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Abstract—The major lipid components of Laurencia filiformis have been shown to be aplysistatin (1) and
68-hydroxyaplysistatin (2). The structure and absolute configuration of these sesquiterpenes has been confirmed by
X-ray diffraction methods. An interesting thermal rearrangement of 2 is described.

As part of a programme to investigate the natural
products from marine sources of the Western Australian
coast, we had the opportunity of examining samples of
Laurencia filiformis collected at Point Peron. Previous
work'? on the varicties of L. filiformis has shown the
presence of sequiterpenes based on the laurene, sel-
inane' and chamigrene skeletons.? We now report that
the local variety contains aplysistatin (1), previously
isolated®> from the sea-hare Aplysia angasi, and 68-
hydroxyaplysistatin. Chemical and X-ray crystallo-
graphic evidence for the structure and configuration of
these sesquiterpenes is presented.

The methylene chloride extract of a fresh sample of L.
filiformis yielded a white crystalline solid which, from
tlc, appeared to contain two compounds. Rapid filtration
of the mixture through silicic acid afforded aplysistatin
(1, 0.4%) and 68-hydroxyaplysistatin (2, 1.6%). Although
the spectral characteristics of 1 corresponded to those
reported,® discrepancies in the m.p., optical rotation and
crystal properties were significant and did not allow us to
exclude the possibility that we were dealing with a
stereoisomer of 1. For this reason, and others given in
the X-ray section of this note, we undertook an X-ray
diffraction analysis of 1. As shown below the structure of
1 was identical with that reported for aplysistatin (1). The
discrepancies between the published parameters and
those found by us for 1 have been resolved by direct
comparison with an authentic sample* of aplysistatin (1)
(Experimental).

The spectral characteristics of the major component
(2), CysHz,BrO, were essentially similar to those of
aplysistatin except that the IR spectrum showed ab-
sorption from an OH group (3500cm™") and the NMR
spectrum showed that two tertiary Me groups had
suffered a deshielding influence (50.96-1.24 and §1.29-
1.65). Furthermore a signal at §4.99 (br d, J 5.8 Hz) was
assigned to an allylic methine proton. This signal was
shown to have coupling (J 5.8 Hz) to the vinylic proton
and 10 a tertiary methine proton (C-5H) thus locating the
OH group at C-6. Assuming that 2 had a conformation
similar to that of aplysistatin, this indicated a S-stereo-
chemistry for the OH group. The compound could be
oxidized to the conjugated ketone (3) (»S5%: 1790 and
1700cm™") and hydrogenated to the dihydro derivative
(4) which appeared as a single stereoisomer. The struc-
ture assigned to 2 was subsequently confirmed by X-ray
diffraction analysis (vide infra).

Of the three forms of L. filiformis described,” L.
filiformis f. heteroclada contains’ sesquiterpenes based
on the laurene and selinane skeleton. An unspecified

form of Laurencia probably collected in Australia con-
tains chamigrene sesquiterpenes.® In view of the
present work it would appear that all three forms have
been examined and are chemotaxonomically distinct.
The isolation® of aplysistatin from the sea hare, A.
angasi, coliected in the South Pacific Ocean (Australia),
as well as L. filiformis indicates that the sea hare may
graze on this alga.

A chance observation led us to thermolyse a sample of
68-hydroxy aplysistatin (2). Heating 2 in a glass ampoule
at 129° in vacuo for 10 min, yielded a mixture containing
mainly one compound which could be isolated (30%) as a
crystalline material after tic and hplc separation, The
molecular composition of §, C1sH,¢0,, indicated that 2
had lost the elements of HBr and two molecules of H.O.
Although the butenolide group had been retained (IR:
1770cm™) the NMR spectrum of 5 clearly showed
resonance signals for three aromatic Me's (82.23, 2.26,
2.27), two aromatic protons (56.96) and for two vinylic
protons of an E-disubstituted double bond (56.26 and
57.80, J 16 Hz). A signal at & 7.26 showing coupling to a 2
proton signal at 54.86 was assigned to a S-proton of an
a, B-unsaturated CO group flanked by an oxymethylene
group, consistent with the presence of a 2(5H)-furanone

group.

The low field chemical shift for one of the vinylic
protons (57.80) was attributed to the deshielding
influence of the butenolide CO and, mutatis mutandis, is
expected by analogy with that observed in other viny-
logously  conjugated®’  a-substituted-A-a,B-buten-
olides. This conclusion is supported by the results
obtained using Bu(fod); as a LSR which caused this
proton to shift downfield at a greater rate than the other
proton to which it is mutually coupled. Evidence in
favour of a 1, 2, 3, 4-tetrasubstituted benzene came from
the IR(CS;) spectrum of § which showed strong ab-
sorption bands at 810 cm™' expected for such a system.®
These results lead to structure § for the thermolysis
product of 68-hydroxy-aplysistatin, The formation of §
can be rationalized by assuming heat induced loss of Br,
Me migration and loss of H*. The HBr thus generated
could catalyse dehydration of the 65-OH group and
opening of the cyclic ether, Isomerisation of the double
bonds followed by dehydration would lead to 5.

In this context it is interesting to note that a number of
monocyclofarnesanes have been isolated from marine
algae and their associated herbivores.”'° In particular the
cyclohexadiene (6), the corresponding aromatic compound
(7), a probable artifact of 6, have been isolated™ from a
variety of Laurencia nidifica, and dactyloxene A, B and
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C2!! from the sea hare Aplysia dactylonela, all contain
1,2,3 4-tetrasubstituted carbocyclic ring. Although a
biosynthetic scheme linking all these compounds has been
proposed,’? the question of whether all the steps in-
dicated are enzyme catalysed remains to be answered,
The presence of aryl carotenes containing 1,2,3- and
1,2,5-trimethylphenyl end groups in algae and sponges is
also well documented.”

R. CapON ¢t al.

{s, 8-C), 143.02 (d, 7-C), 169.27 (s, 9-C). 68-Hydroxyaplysistatin
(2) crystallized from MeOH as rods, m.p. 153.5-155.5°, [a}% -
130° (¢, 0.4, MeOH). (Found: C, 52.25; H, 6.10; Br, 23.40.
C;sH3,0,Br requires: C, 52.19; H, 6.13; Br, 23.14%). v 3500,
1765, 1695 (w)em™; AR (am): 237 (e, 2500). NMR (CDCly;
90 MHz) 8: 1.24 and 1.29 (3, 16, 17-H3), 1.65 (s, 15-H,), 3.90 (m,
3-H), 3.97 (dd, J 7.0, 9.0Hz, 11-aH), 4.56 (dd, J 8.0, 9.0Hz,
11-8H), 499 (br d, J 5.8 Hz, 6-H), 5.10 (dd, J 2.4, 8.0Hz, 12-H),
6.96 (dd, J 2.4, S.8Hz, 7-H). C*-NMR (CDCl,; 20.1 MH2) &:

EXPERIMENTAL

General experimental details have been reported.™ In addition
CP-NMR spectra were obtained at 20.1 MHz with & Bruker WP
$0FT instrument.

Extraction of L. filiformis. A fresh sample of the red algs
(119 g, dry weight) collected from Point Peron, Western Australia
in August 1979, was extracted with 2 soln of CH;Cl,:MeOH
(1:1). The CH,Cl, layer, obtained after addition of ~ 10% by
volume of water, on standing yielded a white crystalline solid
(2g) which was shown by tlc (CH,Cl,:EtAc; 3:1) to be a two
component mixture. Rapid filtration of the mixture through silicic
acid with light petroleum and CHCI; resolved the mixture into
fractions of 1 and 2. Aplysistatin (1) crystailized from McOH as
plates, m.p. 161.5-162.5° [a]%s — 28° (¢, 0.6; MeOH). (Found: C,
54.65; H, 6.68, Calc. for CysH;BrOy: C, 54.77; H, 6.43%). [Al-
though the parameters reported for aplysistatin differed
significantly, m.p. 173°; [alis—379°, a sampie of authentic I,
provided by Prof. Pettit, in our hands showed m.p. 161.5-162.5,
[al8s - 32 (¢, 0.03; MeOH). The m.p. was undepressed on
admixture with our sample].

Aplysistatin 1 from L. fliformis showed the following spectral
properties: ABOH (nm): 242 (e 2300); »S: 1780, 1690 con™'. MS
(mlz, %) 330/328 (M*,1), 300/298(4), 286/284(8), 249(3),
2181216 (8), 2041202 (33), 189/187 (19), 139 (24), 123 (100), 107 (39),
NMR (CDCl,. 90 MHz) 5: 0.96 and 1.18 (s, 16—, 17-H;), 1.29 (s,
15-H;), 3.86 (dd, J 7.0 and 9.0 Hz, l1a-H), 3.89 (m, 3-H), 4.48 (1,
19.0 and 9.0 Hz, 118-H), 5.14 (m, 12-H), 6.94 (m, 7-H); C"* NMR
(CDCY,;, 20.1 MHz) 6: 17.99, 21.81, 30.86 (g, 16-, 17-, 15-(), 27.33
(t, 6-C), 32.57, 37.86 (1, 1- and 2-C), 41.11 (s, 4-C), 51.41 (d, 5-C),
65.19, 66.96 (d, 3- and 12-C), 69.97 (t, 11-C), 79.20 (s, 14-C), 132.32

19.36, 25.62, 31.03 (g, 16-, 17-, 15-C), 32.62, 39.51 (t, 1-, 2-C), 41.90
(s, 4-C), 55.23 (d, 5-C), 65.82, 66.61 (d, 3-, 12-H), 68.32 (d, 6-C),
70.03 (1, 11-C), 79.60 (s, 14-C), 134.25 (s, 8C), 142.00 (d, 7-C),
169.55 (s, 9-C). MS (m/z, %): 265 (M*-Br, 1), 247(4), 229(5),
207/205 (1), 189/187(5), 181(70), 159(11), 139(65), 125(100),
109/107 (30).

Oxidation of 68-hydroxyaplysistatin (2). A soln of 2 (23 mg) in
CH,Cl, (10ml) was treated with pyridinium chromate (186 mg)
for 15 min. The compound recovered was purified by preparative
tic to yield the ketone (4, 18 mg), which crystallized from MeOH
as needles, m.p. 163-165°, [a]&, +33° (¢, 0.5, MeOH). (Found: C,
52.72; H, 5.83. C;sH50Br requires: C, 52.49; H, 5.58%). NMR
(CDClL, 90 MHz) 8: 1.11, 1.28 (s, 16-, 17-H,), 1.46 (s, 15-H,), 2.91
(bs, 5-H), 3.83 (m, 3-H), 4.05 (dd, J 7.0, 9.0 Hz, 11-aH), 4.67 (br {,
190Hz, 11-8H), 5.30 (m, 12-H), 6.84 (br d, J 3.0Hz, 7-H). »S0:
1790, 1700 cm~"'; ABOH (nm): 235 (¢, 7900). MS (m/z, %): 344/342
M*, 5%), 301/299(2), 263Q20), 45017, 227(6), 219(12),
205 (100), 191(19), 181 (20), 139(%9).

Hydrogenation of 2. A soln of 2 (20 mg) in EtOH (10 ml) was
hydrogenated over Pd/C (10%; 6 mg). The dikydro compound (4,
20 mg) crystallized from McOH as rods, m.p. 126.5° [a]Rs — 18°
(c 0.6, CHCl,). (Found: C, 51.82; H, 6.96. C;sHy0,Br requires:
C, 51.88; H, 6.68%). NMR (CDCly; 90 MHz) &: 1.26, 1.36 (s, 16-,
17-Hy), 1.55 (s, 15-H,), 3.80-4.23 (m, 2H), 4.374.60 (m, 3H).
ySHCB: 3500, 1770 cm™!; MS (miz, %): 267 (M*-Br, 19%), 249 (9),
207(11), 204/202(9), 189/187(17), 183(43), 181(17), 145(19),
141 (21), 127 (64), 123 (100).

Thermolysis of 2. Heating a sample of 2 in vacuo at 129° for
10 min yielded a product which was shown to be mainly the
rearranged compound 5. Preparative tic (CH,Cl:EtAc, 3:1) fol-
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lowed by hplc (silica, CHCl;: hexane, 1:1) yielded a pure sample
of the 2-oxofuran (85) as a crystalline compound, m.p. 59-61°,
which decomposed on standing. (Found: M*, 228.1152. C;sH;¢0,
requires: M*, 228.1150). NMR (CDCl,, 90 MHz) &: 2.23, 2.26,
2.27 (s, aromatic Me's), 4.86 (m, oxymethylene protons), 6.26 {d,
J 16 Hz) and 7.80 (d, J 16 Hz) (vinylic protons), 6.96 (s, aromatic
protons), 7.26 (br s, vinylic proton). ¥S32: 1770, 810 (aromatic
protons),* 760 cm™' (conjugated double bond)*; A BCH (nm); 277
(€, 12600) 220 (¢, 20500). MS (m]z, %): 228.1152 (M*, 100), 213 (21),
200.0870 (C(,H\,0, requires: 200.0837, 21), 183.1174 (C,H,s
requires: 183.1174,69), 169 (34), 156 (38), 147 (17), 141 (66), 128 (34).

Molecule 2

Molecule |

20

L——)aslnr

Fig. 1. Unit cell contents of (1) projected down b. Non-hydrogen
atoms only are shown with 20% thermal ellipsoids.
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CRYSTALLOGRAPHY
Crystal data: (1). C]anBl'Og, M=329.2, tri,gonal,
space group P3, (C%, No. 144), a=759%1), c=
43.990(4) A, U =2197.5(5) A%. D, = 1.4%(1), D, (Z=6) =

149g. cm™. F(000)=1020. ppmo=27.7cm™". Crystal
dimensions: 0.43 x0.17 x 0.25 mm.
(2). CisH3,BrO, - CH,0H = CigHysBrQs, M =3713,

orthorhombic, space group P2;2,2, (D,*, No. 19), a =
15.422(2), b = 11.0123), ¢ = 10.456(2) A, U =1775(1) A?,
D, =1401), D. (Z=4)=141g cm™>. F(000)=784.
lmo=23.0cm™'. Crystal dimensions: 0.13x0.40x
0.17 mm.

Structure determination. Unique data sets, with
equivalent Friedel pairs were measured to 26, 50° for
both structures on a Syntex P2, fourcircle diffrac-
tometer in conventional &-scan mode (1), 26/8-scan
mode (2), yielding 2274 (1), 1815 (2) independent
reflections; of these 1046 (1), 804 (2) with I > 3a(]) were
considered “‘observed” and used in the structure solu-
tions (heavy atom method) and refinement after ab-
sorption correction. Monochromatic Mo K, radiation
was used (A =0.71069 }7\), T being 295 (1) K. Refinement
by 9x9 block diagonal least squares, C, O, Br thermal
motion being refined anisotropically. Hydrogen atoms
were located from difference maps and “improved"” by
calculation to trigonal or tetrahedral estimates and con-
strained with Uy (isotropic)=1.25< U; (parent
carbon) >, Residuals at convergence were (R, R', S):
0.042, 0.048, 1.4(1); 0.038, 0.042, 1.2(2). (For the alter-
native chirality, residuals were 0.057, 0.046, 4.0(1); 0.050,
0.055, 2.5(2)). Computation was carried out using the
X-ray 76 program system'® implemented on a Perkin-
Elmer 8/32 computer by S. R. Hall. Neutral atom scat-
tering factors were employed, C, O, Br corrected for
anomalous dispersion (f, f).'"*"7

Atom numbering for the C atom skeleton is as follows,
following that defined previously.’

Br(3)

14
(0(e))

Structural commentary

Structure determination of 1 and 2 shows the two
compounds to be formulated as above, the molecular
structure of 1 being identical with that obtained for
aplysistatin by the previous structure determination.’ In
the initial crystallization attempts for 1, suitable material
for X-ray work was only obtained from methanol solu-
tion; this was found to be of different cell symmetry
(P3,) to that previously obtained (P2,2,2,) and so the
analysis was proceeded with. Subsequent crystallization
attempts have failed to yield further material in a state
other than microcrystalline from all other solvents in-
cluding acetone/hexane as used in the previous study. It
appears that the two studies have yielded two different,
unsaturated, crystalline phases of aplysistatin. The
assignment of absolute configuration in the present two
determinations was straightforward in spite of the
difficulties imposed by the very long cell dimension
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Table 2. Molecular non-hydrogen atom geometries. The three values in each entry are for (2) and molecules 1,2 of (1)

respectively
Atoms Parameter
Distances/k

c(1)-c(2) 1.53(1), 1.54(2), 1.55(2)
C(1)-C(14) 1.51(1), 1.50(2), 1.49(2)
c(2)-C(3) 1.50(1), 1.46(2),"1.48(3)
C(3)-C(4) 1.54(1), 1.56(3), 1.54(2)
€(3)-Br(3) 1.982(8), 1.96(2), 1.97(1)
C(4)-C(5) 1.57(1), 1.57(2), 1.53(2)
C(4)-C(16) 1.54(1), 1.55(2), 1.54(3)
c(4)-c(17) 1.55¢1), 1.53(2), 1.57(2)
c(5)-C(6) 1.55(1), 1.56(3), 1.55(2)
€(5)-C(14) 1.58(1), 1.49(2), 1.56(3)
€(6)-c(7) 1.51(1), 1.49¢2), 1.51(2)
€(6)-0(6) 1.42Q1)

c(7)-c(8) 1.32(1), 1.32(2), 1.32(2)
c(8)-C(9) 1.47(1), 1,51(2), 1.50(2)
c(8)-C(12) 1.50(1), 1.48(2), 1.50(2)
C(93-0(9) 1.2141), 1.17(2), 1.21(2)
€(9)-0(10) 1.35(1), 1.36(2), 1.34(2)
0(10)-c(11) 1,45(1), 1.41(2), 1.43(2)
c(11)-c{(12) 1.52(1), 1.54(2), 1.52(2)
€(12)-0(13) 1.42(1), 1.41(2), 1.61(2)
0{13)-C(14) 1.45(1), 1.50(2), 1.45(Q1)
€(14)~C(15) 1.51(1), 1.50(2), 1.53(3)

Angles/deg.

C(14)-c(1)-c(2) 112,7(7), 112(1), 112(1)
€(1)-C(2)-c(3) 109,9(7), 109(1), 110(1)
c(2)-C(3)-C(4) 114.9(8), 114(2), 115(2)
€(2)-c(3)-Br(3) 108.0(5), 109(1), 108(1)
Br(3)~C(3)-C(4) 112.3¢6), 114Q1), 113(1)
c(3)-C(4)-Cc(5) 105.2(7), 106(1), 105(1)
€(3)-C(4)-C(16) 108.3(7), 107(1), 108(2)
C{(3)-C(4)-c(17) 112.5(7), 111(1), 113(1)
C(5)-C(4)-C(16) 109.8(7), 109(1), 109(1)
C(5)-C(4)-C(17) 114.3(7), 115(1), 116(2)
€(16)=-C(4)-C(17) 106.6(8), 108(1), 106(1)
C(&)-C(5)-C(6) 113.3¢7), 114(1), 114(1)
€(4)-C(5)~C(14) 115.6(7), 114(1), 117(1)
C(6)-C(5)-C(14) 117.0(?), 114(1), 111(1)
C(5)-C(6)-C(7) 113.1(7), 116(1), 114(1)
€(5)-C(6)-0(6) 113.3(7)

0(6)-C(6)-C(7) 1i0.2(7)

c(6)-C(7)-C(8) 127.9(8), 122(1), 124Q1)
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Table 2. (Contd)

c(7)-C(8)-C(9) 125.3¢8), 122(1), 124(1)
C(7)-C(8)-C(22) 126.1(7), 129(1), 128(1)
C(9)-C(8)-C(12) 108.2(7), 108(1), 107(1)
C(8)-C(9)-0(9) 128.8(9), 129(1), 128(1)
C(R)-C(9)-0(10) 108.5(8), 106(1), 109(1)
0(9)-C(9)-0(10) 122.7(9), 126(1), 123(1)
€(9)-0(10)-C(11} 110.3(7), 115(1), 110(1)
0(10)-C(11)-C(12) 106.5(8), 104(1), 108(1)}
C(11)-C(12)-C(8) 100.6(?), 104(1), 101(1)
C(11)-Cc(12)-0(13) 107.9(7), 108(1), 110(2)
C(8)-C(12)-0(13) 112.4(7), 114(1), 112(1)
€(12)-0(13)-C(14) 117.1(¢6), 117(1), 117(1)
C(5)-C(14)-c(1) 108.5(7), 111(1), 109(1)
C(5)-C(14)-0(13) 110.0(6), 111(1), 112(1)
C(5)-C(14)-C(15) 114.7(7), 119(Q1), 115(1)
C(1)-C(14)-0(13) 110.3(7), 106(1), 107(1)
C(1)-C(14)-C(15) 111.6(7), 109(1), 111(1)
0(13)-C(14)-C(15) 101.6(6), 100(1), 103(1)

Fig. 3. Projection of the two molecules of the asymmetric unit of (1).
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Table 3. Least squares planes. In order to enable comparison of the conformations of the three independent molecules,
non-hydrogen atom deviations, §, from a least squares planc defined by C(8-12), 0(10) are given. & and o are in A. The
plane equation is in the form pX + Y + #Z = 5, where the frame (X, Y, Z) A is defined with X paralle to 2, Z in the ac

plane
Compound/molecule {2) nn,2
10%p -0591 -5201, -4806
10%g 9979 8446, 8677
104 0275 -1270, 1268
s 0.592 -4.392, 8.660
o 0.12 0.09, 0.10
5c(8) 0.10 0.07, 0.06
sc(9) -0.02 0.00, 0,01
$0(10) -0.08 -0.07, -0.09
sc@l) 0.13 0.11, 0.12
§c(12) -0.13 -0.10, -0.11
Non defining atoms
scl) -0.51 -0.29, -0.26
8c(2) -0.98 -0.76, -0.74
sc(3) -1.58 -1.47, -1.46
8Br(3) -2.36 -2.26, -2.25
6C(4) -0.62 -0.62, 0,64
5C(16) -1.43 -1.58, -1.57
$C(17) 0.50 0.49, 0.48
8c(5) -0.11 -0.12, -0.16
8§C(6) 0.64 0.62, 0.61
8c(7) 0.50 0.45, 0.43
& (9) -0.03 0.07, 0.03
50(13) 0.81 0.85, 0.86
8C(14) 0.50 0.58, 0.60
5c(15) 1.85 1.96, 1.99

Fig. 4. Projection of a molecule of (2). Hydrogen atoms are shown as circles of arbitrary radius 0.1 A



Sesquiterpene metabolites from Laurencia filiformis

found in the present phase of 1, and the chiralities of 1
and 2 were found to be in conformity with each other
and with that of the previous determination as well.

In 1, the unit cell is trigonal in symmetry, the asym-
metric unit containing two discrete molecules of the
same chirality. In 2, the asymmetric unit of the ortho-
rhombic cell contains one molecule. The geometrical
parameters of the two structures are in substantial
agreement among the three molecules, the precision of
the determination of 2 being rather better than that of 1,
a consequence of more intense and extensive data
measured by a more suitable scan technique. Bond
lengths are as expected. A number of features of interest
are found among the angular parameters; this will be
discussed in terms of the more precise geometry of 2.
The following features are noted:

(1) Within the lactone ring the angle at C(12) is smaller
than the remainder, presumably because this angle is less
sterically constrained than those at C(8,9, 10). The exo-
cyclic angles at C(9) are different (C(8}-C(9)-0(9), 129;
C(10)-C(9)-0(9), 123%; this appears to be a consequence
of the proximity of O(9) to C(7) 3.00(1) A).

(2) The 6-membered ring has a ‘““chair” conformation.
Inequivalences are observed in Br-C(3)-C(2, 4) (108.0(5),
112.3(6)°), and probably result from the close contacts
between Br and methyls 16 and 17, Br... H distances to
each of the two Me’s being found at 2.7,, 2.8, A. Br-
C(16,17) are 3.27(1), 3.28{1)A, well below the van der
Waals sum of ~3.95 A, and this interaction in turn may
be responsible for the inequivalence of C(3}-C(4)-
C(16, 17), (108.3(7), 112.5(7)°), reflected in a similar in-
equivalence between C(5}-C(4)-C(16, 17) (109.8(7),
114.3(7)°). There is also an observed inequivalence of
O(6)-C(6)-C(5, 7) (113.3(7), 110.2(7)°), but examination of
the O(6) environment, shows the presence of a close
transannular contact of H(15B), 2.3; A and this appears to
be the probable interaction responsible in this case.

In 2, the OH group lies close to the methanol O atom
(0...0(6) (13- x, 7,4+ 2), 2.67(1) A) comprising the only
intermolecular contact of note in the two structures.
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