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Abdrmi-Eight new dittrpenoids have been isolated from three sol1 corals. Alqonium urinomii. Lobophyfum 
paucijlorum and Lobophyrum crossurn. The compounds were shown to be: 1.3.7.I~embn~etnenI2~~~; 
1.3.6.1 l-cembratctraen-&ol (9: 1.3.7.12(~~embntctraen-I l-01 (6a); 2.7.1 I-ccmbratriena.l~diol(n; 3.?.l@cem- 
brarrien-l2.lMiolo); and the lobolidc related deacetyldecpoxy l&olidc (15). deepoxy Id&de (16) and deacetyl-13. 
hydroxy bbolidc (17). by spcc~ral data and chemical srudics (mainly ozonolysis). 

Among the diterpcnes isolated from soft corals, the 
ccmbrancr’ so far are the largest and most abundant 
group of compounds. The biosynthesis of these Cm- 
isoprcnoids is assumed to start from geranylgeraniol 
pyrophosphatc leading through the initially obtained 
3.7.1 I-cembratrien-IScarbonium ion intermediate. inter 
alia. to one or more of the following compounds: Neph- 
thenol (1. the 3.7.11-tricn-IS-01)‘. cembrene-A (2. the 
3.7.1 I.lS-tetraen) or ccmbrenc-C (3. the 1.3.7.1 I- 
tetracne)’ (see Chart I) (for nomenclature of the ccm- 
brams see Ref. I). IIK first compound (1) is assumed to 
be obtained by quenching of the C-15 carbonium ion by 
HzO. the second by H-16 elimination and the third by a 
possible migration of H-l to C-IS followed by elimina- 
tion of H-2. 

Each onr of compounds 1-3 can of course undergo 
further secondary reactions such as epoxidation(s) or 
allylic oxidation(s) with or without double bond migra- 
tion. Another common biosynthetic change is the 
C&A, + HW,-C#Z, transformation which is 
believed to take place in the biosynthesis of five of the 
new. herewith reported, compounds (c6. 8. 9). It is 
suggested that an intermediate epoxidc might be involved 
in the latter process; this process is similar to the Lewis 
acid opening of epoxides. leading to ally1 alcohols as 
described by Dcv’ and has also been found by us in the 
case of sarcophine and some xenia diterpcnes.’ 

The above described transformations are not the only 
ones observed within the cembranes. Other more cxten- 
sive ones involve new ring formations as well as skeletal 
rearrangements.’ Many of the newly formed rings result 
from nuckophilic attacks of epoxide moieties by al- 
koxide or carboxylate anions’ (originating from oxidation 
of one of the five cembranc methyl groups). In the 
formation of other compounds. where ethereal bridges are 
present,’ transannular reactions seem to be involved.‘” 
Lobolide (12) and its newly reported derivatives (SW, 
are good examples of such extensive changes within the 
ccmbranes. 

Several dozen. of more than I50 reported species of 
soft corals of the Gulf of Eilat (the Red Sea). have been 
examined by us. The findings from three animals, Alry- 
onium urinomii and Lohophyrum pouri@um (both 

examined for the first time) and Lobophyrum crossurn 
(re-investigated),’ follow. 

Repeated chromatography of the petroleum ether 
extract of A. ufinomii on a column of silica gel yielded 
three major components designated alcyonol-A (9, al- 
cyonol-B (5). and akyono1-C (6a) (Chart I). All three 
appeared as oils and corresponded to the same molecular 
formula of C&IIIO. on the basis of their mass spectra 
(M’. mle288). containing five unnturations. The ‘H and 
“C NMR spectra of 4 indicated the presence of three 
major segments: -C(CH+CH-CH=C(iPA. -CH+ZH= 
CH-CWHHCH,~ and -CH,CH=C(CH& (see Tables I 
and 2). Furthermore, the IR absorptions at I600 and 
l66Ocm ’ and the UV maximum at 248nm (t IoooO) 
confirmed the presence of the conjugated dicne like the one 
found in cembrene-C (3). The above moieties. together 
with the only one double allylic methylene group agree 
with each one of the following two stnrctures: the 1.3.6.1 l- 
tctracn-t-ol or the 1.3.7.It%tetraen-I!-ol. The distinction 
between the two possible structures was achieved by 
ozonolysis. The microozonolysis’ of 4 which gave levu- 
linaldehyde, established its structure to be the 1.3,7.1@ 
tctracn-12-01 isomer. Further support for this deter- 
mination was obtained from the stNcture of alcyonol-B (5) 
as will be discussed below. 

Alcyonol-B (5) contains exactly the same three seg- 
ments as alcyonol-A (4). (Tables I and 2). however in a 
different sequence. Microozonolysis of 5 gave 2-methyl- 
2-hydroxyp-entan-l,Sdial (as obtained from thunbcrgol 
(10) and trochcliophorol (11)) but not kvulinaldehy& as 
obtained from 4 Irradiation of the doubk allylic mcthy- 
kne (H-5.5’) changed the multiplicities of the doubk 
doublet at 65.70 (H-6. Table I) and the vinyl methyl at 
61.78. which is attributed to the diene methyl group 
(Me-18). thereby determining the structure of 5 to be the 
1.3.6,11-tetracn-8ol isomer. The fact that both 4 and 5 
each contain a single chiral center, the carbinol C-atom, 
and that they are not enantiomcrs, but rather two pos- 
sible position isomers. further supports the suggested 
StNctUres. 

The third isomer, alcyonol-C (6). contains the same 
conjugated dicne as the former two compounds (4 9. 
as well as one trisuhstituted double bond 
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Table I. 270 MHz ‘H NMR data (6. ppm; multiplicity; J, Hz) 
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n3 

"5 

'6 

H7 

"9.9, 

n10 

Yl 

"15 

&16.17 

Y18 

n19 

km 

5.96 d, 10.7 

5.90 d, 10.7 

5.17 bt. 6.5 

2.67 d, 6.1 

5.75 dt, 15.9, 7.0 

5.58 d. 15.3 

2.5 m 

1.03, 1.05 d. 6.6 

1.72 s 

1.65 s 

1.27 s 

6.03 d. 10.6 

5.83 d. 10.6 

2.78 d. 6.0 

5.70 dd. 15.5. 6.1 

5.62 d. 15.1 

5.28 9t. 7.0 

2.34 q, 6.8 

1.02 d. 6.8 

1.78 I 

1.31 I 

1.58 d. 1.0 

5.91 4. 11.1 

5.90 a. 10.7 

5.17 bt. 6.5 

4.!8 aa. 2.6, 9.0 

2.35 n 

'.Ob d, 6.9 

1.75 s 

:.59 I 

5.05 I 

4.84 I 

5.25 ac, '5.9. 6.0 

5.85 d. 15.9 

5.7 t. 6.8 

0.99 bd. 6.8 

1.19. 1.1 I 

1.35 I 

61.62 s 

61.52 c 

5.06 at, 6.0 

a.9A 9d. 10.0 

2.63 r 

5.56 at. 15.6. 7.1 

5.46 d. 15.8 

1.21, 1.23 s 

bl.55 I 

b1.64 I 

1.29 I 

(CHAZH=C(CH,)-). However, the third grouping is 

different and was found to be a -CH,CHtOH)C=CH, 
moiety CTabks I and 2). Compound 6a undcrsoes 
acetylation (AGYPyridine, rt) to give a monoacetate 
(Sa). Obtaining levulinaldehyde following ozonolysis of 
h established the 1.3.7~tine sequence of the former 
two moieties in the compound. The fourth, exocyclic, 
double bond has to be in the 12QO) position. However, 
the distinction between the possible 1 l-01 and I 3-01, ally1 
alcohols, was not self evident. The distinction between 
the two structures became possible after compound (r 
was oxidized to the corresponding a&unsaturated 
ketone (7). Obtaining this ketone following a Jones oxi- 
dation, confirmed the ally1 alcohol which was previously 
suggested on the basis of the relatively large A6 value 

between H-20 and 20’. in compounds 6a and acetate 6b 
(see Experimental for the NMR data). 

An 11-ketone was expected to give rise. in the ‘H- 
NMR spectrum, to a complex (ABMN) two proton signal 
(for H-10,10’) in the 2.5-2.7 ppm re&n while a 13-ketone 
could have been expected to give rise to ao AI singlet for 
the 14 proton pair (as 00 more chiil centers are left in 
the molecule). The latter pair being a to a carbonyl and 
in an allylic position could be expected to resonate 
around 63.10. In the event, the former case was the 
observed one; an additional multiplct appeared at 82.76. 
thus determined the 1,3.7.I2(2O)_tetraen-1 I-01 structure 
for 6a. 

The second examined soft coral Lobophyrum 
paucijlorum.‘O is one of the three most abundant soft 
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Table 2. 22.65 MHz “C NMR data 
- 

c 4 L 5 64 g+ & z-- 
IO 3 I 

- - ,Sw- -. 

1 147.1 151.8 149.2 146.5 15~3.6' 51.5 

2 118.15 117.9 118.3 118.5 llH.5 ITa. 

3 121.6 121.9 121.5 121.9 127.4 141.3 

4 135.8 135.0 136.7 135.3C 134.9d 72.5' 

5 38.5 39.2 41.sc 39.4 40.3 43.1 

6 24.7' 25.1 124.6 25.4 26.0 22.5 

7 125.8 125.3 141.2 125.6 125.3 125.9 

a 134.4 135.0 72.8 134.2C 135.0d 132.6 

9 41.7d 38.5 42.0' 34.Rd 35.5 36.9 

10 127.1 126.4 23.3 33.7d 33.6 23.1 

11 137.3 140.0 174.6 69.9 62.2' 126.7 

12 73.6 72.6 135.1 153.7 !52.4' 131.8 

13 42.Od 50.9 41.5C 34.gd 43.6 39.1 

14 24.99 66.9 29.6 28.9 63.3' 27.7 

IS 32.6 26.1 36.6 w.5 28.1 72.4' 

16 22.3' 28.2' 21.9 22.1e 24.0' 76.1' 

17 21.!f 28.5' 21.9 21.8' 24.5' 25.5d 

18 17.5' 16.7d 18.2d 19.8' 16.0g 27.9 

19 17.0' 17.0d 28.7 16.6' 16.5g 15.oe 

20 28.7 24.5 15.1d 108.5 110.1 14.4e 

SO.? 

JO.7 

125.7 

:34 .nc 

39.4 

23.t) 

125.7 

134.f 

41.1 

173.8 

138.4 

73.5d 

43.5 

z3.n 

74.2a 

?7.Oe 

30.0e 

15.3' 

17.5' 

28.9 

46.0 146.2 48.5 

i29.2 118.6 M.6' 

136.2 122.1 176.2' 

72.6 I34.7d lM.ld 

43.0 39.3' 39.5 

22.6 25.3e 24.6' 

125.2 125.0' 175.9c 

* 37 ..¶C 134.3 l33.ld 

36.9 39.3' 37.9e 

2J.A 24.6e 24.0' 

'75.2 124.6' 125.0 

128.ic 134.1d 133.0 

39.2 38.6' 39.0e 

21.7 7a.1 2H.4h 

33.0 33.8 13.8 

70.5d 27.49 27.79 

l9.5d 22.44 29.a9 

28.1 Il..+ !5.6 

15.1e 16.9h IS.6 

I4.7Q 15.1h 15.6 

a; Srrccqhytol-015. b. Srrcophytol-El). c-h; These slpalr my Oe IntercMqed. 

corals which cover the coral reefs of the Gulf of Eilat.” 
The petroleum ether extract of this soft coral yielded, 
after repeated silica gel chromatography, two interesting 
new diterpenes (Chart 2) in addition to large amounts of 
nephthcnol (1). 

The less polar component (a), named paucif!orol-A, 
C,oHuO1 appeared as an oil (co. 0.01% dry weight of the 
coral extract). The NMR spectra of 8 (Tables I and 2) 

\ OH 

I 

8 pouc~tlorol -A - 

nd ’ 
9 pouc~florol - B 

IO lhunbarqol - 
1 Ua J2a - l porlde Of g: 

lroch~luophorol 

charl!. 

trS diRerent NMR 
ccmbraticd. I S&4” 

spectrum of a reported sydwk 2.7,11- 
suggests this compound to be a 

,tereoisomer or compound a 

showed the existence of a -C(OHWCHA. 
-C(OHKCH,)CH=CH-CH< and IWO -CH,CH=C(CH,k 
groups. Comparisons of the NMR data of the C,C, 
segment of 8 with those reported for thunbergol (IO) and 
trockliophorol (11)” showed marked similarities sug- 
gesting the same carbocyck substitution pattern in 8 and 
thunbergol (10). Upon ozonolysis. obtaining levulinalde- 
hyde and the same pentandial as from alcyonol-B (5). 
together with the NMR proved 2-hydroxy isopropyl 
group, established the structure of 8 to be the 2,7,11- 
cembratrien-4.IMiol.+ 

The more polar component (9) designated pauciflorol- 
B. was isolated in 0.01% yield. Mass spectral analysis 
indicated a formula C&I,OI. four degrees of un- 
saturation as in the case of 8. The NMR spectra of 9 
(Tables I and 2) supported a triene diol derivative of 
cembrane; two of the double bonds being E-trisub 
stituted and the third one being a trans disubstituted 
bond. Because of two tertiary carbinols (-C(OH)(CH,F 
and -C(OHj(CH,)& and the above mentioned three 
double bonds, it seemed most likely that pauciflorol-A 
and B were merely positional isomers. Obtaining kvu- 
linaldehyde upon ozonolysis of 9 confirmed a 7.8 doubk 
bond as well as a I,S-dienc moiety. The only structure 
which agrees with tbc NMR data and the ozonolysis 
experiment is the 3,7,IO-trien-12,ISdiol. AU other pos- 
sible isomers coukl be excluded; a 2,7.IWrien-4,15diol 
and a 3.7.1~trien-12.15diol on the basis of the H-2 and 
H-14 NMR signals, respectively (none being expected to 
give a double triplet with J = IS and 7Hz). and a 5.7.11- 
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tricn4,lSdiol. as no conjugated dicne system (UV and 
NMR) does exist. Thus, the only possible structure is the 
3,7,lMrien-12.lS-diol. The NMR spectra of the CrC,, 
segment was also found to be in good agreement with the 
spectrum of the corresponding protons (H-7, Me-19, the 
double allylic pair H-9.9, H-IO and H-II) of alcyonol-A 
(9. 

A further investigation of minor constituents of col- 
lections of Lobophyum crOssurn’ afforded three new 
ccmbrane-type diterpencs (IS, 16, l7), all three closely 
related to the previously reported lobolide (12)t and the 
epimeric IShydroxy lobolide pair (13. 14) (Chart 3). The 
first compound CJI,O, (15) possessed the same un- 
saturated y-lactone. two E-trisubstituted double bonds 
and a methylenoxy group as in lobolide (12) (see 
Experimental and Table 3). However in contrast to 12 
instead of an epoxide. an additional double bond was 
present in the n~lecule. We assumed that this compound 
is the biogenetic precursor of deacctyl lobolide as was 
proved by the ‘H NMR spectrum (see Experimental and 
Table 3). 

The second compound, 16, C,,H,O,, could be easily 
prepared from IS by acctylation with Ac20/Pyridine at rt 
for I8 h. Compound 16 is. therefore, 3.4-deepoxy lobolide 
(see Table 3). 

Vhe structure of lobolide was recently conhrmed by an x-ray 
analysis.” 

The third compound, 17. which was isolated from L. 
crassurn was proved to be the deacetyl derivative of 14 
as acetylation of 14 and 17 gave the same diacetate 18. 

12 lobolida 

fi R, =H,RZmOH,R,=Ac g R*H 

14 R,~OH, R2= H, R3rAc - 16 R=Ac 

11 R,=OH,R2= H,RS=H 

cR,=OAc,R2=H,RS=Ac 

chart 3 

Tabk 3. 22.65 MHz “C NMR data 

hIti- 
C p:ictty !4 :5 5 2, -_--.-----_------- ___.._*--______._-- - 

1 C 42.1 44.0 44.5 41.4 

2 t 31.5' 30.9 33.gd 31.54 

3 C 62.5 125.6 128.SC 63.3 

4 I 60.4 :34.1 135.65 61.9 

5 t 32.64 33.7 34.6' 32.p 

6 t 23.7 29.6 24.4 23.7 

7 C 124.1 124.2 ll3.B '24.4' 

8 I 135.2 :29.5 :34.1b 134.8 

9 t 38.5 34.6 37.9 38.5 

10 t 24.7 24.5 24.4 24.6 

11 C 132.1 124.7 127.3' 131.5 

I2 I 132.: 126.5 '?9.1 131.8 

13 4/t 80.7 36.0 45.1 R3.1 

14 a E2.1 81.2 81.1 82.5 

I5 s 138.7 142.0 142.1 i38.9 

'6 I '69.1 169.2 169.3 169.5 

I7 t 124.1 122.8 122.8 123.8@ 

18 t 64.3 60.0 6:.7 63.2 

19 Q 15.9 16.8 16.8 15.6 

20 C 12.5 17.5 17.5 12.6 

AC-CU) P 2C.8 20.9 

AC-CO I 170.8 170.8 

a-c, There SlgdtS =d)r be if7terCtdnFd. 






