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Abstract—Two new sesquiterpenoid metabolites have been characterized from a Jamaican variety of the marine alga
Laurencia obtusa. These are 2-chloro-3-hydroxy-a-chamigren-9-one, with an unusual cis-relationship of the
heteroatoms at the 2,3-positions, and its intramolecular conjugate addition derivative possessing a cineole moiety fused

to a cyclohexane ring.

INTRODUCTION

The Laurencia genus of marine algae is a prolific elabor-
ator of novel secondary metabolites [1]. These meta-
bolites purportedly confer a special ecological advantage
on the plants, protecting them from excessive predation.
While some species of Laurencia produce a characteristic
set of secondary metabolites independent of growth
locality [2], others produce a bewildering array of vastly
different compounds which vary from one locality to
another. The cosmopolitan species L. obtusa falls into this
latter category [1, 3-5].

(+)-Elatol (1) was originally reported as the major
secondary metabolite of L. elata collected in Australian
waters [6]. Later, it was isolated from L. obtusa collec-
tions in the Canary Islands [7] and Belize [8], while its
enantiomer was found in a different Caribbean collection
[9). In examining a variety of L. obtusa collected in
Jamaican waters, we have characterized ( + )-elatol as the
major secondary metabolite. Accompanying the elatol are
two related metabolites with new structures, 2 and 3.
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RESULTS AND DISCUSSION

Compound 2 analysed for C,sH;;ClO, by high-
resolution mass spectrometry. Its IR spectrum displayed
hydroxyl absorption at 3450cm ™' and conjugated car-
bonyl absorption at 1665 and 1615cm~'. The latter
functionality was confirmed bya 7, 0f237 nm in the UV
spectrum and absorption in the '*C NMR spectrum at
0198.2 (s), 127.0 (d) and 167.7 (s). These data, together
with a vinyl methyl signal at 62.05 in the 'HNMR
spectrum which was allylically coupled (1.1 Hz) to a vinyl
proton at 5.83, established the presence of the following
moiety:

H
CH,—l:C—(::o

Deshielded signals at 369.8 (s) and 68.1 (d) were
assigned to those carbons bearing the hydroxyl and the
chloro groups. A methyl carbon absorption at §28.8 (g)
and its attendant proton absorption in the 'HNMR
spectrum at 1.36 (s) led to the assignment of the hydroxyl
group to the quaternary carbon (69.8, s) and the chlorine
to the tertiary carbon (68.1, d). Since the chloromethine
signal appeared as a double doublet in the 'HNMR
spectrum (64.32), two non-equivalent protons are
adjacent:

H, T
CH,—ll—OH —(ll—C —Cl

Hy

Two additional methyl groups, two additional quaternary
carbons and four CH, groups were also identified in the
NMR spectra (Table 1).

Assuming an a-chamigrene base, the most reasonable
structure to fit these data is that shown by 2. Confirmation
of the gross structure was provided by interrelating
compound 2 with elatol. Thus, POCIl;-pyridine dehy-
dration of 2 gave a mixture of olefins with 4 as a major
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Table 1. '*C NMR* and 'H NMRt data for compound 2

Carbon
No. 3cs H 'H multiplicity and J (Hz)
| 3465 (1) { 2.30 (ax) dd; J lax, 1eg = 143, J 15, » = 12.5 (additional 0.5 Hz coupling present)
216 (eq)  ddd: Jyog 1y = 143, J 0, = 47, Jy g 50 = 16
2 68.10 d) 432 dd; J, 10 = 125,05 1pq = 47
3 69.76 (s)
1.80 (ax) ddd; J =144, J =128,J =46
4 36.15 () { 197 eq)  ddd; J::: = 144, J::: =52, J,,: g = 3.7
s 220 §2H @) T e = AL Ty i = 128, Ty e =52
172 (eq)  brddd; Jseg s = 141, Jsog 4y = 46, T oq 4eq = 3T J5q 10g = 16
6 4789 (s)
7 167.75 (s)
8 1270t d) 583 d; Jg o= 11
9 198.18 (s)
237 @08 di 14 10s = 18
10 9950) {333 et d. T ,3: 18
11 4041 (s)
12 27.39 (g)}.§ 1.12¢ s
13 27.50 (q)t,§ 1.16% s
14 2251 (q)§ 205 d; Jieq=11
15 2881 (q)§ 136 s

*Proton decoupled values (referenced to CDCl; at 77.0 ppm) in CDCl,.
1500 MHz values (ppm downfield from Me,Si) in CDCl,.

$ Assignments may be reversed.
§Assigned by crossover experiments.

oM ~poct,
. o™ !
o
2 3
Scheme 1.

component. Compound 4 was also derived from (+)-
elatol by dehydrobromination-isomerization with alu-
minium oxide [ 10] and from base treatment of ( + )-elatol
acetate [11] (Scheme 1).

The cis-relationship of the adjacent chloro and hydro-
xyl groups in compound 2 is an unusual arrangement. All
other known Laurencia 2,3- (or 3,4-) disubstituted cham-
igrene metabolites display a trans-orientation of the two
heteroatoms at these positions. The B-ring conformation
for the known trans-derivatives has been shown to be a
function of the endo- (a-series) or exocyclic (f-series)
nature of the C-7 double bond [12]. In the B-series, the B-
ring adopts the chair conformation shown in 8 with both
heteroatoms equatorial. In the a-series, interactions
between the C-2 axial hydrogens with the C-7 methyl
group forces the B-ring into a flattened twist boat (6).

In the present a-chamigrene case, with the cis-
relationship of the 2,3-heteroatoms in 2, the C-2
hydrogen—C-7 methyl interaction of 6 is replaced by a C-2
chlorine—C-7 methyl interaction which is severe. Relief is
obtained by adoption of the alternative chair conforma-
tion, allowing the chlorine to assume an equatorial
position. This conformation is clearly evident from the
spectral data of 2 where the chloromethine shows
axial-axial coupling (J = 12.5 Hz) and axial-equatorial
coupling (J = 4.7 Hz) with the adjacent C-1 hydrogens.
Moreover, the downfield chemical shifts of the axial
hydrogens at C-1and C-5 (Table 1)are explicable in terms
of their nearness to the axial hydroxyl at C-3.

Compound 3 analysed for C,sH,;ClO, by high-
resolution mass spectrometry. Its IR spectrum displayed
carbonylabsorption at 1710 cm ~ ! as the only distinguish-
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Table 2. *CNMR®* and 'H NMR{ data for compound 3

Carbon
No. B3Cs HS 'H multiplicity and J (Hz)
1 39.13 () {2'63 (€x0)f  dd; Jyeyq tengo = 148, J 0,2 = 10.5
242 (endo)} ddd; "lendo, lexo =™ 1438, "lendo.Z =44, Jlmdo.Scndo =36
2 6324 @) 412 dd; J5 10z = 105, 1, 1engo = 4
3 70.92 (5)
4 3164 (1) { 170 (€x0)}  ddd; J gyo sengo = 134, Jexo, Sexo = 12.0, Jaexo, Sendo = 2.0
. 2,02 (endo)}  ddd; Jsendo, 4ex0 = 134, Jaendo, sexo = 6.5, Juendo, Sendo = 12.3
5 2163 (1) { 152 (ex0)f  dddd; Jsexo, sendo = 130, Jsexo, dexo = 120, Jsexo, dendo = 65 Jsexo, 8eq = 06
. 1.95 (endo)}  dddd; Jsengo, sexo = 13.0, I sengo, 4exo = 2.0 I sendo, 4endo = 12-3, sendo, 1endo = 3:6
6 40.80 {s)
7 79.57 (s)
8 53.80 (1)§ { 309 @x)  ddd; Jyuy goq = 13.6, Jgur, 14 = 1.2, Jpus, 100 = 09
. 250 (eq)  ddd; Jpoq gax = 136, Jaeg, 100q = 2.4, Jgoq, 5000 = 0.6
9 208.05 (s)
2.55 (ax) dd; J10ax, 100q = 14.1, J10ax, 8ax = 0.9
10 530208 { 2.04 (cq) dd; le l:‘: = 14.1, J10eq, 8eq = 2.4
1 38.31 (s)
12 2605 (q)§ 1.00 s
13 27.33 (g)§ 1.00 s
14 29.16 (9)§ 1.36 d; 14 gax = 12
15 2445 (q)§ 121 s

*Proton decoupled values (referenced to CDCl; at 77.0 ppm) in CDCL.

t500 MHz values (ppm downfield from Me,Si) in CDCl,.

1 Protons on carbocyclic ring B are assigned endo if cis to the oxide bridge and exo if trans to the oxide bridge [26].

§Partially assigned by crossover experiments.

ing feature. The '*C NMR data (Table 2) showed the
carbonyl group at 6208.0 to be the only unsaturated
carbon, hence the molecule is tricyclic. Two quaternary
deshielded carbons were evident (4 70.9 and 70.6) as well as
one deshielded CH group (63.2), indicative of ether and
chloro functionalities, respectively.

The 500 MHz 'HNMR spectrum (Table 2) was well
resolved and showed two methyl singlets (61.00 and 1.21),
a methyl doublet at 1.36 (J = 1.2 Hz), a deshielded
methine at 4.12 (dd, J = 10.5, 4.4 Hz) and several other
sets of multiplets in the 1.5-3.1 region of the spectrum.
Extensive homonuclear decoupling provided the proton
sequence for the molecule and allowed 3 to be written as a
tentative structure. The B-carbocyclic ring of 3, together
with its oxide bridge, defines a cineole structure. In an
elegant study of the fate of eucalyptus oil in the aqueous
environment, Carman and Fletcher [13] synthesized
seven monochlorocineoles and reported their 'H NMR
and '*C NMR properties. Comparison of our data for 3
with Carman and Fletcher's for chlorocineole (7) gave
excellent agreement for the equivalent portions of the
molecule (Tables 2 and 3).

Cl

The downfield shift of H-1,.4,, H4,.4,,and H-5_,4, 0f 3
reflects their cis-relationship to the oxide bridge, and, in
the case of H-1,,4,, to the chlorine at C-2 as well. (In the
absence of the heteroatoms, these protons resonate at 1.5
[14],) H-1,,, and H-2,,, are also deshielded compared to
those of chlorocineole, a consequence of their location in
the nodal plane of the C-9 carbonyl group [15, 16].

A 4-bond W-coupling [17] (3.6 Hz) between H-1_,,
and H-5.,,, established the assignment of the latter at
61.95 and further confirmed the assignment of H-1,,, at
2.42. In addition, a 5-bond extended zig-zag coupling [ 18]
(0.6 Hz) was evident between H-5.,, and H-8,, support-
ing their assignments. The difference in coupling const-
ants between H-4,,,— H-5,,, (6.5 Hz) and H-4,, — H-
Sendo (2.0 Hz) suggests a slight twist ( ~ 15°) to the
cyclohexyl ring of the cineole portion of the molecule, thus
reducing the interaction of the chlorine with the oxide
bridge.

The higher-field position for equatorial protons ad-
jacent to a carbonyl relative to their axial counterparts
[19] is consistent with the proton assignments at C-8 and
C-10. In addition, the small 1,3-diaxial coupling (0.9 Hz)
of H-8-H-10,, [20,21] and the larger (2.4 Hz)
diequatorial W-coupling of H-8,,—H-10,, [17] are in line
with the expected values. H-8, also displays a W-coupling
to the C-7 methyl hydrogens (H-14). The carbon values
for C-8, C-10and the four methyl groups were assigned by

cross-over experiments [22] and the usual substituent
effects.

Compound 3 could be quantitatively converted to 2
upon treatment with methanolic sodium methoxide
(Scheme 1). This interconversion confirms the structure
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Table 3. '*CNMR and 'H NMR data for compound 7*

Carbon
No. 13Co 'Hé 'H multiplicity and J (Hz)
229 (ex0)  ddd; J = 29, 104, 150
! 3636 @) { 239 (endo) ddd: J = 28, 3.1, 4.4, 150
2 6233(d) 397 dd; J = 104, 44
3 7174 (5)
4 309 () 14-16
5 208() 1416 J 4 =3
6 397Wd) 1416 J=2829
7 7412 (s)
8 875 (@ 137 s
14 2836 g)f 128
15 2500 (q) 118

* Data taken from ref. [ 13]. Spectra recorded in CDCI; with Me,Si as

internal standard.

t Assignments may be interchanged.

and stereochemistry of 3 except for C-7. The
stereochemistry at this position was established by NOE
difference spectroscopy [23,24] (see Experimental for
details). Irradiation of the C-7 methyl hydrogens (H-14)
gave rise to an enhancement in intensity of the endo-
hydrogen at C-5 ( ~ 3 %) and the equatorial hydrogen at
C-8 (~49%). The C-7 epimer would also have given
enhancement of H-8,, but H-5_,,, (61.95) would have
been unaffected. Instead, the C-1,,4, proton (4 2.42) would
have been enhanced.

H-8,, experiences a population inversion upon irradi-
ation of the C-7 methyl to which it is coupled. A similar,
but much smaller effect on H-5,,, coupled to H-5,4,, Was
also noted and provided supporting evidence for its
chemical shift assignment.

Since compound 3 was not present in all collections, the
possibility of it representing an artefact of storage or
isolation cannot be ruled out.

Elatol displayed modest antifungal activity towards
Cladosporium cucumerinum and was toxic to brine shrimp
hatchlings (78 %, dead after 24 hr). Compounds 3 and 4
displayed similar activity but at reduced levels.

EXPERIMENTAL

Analytical TLC was done on commercial BakerFlex (silica gel
1B, -F)and prep. TLC on Brinkmann HF 254 + 366, type 60 silica
gel. Optical rotations were obtained in CHCl; ona Perkin-Elmer
241 polarimeter. Low-resolution mass spectra were obtained on a
MAT 212 double focusing GC/MS at 70 eV, and high-resolution
mass spectra were recorded on a CEC-110B dual focusing mass
spectrometer at 70 eV. UV spectra were recorded on a Varian
Cary 219 spectrometer and are for EtOH solns. IR spectra were
taken on a Perkin—Elmer 710B spectrometer in CHCl,. The
'HNMR spectra were recorded on Bruker WP-250/and
500 MHz spectrometers, and the '3CNMR spectra were re-
corded on a Bruker WP-250 spectrometer with CDCl, as solvent
unless stated otherwise.

Isolation and purification of compounds 1-3. Laurencia obtusa
was collected at Discovery Bay on the north coast of Jamaica in
April 1983. The alga was washed and sun-dried to give 148 g of
dried material which was extracted with CHCl;-MeOH (1:1,
1.3 1) and the solvent evaporated to give a brown gum (9.5 g,

6.4 %, of dry wt). The gum was subjected to flash chromatography,
with 209, EtOAc-CHCI, as cluting solvent. The first 300 ml of
eluate was combined and concentrated to give fraction A and the
next 300 ml combined and concentrated to give fraction B.

Fraction A was purified by prep. TLC (CHCI,) to give elatol
(1), [a]g® +75.4° (c 1.01) (1.105 g, 0.7 % of dry alga). Fraction B
was purified by prep. TLC (25% Me,CO—petrol) to yield a
mixture of 2 and 3 (36 mg, 0.024 9 of dry alga). This mixture
(25 mg) was further purified by prep. TLC (109, EtOAc-CHCl;,
2 x )toyield 2(17 mg, 0.011 %, of dry alga)and 3 (4 mg, 0.003 %, of
dry alga).

2-Chloro-3-hydroxy-a-chamigren-9-one (2). [a]i —46° (c
0.22); MS m/z (rel. int.): 270.1362 (65) for C,sH,,CI** O, (calk.
270.1387), 255 (71), 252 (98), 235 (53), 224 (10), 217 (62), 214 (100),
178 (93), 161 (97), 151 (68), 145 (81), 135 (80), 132 (18) (this is the
base peak in the low-resolution MS), 121 (78), 109 (74), 107 (78),
105 (73), 93 (87), 92 (32), 91 (91), 79 (81), 77 (79), 71 (68);
IR v, cm™': 3450, 3020, 2975, 2930, 1665, 1615, 1470, 1450,
1440, 1380, 1335, 1120, 1040, 1000, 935, 915; ' H NMR (CDCl,):
see Table 1; 250 MHz (C¢D ). 50.65 (s, H-12 or 13), 0.67 (s,H-12
or 13), 1.06 (s, H-15), 1.60 (d, J = 1.1 Hz, H-14), 1.19 (m, H-5)),
1.26 (ddd, H-4,,), 1.55 (dd, H-4¢q) 1.74 (ddd, H-5,5), 1.93 (ddd, H-
legh 2.07 (br s, H-104 o), 2.14 (¢, H-14,), 3.96 (dd, H-2), 5.77 (d, J
= L1 Hz, H-8); '*CNMR: sce Table 1.

Compound 3. MS m/z (rel. int.): 270.1416 (95) for C,sH,;CI**
O, (calc. 270.1387), 255 (89), 235 (89), 217 (35), 200 (13), 177 (55),
159 (53), 143 (58), 135 (88) (this is the base peak in the low-
resolution MS), 132 (9), 121 (68), 119 (62), 107 (62), 93 (81), 91
(100), 83 (82), 81 (76), 79 (81); IR v, cm™': 2970, 1710, 1460,
1400, 1380, 1305, 1285, 1265, 1240, 1090, 1070, 1050, 1020, 1010,
980, 915; 'H NMR (CDCl, ), Table 2, 250 MHz (C¢Dg ): 50.44 (s,
H-12 or 13),0.65 (s, H-12 or 13),0.76 (dd, H-5,,,), 1.01 (¢, H4,,,),
1.16 (s, H-14, 15), 1.30 (br 1, H-5540), 1.51 (m, H-4cago), 1.76 (br d,
H-10,), 2.11 (ddd, H-1c45), 2.57 (br d, H-8.a), 1.89 (d, H-10,,),
1.93 (dd, H-1,,,), 3.01 (br d, H-8,,), 3.56 (dd, H-2) [25); ' *C NMR:
see Table 2.

For NOE difference spectroscopy a modified Bruker micro-
program was used. The transient loop included a 1 sec relaxation
delay with decoupler gated off, a single frequency irradiation
period of 3 sec (decoupler power of 45 L, uncalibrated), 90° pulse,
1.386 sec acquisition time (sweep width 3000 Hz). After four
dummy scans, 80 transients were collected. With a 100 msec
delay, the decoupler frequency was changed to an off-resonance
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position 95 Hz upfield of the highest field peak and 185 Hz
upfield of the on-resonance position. The 80-transient cycle was
repeated for the off-resonance control. A total of 48 passes were
made through the on-resonance, off-resonance cycles. The dif-
ference spectrum was obtained by subtracting the control
spectrum from the on-resonance spectrum which was phased
identically. A line broadening of 0.4 Hz was used in transforming
the FIDs.

Dehydrobromination of elatol (1). Elatol (20.5 mg,
0.0614 mmol) and Al,O; (neutral, oven-dried at 110° for 4 days)
were suspended in dry Et,O. The suspension was stirred at 25°
for 4 days. The reaction mixture was filtered to remove alumina,
and the Et,0 was removed from the filtrate under vacuum to give
13.) mg of crude product. Pure ketone (4) was obtained (5.7 mg,
37%) after prep. TLC with 6 %, EtOAc—CH,Cl, as the develop-
ing solvent: [alf’ +58.3° (c0.36 MS m/z: 252.1269
for CysH;,CIP*0O (cak. 252.1281); IR v, cm™': 3000, 2950,
2900, 2850, 1660, 1610; 'H NMR (250 MHz, CDCl,): 40.97 (s, H-
12), 1.07 (s, H-13), 1.81 (s, H-15), 1.98 (d,J = 0.9 Hz,H-14),1.6-2.3
(m, 6H), 2.59 (AB multiplet, H-10), 5.89 (br s, H-8); '*CNMR
(CDCl;): 619.69 (C-15), 23.81 (C-12), 23.89 (C-5), 24.80 (C-14),
30.22 (C-13), 30.37 (C4), 36.33 (C-1), 40.45 (C-11), 46.38 (C-6),
48.90 (C-10), 126.23 (C-2), 127.54 (C-8), 129.64 (C-3), 168.38 (C-7),
198.04 (C-9).

Base treatment of elatol acetate. Elatol acetate (300 mg,
0.824 mmol), obtained from standard acetylation of elatol
(Ac,O-pyridine), was dissolved in 40 ml MeOH and 100ml 59/
KOH in MeOH was added. After refluxing for 15 min, the
reaction mixture was diluted with brine (250 ml) and extracted
with EtOAc (3 x 150 ml). The organic extract was washed, dried
and concentrated to give 188 mg of crude product. Pure ketone
(4) was obtained after prep. TLC with 259, EtOAc-hexane as
developing solvent.

Dehydration of 2. Two mg of 2 was dissolved in 0.5 ml
dry pyridine and 3 drops of freshly distilled POCIl, was added.
The mixturec was maintained at 25° for 48 hr. Ice was added,
and the aq. layer was extracted with Et,O. The Et,O extracts
were washed with aq. HCI then ag. NaHCO,; and finally brine.
The Et,O was dried and removed to give an oil which
consisted of a small quantity of starting alcohol and a mixture
of olefins. The mixture was not completely resolvable by TLC
(2% EtOAc-CH,Cl,, 5 x ), but a fraction enriched in the slower-
moving isomer clearly showed its identity to 4 (TLC, 'H NMR).

Conversion of compound 3 to 2. Compound 3 (2 mg) was
dissolved in scveral drops of MeOH and was added to a
methanolic soln of Na methoxide at 25°. The mixture was stirred
at this temp. for 5 hr, H,O was added, and an Et,O extraction
was carried out. The Et,O was washed with brine, dried and
removed to give 3 mg of a colourless solid. Prep. TLC (107
EtOAc-CHCl,, 2 x )afforded 2, identified by TLC and 'H NMR
comparisons.
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