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Thermal Reactions of Clavulones Leading to a Novel Prostanoid with a 10-Acetoxy-11-ene Structure
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Thermal reactions of clavulones, I, II, and III gave a novel prostanoid with a 10-acetoxy-11-ene system through

a [3,3]-sigmatropic rearrangement of allylic acetate.
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Clavulones are members of a new class of antitumor
marine prostanoids abundant in the Okinawan soft coral
Clavularia viridis." Their structures are characterized by
the presence of a unique cross-conjugated system and
oxygen functions at the C-4 and -12 positions. These
structural features prompted us to investigate thermal
reactions of clavulones. Here we wish to describe the
thermal reactions of clavulones leading to the formation
of a novel prostanoid with a 10-acetoxy-11-ene system.

Clavulone I (1) was heated at 190°C in o-dichloro-
benzene to give compound 4 in 40% yield as the only
isolable product.? A similar reaction of clavulone II (2)
(5E-isomer of 1) and clavulone IIT (3) (5E,7Z-isomer of 1)
also gave the same compound 4 in 40% and 45% yields,
respectively.” The structure of 4 having the molecular
formula C,;H,,0,, the same as those of 1, 2 and 3, was
determined based on the results of spectroscopic analysis.
The proton nuclear magnetic resonance (*H-NMR) signals
due to protons on the o- and w-side chains of 4, except the
C-13 proton signal, were similar to those of clavulone TIT
(3). However, the signals due to protons at C-10 [§6.09
(IH, brs)], C-11 [65.50 (1H, quintet, J=2.3Hz)], and
C-13 [63.02 (2H, brd, J=6.9Hz)] were different from
those of 3, demonstrating an acetoxyl group at C-10 and a
bis-allylic methylene group at C-13 in 4. A conjugated
triene system was demonstrated by characteristic ultravio-
let (UV) absorptions (265, 275, 285nm) in 5% obtained by
the sodium borohydride reduction of 4 (methanol, 0°C,
94% yield). The stereochemistry of the acetoxyl group at
C-10 in 4 was determined by circular dichroism (CD)
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measurement of the p-bromobenzoate 7 obtained from 5
by a three-step procedure; 1) protection of the hydroxy
group at C-9 as a methoxymethyl group (85% yield), 2)
treatment with potassium carbonate in methanol to give
6 (28% yield), and 3) p-bromobenzoylation with p-
boromobenzoyl chloride (55% yield). The CD spectrum
(EtOH) of 7 indicated a negative Cotton effect at 270 nm
(de —3.5) and a positive Cotton effect at 240nm (4¢
+3.0). There is thus negative chirality between two
chromophores (p-bromobenzoyloxy group at C-10 and
conjugated triene group)® and this is consistent with the
B-configuration of the p-bromobenzoyl group in 7.

The B-configuration of the acetoxyl group at C-10 in 4
indicated that the acetoxyl group at C-12 in clavulones
rearranged stereospecifically to C-10 in the thermal reac-
tion. This stereospecific rearrangement can be interpreted
in terms of [3,3]-sigmatropic rearrangement®” of the
allylic acetoxyl group from C-12 to C-10 in clavulones.
The exclusive formation of 4 with a SE,7Z-diene system
from both clavulone I (1) with a 5Z,7E-diene and
clavulone II (2) with a 5E,7E-diene is explicable by thermal
isomerization of the diene of the initially formed rear-
ranged compound with the 5Z,7E-diene and SE,7E-diene,
‘respectively. This isomerization could release a steric
repulsion between the a- and w-side chains in initially
formed compounds. ;

Biological activity of 4 and related compounds obtained
in this study is currently being investigated.

Experimental

Melting points were measured on a Kofler block and are uncorrected.
Infrared (IR) spectra were recorded with a Perkin-Elmer FT-IR 1710
spectrophotometer and UV spectra with a Hitachi 124 spectrophotom-
eter. 'H-NMR spectra were recorded with a Bruker AM-400 spectrom-
eter (400 MHz). Chemical shifts are given on a & (ppm) scale with
tetramethylsilane as an internal standard (s, singlet; d, doublet; t, triplet;
q, quartet; m, multiplet; br, broad). Electron-impact mass spectra (EIMS)
were taken with a Hitachi M-80 spectrometer. Column chromatography
was carried out on Fuji Davison Silica gel BW-820MH (70—200 mesh).

Thermal Reaction of Clavulones A solution of clavulone T (1) (120 mg)
in o-dichlorobenzene (30 ml) in a sealed tube was stirred at 190 °C for 6 h.
The reaction mixture was concentrated under reduced pressure. The
residue was chromatographed on a silica gel column (hexane:ethyl
acetate=2:1 as an eluent) to give 4 (48 mg) as a pale yellow oil. IR (film)
em™': 1741, 1602, 1230. UV (EtOH) nm (e): 260 (9800), 315 (11600).
"H-NMR (CDCI,) 4: 0.89 (3H, t, J=7.0 Hz, H-20), 2.05 (2H, m, H-16),
2.10 (3H, s, OAc), 2.12 (3H, s, OAc), 3.68 (3H, s, OCH,), 5.45 (2H, m,
H-4, -14), 5.62 (1H, m, H-15), 6.01 (IH, m, H-5), 6.35 (1H, brd,
J=11.5Hz, H-7), 7.65 (1H, tdd, J=1.5, 11.5, 15.3Hz, H-6). EIMS
mjz: 446 (M™), 386 (M* —AcOH). High-resolution MS calculated for
C,sH;3,0, (M™): 446.2302. Found: 446.2276.

Similar reactions of clavulone 11 (2) and clavulone III (3) also gave 4
in 40% and 45% yields, respectively.

Conversion of 4 into the p-Bromobenzoate 7 Sodium borohydride
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(4mg) was added to a solution of 4 (50mg) in methanol (2ml) and the
mixture was stirred at 0°C for 10 min. Saturated NH,Cl solution (1 ml)
was added to the solution, and the mixture was stirred for Smin and
concentrated under reduced pressure. The residue was extracted with
ether and the cthereal solution was washed with water and saturated
NaCl solution, dried over anhydrous MgSO,, and concentrated to give 5
(47 mg).

Diisopropylamine (52 ul) and chloromethyl methyl ether (15 ul) were
added to a solution of 5 (47mg) in 1,2-dichloroethane (1.5ml). The
mixture was stirred at 50°C for 2h. Saturated NaHCO; solution was
added and then the mixture was stirred for Smin. The reaction mixture
was extracted with ether and the ethereal solution was washed with
water and saturated NaCl solution, dried over anhydrous MgSO,, and
concentrated under reduced pressure to give the methoxymethyl ether
(42 mg).

K,CO; (20mg) was added to a solution of methoxymethyl ether
(42mg) in methanol (2ml), and the mixture was stirred at room tem-
perature for 1 h. The reaction mixture was diluted with ether, and then
washed successively with saturated NH,Cl, water and saturated NaCl
solution, dried over anhydrous MgSO,, and concentrated under reduced
pressure. The residue was chromatographed on a silica gel column
(hexane : ethyl acetate=1:1 as an cluent) to give the lactone 6 (10mg).

A mixture of 6 (10mg), 1,2-dichloroethane (0.4ml), pyridine (0.1 ml)
and p-bromobenzoyl chloride (15.7 mg) was stirred at 50°C for 4h. The
reaction mixture was concentrated under reduced pressure, and then the
residue was chromatographed on a silica gel column (hexane:ethyl
acetate=35:2 as an eluent) to give 7 (8mg) as colorless crystals (mp
136°C). UV (EtOH) nm (¢): 250 (14000), 263 (11600), 275 (11200), 286
(8300). '"H-NMR (CDCly) 6: 0.90 (3H, t, J=7.1Hz, H-20), 3.29 3H, s,
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OCH,), 4.48 (1H, d, J=6.7Hz, OCH,0CHy), 4.65 (1H, d, J=6.7Hz,
OCH,OCH,), 4.79 (1H, m, H-9), 491 (1H, brq, J=7.2Hz, H-4), 548
(1H, m, H-14), 5.58 (1H, m, H-15), 5.78 (1H, dd, J=7.2, 15.4Hz, H-5),
5.98 (1H, brs, H-11), 6.11 (1H, dd, J=0.7, 5.8 Hz, H-10), 6.20 (1H, brd,
J=11.4Hz, H-7), 6.54 (1H, dd, J=11.4, 15.4Hz, H-6), 7.68 (2H, d,
J=8.6 Hz, aromatic H), 7.99 (2H, d, J=8.6 Hz, aromatic H).
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