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Abstract—A new ochtodane from Chondrococcus hornemanu and the biotoxocity of other seaweed monoterpenes 1s

reported

INTRODUCTION

Results accumulated to date show that red seaweeds from
the families Plocamiaceae and Rhizophyllidaceae produce
numerous halogenated monoterpenes which are divided
into just four carbon skeletal types [1] Both crude
extracts and individual compounds from such seaweeds
are often of interest because of their varied biological
activity This has ranged from ichthyotoxicity [2, 3], to
fish antifeedant [3], antimicrobial [4, 5] and antifungal
[6] activities We wish to describe further examples of
pronotnced bioactivity for these simple seaweed halo-
genated monoterpenes In addition we now report the
1solation of a new ochtodane from Chondrococcus
hornemann

RESULTS AND DISCUSSION

The toxicity of Plocamiaceae crude extracts on goldfish
ongmally prompted us to explore its chemustry [7]
Interestingly, these crude extracts also show, at low
concentrations, anti-insect activity, as summarized in
Table 1 Purified metabolites including compounds 1-6,1
which are major components from Plocamum cartila-
gineum or P wmolaceum, also show significant anti-insect
activity (Table 1) and are probably responsible for the
biotoxicity of the crude extracts Moreover, the activity
levels, especially inhibition of mosquito larvae emergence,
are comparable to those of commercial products It
should also be noted that 1-6 represent three of the
known monoterpene skeleton types including 2,6-di-
methyloctanes, 1-ethyl-1,3-dimethylcyclohexanes and 1-
ethyl-2,4-dimethylcyclohexanes These same pure com-
pounds (1-6) were next subjected to model pharmacologi-
cal assays The results recorded in Table 2 show that
compounds 2 and 6 exhibit the most significant activity
levels

}Compounds 1-6 are well known and are not illustrated

§ The following shifts (ppm) are predicted for a -CHX- 1n a
—C(6)HX-C(Me),-C(8)HX array where X =Br C-6 =55,
C-8=156, X = Cl C-6 =63, C-8 =64-69 [11]

Compounds 1n the fourth skeletal family (e g ochto-
danes or l-ethyl-3,3-dimethylcyclohexanes) became
available as a result of our recent field work in Tahit1 A
collection of Chondrococcus hornemanm yielded ochto-
dene (7) [3, 4], along with two new compounds 1,2-
dichloro-ochtod-3,4-ene (8) and impure epi-1,2-dichloro-
ochtod-3,4-ene (9) These were characterized by spectro-
scopic data Especially useful were *3C NMR data, n-
cluding APT and INEPT [8, 9, Myers, B L, Loo, J, Ball,
D and Crews, P., unpublished] We completely assigned
the '3C NMR shifts in 7 [3] (see structures) based upon
extensive SFORD Also, careful scrutiny of the 'H NMR
data for 7 showed a long range coupling J, s = 2Hz and
this, along with !3C NMR methyl shifts at 5 20 4and 28 9,
were consistent with the assigned C-8 relative stereochem-
1stry§ The equatonial Cg-Br 1n 8 (C;oH, 4BrCl,, [M]* at
m/z 318, 320, 322, 324) was assigned by a '3C NMR
SFORD correlation of the proton at 64 56 (dd, J = 108,
7 2 Hz) to the carbon at 654 3 {(d) The chemucal shift of
the latter vs models clearly indicates Br rather than Cl at
C-6 An axial Cl at C-8 was also evident based upon the
!3C NMR methyl shifts vs models [10, 11] Compound 9
could not be completely purified, but it was 1solated n
HPLC fractions accompanied by 8 That these two were
epimeric at C-2 was clearly evident by comparing their
13CNMR chemucal shifts With these data as a precedent,
we believe that halogen regiochemustry mn 10, which
appears to be uncertain [12-14] at C-6 and C-8, can now
be confidently assigned as shown here

The new ochtodane 8 shows biotoxicity 1n the anticell
division assay as summarized 1 Table 2 However,
ochtodene 7 did not show activity 1n spite of 1ts previously
observed icthyotoxicity [3]

EXPERIMENTAL

Our general analytical, chemical and chromatographic
methods have been described previously [10] NMR spectra were
recorded on a JEOL FX-100 PFT spectrometer operating at
250 MHz for 1°C and 100 MHz for 'H Additional !3C NMR
spectra at 75 MHz were recorded at Syntex and 'H NMR spectra
at 360 MHz were recorded at the Stanford Magnetic Resonance
Lab (SMRL) Mass spectra were obtained by direct inlet at 20 eV
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Table 1 Anti-insect activity agamnst insect-sensitive synchronized mstars*

Manduca Hehothis
tobacco Aedes Musca tobacco
hornworm mosquito fly budworm
larva-1II larvae larvae larva-1I1
(u gflarva) (ppm) (u g/prepupa) (u gflarva)
LD-50 EC-50 ED-50 ED-50
Crude extracts
P carulagineum > 100 00054 — —
P wviolaceum 28 >10 92 50
P oregonum > 100 >10 > 100 —
Natural productst
Cartilagineal (1) > 100 >01 > 100 > 100
7-Bromochloromethyl-3,4,8-
trichloro-3-methyl-1,5,7-octa-triene
2 > 100 — 30 > 100
Violacene (3) 24 >10 65 32
Plocamene B (4) > 100 005 — —
Plocamene D (5) > 100 >10 > 100 > 100
Plocamene E (6) > 100 >01 > 100 —
Standards
Benzene hexachlonde > 100 014 003 43
Methoprene > 100 00002 0004 > 100
Padan 220 041 10 >10 !
Permethrin 0029 — 035 0018
Testing threshold} 100 10 100 100

*ED-50 or EC-50 values are effective dose or concentration required reduce metamorphosis to 50 %, but in
the case of methoprene ID-50 and IC-50 values are cited

+For chemical structures see 1, ref [7], 2, ref [10], 3-6, ref [2], methoprene, ref [15]

I Values greater than the testing threshold indicate httle or no activity

with temperature programming, 100° for 1 mn followed by
3°/min to 200° Rotations were measured on a Perkin Elmer
polarimeter with a quartz microcell (01 ml) Broassays were
carried out according to past procedures [15-17]

The alga (60 14 g, dry wt), C hornemanm, from Bora Bora,

Tahit1 (June 1982), extracted with CH,Cl, immedhately after
collection yielded a crude oil (0848 g) Partiioning between
hexane-MeOH (1 1) yielded semi-pure fractions 0230g
(hexane), 0618 g (MeOH) 'H NMR (360 MHz, benzene-dg) of
the MeOH fraction revealed charactenstic peaks for compounds
7-9 The MeOH fraction was subjected to flash chromatography
(solvent gradient of hexane to EtOAc) A total of five fractions
were collected, and Fr 1 (hexane)and Fr 2 (hexane-EtOAc, 4 1)
were combined (0 398 g) then subjected to HPLC

Ochtodene (7) HPLC fractions 15-20 gave 7 as a clear oil
(74 mg) with spectral properties and rotation [ap] = +162° (¢
0065, CHCl;) matching those 1n the literature [3,4] An SFORD
TH NMR at 6115 gave a sharp !3C peak at 628 8

1,2-Dichloro-ochtod-3,4-enes (8 and 9) HPLC fractions 8 and 9
(14 mg) and 10-13 (82 mg) contained respectively pure 8 and a
mixture of 8 and 9 (ratio of 5 1) Specific physical properties for 8
were [ap] = +50° (¢ 0045, CHCl,), 'H NMR (360 MHz,
CDCl,) 6588 (dd,J = 54,36 Hz, H-4),460(t,J = 72 Hz,H-2),
456 (dd,J = 108,72 Hz, H-6a),4 52 (s, H-8¢), 3 95 (dd,J = 108,
72 Hz, H-1),385(dd,J = 108,72 Hz, H-1),294 (ddd, ] = 198,
72,54 Hz, H-5¢),2 69 (ddd, J = 19 8,10 8, 3 6 Hz, H-5a), 1 30 (s,
Me-10), 1 10 (s, Me-9) Spin decoupling at 6 5 88 (H-4) revealed a
clear ABX pattern at 6269 (J = 36 Hz ehminated), 294 (J
= 54 Hz ehmunated) and 4 56 !'3C NMR (benzene-dg, 25 and
75 MHz) 1344 (s, C-3), 131 0 (d, C-4),63 9 (d, C-8), 63 6 (4, C-2),
543(d, C-6),479 (t,C-1),399 (s, C-7), 35 7 (¢, C-5), 279 (¢, C-10),
197 (g, C-9) SFORD at 75 MHz was used to assign C-6, mass
spectrum, m/z 318, 320, 322, 324 [M]", 283, 285, 287 [M — C1]*,
203, 205, 207 [M —Cl, —HBr]*, 169, 167 [M—~Cl, —HBr,
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Table 2 Bio-assay activity with animal model preparations

Guinea pig Frog Sea
heart heart urchin
auricle ventricle cell
contraction contraction division Guinea pig ileum agonist,
Compound* rate and force force mhibition antagonist, or potentiator
Cartilagineal (1) No effect — No effect Weak histamine antagonism
7-Bromochloromethyl-3,4,8-
trichloro-3-methyl-1,5-7- No effect No effect 76% 459, Histamine antagonism
octatriene (2) 259 Acetylcholine antagonism
Violacene (3) Force + 509, Mild effect No effect Agonist
Plocamene B (4) No effect Mild effect No effect Acetylcholine potentiation
Histamine potentiation
Plocamene D (5) No effect No effect No effect No effect
Plocamene E (6) Force + 309, -21% No effect Acetylcholine antagonism
Histamine antagonism
Ochtodene (7) — Mild effect No effect —
Dichloro-ochtodene (8) No effect Mild effect 18% —

* All dose concentrations = 16 ug/ml

—~HCI]* Specific physical properties for 9 were 'H NMR
(360 MHz, CDClyy 6578 (dd, J =54, 36, H-4), 465 (1, J
=72 Hz, H-2), 451 (dd, J = 108, 72 Hz, H-6a), 445 (s, H-8¢),
389 (dd,J = 108,72 Hz H-1),375 (dd,J = 108, 72 Hz, H-1),
294 (ddd, J = 198, 72, 54 Hz, H-53), 125 and 1 11 (s, 5, Me-9
and 10), '*C NMR (25 and 75 MHz, benzene-dg) 5134 6 (s, C-3),
1274 (d,C-4),659 (d,C-2),59 4 (d, C-8),54 3 (d, C-6),44 8 (¢, C-1),
399 (s, C-7), 351 (t, C-5), 280 (g, C-10), 199 (g, C-9)
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