Tetrahedron Letters,Vol.23,No.10,pp 1063-1066,1982 0040-4039/82/101063-04$03.00/0
Printed in Great Britain © 1982 Pergamon Press Ltd.

LEMNALOL, A NEW SESQUITERPENOID FROM THE SOFT CORAL
LEMNALIA TENUIS VERSEVELDT

Hiroyuki Kikuchi* and Yasumasa Tsukitani
Tokyo Research Laboratories, Fujisawa Pharmaceutical Co., Ltd.,
Nukuikitamachi, Koganei, Tokyo 184, Japan

Yasuji Yamada® and Kazuo fguchi
Tokyo College of Pharmacy, 1432-1 Horinouchi, Hachioji, Tokyo 192-03, Japan

Steven A. Drexler and Jon Clardy*
Department of Chemistry-Baker Laboratory, Cornell University
Ithaca, New York 14853, USA

Summary: The structure and absolute stereochemistry of lemnalol (1), a new
ylangene-type sesquiterpenoid isolated from the soft coral Lemnalia
tenuis Verseveldt, has been established by spectroscopic, chemical,
and x-ray crystallographic analyses.

Marine terpenoids continue to be of considerable interest because of the frequent occurrence
of unusual chemical features and biological activity.] We wish to report that our continuing
investigations2 have yielded a new sesquiterpenoid, lemnalol, from the Japanese soft coral
Lemnalia tenuis Verseveldt. Lemnalol is the first example of a ylangene-type sesquiterpenoid3
isolated from a marine source and the first oxygenated ylangene-type sesquiterpenoid from any
source.

The methanol extract of Lemnalla tenuis Verseveldt (wet weight 900 g) collected at the coral
reefs of Ishigaki Island (Okinawa, Japan) was extracted with ethyl acetate. The ethyl acetate
extract was chromatographed on a silica gel column using n-hexane-acetone (40:1) as an eluant
to give Iemnalol‘4 as colorless crystals (1.37 g); mp b6-47°C, [algo -9.3°(c 0.01, CHCI3),

CISHZMO'

The presence of an allylic alcohol system in lemnalol (l) was indicated by the IR(CHCI3)
[3580, 1640 and 900 cm '], 'H-NMR(200 MHz, cocl,)[s 4.42(1H, brd, J=8 Hz, CHOH), 4.86(IH,
brs) and 5.04(1H, brs)] and '3C-NMR(25.0 MHz, cnc13mrI 66.5(d), 111.4(t) and 154.8(s)] spectra.
This was further supported by chemical conversions: azz?ylation of | with acetic anhydride in
pyridine gave a monoacetate (g_),5 oxidation of 1 with manganese dioxide yielded an a,B-unsaturated
ketone (2},6 and ozonolysis of the monoacetate (2) gave a ketoacetate[lR(CHCl3) 1730 and 1703
cm-I]. The 13c-nmr spectrum of 1 showed the signals of three methyl carbons(&Ppm 19.4, 20.0 and
20.2), three methylene carbons(21.4, 34.0 and 36.5), five methine carbons(32.3, 42.0, 4k.3, 47.2

and 47.6) and one quaternary carbon (42.3) in addition to the carbons of the allylic alcohol
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moiety. The Tu NMR spectrum of 1 showed the signals due to a tertiary methyl group at 0.63(3H,s)

and an isopropyl group at 0.87(6H,d,J=6 Hz) in addition to the signals at 1.85(1H,ddd,J=1.54 14
Hz), 2.23(1H,ddd,J=2,8,14 Hz), 2.23(1H,s) and 2.61(1H,d,J=6 Hz).

! 7 of 1 revealed the relationship of the protons at C-2, -h, -5

H-NMR decoupling experiments
and -6 positions and the stereochemistry of the secondary hydroxyl group at C-4 position. A

large long-range coupling (J=6 Hz) observed between H-2(§ 2.61) and H-6 indicated the

presence of a bridged cyclobutane system.8 Furthermore ngpzoupling was observed between H-7
[2.23(s)] and the adjacent protons (H-2, H-6 and H-8) suggesting a dihedral angle of approximately
90° between these protons. This defines the stereochemistry at the isopropyl.bearing carbon,
C-8,to be as shown. The a-configuration of the secondary alcochol at C-4 was supported by the
reduction of 3 with sodium borohydride to give exclusively the epimeric alcohol (5_),9 which

would be expected by attack of a hydride from the less hindered face of the carbonyl. These
findings led to the formulation of lemnalol as 4-a-hydroxy-g-ylangene (1).

The absolute configuration of the secondary hydroxyl group at C-k in 1 was deduced by
applying a ]H-NMR lanthanide induced shift (LIS) metho::l]0
trifluoromethylphenylacetyl (MTPA) esters (5a) and (5b). Acylation of 1 with R-(+)-and S-(-)-
MTPA chiorides gave the esters (§3)‘l and (59),12 respectively. The R-configuration at C-4
oMe valueIo (+0.36 ppm) for the 5;(+)-MTPA ester
(5a) (LISgye 7.23 ppm) and the S(-)-MTPA ester (5b)(L1Sg, 6.87 ppm) at a molar ratio of
Eu(fod)3/ester of 0.84:1 in CCl,.

The full structure of ] was confirmed by an x-ray crystallographic analysis of the p-bromo-

for the diastereomeric a-methoxy-a-

was suggested by the positive sign of the ALIS

benzoate (§).I3 A cubic crystal of 6, 0.35 mm on an edge, was used for the single crystal
x-ray diffractiog experiment. It belonged to space group P2,2,2, with a = 13.117(6), b = 19.876(4
and ¢ = 7.597(2)A and one molecule of composition C22H27Br02 formed the asymmetric unit. All
unique data with 20 < 46°, including Friedel pairs, were collected on a computer controlled
four-circle diffractometer using graphite monochromated MoKa (0.7!0693) radiation and variable
speed, 1° w-scans. 3499 reflections were collected of which 2904 (83%) were judged observed
(|Fo|: 30(F,)) after correction for Lorentz, polarization and background effects. The structure
was solved using only half of the data by standard heavy atom methods.]h After full-matrix
least-squares refinements with anisotropic nonhydrogen atoms, fixed isotropic hydrogens and
anomalous scattering for bromine, the conventional crystallographic residual was 0.055 for all
of the data and the structure shown in Figure 1. The enantiomer only refined to a residual of
0.073.15 This absolute configuration for lemnalol corresponds to that found for the ylangenes
produced by higher plants, and is enantiomeric to that found in the liverworts. °’

Lemnalol (1) rendered murine peritoneal exudate cells cytotoxic for syngeneic tumor cells
(DBA/MC fibrosarcoma) in vitro and produced the highest levels (2 75%) of growth inhibition of
the tumor cells at a concentration of 20 ug/ml, although significant levels (30%) of inhibition

were observed at a concentration of 5 ug/ml.
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1 R'=H RZ-0m
2 Rl'=H R%-o0ac
3 RY, R%=0
4 Rl-on R%=m
OCHy
sa R1=n R%=0co-cfPh
h— ~
CF,
(R- (+) -MTPA ester)
Ph
sb R'=H RZ=0c0-c"OCH;
CF,y
(S-(-)-MTPA ester)
[ Rl=H R2=0C0C6H4BT(P_) Fig.l. X-Ray structure of the

p-bromobenzoate (6).
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