504 J. Am. Chem. So@001,123, 504—505

Aplydactone, a New Sesquiterpenoid with an
Unprecedented Carbon Skeleton from the Sea Hare
Aplysia dactylomelaand Its Cargill-Like
Rearrangement

Sergey N. FedoroV,Oleg S. Radchenkbl arisa K. Shubind,
Anatoly I. Kalinovsky! Andrey V. Gerasimenk®d,
Dmitry Y. Popov# and Valentin A. Stonik*

Pacific Institute of Bioorganic Chemistry and
Institute of Chemistry of the Far-Eastern
Division of the Russian Academy of Sciences
690022, Prospect 100-letya Vladistoka
159¢ and 159b, Vladbstok, Russia

Receied September 5, 2000

A plethora of halogenated sesquiterpenoids have been isolated . ) )
from opistobranch molluscs, belonging to the gerysysial Figure 1. Computer-generated perspective drawingl.of
Some contain rearranged carbon skeletons. As an example, weg
have recently described the isolation of a rearranged chamigrane-
type sesquiterpene with twospybridized carbons ia-positions
to the spiro-atom from the extracts of the sea hAmysia
dactylomel& In this paper, we report the isolatiérstructure
elucidation, and unusual rearrangement of the unique sesquiter-
penoid ketond. from the same animal. Extensive NMR analysis
suggested a highly strained cyclic system foWe used X-ray
analysi$ to establish the structure and absolute stereochemistryrings and two fused four-membered rings. It also demonstrated a
of 1. A crystal, suitable for this X-ray diffraction study, was dramatic aberrance in the lengths of carboarbon bonds and
obtained from the hexareethyl acetate (25:1) solution. Analysis  dihedral angles in comparison with usual limits. For example,
of 1, named aplydactone, has established that this sesquiterpenoidhe lengths of 1(6), 2(3), and 3(11) bonds are 1.608, 1.571, and
has an unprecedented skeleton consisting of three six-membered..588 A in contrast with 1.548 A in cyclobutane, while C(%1)

" - - - — C(1)—C(6), C(2)-C(3)—C(11), C(1}-C(6)—C(12), and C(1y
TSggﬁiﬁ?gﬁ{ﬂ%ea;‘}“g’igJg!fnﬁ?%‘ﬁérﬁi;ffrﬁ? 311168. E-mail: piboc@stl.1u. 17y (3) dihedral angles are equal to 85.3, 87.3, 87.5, and
*Institute of Chemistry. 87.3, respectively. The structure of R3S 6S 8R,11S)-8-bromo-

Bi 0(kl)) gg\;l'\éfiejrt;nye%ﬁ eD-:gcé;:Lﬁl\JSérJVF')afiJne Ilz\ldatul&filazg?gilécgre%g?m’\igb %ngirk 3,7,7-trimethyl-tetracyclo[4.4.2'0.0°*dodecan-4-one, estab-

1978;9V0I. 1, Cr?apterss. (b) Sakéi, R; 'I'—Iiga;’T.; Jefford, C.; Befnardinelli, G. lished for1 correqunded also_ to EIMS, IR, and CD spectra as

Helv. Chim. Actal986 69, 91. (c) Pitombo, L. F.; Kaiser, C. R.; Pinto, A. C.  Well as to combustion analysis d&t&he computer-generated

Bol. Soc. Chil. Quim1996 41, 433. (d) Faulkner, D. Jretrahredron1977, perspective drawing of the aplydactone is given on the Figure 1.

g?(;clfgélé (fgfgzrﬂ_.',tz' F.J.; Michaud, D. P.; Schmidt, P.JGAm. Chem. It was hard to imagine before the isolation &fthat such

(2) Fedorov, S. N.; Shubina, L. K.; Kalinovsky, A. I.; Lyakhova, E. G.; compounds could be stable enough to exist in nature.

Stonik, V. A. Tetrahedron Lett200Q 41, 1979. A hypothetical pathway for aplydactone biosynthesis is rep-

(3) The ethanol extract oAplysia dactylomeldl kg) was evaporated in ; ; ; ; i
vacuo. The obtained dark brown solid was repeatedly chromatographed on resented in Scheme The chamigrane sesquiterpen@dprevi

columns with Si gel, using the hexanEtOAcC (15:1) solvent system, to give ~ ously described by us from the same molldsmay be a
520 mg of terpenoid fraction. The fraction was subjected to HPLC on an biosynthetic precursor of aplydactond).(In this case, the

Ultrasphere Si column with hexar&tOAc (25:1) as eluent at a flow rate of ; _ ;
0.6 mL/min. As a result, the sesquiterpehg44 mg) was obtained as an formation of the four-membered rings inmay be the result of

cheme 1Hypothetical Pathway for Biosynthesis bffrom 2

individual substance, mp 19896 °C, [o]?% +3%° (c 0.2, EtOH). enzymatic transformation involving a [2 2]-cycloaddition in
(4) 'H NMR (300 MHz, GDe) 6 0.70 (s, 3H, (C7)CHz eq), 0.75 (s, 3H, 2.
(C7)~CHs ax), 1.05 (d, 1HH12, Juze = 11.3 Hz), 1.09 (s, 3H, (C3) Presumably, similar biosynthetic transformations resembling

CHa), 1.29 (d, THH2, Juzss = 11.0 Hz), 1.30 (m, 2HH,10), 1.58 (d, 1A,
Hll,\]HlLng =56 HZ), 1.69 (m, 2HH29), 1.72 (ddd, 1HH'121JH12,H12
11.3 HZ,JH'12IH11: 5.6 HZ,JH'lzst =27 HZ), 1.81 (d, 1HH'2, JH'Z,HZ
11.0 Hz), 2.12 (d, THH5, Juspre = 16.5 Hz), 2.51 (dd, THH'5, Js s
16.5 Hz,Jyspz = 2.7 Hz), 3.90 (m, 1HH8) 3C NMR (75 MHz, GDg) 0

[2 + 2]-cycloaddition are realized in many marine organisms that
contain cyclobutane-containing secondary metabolites. The marine
natural products, postulated previously as formally derived by a

18.3 (q, (C7)-CHs ax), 18.6 (q, (C3)-CHa), 22.9 (q, (C7)-CHs eq), 31.0 (t, [2 + 2]-cycloaddition, may be exemplified by sceptrin, which is

C9), 31.7 (t,C12), 33.8 (1,C10), 38.2 (sC7), 40.2 (sC1), 40.6 (1,C2), 42.9 a symmetric dimer of 2-debromooroidis (hymenidin) from the

(t, C5), 45.5 (d,C11), 47.1 (sC6), 48,9 (5,C3), 65.7 (d,C8), 210.4 (sCA). spongeAgelas oroidesrelated oxysceptrin, debromosceptrin,
(5) Crystal data: @Hz:Br0, M, = 297.23, monoclinic, space grol2,, dibromosceptrin, debromooxysceptrin, and cycloanchinopeptolide

a= 7.189(1) A,b = 12.397(2) A,c = 7.638(1) A, = 93.202(3}, V = ! ptrin, xysceptrin, Yy Inopeptoli

679.6(2) R, Z= 2, D, = 1.452' Mg m®, Mo Ka radiation,A = 0.71073 A, from some sponges, belonging to the genkgalasand Anchi-

cell parameters from 698 reflectiors= 2.67-23.27, = 3.01 mm*, T= noe? Moreover, natural products with the same skeleton system

293 (2) K, box, dimensions 0.3% 0.18 x 0.15; data collection: Bruker . X . .
SMART-1000 CCD diffractometety scans, absorption correction multiscan @51 might be predicted to be isolated from other molluscs feeding

(SADABS.; Bruker, 1998)Tmn = 0.598, Tnax = 0.801, 3199 measured ~ on algae, especially ohaurencig due to the abundance of
reflections, 1837 independent reflections, 1737 reflections With 20(l),

Rint = 0.027,0max = 2327, h= -7—7,k=-13— 13, = -8 — 8; (6) EIMS m/z (%) 298/296 (11/11) [M}, 283/281 (16/16) [M— CHs] ™,
refinement: onF?, R[F? > 20 (F?)] = 0.027,wR (F?) = 0.067,S = 1.012, 217 (14) [M— Br] *, 105 (100); IR (CHGJ) v/cm™ 1704 (G=0); CD [0]2s7
1837 reflections, 157 parameters, H atoms constrained; 1/[0%(F?) + = +42.8 x 10°. Anal. (CisH»:0OBr) C: calcd, 60.61; found, 60.47; H: calcd,
g).0425>)2] whereP = (F2 = +2F2)/3, (A0)max < 0.001,Apmax = 0.206 7.12; found, 7.06.

=3, Apmin = —0.166 e A3, scattering factors frorinternational Tables for (7) Fedorov, S. N.; Reshetnyak, M. V.; Schedrin, A. P.; llyin, S. G;
Crystflll)ograph)(VoI. C), absolute structure: Flack 1983, Flack parameter Struchkov, Y. T.; Stonik, V. A.; Elyakov G. BDokl. Akad. Nauk SSSF®89
0.06 (1). 305, 877.
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p-chamigrane sesquiterpenoids having an additional double bondScheme 2Acid-catalyzed Rearrangement bfinto 3

in the position suitable for [2+ 2]-cycloaddition in these red
algae?

It is well-known that many [2+ 2]-cycloaddition products may
be synthesized under conditions of UV-irradiation of the corre-

sponding di-unsaturated compounds. However, attempts to obtain

1 by long-term UV-irradiation of2 have failed. This suggests
the in vivo formation ofl but not during the isolation and storage
of it.

We hypothesized thdt, having an nucleophilic site, might be

rearranged into a more stable compound by the action of a proton

donor. In fact, reaction df with p-TsOH gave almost quantitative
yield of the isomeric compoun@.X° The structure of3 was
established by extensive NMR analysis, includihig-*H COSY,
HMQC, HMBC, and 1D-NOE experiments. A characteristic

feature of these spectra consisted of a decrease of the geminal

coupling constant of CH12 protons to 7.9 Hz. Similar coupling

2 2
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e
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constants were observed for analogous methylene group proton$=D spectrum confirmed the stereochemical featuresstfowed

in bicyclo[2,1,1]hexanes: A methyl group was located at a

in Scheme 2. It demonstrated a positive Cotton effect wiike§

quaternary carbon adjacent to the carbonyl. These spectra= + 36 x 10°.

indicated also a methine group in a four-membered ring and two

In accordance with Scheme 2, the catibis generated first

methylene groups located between quaternary carbons. Theas a result of the action @TsOH on the carbonyl group in the
halogen-containing ring was unchanged. On this basis and usingProposed rearrangement mechanism. The X-ray analysis data

EIMS, the structure with only one four-membered, two five-
membered, and two six-membered rings was assign8dToe

(8) a) Walker, R. P.; Faulkner, D. J.; Van Engen, D.; ClardyJ.JAm.
Chem. Soc1981 103 6772. (b) Kobayashi, J.; Tsuda, M.; Hhizumi, Y.
Experiential991, 47, 301. (c) Keifer, P. A.; Schwartz, R. E.; Koker, N. E.
S.; Hughes, R. G.; Rittshof, D.; Rinehart, K.L.Org. Chem1991, 56, 2965.

(d) Casapullo, A.; Minale, L.; Zollo, F.; Lavayre, J. Nat. Prod 1994 57,
1227.

(9) (&) Brennan, M. R.; Erickson, K. L.; Minnot, D. A.; Pascoe, K. O.
Phytochemistryl987, 26, 1053. (b) Gerwick, W. H.; Lopez, Al. Nat. Prod.
1987 50, 1131. (c) Kennedy, D. J.; Selby, I. A.; Thomson, R.Rhytochem-
istry 1988 27, 1761. (d) Martin, J. D.; Caballero, P.; Fernandez, J. J.; Norte,
M.; Perez, R.; Rodriguez, M. LlPhytochemistry1989 28, 3365. (e) Wright,

A. D.; Coll, J. C.; Price, I. RJ. Nat. Prod 199Q 53, 845.

(10) The solution of aplydactone (20 mg) in benzene (3 mL) in the presence
of 5 mgp-TsOH was heated to boiling. After the reaction mixture was boiling
for 1 min, it was left at room temperature for 24 h, washed with watex (3
3 mL), and evaporated in vacuo to dryness. The reaction pro@uavds
purified using HPLC as it was described abcdvand pure3 (17 mg, 85%
yield) was obtained. Colorless crystal, mp 1213 °C; *H NMR (CsDg) 0
0.72 (s, 3H, (C7yCHs; eq), 0.75 (s, 3H, (CHCH; ax), 0.77 (d, IHH12,
\]H12,H12 =79 HZ), 0.87 (dd, 1HH'5, JH'S,HS =115 HZ,JH'5VH102 0.7 HZ),

0.97 (brdt, 1HH10, JHlO,HlO =142 HZ,JHlo’ng 3.9 HZ,JHlong =39 HZ),

1.10 (S, 3H, (C3}CH3), 1.23 (dd, 1HHS5, \]HS,H'S =115 sz\]HS,H'SLZ =29
HZ), 1.28 (d, 1HH'2, JH’Z‘HZ = 18.8 HZ), 1.40 (d, 1HH11, JHlLHlZ =29
HZ)Y 1.42 (td, lHH'lO,JH'loleo: 14.2 HZ,JH'lo'ng 14.2 HZ,-]H'long =46

HZ), 1.51 (dt, 1H,H'12, JH'12,H12: 7-91JH'12,H11: 2.9 HZ,JH'12VH5: 2.9 HZ),

1.63 (m, 1H,H9), 1.72 (m, 1HH'9), 2.18 (d, 1HH2, Jyo 2 = 18.8 Hz),
3.84 (dd, 1H,H8, JHgng =119 HZ,JHg’H'g =4.0 HZ),13C NMR (CGDG) 0

14.0 (g, (C3)-CHs), 18.5 (q, (C7)-CHs ax), 23.4 (g, (C7-CHs eq), 28.8 (t,
C10), 31.7 (t, C9), 31.7 (t, C12), 37.5 (s, C7), 39.0 (t, C5), 43.1 (t, C2), 47.4
(s, C1), 48.5 (d, C11), 55.4 (s, C3), 57.8 (s, C6), 65.6 (d, C8), 214.0 (s, C4).
Anal. (C;sH,:0Br) C: calcd, 60.61; found, 60. 41; H: calcd, 7.12; found,
7.07.

(11) Brothner-by, A. AAdvances in Magnetic Resonandéfaugh, J. S.,
Ed.; Academic Press: New York, 1965; Vol. 1, pp +34.6.

established that there are three highly strained bonds [1(6), 3(11),
and 2(3)] in1. One of them, namely 2(3), is cleaved, followed
by the formation of a new 2(4) bond--5). Alternative processes
with the formation of the 6(4) or 4(11) bonds are less probable
because of strong deformations of the remaining rings in these
cases. Finally, cleavage of the 4(5) bond followed by the loss of
a proton and formation of a new 3(5) bond completes the
rearrangements—3).

The observed rearrangement is a variant of the Cargill
rearrangemerit As it is known, the Cargill rearrangement consists
of acid-catalyzed transformation of highly straingg-unsaturated
ketones with the cleavage of two bonds: one in the strained ring
and another adjacent to a carbonyl. Our results have shown the
analogous rearrangement may take place in highly strained
systems such ds even though they do not contain a double bond.
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(12) For a review of this area see: Cargill, R. L.; Jackson, T. E.; Peet, N.
P.; Pond, D. MAcc. Chem. Red974 7, 106.




