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Echinolactone A and B: Isolation and Structures of Two Novel Lactones from the

Marine Coelenterate Echinopora lamellosa

R. Sanduja,® A. J. Weinheimer,2 M. Alam,2* M. B. Hossain,? and D. van der Helmb*

a Department of Medicinal Chemistry, College of Pharmacy, University of Houston, Houston, Texas 77004, U.S.A.
b Department of Chemistry, University of Oklahoma, Norman, Oklahoma 73019, U.S.A.

Two novel pentacyclic triterpenes were isolated from the marine coelenterate Echinopora lamellosa; their structures
and absolute configuration (determined from spectroscopic and X-ray diffraction data) are reported.

Marine invertebrates, particularly coelenterates, have been
shown to contain a large number of novel compounds.! The
extracts of one such coelenterate, Echinopora lanellosa (class
Anthozoa, family Scleractinidae), collected from the waters of
Korolevu, Fiji, was found to contain two novel pentacyclic
triterpenes which have not so far been encountered in marine
invertebrates. In this communication we report the isolation,
structure elucidation, and absolute configuration of echino-
lactone A (1) and echinolactone B (2) from E. lamellosa.

The propan-2-ol extract of the coelenterate upon concentra-
tion and lyophilization gave a residue, which after usual
partitioning,? gave a CHCl; extract. Flash chromatography?
followed by h.p.l.c. gave a group of fractions consisting of two
compounds, which were then combined and separated by
preparative t.l.c. to give (1) and (2).t

Compound (1) crystallized from MeOH to give colourless
needles, m.p. 245 °C, C;3,H4cOs (calcd. 510.3345, found
510.3381).1 The i.r. spectrum of (1) showed the presence of an
«,B-unsaturated ketone (1670 cm~1!), an acetoxy group (1720
and 1265 cm~!), and a y-lactone (1770 cm~—}) moiety. The
400 MHz 'H n.m.r.§ spectrum of (1) showed the presence of
seven methyl groups attached to tertiary carbons, an acetate
moiety (6 2.02), a vinylic proton (4 6.06), and a single proton
(6 4.48) attached to an acetate-bearing carbon. The multiplic-
ity of the absorption at § 4.48 (C-3H) indicated the presence of
two hydrogen atoms on the adjacent carbon atom. The
absorptions at & 2.55 and 1.82 (mutually coupled, double
resonance), and & 2.29 were assigned to geminal protons on

+ H.p.l.c. 10u silica gel cartridge used with a radial compression
module, Waters Associates, Milford, Massachusetts. Solvent: ben-
zene—ethyl acetate (80:20 v/v); t.1.c.: silica gel 60 (E. Merck); solvent:
CHCl3-MeOH (97: 3 v/v); Ry: 0.55 (1) and 0.35 (2).

1 Compound (1): m/z 510 (M+, C3,H4605), 495 (C3,Hy305), 465
(C34Hy504), 450 (C3gHi203), 301 (CoH1503), 232 (CisH00,), 205
(CiaH;0;), 188 (Cy4Hy), 165 (Ci3Hg), 163 (CyH(s0), 149
(C,yH,50), 148 (C,,H,¢). and 135 (CyH,,0). Compound (2): m/z 544
(CapH3*'BrO,). 542 (C33H300.79Br; M+—HBr), 464 (C30Hi04),
420 (CooH407), 419 (CpoH3903), 301 (C9H2504), 257 (C14H,50),
232 (CysHz00,). 188 (CisHa0), 165 (Ci3Hy), 163 (Ci H,50), 149
(C,oH;30), and 135 (CyH,,0).

§ 'H N.m.r., 400 MHz (CDCL): (1) & 6.068 (1H, s, C-12H), 4.480
(1H, dd, J 10.2 and 4.8 Hz, C-3H), 2.762 (1H, d. J 13.4 Hz), 2.555
(1H,d,J11.8 Hz, C-198H), 2.287 (1H, s, C-9H), 2.024 (3H, s, acetate
CH3), 1.822 (1H, d, J 11.8 Hz, C-19aH), 1.166, 1.160, 1.151, 1.128,
0.937, 0.855, and 0.850 (3H each, s, 7 X CHjy). Irradiation of the
doublet at 8 2.762 (J 13.4 Hz) caused a change between d 1.4 and 1.5
in the methylene envelope. (2) 6 6.147 (1H, s, C-12H), 4.443 (1H.d,J
16.4 Hz, C-1BH), 3.152 (1H, d, J 16.4 Hz, C-1aH), 2.578 (1H, d, J
11.9 Hz, C-196H), 2.381 (1H, s, C-9H), 1.822 (1H, d, J 11.9 Hz,
C-19aH), 1.532, 1.414, 1.256, 1.249, 1.193, 1.184, and 0.963 (3H
each, s, 7 X CH,). Irradiation of the doublet at 6 4.443 (J 16.4 Hz)
changed the doublet at  3.152 (J 16.4 Hz) to a singlet and vice versa.
Similarly, irradiation at § 2.578 caused the doublet at 1.822 to collapse
to a singlet.

(R =R?=H, R3= \’H
’ 0OCOMe
(2)R'=R? =8Br, R3=0

Figure 1. A perspective view of the molecular structure of echinolac-
tone B.

C-19 and to the C-9 proton, respectively. The n.m.r. data
indicated the presence of a pentacyclic triterpenoidal structure
in (1) with the possibility of a carbonyl group at C-11 and a
lactone ring in ring E.# The position of the «,B-unsaturated
carbonyl group was corroborated by the mass fragments at m/z
301 and 205 which characterize c-ring cleavage in 12-en-11-
ones, e.g., glycyrrhetic acid, m/z 301 and 207.5 The presence
of the lactone ring in (1) was supported by the fragments m/z
466 and 465 (M — CO; and M — CHO;). On the basis of the
'H n.m.r. and mass spectral data, and correlation with crystal
and spectral data of (2), (1) was identified as (3f3,208)-3-
acetoxy-18-hydroxy-11-oxo-olean-12-en-29-oic acid, vy-lac-
tone. Thus echinolactone A is structurally related to isogab-
rolide which has the alternative fusion of the (18,30) lactone
ring.

9 Canonica et al.¢ have reported the isolation of isogabrolide from
Glycyrrhiza glabra. The stereochemistry of the lactone ring in
isogabrolide is &, while in echinolactone A and B the lactone ring has a
f stereochemistry.
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Compound (2) crystallized from MeOH to give m.p.
225 °C; field desorption mass spectrum: 622, 624, and 626
(isotopic abundance 51:100: 47); electron impact high resolu-
tion mass spectrum (e.i.h.r.m.s.) 542.20213 (caled. for
C;30H397BrO, 542.20316, M — HBr) and 545.20863 (calcd. for
C30Hyo8'BrO, 545.20895, M — 7Br). The i.r. spectrum of (2)
showed the presence of a lactone moiety (1745 cm~!), an
«.p-unsaturated ketone (1660 cm~!), and a carbonyl group
(1720 cm~!). The 400 MHz 'H n.m.r. spectrum§ of (2) was
similar to that of (1) with the exception that (2) had a doublet
at 8 4.44 which was coupled to another doublet at & 3.15. The
doublet at 8 2.57 was coupled with the absorption at 6 1.82.
The absence of a methine absorption between & 3.2 and 4.3
supported the assumption that the C-3 acetate in (1) was
replaced by the 3-oxo group (i.r. 1720 cm~—!). The electron
impact mass spectrum of (2)f showed the base peak at m/z 464
(C50H400O4) and the diagnostic fragment at m/z 301, indicating
an olean-12-en-11-one type of molecule.” Although the
spectral data supported the 2,2-dibromo-3,11-dioxo-18f-
hydroxyolean-12en-30-oic acid (30,18p) lactone structure for
(2), the positions of the two bromine atoms and the absolute
configuration of the lactone ring could not be determined from
the spectral data. In order to establish the structure and
stereochemistry unequivocally, the X-ray structure was under-
taken.

Echinolactone B crystallizes in two different crystal systems
(orthorhombic and monoclinic) from the same solvent system
(methanol). The structures of both the forms were determined
and found to be almost identical.

Crystal data: (2), orthorhombic form, C3yHyBr,O4, M =
624.5, orthorhombic, space group P2,2,2;, a = 11.363(4), b =
26.081(19), ¢ = 9.336(3) A, U = 2766.8 A3, Z = 4, D, =
1.499 g em~3 at 138 K, u = 28.8 cm~! (Mo-K,). The unit cell
parameters were obtained from least-squares fit to & 26 of 48
reflections measured at 138 K using Mo-K,; radiation. Inten-
sities were recorded for 3235 unique reflections with 20 ,,,, 53°
on an Enraf-Nonius CAD-4 automatic diffractometer fitted
with a liquid nitrogen low temperature device and using
graphite-monochromated Mo- K5 radiation (A = 0.71069 A) at
138 £ 2 K. The structure was determined by the heavy atom
method and refined by a full-matrix least-squares routine.”
Anisotropic thermal parameters were given to Br and O atoms
and all other atoms were refined isotropically. Refinement
converged for 2284 observed reflections [/ = 20(/)] to R,, =
[(EwAYEW|F, |2}t = 0.078 and R = 0.075.

Crystal data: (2), monoclinic form, monoclinic, space group
P2;, a = 15.368(11), b = 11.586(10), ¢ = 7.831(6) A, p =

Figure 2. Endocyclic torsion angles of the six-membered rings.
Standard deviations of torsion angles range between 1° and 2°.
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102.35(7)°, U = 1362.1 A3, Z = 2, D. = 1.522 g cm~3. The
structure was determined from 2178 unique reflections
(Mo-Kz, 28 < 53°). All light atoms were refined isotropically
(no hydrogen atoms were included). Final R 0.079 and R,
0.082 for 1648 observed reflections [/ = 20(/)]. The highest
peak in the final difference Fourier map is 0.8 e/A3.**

The absolute configuration of the molecule was ascertained
by the R method of Hamilton® (R factor for the enantiomer
was 0.088 for 2284 reflections) and is shown in Figures 1 and 2.
Figure 1 is a perspective view of the molecule showing the
atom numbering scheme and Figure 2 shows the endocyclic
torsion angles of the five six-membered rings. The rings a/s
and B/c are trans-fused and D/E are cis-fused. A y-lactone is
cis-fused with ring £ at C-18 and C-20. Excluding the bicyclo
lactone part, the rest of the molecule is flat. The rings 8, b, and
E are in a chair conformation, while ring ¢ with the ethylenic
double bond assumes a twist conformation. These observa-
tions are consistent with the conformation of the basic
olean-12-ene skeleton found in hederagenin,’ 3fc,-
acetoxyolean-12-en-28-oic  acid,!® cantoniensistriol, and
sophoradiol.!! It appears that y-lactone fusion at C-18-C-20
only causes slight distortion of the chair conformation of ring
E, whereas in abruslactone A,* y-lactone fusion at C(20)—
C(22) causes the ring E to assume a boat conformation. The
most notable feature of the echinolactone B molecule is that
ring A adopts a boat conformation as has been reported for
2,2-dibromo-4,4-dimethylcholestanone.!? It is noteworthy
that in the monoclinic form of echinolactone B, ring A torsion
angles, in particular C(3)-C(2)~C(1)-C(10) and C(2)-C(1)-
C(10)-C(5), differ by as much as 30° from the corresponding
angles observed in the orthorhombic structure. The mean
difference in all other torsion angles in the two structures is ca.
5°. The bond distances and bond angles are normal. The
difference in C-Br (axial) distance of 2.006(13) A and C-Br
(equatorial) distance of 1.930(13) A appears to be significant.
Echinolactone B (2) was thus identified as (208)-2,2-dibromo-
18-hydroxy-3,11-dioxo-olean-12-en-29-oic acid, y-lactone.

Although compounds of the oleane type are common in
plants, their occurrence in a coelenterate is unprecedented. E.
lamellosa is unique in the sense that, as well as echinolactones
A and B, it has a number of other secondary metabolites
(smilagenin, glycyrrhetic acid, and neodunol methyl ether!3)
which are common only to plants. The significance of these
metabolites in E. lamellosa is unclear.
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citation for this communication.
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