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The Sesquiterpene Hydrocarbons of the Gorgonian, 
Pseudopferogorgia americana, the Nonisoprenoid p-Gorgonene. 

By ALFRED J. WEINHEIMER," PAUL H. WASHECHECK, DICK VAN DER HELM, and M. BILAYET HOSSAIN 
(Department of Chemistry, Ulzaversity of Oklahoma, Norman, Oklahoma 73069) 

T H E  sesquiterpene hydrocarbon mixture occurring' 
in the gorgonian Pseudopterogovgia ainericana 
(Gmelin) (taken in shallow waters a t  Bermuda and 
the Florida Keys) has been examined in more 
detail, and found to consist primarily (96%) of 
four components. Two of the components are the 
well known pair 9-aristolene ( I ;  8%) and l(10)- 
aristolene (11; 25%). They are accompanied by 
(+)-y-maaliene (111; 8%) which has not been 
encountered previously in Nature, and (+)-p- 
gorgonene (IV; 55%) which possesses a new iso- 
prenoid skeleton having a "misplaced" isopropenyl 
residue. ,&Gorgonene constitutes the first obser- 
vation of a sesquiterpene analogue of the bio- 
genetically enigmatic monoterpene, sylvestrene. 

The hydrocarbon mixture? was isolated by 
chromatography (Florisil) of the nonsaponifiable 
fraction of the cold hexane extract of the total 
organism. The mixture consisted primarily of 
four components present in the same relative 
proportions and having identical g.1.c. retention 
times (Carbowas 20M) as found for the crude 
extract prior to saponification. Chromatography 
in hexane on 25% AgN0,-silicic acid2 afforded 
first (I), ~ ~ ~ ~ 1 . 4 9 7 5 ,  d4250.9249, [0c]~~80.9" (neat), 
M+ 204 (mass spectrum), n.m.r. (neat): 8 507m 
(C=CH), 2-12m (four allylic protons), 1.09s, 1.04s 
(three quat. methyls), 0.94d ( J  6Hz.) (sec. methyl) 
and 0.65m (two cyclopropyl protons), and then (11), 
~zi~1.5005, d4250.9198, [a12 - 78.5" (neat), AWr 
204, n.m.r. (neat) : 6 5.22dd ( J  3.6, 2-2Hz.) (C=CH), 
1-04s, l-OOs, 0-96s (three quat. methyls), 0-96d ( J  
7Hz.) (sec. methyl) and 0.59m (two cyclopropyl 
protons). Their identities followed from com- 

parisons with reported pr0perties,~9~ particularly 
their n.m.r. ~ p e c t r a . ~ * ~  

(+)-y-Maaliene (HI), ng1.4992, d,250-9230, 
[a]~'10.9" (G 1-15, hexane), M+ 204 n.m.r. (neat): 
8 4.79m (C=CH,), 1.02s, 0.90s, 0.73s (three quat. 
methyls) and 0.67m (two cyclopropyl protons), was 
eluted by hexane-benzene (3 : 1) , and was identified 
by conversion into the diol (OSO,),~ m.p. 141- 
142" (sublimed), [or]: - 24-8" (c 6.3, CHC1,). A 
precisely 1 : 1 mixture with its enantiomera melted 
a t  126-128" (sublimed). 

Elution with ethyl acetate afforded a mixture of 
P-gorgonene (IV) and its crystalline AgNO, 
complex (V; 4%), m.p. 132.5-133-5" (recryst. 
acetone-hexane) . 

The crystal structure of (V) was determined 
using single-crystal X-ray diffraction. The 
crystals are orthorhombic, space group P2,2,2,, 
with a = 9.036, b = 21.79, and c = 8.008 A, 
2 = 4. The structure was determined using a 
Patterson synthesis and the heavy-atom technique. 
The final R index for 1181 reflections after least- 
squares refinement is 0.066. The absolute con- 
figuration of (IV) in the crystal structure of (V) was 
determined using 21 pairs of reflections. Com- 
plete details of the structure determination will 
appear in a separate paper.' 

Re-chromatography of the hydrocarbon on 
Florisil afforded pure (IV; 51%) ni51-5010, d425 
0.9108, [a]~13.9" (neat), M+ 204, vmax 878 and 
888 cm.-l (two C=CH2), n.m.r. (neat): 8 4-66m 
(two C=CH,), 1.55d ( J  1Hz.) (vinyl methyl) and 
0.79s (angular methyl). The p-gorgonene thus 
isolated and that recovered by decomposition of 

7 Kindly provided by Professor L. S. Ciereszko. 
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the AgNO, complex with alcohol showed identical 
i.r. spectra, g.1.c. retention times, and RF values on 
AgNO,/silicic acid t.l.c., all corresponding to one 

of the components in the original hydrocarbon 
mixture. 

It is worthy of note that (I) and (11) are enantio- 
meric, with one exception,, with the forms com- 
monly encountered in terrestrial plants. The 
same relationship obtains for the skeleton of (111). 

A biogenetic process similar to  that proposed* 
for sylvestrene can account for the novel p-gor- 
gonene skeleton. “Migration” of the isopropenyl 
residue would result from hydride migration 
within the farnesyl-derived cyclic ion (VI), 
leading to (VII), from which proton loss would 
lead to the monocyclic intermediate (VIII) . 
Normal cyclization would then lead to /3-gorgonene. 

We thank Drs. William H. Sutcliffe, jun., 
Bermuda Biological Station and Charles E. Lane, 
Institute of Marine Science, University of Miami 
for use of their facilities, and Prof. G. Buchi for 
providing a generous sample of ( + )-7-maalidiol. 
The work was supported by the National Institutes 
of Health, and by a National Science Foundation 
Co-operative Fellowship, 1965 (P.H.W.). 

(Received, July l s t ,  1968; Corn. 869.) 

I,. S. Ciereszko, D. H. Sifford, and A. J. Weinheimer, Ann.  New York Acad. Sci., 1960, 90, 917. 
T. Norin and L. Westfelt, Acta Chem. Scand., 1963, 17, 1828. 
S. Carboni, A. Da Settino, V. Malaguzzi, A. Marsili, and P. L. Pacini, Tetrahedron Letlers, 1965, 3017. 

J. Streith, P. Pesnelle, and G. Ourisson, Bull. Soc. chim. France, 1963, 518. 
It. B. Bates, G. Buchi, T. Matsuura, and R. R. Shaffer, J .  Amer. Chem. Soc., 1960,82, 2327. 

4 V. Vrkoc, J .  Kiepinsky, V. Herout, and F. Sorm, Coll. Czech. Chem. Comm., 1964,29, 795. 

7 M. B. Hossain and D. van der Helm, J .  Amer. Chem. Soc., in the press. 
* J.  H. Richards and J. B. Hendrickson, “The Biosynthesis of Sterioids, Terpenes, and Acetogenins”, Benjamin, 

New York, 1964, p. 214. 


