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Abstract-Eleven sesquiterpene hydrocarbons, one [sinularene 111 with a new non-famesolic skeleton, and two 
new sesquiterpene diols from S. mayi were identified or structumhy elucidated. Four 4,7aromadendranedioIs were 
synthesized for reference purposes from spathulenol 23 and the stereochemistry assigned by “C spectroscopy. 

The Alcyonariab (Octocorallia) are an exclusively marine 
subclass of the Coelenterata and comprise six orders, 
two of the orders being the closely related Gorgonacea 
(horny corals) and Alcyonacea (soft corals).* The 
Gorgonacea, which are plentiful in the Caribbean area, 
were the first to be investigated and have yielded an 
abundance of natural products.’ The Alcyonacea, which 
are plentiful in Indo-Pacific waters, have also proved to 
be a rich source of natural products yielding 
interesting sesquiterpenes,- diterpenes,4Vb’4 sterols,4.8 
and other compounds. We wish to report here the 
identification or structure elucidation of 13 sesquiter- 
penes from the alcyonacean Sinularia mayi. 

S. mayi was found to contain eight major and a 
number of minor sesquiterpene hydrocarbons. The eight 
major sesquiterpene hydrocarbons were isolated by 
preparative GC; seven of these were identified as (+)-a- 
muurolene 1, (+)-y-muurolene 2, (-)-S-cadinene 3, (+)- 
/3-copaene 4, (-)-aromadendrene 5, (-)-bicycloger- 
macrene 6 and (+)-germacrene D 7. These seven 
compounds are the optical antipodes of the more com- 

“Taken from the Ph.D. Dissertation (1977) of Curtis M. 
Beechan. 

‘Many researchers use the name “Alcyonaria” for a subclass 
of the Anthozoa as used here; others use the name “Alcyonaria” 
for just one order of this subclass-namely the order Alcy- 
onacea. 

‘Sources of sesquiterpenes that are antipodal to those usually 
found are uncommon and thus worthy of note. Two such ter- 
restrial sources are the liverworts” and the African tree 
Brachylaena hutchinsii;18 from the latter source five of the 
reported sesquiterpene hydrocarbons have been found in the 
Alcyonaria and the remaining four are closely related 
compounds. 

‘$-Bourbonene and calamenene were identified by Dr. I. 
Wahlberg (Swedish Tobacco Company). 

‘In this paper the name “aromadendrane” is restricted to the 
most common aromadendrane skeleton-having the same relative 
stereochemistry for all three rings as aromadendrene 5, the 
numbering system being that employed by Chemical Abstracts. 

mon or only enantiomeric forms found in terrestrial 
sources and hence support the generalization made by 
other workers that sesquiterpenes .from the Coelenterata 
tend to have structures antipodal to those from terrestrial 
sources.c Several of the minor sesquiterpene hydro- 
carbons were tentatively identifiedd by combined GC- 
MS as cu-copaene 8, /3-bourbonene 9 and calamenene 10. 
Some of the above-mentioned sesquiterpenes could 
possibly be artifacts from the somewhat unstable 
germacrenes (6 and 7).15.16 GC analysis of a crude 
hexane extract of S. mayi indicated that all of the major 
and the obvious minor sesquiterpene hydrocarbons were 
probably present before silica gel column chromato- 
graphy; however, the amount of aromadendrene in- 
creased greatly upon silica gel chromatography or heat- 
ing. (-)-Bicyclogermacrene 6 and (+)-germacrene D 7 are 
possibly the biosynthetic precursors of the other sesqui- 
terpenes in S. mayi, and their presence emphasizes the 
importance of careful work that does not lead to artifacts 
when isolating natural compounds. 

(-)-Sinularene 11, the most abundant sesquiterpene 
hydrocarbon, proved to be a new terpenoid based on a 
hitherto unknown structure that cannot be derived by 
direct cyclization of a famesol precursor. Derivatives 12, 
13 and 14 were prepared in an effort to determine the 
structure by chemical and spectral means. The structure 
11, which has recently been reported by us in a prili- 
minary communication and is consistent with the spec- 
tral data, was established via an X-ray crystal structure 
determination of the p-bromobenzoate derivative 15; a 
biogenetic scheme for 11 was also presented in that 
communication.’ Experimental details for the earlier 
mentioned chemical transformations are now recorded in 
the experimental section. 

Three sesquiterpene dials-(+)-4a,7/3-aroma- 
dendranediol’ 17, (-)-4a,7uaromadendranediol 18 
and 19 (structure not determined)-were isolated from S. 
mayi. The structures of 17 and 18 were determined 
through synthesis (Fig. 2) of the four dials 182821 and 
22 from (+)-spathulenol 23.19 Interestingly, the two 
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synthetic routes in Fig. 2 gave all four isomeric diols with 
no overlap of products. Synthetic diol 22 is the enan- 
tiomer of the major diol 17 from S. mayi whereas 
synthetic dial 18 is identical to 1% isolated from S. mayi. 
That 17 and 18 from S. mayi have frameworks that are 
antipodal to each other is interesting but not without 
precedent-a similar finding has recently been reported 
for sesquiterpene alcohols with the aho-aromadendrane 
skeleton isolated from another alcyonacean.’ Based on 
spectral data, diol 19 from S. mayi probably has struc- 
ture 28 which differs from the other two sesquiterpene 
diols (17 and 18) from S. mayi by having a cis as 
opposed to a trans ring juncture between the two larger 
rings. 

The relative stereochemistry at C-7 of synthetic dials 
21 and 22 is the same as for (+)-spathulenol23 since the 
chemical transformations (Fig. 2) did not alter this part 
of the molecule; therefore, the relative stereochemistry 

28 

at C-7 must be the opposite for the remaining two 
synthetic diols, 18 and 20. The stereochemistry at C-4 for 
the four synthetic diols, and thus also for the diols 17 and 
18 from S. mayi, was determined from ‘“C NMR data 
(Table 1). For the compounds 18, 20, 21 and 22 
comparison of proton noise decoupled spectra with ofi 
resonance spectra, obtained at two different decoupling 
frequencies, allowed the separation of all signals into 
those corresponding to C, CH, CR and CH, carbon 
atoms. The assignment of the methyl group signals to 
their respective carbon atoms C-8, C-9, C-10 and C-11 
was accomplished by comparison of the shifts of the 
compounds in Table 1 with each other and with the 
methyl chemical shifts of model compounds 29, 30 and 
3L20 Thus, in the diols 1% and 22 C-10 has an “axial” 
orientation with two more 14 steric y-gauche inter- 
actions (with C-2 and C-7a) than in tbe diols 2tI and 21. 
Consequently, the “axial” C-10 signals are expected to 
occur at about IOppm higher field than the “equatorial” 
C-10 signals, Based on the environments, the respective 
chemical shifts of methyl carbons C-8, C-9 and C-11 
would not be expected to vary appreciably for the four 
synthetic dials (18, 20, 21, 22). All four synthetic dials 
have three resonances from methyl groups around 16,25 
and 29ppm. Within each pair of diols, IS,20 and 21,22, 
one have the fourth (C-10) methyl group signal around 
2Oppm while in the other it is found around 31 ppm. 
Thus, the compounds with the high field C-10 signals are 
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Fig. I. NMR (IOOMHz, CDCb, +TMS), IR and mass spectra of 
sinularene 11. 

assigned the structures 18 and 22; and the dials with the 
low field C-IO signals, the structures 20 and 21. In the 
same way, the signals for the remaining carbon atoms are 
assigned by comparison with known chemical shift data 
and shift parameter?’ and by correlating the systematic 
shifts due to differences in the structures of the six 
related compounds of Table 1, and are seen to confirm 
the assigned stereochemistry. 

23 

I POC13 

24 

29 30 31 

Other sesqui- and diterpenes were encountered in S. 
mayi but were not thoroughly investigated. The present 
report demonstrates how rich a source of terpenes a 
single soft coral species can be and that care must be 
taken in the choice of separation methods so as to avoid 
artifact formation (e.g. acid-catalyzed cyclization of 
germacrenes). A detailed examination of terpenic consti- 
tuents is also useful in order to determine whether 
radiolabel incorporation experiments are justified for 
eventual biosynthetic studies. 

EXPERIMENTAL 

The ‘H NMR spectra were run on a Varian T-60, Varian 
XL-100, or a Bruker 360 HXS spectrometer, and the “C NMR 
spectra were run on a Varian XL-100 spectrometer; all chemical 
shifts are relative to TMS. IR spectra were run on a Perkin- 
Elmer 421 spectrophotometer using thin films or KBr pellets. 
Conventional mass spectrometry was carried out on an A.E.I. 
MS-9 or an Atlas CH-4 spectrometer. GCMS analyses were 
performed on a Varian MAT 71 I spectrometer interfaced with a 
Hewlett Packard 76lOA gas chromatograph or a Varian MAT 
CH-7 mass spectrometer interfaced with a Hewlett Packard 402 
gas chromatograph or an LKB 2091 insirument. Optical rotations 
were measured on a Perkin-Elmer I41 polarimeter using spec- 
troscopy grade chloroform (without EtOH as a stabilizer) unless 
mentioned otherwise. The ORD and CD measurements were 
obtained on a JASCO model ORD/UV-5 instrument. M.ps were 
determined on a Thomas Hoover capillary m.p. apparatus or a 
Kofler hot stage m.p. apparatus and are uncorrected. All GC 
work was performed on Hewlett Packard 402 gas chromato- 
graphs using glass columns (4 mm i.d. x I.5 m for analytical work 
and 8 mm id. x I.5 m for preparative work). All TLC plates ware 
prepared from aqueous slurries of silica gel (usually Silica Gel 
HF-254+366, Type 60, EM Reagents), and were dried at -30” 
exposed to the atmosphere. All solvent ratios are for volumes. 
The percentage yields for compounds isolated from S. mayi are 
based on the mass of thoroughly dried colonies of this marine 
animal. 

LAH 

25 26 and 27 16 20 

Fig. 2. Synthetic schemes for dials Ill, 20, 21 and 22. 
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volume was flushed briefly with N2, and a Teflon-lined cap was 
screwed on tightly. After standing in the dark for three months 
with occasional agitation, 2.5ml of pyridine and 12ml of 95% 
EtOH were added and HzS was bubbled through the mixture for 
4 h. After remaining in a stoppered container for 10 h, HzS was 
bubbled through for 2 more hours. The mixture was filtered and 
the solid was washed with95% EtOH. The residue from the 
tiltrate and washings was subjected to preparative TLC [C&Y 
EtOAc (4: I), double development, Rr 0.451 to yield 38 mg of 14. 
For 14: m.p. %.5-97” (crystallized from CCL&octane); IR 
3380cm-’ (OH); M.? M+ 238 (Cr~H2~02, 12%). 41 (100%); 
NMR*’ (lOOMI&, CDCb) 6 0.86 and 0.90 (doublets, J 6 Hz, 
isopropyl methyls), 6 1.01 (s, tertiary methyl), 6 3.68 and 3.91 . 
(doublets, J I1 Hz, CHrO). 

p_Bromobenzoate 15 and bis-@-bromobenzoate) 16 of 14. To 
a one dram vial were added 27 mg of diol 14, 1.3 ml of pyridine 
and 123 mg of p-bromobenzoyl chloride. A Teflon-lined cap was 
screwed on tightly. The mixture was stirred at 61” for 7.5 h and 
then partitioned between ether and H-4. Repetitive preparative 
TLC [CsHn, triple development, 15 Rr 0.40, 16 Rr 0.881 gave 
35 mg of 15 and 9 mg of 16. For IS: m.p. 48-49’ (crystallized from 
acetone-H20); the NMR2’ and IR spectra are consistent with the 
assigned structure; (Anal. Calc. for f&H&Br: MW 
420.1300/422.1280. Found: MW (MS), 420.1269/422.1281). For 16: 
mp. 160.0-160.3° (crystallized from hexane); MS M’ 604 
(t&Hs204Br2); the NMR spectrum2r is consistent with the assig- 
ned structure. 

Isolation of (+) - 4a,7@ - aromadendranediol 17, (-) - Wa - 
aromadendranediol 18 and sesquitetpene dial 19 from S. 
mayi. The crude hexane extract of S. mayi was subjected to 
silica gel column chromatography using gradient elution with 
hexane-CHCb-MeOH. Silica gel column chromatography of ap- 
propriate resulting fractions using gradient elution with hexane- 
acetone afforded 17 and then a mixture of 18 and 19 in the 20% 
and 25% acetone fractions respectively. Diol 17 and the mixture 
of diols 18 and 19 were separately rechromatographed through 
silica gel columns using gradient elution with hexane-ether. Diol 
17, obtained in about 0.02% yield, was further purified by crys- 
tallization: Diol 17 was dissolved in a very small amount of 
CHClr or CHCIr-hexane. Hexane was layered on top of this 
solution, and the mixture was left undisturbed in a sealed 
container for the solvents to slowly diffuse into each other. 
Sometimes slow evaporation and/or seeding of the resulting 
solution were necessary. The NMR,‘” IR” and mass” spectra 
and other physical data (except for the sign of the optical 
rotation) of 17 match those of synthetic diol 22 (see below). For 
17: m.p. 134.8-135.5”; “C NMR (see Table I); [a]nm= +22.4” (c 
1.4, CHCI,); (Found: C, 75.49; H, 10.84. Calc. for C15H260?: C, 
75.58; H, 10.99%). Diols 18 and 19 were separated from each 
other by HPLC [two Waters Associates PBondapak Crs columns 
(each 4mm i.d. X 30cm) in series, MeOH-H20 (2: I), 25OOpsi, 
--.I ml/min flow, 18 r.t. 20 min, 19 r.t. 40 min]. Diol 18, obtained in 
about 0.001% yield, was further purified by preparative TLC 
ICHCh-acetone (7:2), double development, Rr 0.451 and then 
crystallized from CHCb-hexane (as described for diol 17) 
whereas diol 19, isolated in about 0.001% yield, was just crys- 
tallized from CHClr-hexane (as described for dtol 17). The 
NMRZ3 and IR2’ spectra and other physical data of 18 from S. 
mayi matched those of synthetic 18 (see below). For 18 from S. 
mayi: m.p. 137.3-138.0”; [a]om= -41.6” (c 0.6, CHQ). For 19: 
m.p. 114.8-l 14.9”; MS” M+ 238 (Cr~Hs&z, 2%), 220 (M-HzO, l3%), 
205 (M-H20-CH,, 12%), 202 (M-2H20,13%), 187 (M-2H20-CHr, 
lo%), 177 (M-H#-CsH,, lO%), 159 (M2H+CsH,, 24%), 43 
(100%); NMR= (lOOMHz, CDCls) 6 0.02 (dd, J, lOHz, 12 IOHz, 
cyclopropyl proton), 6 0.63 (m, cyclopropyl proton), 8 1.06 
(seminal methyls), 6 1.22 and 1.36 (singlets, methyls); 13C NMR 
(CDCIr) 81.9 (s) ppm, 74.1 (s), 53.8 (d), 47.5 (d), 38.6,37.6,32.0 (q), 
28.8,28.5,25.4,25.1,18.7, 18.6.16.1 (q), the signal of the remaining 
carbon was not obvious; [aIDa = - lo” (c 0.9, CHCI,, soln some- 
what turbid): (Found: C. 73.65: H. 10.96. Calc. for CI.HrO,: C. 
75.58; H, 1699%). 

._-_ 

Isolation of (+)-spathulenol 23 from Eucalyptus spathulata.‘9 
(+)-Spathulenol 23 was isolated from the essential oil of 
Eucalyptus spathulata (kindly provided by Prof. P. R. Jefferies 

of the University of Western Australia) via vacuum distillation 
followed by column chromatography on silica gel impregnated 
with AaNOr usina aradient elution with CHCh-acetone. The IR 
and NMR -spectra of the isolated 23 agree with published 
spectra. ‘9.22 

Spathulenol epoxides 24. The reaction of spathulenol 23 with 
85% m-chloroperbenzoic acid was performed essentially as 
described below for the epoxidation of p-spathulene 25 and gave 
epoxides 24 which were not separated due to separation prob- 
lems. For the mixture of epoxides 24: IR 3450cm-’ (OH); MS*’ 
M+ 236 (Cr~H2~02. 0.5%; not unambiguously M’), 218 (M-H20, 
31%). 41 (100%); NMR (IOOMHz. CCL) 6 1.05 (methvls). S 1.12 
(s, methyl), S 1.16 (s, methyl), S 1.20’(s, methyl), i 2.25-2.71 
(epoxy protons). 

methyls);‘rC NMR (see Table-l)f [a]~~~ = -12.6” (c 1.2, CH&); 
(Found: C, 75.44; Ii, 10.99. Calc. for C15Hr602: C, 75.58; H, 

(-)-4&7/&Aromadendranediol 21 and (-)-4a,7@-aromaden- 

10.99%). For 22: m.p. 134.8-135.3”; IR23 3384cm-’ (OH); MS” 

dranediol 22. A mixture of I2 ml of ether, 184 mg of the mixture 

M+ 238 (C,~H2602, 5%), 220 (M-H20, I%), 205 (M-H20-CH3, 
23%), 202 (M-2H20, 16%), I87 (M:2HzO-CHj, 12%) 177 (M- 

of epoxides 24, and 355 mg of LiAlH was stirred for 5.5 h. 

HzO-C~H7, l7%), I59 (M-2H20+H,, 22%) 43 (160%); NMR2’ 
(IOOMHz, CDCI,) S 0.3cl.O (cyclopropyl protons), S 1.04 (s, 

Excess LiAIH4 was destroyed with saturated (aq) NaZSOd. Pre- 

geminal methyls), 8 1.17 and 1.25 (singlets, methyls); “C NMR (see 
Table 1); [a]om = -22.9” (c 1.9, CHCIr). 

parative TLC [CHClj-acetone (9: I), triple development, 21 Rr 
0.35,22 Rr 0.451 yielded 84 mg of 21 and 50 mg of 22, which were 
puritied further by crystallizing from CHCl,-hexane (as described 
for diol 17). For 21: m.p. 142.5-142.7”; IRz3 3345 cm-’ (OH); MS2’ 
M’ 238 (GH2602, 4%), 220 (M-H20, II%), 205 (M-HrO-CHx, 
I]%), 202 (M-2H:O. 32%), I87 (M-2H&-CH,, 2l%), 177 (M- 
H@-C,H7, l2%), I59 (M-2H&C,H,, 36%) 43 (100%); NMR” 
(100 MHz, CDCb) 6 0.23-0.74 (cyclopropyl protons), S 1.03 and 
I.1 I (singlets, tertiary methyls), 8 1.20 and 1.25 (sinalets, 

/LSpathulene 25. To a stirred soln of l70mg of (+)-spathu- 
lenol 2.3 in I.5 ml of dry pyridine in an ice-water-salt bath was 
slowly added 0.3ml of phosphorus oxychloride POClr.’ After 
being stirred for 2 days at room temp. the mixture was slowly 
added to crushed ice. Partitioning between Hz0 and hexane 
followed by preparative TLC (silica gel containing 15% AgNOr, 
C&I6, double development, Rr 0.40) yielded I09 mg of @-spathu- 
lene 25 which was identified by IR,22.23 mass23,47 and NMR2’.47 
spectra. The published description of the NMR spectrum differs 
slightly.” For Zs: MS” M+ 202 (Cr~H22, 33%), 159 (100%). 105 
(99%); NMR” (100 MHz, CDCb) S 1.04 and 1.08 (singlets, terti- 
ary methyls), 6 1.67 (olefinic methyl), 6 4.70 (broad s, viny- 
lidene), 6 5.37 (m, olefinic proton); [cr]u” = +77” (c 0.48, CC4). 

Diepoxides 26, 27 and 32. A mixture of I13 mg of g-spathu- 
lene 25, I.Sg of 85% m-chloroperbenzoic acid, and 12ml of 
CHCl3 was stirred in the dark for 5.25 h and was then partitioned 
between ether and 10% (aq) Na2S03. The organic phase was 
washed with 5% (aq) NaHC03, dried over MgSO.,, filtered and 
concentrated to give a residue consisting of essentially the three 
diepoxides. Preparative TLC [hexanexther (4 : I ), four 
developments, 26 Rr 0.38,27 Rr 0.53,32 Rf 0.651 gave 25 mg of 26, 
73 rng of 27, and 4 ma of 32. For 26: MS23 M’ 234 (ClrH.,O,. 
37%x 43 (100%); NMR (100 MHz, C&6) 8 0.90 and O.% (singlets, 
tertiary methyls), ii 1.23 (s, epoxy methyl), 6 2.94 (broad s, epoxy 
proton)-the other epoxy protons are not obvious; [a]n2~ = -2” 
(c 0.5, CCL). For 27: MS2. M’ 234 (CIrH2202, 2%), 43 (l&l%); 
NMR (lOOMHz, C&,) 8 0.97 and 0.99 (singlets, tertiary 
methyls), S 1.22 (s, epoxy methyl), S 2.10 and 2.26 (doublets, J 
5 Hz, epoxy protons), 8 2.97 (broad s, epoxy proton); [a]o’v = 
-13” (c 0.27, CC4). For 32: NMR (lOOMHz, CCL,) 6 1.00 (s, 
tertiary methyls), 6 2.36, 2.50,2.61 and 2.65 (four doublets, J 5 Hz 
for each, epoxy protons), no epoxy methyls. 

Synthetic (-)-4a,7a-arvmadendranediol 18. LiAlH, reduc- 
tion of 26 to diol 18 was accomplished in excellent yield using 
essentially the procedure given for the reduction of spathulenol 
epoxides 24. The product was crystallized from CHCIX-hexane 
(as described for 17). For 18: m.p. 137.5-138.5”; IR*’ 3410 cm-’ 
(OH): MS2’ M’ 238 (C,~H~~OZ, 1%). 220 (M-H20, 11%). 205 
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(M-H&CH,, 14%), 202 (M-2H20, 21%). 187 (M-2H20-CHk 
IS%), 177 (M-HzO-CsH,, IO%), I59 (M-2HzO-C,H,, 30%), 43 
(100%): NMR*’ (IOOMHz, CDCl2) 8 0.58-0.90 (cyclopropyl pro- 
tons), 6 0.98 and I .06 (singlets, seminal methyls), 8 1. IO and I .24 
(singlets, methyls); “C NMR Gee Table 1): [alow=-39.3’ (c 
0.6. CHCI?): (Found: C. 76.42: H. 11.06. Calc. for CIqH7*Oq: C. 
7S.n; H, ib;.9+%). 

._ _1 _ 

(-)+,7a-Aromadendranediol 2& LiAIH4 reduction of 27 or 
32 gave diol20 in good yield using essentially the same procedure 
given for the reduction of spathulenol epoxides 24. That the 
product from both 27 and 32 is the same is based on analytical 
TLC and NMR spectra. Diol 20 from 27 was purified by slow 
precipitation as beads or clumps of solid from supersaturated 
hexane solutions. For 20: m.p. 86.7-87.7”; IR23 3436cm-’ (OH); 
MSz3 M+ 238 (&H,Oz, 7%), 220 (M-H20, IO%), 205 (M-H& 
CHj, 8%), 202 (M-2Hz0, 20%), 187 (M-2HzO-CHj. 16%), 177 
(M-HzO-C,H~, %), I59 (M-2HzO-C,H,, 20%), 43 (100%); 
NMR” (IOOMHz. CDCh) 8 0.54-0.72 (cvclouronvl wotons). 6 
1.05 (s, geminal methyls)l l.2? and 1.2; &ing)et~,~m&hyls): ‘lfC 
NMR (see Table I); [a]~~~= -35.8” (c 1.1, CHCII); (Found: C. 
75.42; H, IO.%. Calc. for CIsH260z: C, 75.58: H, 10.99%). 
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