluoyl-a-D-erythro-pentofuranose
(4)13 in acetonitrile gave 7-(2-deoxy-3,5-di-O-p-toluoyl-B-D-erythro-pentofuranosyl)theophylline (5). § was
treated with sodium methoxide in methanol to give compound 1 (70 % overall yield) whose spectral data were
all identical to those of the natural product (1). Thus the structure of 1 was concluded to be 7-(2-deoxy-B-D-
erythro-pentofuranosyl)theophylline.

The molecular formula of 2 was determined as CoH1oN204 by the HREIMS (m/z 210.0627, M+, A
-1.3 mmu). The !H and 13C NMR spectra of 2 showed the presence of a uracil!4 and a 2,3-didehydro-2,3-
dideoxyribose group. Compound 2 was thus suggested to be 2',3"-didehydro-2',3'-dideoxyuridine, which
was previously known as a synthetic compound.!5 The mp, [a]p, UV, and 1H NMR of 2 proved to be
identical with those of literature.
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Aplysidine (1) is the first example of nucleoside with a theophylline ring as a base from natural
souice. Kanthine N-7-ribosides are krown 0 fave exdibiced aagonistc activity © adenosine A reepion. X4
We found that compound 1 also shows a comparable activity to that of theophylline N-7-riboside.17 Though
compound 2 was previously reported as a synthetic product,!5 the full characterization of 2 has never been
repared and tnis s tne first sotation of 2 from nawral otgin. Nucieosides with 2.3-didenyvdro-2.3-
dideoxyribose have never been isolated from natural sources and it should be noted that this sugar moiety is
found in a new anti-HIV drug, 2',3'-didehydro-2',3'-dideoxythymidine (D4T).13

EXPERIMENTAL!®

Isolation. The sponge Aplysina sp. [order Verongida, family Aplysinidae] was collected off
Kerama Islands, Okinawa, and kept frozen until used. The sponge (1 kg, wet weight) was extracted with
methanol (1 L x 2). After evaporation under reduced pressure, the residue (45.0 g) was partitioned between
ethyl acetate (500 mL x 3) and 1N NaCl aqueous solution (500 mL). The aqueous layer was extracted with n-
butanol (500 mL x 3). The n-butanol soluble material (4.2 g) was subjected to a silica gel column (4.3 x 34
cm) with CHCI3/MeOH (85:15). The fraction eluted from 500 mL to 720 mL was subjected to reversed-phase
HPLC [YMC-Pack ODS-AM323 S-5 120A, 10 x 250 mm; flow rate, 2.5 mL/min; UV detection at 270 nm;
eluent, HoO/CH3CN (90:10)] to give 1 (2.6 mg, 0.0003 % wet weight; tg, 25.4 min) and 2 (10.8 mg, 0.001
%; tr, 9.0 min).

Aplysidine (1). Colorless solid; mp 162°C; {a]p20 +17° (¢ 0.4, H20); UV Apax (H20) 274 nm (¢
8500), (0.01N HCI) 275 nm (e 8400), and (0.01N NaOH) 274 nm (¢ 8400); IR (KBr) vyax 3360, 3100,
2920, 1705, 1660, 1540, 1410, 1225, 1090, and 745 cm1; 'H and 13C NMR (Table 1); EIMS m/z 296 (M*),
181, 180, and 117; HREIMS m/z 296.1118 (M), calcd for C12H16N40s, 296.1120.

2',3'-Didehydro-2',3'-dideoxyuridine (2). Colorless solid; mp 152°C (lit.152 mp 153-
154°C); [olp?! -89° (c 1.5, H20) (1it.152 [a]p?4 -84° (¢ 0.3, H20)); UV Amax (H20) 260 nm (g 10000) (lit.152
261 nm (g 10380)), (0.01N HCI) 260 nm (¢ 10000), and (0.01N NaOH) 260 nm (e 7000); IR (KBr) Vipax
3440, 3170, 3040, 1700, 1670, 1450, 1390, 1250, 1105, and 850 cm-1; 1H NMR (DMSO-dg) § 3.58 (2H,
brd, J = 2.9 Hz), 4.78 (1H, ddt, J = 2.9, 2.4, and 1.5 Hz), 4.98(1H, brs), 5.59 (1H, d, J = 8.1Hz), 5.92
(1H, ddd, J = 5.9, 2.4, and 1.5 Hz), 6.40 (1H, ddd, J = 5.9, 3.4, and 1.5 Hz), 6.81 (1H, dt,J = 3.4 and 1.5
Hz), 7.74 (1H, d, J = 8.1 Hz), and 11.25 (1H, brs); 13C NMR (DMSO-dg) & 62.2t, 87.4d, 89.1d, 101.5d,
125.7d, 135.1d, 141.1d, 150.8s, and 163.2s; EIMS m/z 210 (M*), 113, 112, and 99; HREIMS m/z 210.0627
(M), calcd for CgH1gN204, 210.0640.

7-(2-Deoxy-3,5-di-0O-p-toluoyl-B-D-erythro-pentofuranosyl)theophylline (5). To a
suspension of theophylline (3; 1.80 g, 10 mmol) in dry acetonitrile (100 mL) was added sodium hydride (60%
in oil, 0.48 g, 12 mmol) and the mixture was stirred for 30 min at room temperature under argon atmosphere.
Then 1-chloro-2-deoxy-3,5-di-O-p-toluoyl-a-D-erythro-pentofuranose (4; 3.89 g, 10 mmol) was added and the
mixture was stirred for 10 min at room temperature under argon atmosphere. After evaporation under reduced
pressure, the residue was suspended in hot ethyl acetate (300 mL) and insoluble materials were removed by
filtration. Concentration of the filtrate afforded crystals, which were washed with cold ethyl acetate (2 x 30
mL), and recrystallized from ethyl acetate to yield 5 (3.93 g, 74 %): colorless needles; mp 192°C; {a]p?3 -7° (¢
0.4, H20); UV Amax (MeOH) 239 nm (e 36000) and 272 nm (g 11000); IR (KBr) vmax 1720, 1700, 1660,
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1610, 1540, 1420, 1270, 1100, and 750 cm-!; 1H-NMR (DMSO-dg) 8 2.36 and 2.40 (6H, s, toluoyl
methyls), 2.80 (1H, m), 3.01 (1H, m), 3.23 (3H, s), 3.41 (3H, s), 4.50 - 4.65 (3H, m), 5.69 (1H, m), 6.63
(1H, t, J = 6.9 Hz), 7.29, 7.37, 7.82, 7.94 (8H, d, J = 8.1 Hz, toluoyl aromatic protons), and 8.37 (1H, s);
EIMS m/z 532 (M*), 353, 181, 180, 119, 91, and 81; Anal. Caled for CgHgN407: C, 63.15; H, 5.30; N,
10.52. Found: C, 63.22; H, 5.35; N, 10.88.

Conversion of Compound 5 to Compound 1. To a suspension of § (3.46 g, 6.50 mmol) in
methanol was added sodium methoxide (28 % in methanol, 1.3 mL, 15.6 mmol) and the mixture was stirred
for 2 h at room temperature under argon atmosphere. The reaction mixture was evaporated to dryness, and the
residue was passed through a silica gel column (2.3 x 36 cm) with CHCI3/MeOH (88:12). Crystallization from
iso-PrOH/MeOH (1:1) yielded compound 1 (1.82 g, 94 %): colorless needles; mp 166°C; [a]p?! +8° (c 0.4,

- H0); Anal. Caled for CjoH16N40Os: C, 48.65; H, 5.44; N, 18.91. Found: C, 48.93; H, 5.37; N, 19.14. The
spectral data were completely identical with those of the natural product.
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