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INTRODUCTION 

COMPOUNDS derived from the five-carbon isoprene,’ unit are amongst the most widely dis- 
tributed in Nature, at least 4000 having been isolated. These terpenoid compounds fall 
mainly in the classes of the monoterpenes (C,,,), the sesquiterpenes (C,,), the diterpenes 
(C,,), the steroids, the triterpenes (C,,) and the carotenoids (C,,). Until quite recently no 
compounds had been characterized which were formed from five isoprene units, namely 
the sesterterpenoids (C, 5). Although this class still forms a rare group of natural products, 
rapid progress has been made since 1965, both in the area of structure elucidation and 
biosynthesis. A brief review appeared in Turner’s excellent monograph,2 but a more com- 
prehensive account of the occurrence, chemistry and biosynthesis of these compounds is 
now appropriate. This review presents the published data to November 1973, and the 
known sesterterpenes are divided into five structural types shown in Table 1. 

TABLE 1. SESTERTERPENE STRUCTURE TYPES 

Ophiobolane Cheilanthatriol Rctigeramc acid Gascardic acid 

3.7.1 i.l5,19-WntameIhyl 
-2-cis-h-trans- 
eicosadxn-i-o1 1 
Geranylnerolidol 2 
GeranyKdrnesol3 
Ircinin-I 6 
Ircinin-II 7 
Fasculatin IO 
Furospongin-3 II 
Furospongin-4 I2 
Varlablm 15 

Ophmbolin A 16 Cheiianthatrml 31 Rel~geramc acid 34 Gascardlc acid 38 
Ophiobolin 6 19 Scalarin 33 
Ophmbolin C 20 
Anhydroophlobolin A 21 
Ophiobolin D 22 
Ophiobolin f 24 
Ceroplastol 126 
Ceroplasterx ac,d 27 
Ceroplastol II 28 
Albolic acid 29 
(‘heilarinosm 30 

’ RUZICKA, L., ESCHENMOSER, A. and HEUSSER. H. (1953) Experientia 9, 357. 
’ TURNER, W. B. (1971) in Fungal Metaholites. p. 248. Academic Press, New York. 
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7344 G. A. COKI)I 1 I 

ISOLATION AND STRUCTC’RE ELIIC‘IDATION OF THI: SESTERTI!RPENES 

In 1969 Japanese workers” isolated, by silica gel chromatography of the unsaponifiable 
lipid extract of So/uu~zcr~~ f~her~~sum. a pale yellow oil. The IR spectral properties of this 
oil indicated an allylic primary alcohol and an additional trisubstituted olefin. The MS 
of the acetate indicated an important fragment at III,~C 350; in each case no parent ion was 
observed due to a facile loss of HOAc. The two olcfinic bonds Lvere therefore confirmed 
and the fragmentation pattern of the perhydrodcrivative indicated that the compound con- 
tained a linear combination of hydrogenated isoprene units. Comparison with the acetate 
of the parent compound indicated that the oletinic bonds were located in the terminal 
units. 

The NMR spectrum showed the presence of a cis terminal allylic alcohol unit with a 
methyl group at 1.71 ppm and olefinic and methylcnc protons at 5.38 and 4.03 ppm re- 
spectively. The remainder of the spectrum confirmed a fr~17.s olefinic bond at C-6.” The 
structure 3,7,11,15,19-pentameth~l-2-~is-6-tr~tr~~s-cicosadien- l-01 (1) was assigned to this 
compound. 

Me Me Me Me MP 

(I 1 3,7,11,15,19 - Pentomethyl - 2-c/s -6- frons -eicosadlen -- I-o( 

Me 

(2 ) Geronylneroltdol 

Me Me Me Me 

(3) Geronyifornesoi 

The first acyclic sesterterpenoid isolated, however. was all-r,.N/zs-geranylnerolidol (2) 
obtained from Cochliohollrs hc~tr~r.o.stropflus.5 the phytopathogenic fungus responsible for 
the iL*f spot disease in maize. A molcculur ion (M *) at m’e 358 (C,,H,?O) was observed 
togeLller with hydroxyl and vinyl absorptions in the IR spectrum. Characteristic signals 
were observed at 1.64 ppm for a methyl group cis and at I.57 ppm for the methyl groups 
trum to the olefinic protons in the isoprenr residues. 

* In this context the term linear indicates the absence of formalion of an! additional carbon carbon honds 
compared with a linear combination of isoprene tInitS. 

’ TOYODA. M., ASA~IINA. M., FL:I;\\~A. H. and SHIMIZL~. T. ( 1969) 7i~rrtrltcdr~1/t I,~rr~r,> 1879. 
’ Bn-m. R. B.. GALL. D. M. and Gtct.xf.t<. B. J. (1963) ,I. OJ,(/. Chvm. 28, 1086. 
’ Nozot, S.. MORlSARt. M.. Fr;tcl SI~IMA. K. and Otis I>A. S. (196X) ‘~i~iri/h~l,~~~t l.<‘f~w.\ 31’7. 
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A closely related compound, geranylfarnesol(3) was isolated from the wax of the insect 
Ceroplastes albolineatux6 Spectral studies indicated the compound to be isomeric with ger- 
anylnerolidol (2), however the compound was easily oxidized to a conjugated aldehyde 
with chromium trioxide/pyridine so that a primary allylic alcohol was present rather than 
a vinyl group. The NMR spectrum proved definitive, indicating the presence of four tram 
olefinic bonds and the structure geranylfarnesol(3) was proposed. 

A number of more elaborate linear sesterterpenes have recently been isolated from mar- 
ine sponges of the family Porifera. From the sponge Zrcinia oros, Fattorusso et al. isolated’ 
two compounds which they called ircinin-1 and ircinin-2 as an inseparable mixture. The 
MS indicated a molecular formula of C25H3,,05 and spectral evidence suggested the pres- 
ence of an enol and an c(, p-unsaturated cc-lactone (1635 and 1735 cm- ‘). The NMR spec- 
trum indicated the presence of two furan rings linked by a single methylene group located 
at the /&position of a monosubstituted furan. This system must be at one end of the mole- 
cule and by the isoprene rule’ it was suggested that group 4 was present. Double resonance 
experiments indicated the presence in the molecule of the group -CH,-CH(MekCH=C:. 

(6) Ircmm-I 

(7) Ircinin- 2 

Evidence was also obtained that a tetronic acid group of the type 5 was present as the 
other terminal unit, for partial reduction gave a tetrahydroderivative which upon methyla- 
tion gave two methyl enol ethers as expected for a 4-oxo-a-lactone. Further experiments, 
however, showed that a mixture of compounds was in fact present. Oxidative ozonolysis 
gave malonic, succinic, 2-methyl-6-oxoheptanoic, 5-oxohexanoic and 2-methyl glutaric 

6 RIOS, T. and PEREZ, C. S. (1969) Chem. Commun. 214. 
’ CIMINO, G., DE STEFANO, S.. MINALE, L. and FATTORUSSO, E. (1972) 7?trahcdtxm 28, 333. 
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acids, thereby defining the positions of the olefinic bonds in the parent molecules. In addi- 
tion hydrogenation gave a single dodecahydroderivative containing a new methyl doublet 
in place of two signals at 1.55 and 166 ppm (total 3H). This, and extensive spectroscopic 
evidence of hydrogenated. acetylated and methylated derivatives. as well as biogenetic 
reasoning, indicated structures 6 and 7 for ircinin-1 and ircinin-2 respectively. no stereo- 
chemistry being assigned to the isolated double bonds in each compound. 

Me 
\ /Me 

MeCOCH,CH,CH,C02Me CHCH,CH,CH,CH 
/ \ 

CO,Me CO,Me 

(8) (9) 

HO Me 

Me Me Me 

I I JTT 
CH,CH,CH,C=CHCH=CHCHCH,CH,CH,CHCH2CHCH ’ 

0 

A compound isolated from Ircinin j&ciculdu, ’ fasciculatin (CZSH,,O,), was found to 

be closely related to 6 and 7. Again a tetronic acid group was suggested both by spectral 
evidence and chemical reaction but only a single mono-/&substituted furan ring was 
observed in the NMR and MS. Double resonance experiments again indicated a 
-CH(Me)CH=C< moiety as part of a tray diene system. Ozonolysis of fasciculatin fol- 
lowed by oxidation and esterification gave methyl 5oxohexanoate (8) and methyl 2.6- 
dimethyl pimelate (9). The structure of fasciculatin is therefore represented by 10. 

From the acetone extract of the marine sponge Spot~gia oficinalis. the Italian group iso- 
lated a colourless oil, ClhH3(,0s. Although homogeneous by TLC, a mixture of isomers 
(furospongin-3 and -4) was present which. like ircinin-I and -2. could not be separated.” 

Again a j&substituted furan moiety was observed as well as an x&unsaturated carboxylic 
acid and a methyl ester. Examination of the NMR spectrum indicated that olefinic hyd- 
rogens were tram to the former and cis to the latter. The presence of two additional olefinic 
protons and appropriate methyl groups indicated that another linear sesterterpene was 

* C‘AFIERI, F., FATTORUSSO. E.. SANTA(‘RO(.F, C. and MINALF. L. (1972) E~rrrihtvhm 28, 1379. 
’ CIMINO. G.. DE STEFAYO, S. and MINALP. L. (1972) Tctt~~hctlt~~r~ 28, 598.3. 
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present. The positions of the olefinic bonds and the relationship of the carboxylic acid and 
methyl ester groups along the chain was determined from the MS. In both isomers there 
was an i&i& loss oE -C&-CH=&(Me]&0,Me, hut in one case an isaprene unit was sub- 
sequently lost whereas in the other case a carbox+soprene unit was removed from the 
chain. Furospongin-3 and -4 were therefore shown to be 11 and 12 respectively. 

A further compound in this interesting series, variabilin, was recently isolated in 02% 
yield from Ircinia uariahilis.” hornet-k with Fasciculatin {lo),. it differed onl,v in that two 
vinyl methyl signals were observed in the NMR spectrum, together with a broad two-pro- 
ton multiplet in the olefinic region. Once again placement of-the double bonds was made 
possible after product analysis. In this case dimethylsuccinate, methyl levulinate (13) and 
methyl 2-methyl-6-oxoheptanoate (14) were obtained after esterification. The olefinic 
bonds a~ %z~~&w >LX&& 2~ pD&+DaJ 3 azz& Y _: L&X$ &..z&z&&~~~ ‘zzz>D;p u.&-zzz9~ 
but probably trans. Variabilin therefore probably has the structure 15. 

Me Me Me 

OLCO Me 2 ouf_O Me 
2 

(13 ) (14) 

(15 ) Varmbllln 

It should be noted that in ircinin-1 (6), ircinin-2 (7), fasciculatin (10) and variabilin (15) 
the stereochemistry at C-20 is not known. The linear furano sesterterpenoids isolated 
appea- ;W L-e ,&z&+ ;t^ a” X~~LS- ,? Ez I -hl~tis,¶~~~R~ Li-wiVti~Vi..” ;sti+&& I’lt?r &Iw 
members of the Porifera, e.g. from Spongia spp.“l l-l3 and Hippospongia comununis.‘2~‘3 
No precursor relationships have been established. 

Sesterterpenes a,f the OLuhiobalane t,vLue.14 

This is the largest group of sesterterpene structure types known, there being some 11 
examples, all based on the 5-8-5 ring system (e.g. 16). 

Ophiobolin (cochliobolin) was the first compound of this series,’ 5 to be isolated although 
the structure was not determined for some eight years.” It is a white crystalline 
substance m.p. 18&2”, soluble in organic solvents and was claimed to exhibit a UV max 
at 248 nm. I4 The cumporrnd was first obtained from the fungus responsible fur the helmin- 

” FAULKNER, D. J. (1973) Tetrahedron Letters 3821. 
‘I FATT~RUSSO, E., MINALE, L., SODANO, G. and TRIVELLONE, E. (1971) Tetrahedron 27, 3909. 
” CIMINO G., DE STEFANO, S., MINALE. L. and FATTORLISSO. E. (1971) T?trcrhudron 27.4673. 
l3 CIMIN~, G., DE STEFANO, S., MINALE, L. and FATT~R~~W, E. (1972) Trtrahrdron 28, 267. 
I4 TSUDA K. NOZOE S., MORISAKI. M., HIRAI. K., ITAI, A., OKUIIA, S., CANONICA, L., FIECCHI, A., GALLI KIENLE, 

M. ani SCALA, A.‘(1967) Tetruhgdron Letters 3369. 
I5 ORSENIGO, M. (1957) PhgtopathoL Z. 29, 189. 
I6 NOZOE S. MORISAKI M. TSUDA. K., IITAKA, Y., TAKAHASHI. N., TAMURA, S., ISHIBASHI, K. and SHIRASAKA, 

M. (19;s) 1. Am. Chin. Sbc. 87, 4968. 
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Chemical 
shift 

(ppml 

Numhcr of 
protons 

Multiplicity. 
coupling constant 

(Hz) Assignment 

0.82 
I ai 
I .33 
I .70 
2.77 
3.20 
3.43 
5.15 
7.13 
9.76 

-CH,-CO- 
-CH:C‘<j- 

-CH-C‘, O- - 
-CH=C : 

thosporium leaf spot disease of rice. H~~Imintllo.spo~ilrlll ~ryxw.‘~ The same compound was 
later obtained from the phytopathogenic fungi, Cocl&oholus n7i!;ahruncr.~,“.~~ He~n7i7ztltos- 

porium tusc.icur~,‘~ C. hrt~r.o.st,.ol,llus.?O H. Icw,si,” H. /~rrni~i-rr7ililrcei’” and H. zixuziac~.20 
The original molecular formula C24H320,‘8 was later changed to CI,H,,O,” when the 
mass spectrum was obtained. and the UV spectrum was later” amended to a maximum 

at 238 nm. The IR spectrum indicated the presence of hydroxyl, Smembered ketone and 
r&unsaturated carbonyl moieties. Although the NMR spectrum (Table 2) defined many 

of the aspects of the molecule. a single structure could not he deduced.“’ 

(16) Ophlobolln - A 

(aphiobolm, cochliobol,n 
or cochltobolln A) 

(17) Numbering of ophiobolanes 

X-Ray crystallographic analysis’” of the bromomethoxy derivative gave the structure 16 
for ophiobolin (the numbering of this skeleton is shown in 17). The NMR features’” indi- 
catcd in Table 2 are clearly discernible in this structure. 

Ophiobolin A, as the compound is now called, was thus the first C,, isoprenoid deriva- 
tive whose structure was dotcrmincd, a notable achievement since it has led to the structure 
elucidation of a variety of closely related C, ,-derivatives. 

At about this time Canonica cl trl.” published their work on the structure of cochliobo- 
lin from Helrllirzthosporiurrl or~zac~. A series of fascinating chemical transformations too 
extensive to describe here brought them to two alternative formulae from which. on mass 
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spectral evidence, one structure was deduced, identical with that for ophiobolin A.21 In- 
deed, the physical constants of the two compounds were essentially identical. 

In 1960 Ohkawa and Tamura isolated from Cochliobolus miyabeanus two compounds 
ophiobolosin A and ophiobolosin B.22 Analytical and spectral data on these compounds23 
indicated that the former compound was identical with zizanin, a compound previously 
obtained by Ishibashi from Helminthosporiurn zizaniae.24 Ophiobolosin B may not belong 
to the sesterterpenoid group since definitive data are lacking. 

From young cultures of Helminthosporium oryzae, Canonica et a1.25 isolated a com- 
pound which they called cochliobolin B. The compound differed from cochliobolin A 
(ophiobolin A) (16) in that it contained a tertiary hydroxyl group at C-14 instead of the 
oxygen bridge between C-14 and C-17 (previously characterized by a peak at m/e 165 in 
the MS af these compout~dsj. The UV spectrum was essentSy identical with that of 16, 
but the NMR spec’lrum exhj’d1e1? ‘rhe expecleb ajfferences. >a particn>ar, tiere was a shjst 

in the C-23 methyl group absorption from 1.12 ppm in 16 to 0.84 ppm in cochliobolin B 
and the absence of a multiplet at 4.45 ppm due to the C-17 proton in 16. The C-16 vinylic 
proton in 16 was also less complex than in cochliobolin B. The two compounds, 16 and 
cocholiobolin B, were interrelated by successive LiA1H4 and H2/Pd-C reductions of each 
compcund (0 afford 28. Cochliobalin B c&ereEore f&as t&e sfructuce 14 (w&&out stereo&e- 
mistry). 

_:FMe O$$YMe _$J+YMe 

HO iMe 
(18) 

H: Me 

(19) Ophlobolln B (or Cochllobohn El (20 ) Ophlobolm C or Z~zom A 
or Zlzonin 8) 

Indc~~&_&+~, %%x e< &26 S< <+L S-F ’ II c %mt -$vf3A%rru L&l, L &wrS “I. . A 2 f?? .; 7-P ..& nn Q&n” cg t& 

three additional compounds they had isolated from the cultured broths of Helminthospor- 
ium zizunlae and Ophiubolus hr&e7wstrophus. ” The spec&d data of zizanin B, m.p. 173”, 
(CZ5H3s04) indicated a close similarity with ophiobolin A (16), but that an additional hy- 
droxyl group was present in place of the tetrahydrofuran ring. Reduction (LiAlH,) of 
ophiobolin A (16) gave a separable mixture of triols one of which upon treatment with 
Li-liq. NH3 afforded a tetraol, GO,-pyridine oxidation of which gave zizanin B. The lat- 
ter there&e +,WS the str~l~,~e 2% 

The gross structure of this compound is identical with that obtained by Canonica et 
al.” for cochliobolin B (19) and the close correspondance of the physical properties of 
these two compounds with ophiobolosin A”,23 and zizanin24 indicate tl~~~t they a~ prob- 
ably all identical. The name ophiobolin B has been proposed for this compound (19).14 

The second compound obtained by Nozoe et al.,26 zizanin-A, also showed a similar UV 
Spectrum to 16 and 20. The NMR spectrum was almost identical to that of ophiobolin 

21 CANONIW, L., FETCHI, A,, GALLI KIENLE. M. and SCALA, A. (1966) Trtrahedvon Letters 1211. 
l2 OHKAWA, H. and TAMURA, T. (1960) 25th Meeting of the Central Branch of Agricultural and Chemical Society 

of Japan, Nagoya, Japan. 
23 OHKAWA, H. and TAMIIRA. T. (1966) At/r. Biol. Che~n. (Tokw) 30. 285. 

24 ISHIBASHI, K. ((962) J. Ajlrihiot. (Tokpo). A 15, XK. 
I5 CANONICA, L., FIECCHI, A., GALLI KIENLE, M. and SCALA, A. (1966) Trtruhrdron Letters 1329. 
26 Nozo~. S., HIRAI. K. and TSUDA, K. (1966) Etruhrdron Lrtters 2211. 



I3 except for a slight shift to higher field for the secondary methyl group. The MS indicated 
that zizanin-A was missing an oxygen function compared to 20. This evidence and a 
number of chemical transformations indicated that zizanin-il has the structure 20. The 
preferred name is now ophiobolin C.‘” Some of the work on ophiobolins .4. B and C has 

ik Me 
(21 ) Anhydroophvzbolm A (22) Ophloboiin D 

The third compound obtainedlh was proved to be anhydroophiobolin A (22),” but no 
further details are available. The same compound was obtained as a degradation product 

by Canonica.” 
A further example of this structure type was isolated by Nozoe er a/.‘* from Ccphalos- 

porium caerulens. Cephalonic acid was obtained by ethyl acetate extraction of the culture 
broth at pH 3, followed by silica gel chromatography. X-ray crystallographic analysis of 
the bromoacetyl derivative of methyl cephalonate indicated a structure (22) for the parent 
compound. The name ophiobolin D has been suggested for this compound.‘” The struc- 
tures of 20 and 22 were confirmed by chemical correlation with anhydroophioboiin C (23) 

A less complex ophiobolin derivative is ophiobolin F‘ (CzsH420) obtained by Nozoe 
et al., from Cochlioholus hc~t~~o,st~ol?hu.s. Catalytic hydrogenation afforded a tetrahydroder- 
ivative (Cz,H,,O) confirming the presence of three rings. Six C-methyl groups were 
observed in the NMR spectrum of the parent compound and two vinylic protons. This 
evidence, together with MS data and biosynthetic considerations. suggested structure 24 
for this compound. Me 

Me (24) Ophlobolln F 

Chemical confirmation of this structure came from correlation with ophiobolin C (20)30 
through the common reduction product (25) as shown in Scheme 2. 

” FIILWK A. (1968) C‘orsi Smi~l. Cltim 11. S7; C/SW. ,Ih.\t,. 72, 21 795q. 
” ITAI. A.. Nozot. S., Tsum. K.. OKI.IX, S.. IlrAliA. Y. and NAKALAMA. Y. (1967) 2Ytwhdwr Lctrcr~ II 1 I. 
” Nozor, S.. ITAI, A.. TWIX K. and OKLWA. S. ( 1967) E~rtrlwt~~~n Letfws 41 13. 
“’ Noror. S. and MOKISAILI. M. ( 1960) C~iwm. C‘~mn~~rr~. 13 IO. 
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A number of ophiobolane derivatives have been isolated from the wax of the insect Cer- 
oplastes albolineatus which infest the shrub Senecio praecox. Silica-gel chromatography of 
the unsaponifiable lipid portion of the wax of the female insects, followed by derivatization 
gave three 3,5-dinitro-benzoate derivatives. 31 Saponification afforded two compounds cer- 
oplastol I and ceroplastol II having the molecular formula C25H400. 

(24) 
cot (HI 

Me Me 

Me 
,+” 

Me F ( i) LIAIH, 

Me (II) Pd/C;H, 

Z 

HO‘ Me (25 ) 

(20) 

SCHEME 2. CONFIRMATION OF STRUCTURE OF OPHIOBOLIN F (24). 

Ceroplastol I was shown, by hydrogenation, to contain three olefinic bonds and by 
ozonolysis two of these were placed in terminal methylene and -CH=C(Me)CK,OK Ksnc- 
Guns, the third contained a vinylic Function. Chromium tr-ioxide-pyridine oxidation con- 
firmed the presence of an allylic alcohol. Because of the similarities of the IR and NMR 
spectra of ceroplastols I and II, they were thought to be structural isomers.31 

In 1968 Iitaka et al., isolated from C. albolineatus the carboxylic acid corresponding to 
ceroplastol I, ceroplasteric acid.32 The structural relationship was confirmed by hydride 
reduction of ceroplasteric acid. Repetition of the degradative work confirmed the previous 
results and dehydrogenation indicated the absence of 6-membered rings, although the 
molecule was tricyclic. X-ray crystallographic analysis of the 4-bromo-benzoate derivative 
of ceroplastol I afforded the structure and absolute configuration of 26 for ceroplastol 1 
and 27 for ceroplasteric acid. 

MpR Me” 
(ZHz I 

Me 

(26) Ceroplastal I R=CH,OH (28) CeroplastolD R=cH,OH 

(27 I Ceroplastew ocld R =COOH (29 1 Alblic acid R q COOH 

The structure of ceroplastol II was then deduced 33 by chemical correlation with cerop- 
last01 I. Acetylation of ceroplastol I with acetic anhydride/pyridine, isomerization with p- 
toluene sulphonic acid and hydrolysis afforded ceroplastol II. The latter thus contains a 
A2*3-olefinic linkage rather than one at A3,” and has the structure (28). 

Ceroplasteric acid (27) was re-isolated from C. ulbolineatus together with a new sesterter- 
penic acid, albolic acid. 34 Isomerization of ceroplasteric acid methyl ester with p-toluene 
sulphonic acid afforded a compound identical with albolic acid methyl ester. Albolic acid 
therefore has the structure 29. 

‘I Rros, T. and COLUNGA,.F. (1965) Chem. Ind. (Land.) 1184. 

32 IITAKA, Y., WATANABE, I., HARRISON, I. T. and HARRISON, S. (1968) J. .4m. Cherw Sot. 90, 1092 
33 RIOS T. and QUIJANO, L. (1969) Tetrahedron Letters 1317. 
34 RIOS: T. and CdMEZ, C. F. (1969) Terrahedron Letters 2929. 
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The NMR spectra of ceroplastol I (26), ceroplasteric acid (27). ceroplastol I1 (28) and 
albolic acid (29) confirm the structural assignments (Table 3). 

It should be noted that the A/B and B/C ring junctions are both WNIZS in this series but 
cis/trans in the ophiobolane series. In addition the absolute configurations at C,.C,, and 
C1 1 in this series are opposite to the corresponding ones in the ophiobolane series. The 
significance of these observations remains to be determined. 

Multiplicity* 
coupling constant 

(wm) (HZ) Assignment 

4.83 
5.56 

0.70 
0.79 
1,55 
1 fl5 
3.65 
3.86 
5.30 

C-3 CHZ 
111 C-8 CH and 

(‘-1X (‘H 

Ceroplastol II (28) 
s C-l I Mc 
tl. J 6.5 C-15 Mc 
s C-7 Mc 
s (‘-3 Mc 
h C-6 CH 
s C-25 CH, 
111 C-X CH and 

(‘-1X CH 

From a petroleum ether extract of the lip fern, Cht~ilar~rhc.s,firr-inosl~, a compound cheilar- 
inosin (C25H4202) was obtained.“” The IR spectrum indicated the presence of hydroxyl. 
terminal methylene and trisubstituted olefin linkages. Hydrogenation afforded a monoace- 
tate which still contained a tertiary hydroxyl group. That the acctylatablc hqdroxyl group 
was secondary was shown by the NMR spectrum of the acetate derivative and its oxi- 
dation to a ketone. MS evidence indicated that the hydroxyl group LV;IS located at C-17. 
Comparison with the NMR spectra of the ophiobolane derivatives indicated an overall 
similarity. The locations of the remaining functional groups with the appropriate methyl 
group was confirmed by dehydration of the acetylated tetrahydroderivative. Oronolysis 
afforded a ketone which. by its IR absorption was not 5membercd so that the initial hy- 
droxyl group in cheilarinosin was located at either C-7 or C-I 5. That the former \V;LS cor- 
rect was proved by Oppenhauer oxidation which afforded an z.(1-unsaturated ketone so 
that the vinylic group was located at C-15. 23. The gross structure 30 was thus proposed 
for cheilarinosin, no stereochemical assignments being possible. 

A second compound from C’lzeilarzthes~~rinosu. cheilanthatriol. was also obtained from 
the petroleum ether extract.“” The compound furnished a monoacetate and a diacetatc 

j5 THANC IYEK, R.. AY~NGAK. K. N. N. and RANGASWAMI. S. (I 972) I&. J. Chr~m. IO. 457. 
” KHAN. H.. ZAMAN. A.. <‘fxrT~. (3. I_.. GIIPI.~. A. S. and DI v. S. (1971 I T?~~~w~JI L~~u~v~s 4443 
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indicating the presence of two types of acetylatable alcohol function. Manganese dioxide 
oxidation gave an c&unsaturated aldehyde; an allylic primary hydroxyl group was there- 
fore present in the parent compound. The remaining oxygen function indicated by the 
molecular formula (C25H4403) was found to be a tertiary hydroxyl group from the IR 
and NMR spectra of the diacetate derivative. 

OnIy one olefinic proton was observed in the NMR spectrum of the parent compound 
and this was suggested to be part of the allylic alcohol. On catalytic hydrogenation chei- 
lanthatriol consumed two equivalents of hydrogen to give a saturated diol with loss of the 
primary hydroxyl group. Cheilanthatriol is therefore tricarbocyclic. Biogenetic consider- 
ations 222b 22~ bissimi~z-~~~ To Z+2e &2>&&2~22~ Qpe s22ggeG& a p&2#D@2~222&+2zz 
skeleton which was confirmed by Se dehydrogenation to give 1,7,8_trimethylphenanthrene 
as the major product. This evidence, together with a study of the mass spectrum, indicated 
a partial strWture lea$%Ig only one Secondary hybrox-yl group to be +icZd 0-n a ring. 

(30) Che~larmos~n (31 ) Che!lonthotrm 

NMR data indicated that this OH group was surrounded by three protons. Only two 
positlruns are t&r&re pass’ro\e,. namely G6 and c-11. OGration CJ~ &e saaturati8 &to1 gave 
a ketoalcohol which was stable in alkali. The secondary hydroxyl group can only be 
locatoed at C-b and the gross snucture 05 ch&nnhattio> js sherefore 31. 

@Me & 

Me Me 

(32) (33) Scalorln 

From the e&r-soluble fraction of ibe marine sponge Cacospongin scalaris, a white crys- 
talline compound, scalarin, was obtained. 37 IR and NMR spectroscopy indicated the pres- 
ence of a secondary acetate and UV and NMR data supported a 5-membered lactol moiety 
with an exocyclic double bond. A series of chemical reactions afforded a saturated ketolac- 
tone which exchanged three hydrogens confirming the presence of the secondary acetoxy 
group adjacent to a methq-lene group. Extensive degradation eventna11y afforded 32, iden- 
tified by comparison with an authentic sample. On the basis of this and mass and NMR 
spectral evidence the structure (33) was suggested for scalarin. 

” FATTORUSSO. E., MAGNO, S.. SANTACROCE. C. and WA, D. (1972) Thxhedron 28, 5993. 
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Sesterterpenes of the retiyrrarzic acid typtj 

Shibata et ~1.~’ isolated from the lichens Loharia wtigera, L. suhretiycra and L. isidiosa 
var. suhisidiosa a compound whose physical properties resembled those of a compound 
obtained previously by Seshadri et rd. from Loharia ~pp.:‘~ L. wti~pw”” and L. sllhrcti- 
ym741 which they had called retigeranic acid.51 

Spectral data indicated a molecular formula C,.iHJsOl.‘8 the presence of five C-methyl 
groups and an z&unsaturated carboxyl group. 38.5” The I?-bromo-anilide of retigeranic 

acid was subjected to X-ray crystallographic analysis which indicated the novel pentacyclic 
structure 34 for retigeranic acid.38 

Sesterterpenes oj’the gascardic acid type 

Only one example of this structure type is known. namely gascardic acid, isolated from 
secretions of the insect Gascardia nradugascczriensis.“’ Elegant and extensive degradative 

work by Arigoni’s group in Zurich43.4” succeeded in elucidating the correct structure of 
this molecule, including absolute stereochemistry, and showed it to be another novel ses- 
terterpene skeleton. 

Me-Me 

(34) Retigeranic and (35) 
coo+ Me 

(36lbee 38 ) 

Early work 42 had shown the presence of an ‘z&unsaturated carboxylic acid and a 
geminal olefin. Three olefinic bonds were found and the molecular formula of the hexa- 
hydro derivative indicated it to be tricyclic. Modified Kuhn Roth oxidation indicated a 
side chain 35 and a structure 36 was proposed. based on the oxidation of the .-f ring of 
an assumed triterpenoid precursor. 

The NMR spectrum, however, supported a structure containing onlk two methyl groups 
attached to saturated carbon atoms so that further work teas clearly required. Dcgrada- 
tion43.44 afforded a tricyclic 5-membered ketone which exchanged only two hydrogens 
and a partial structure 37 was proposed. 19 

(37) (38) Goscardic acid 

38 KANEIDA M., TAKAHASHI, R.. IITAICA. Y. and SHIBATA. S. ( 1972) 7i~wcrhc~rlw1 L~,rrm 4609. 
” AGAKW/;L, S. C.. AGHORAMIIRTY. K.. SAKMA, K. G. and SFSHADRI. T. R. 11961 ) .I. Sc~i. Id. Kc’,\. ZOB, 63. 
4” RAO. P. S.. SARMA. K. G. and SFSHAIXU. T. R. (lY65) Cwrrm %i. 34, 9. 
41 RAO, P. S., SARMA, K. G. and SESHADRI. T. R. (1966) Cur~m .‘?i. 35. 117. 
” BROCHERI-, G. and POLONWU. .I. (1960) Rull. SW. C&. Frunw 963. 
43 SCAKTAZN, R. (1966) Ph.D. Thesis. ETH Zurich. Dim. Nr. 3899. 
44 SCAKTAI~,INL R., Wm_r-. G.. St I‘IIMI. G llnd AKI(;OVI. D. (lY66) L~npuhlished results. 
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Oxidative degradation to remove the carboxyl group gave a tricyclic ketone in which 
the functional group was located in a 7-membered ring and exchanged four hydrogens. 
Oxidative reactions in the ring containing the geminal olefin, and combination of the 
above results gave a formula 38 for gascardic acid, with c+unsaturated acid located at 
either A2 or A3. Treatment of gascardic acid with a mixture of acetic acid, formic acid and 
cone H2S04, followed by treatment with diazomethane gave a P-hydroxyester containing 
a single olefinic bond. The latter was not, however, located at A22 as expected but at Ag*lo. 
An elaborate l$hydride shift and subsequent methyl group migration from C-10 to C-14 
was suggested. The expected closure of the Q-unsaturated acid and the geminal olefin 
was observed. The product was 
shown (Scheme 3). Me 

Hf 

therefore either 39 or 40, produced by the mechanism 

Me 

(39) R,=OH, R,=H 

(401 R,=H. R,=OH 

SCHEME 3. CONFIRMATION OF POSITION OF DOUBLE BOND (A’ OR A3) IN GASCARDIC ACID (38). 

Epimerization of the hydroxyl group by oxidation and reduction and subsequent cycli- 
zation with lead tetracetate gave a mixture of cyclopropyl ethers, indicating that the cor- 
rect hydroxyester structure was 39. Gascardic acid therefore has the structure 38, including 
absolute configuration. 

Other compounds related to sesterterpenes 

Although this concludes the summary of the compounds isolated as sesterterpenoids, 
one other group of compounds should be mentioned at this point which may be related 
to the sesterterpenoids but for which additional evidence is lacking. This group of com- 
pounds is represented by fusicoccin A (41),45 the toxin producing the wilting of almond 
trees (Prunus amygdalus) and isolated from the fungus Fusicoccum amygdali. The A, B and 
C rings of this compound bear a close structural and stereochemical resemblance to the 
corresponding rings in the ophiobolane series. The only difference being a change in the 
stereochemistry at C-6. However, 41 is only a diterpenoid-compound based on the central 
carbon skeleton. There are no other diterpenoid compounds with this carbon skeleton and 
45 BALLIO, A., CHAIN, E. B.. DE LEO, P., ERLANGEK. B. F., MAURI, M. and TONOLO, A. (1964) Nature 203, 297. 
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one wonders if the isoprene unit attached at C-6 of the sugar unit were not once part of 
the main carbon skeleton.’ 

The isolation and physical properties of the sesterterpenoids are summarized in Table 
4. 

Aco& CtiZOC(Mel,CH- CH, 

1 
CH,OMe 

(41 I Fus~cocc~n A 

BIOGENESIS 4ND BIOSYNTHESIS OF THE SFySTERTERPliNES 

The subtleties of terpenoid biosynthesis in plants and microorganisms are still being elu- 
cidated and appreciated. The discovery of the sesterterpenes has brought forth another 
area of possible experimentation and investigators quickly realised this. Indeed knowledge 
of the biosynthesis of the sesterterpenes is surprisingly advanced for such a rare group of 
compounds. Clearly, the fact that many of these compounds can be isolated from culture 
media has been of significant value. In the discussion which follo\zs each skeletal type is 

considered individually. 

Sesterterpenes qf the linear t!ye 

The linear sesterterpenes have been considered to be derived from five isoprene units 
linked head-to-tail’ or from a phytyl residue by addition of a cis-isoprene unit.” Surpris- 
ingly, no biosynthetic data are available, but circumstantial evidence suggests that the 

former proposal is more likely. 

Sesterterpenes of the ophioholunr tjyw 

In 1965 a novel two-step cyclization of trans. WU~S. cis-gcranylfarnesol pyrophosphatc 
(42) was suggestedi to lead to ophiobolin A (16) as shown in Scheme 4. The initial product 
of this cyclization, ophiobolin F (24). was later isolated.’ but has not been examined as 
a precursor of ophiobolin A (16) or its congeners. It should be noted that geranylfarncsol 
(2) co-occurs with the ceroplastols 26 and 28 and their corresponding acids 27 and 29.” 

In 1966 Canon& et al.‘” reported the first biosynthetic experiments on sesterter- 

penoids. [2-14C]-mevalonic acid was fed to growing ~‘oc~h1iohol~r.s ,~li!,ah~,clnf,.s. After 3.5 
days ophiobolin B (19) was isolated and after 6 days ophiobolin .A (16) was obtained. In- 
corporations were 0.42 and 248”,, respectively. Degradation indicated the isoprenoid 
nature of the ring system and confirmed the labelling expected of the cyclization 
mechanism of Scheme 4. In addition, ophiobolin B (19) was efficiently (9.9”,,) incorporated 
into ophiobolin A (16) indicating that as with many secondary metabolites. oxidativc ela- 



Compound 
(synonyms) 

3.7.11.15.19-Pentamethyl 
-2.cis-6-rrrr,ls-elcosadien 
-1-01 ,I, 

All-tivcr,,-gcranyl 

fUncsol(2) 
All-rruns-geranyl 
nerolidol (3) 
Ircinn-I (6) and 
ircmm-2 (7) 
Fascicuiatin (101 

Furospongin-3 j I I) and 
furospongn-4 (12) 
Varlablhn (IS) 

Oohiobolm Ali 
Cbchliobolm”.” 
Ophmbohn’“.” ‘8.‘9 
Cochliobolin A (16) 

Ophiobolin BL4 (191 
Ziranm” >’ (19) 

Ophiobolosm A”.” 
Ziranm B’” 2h 
Cochliobolin B” 
Ophioblin C (20) 
Zizanm Al” lo 
Anhydroophiobolin A (21) 

Ophmbohn D (22) 
Cephalomc acidz8 “’ 
Ophmbolin F (24) 

Ceropiastol 1126) 

Ceropiasteric acid (27) 

Ceroplastol II (28) 

Albohc acid (29) 

Cheilarmosin (30) 

Cheilanthatriol (31) 

Scalarm (33) 

Rct~gcr~mc &id (34) 

Gascardic acid (38) 
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TABLE 4. PHYSICAL PROPERTIES OF THE SESTERTERPENES 
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MOICCUIX IR Mass 
lsolatlon StIUCtUre formula m.p. (cm-‘) (% scex. NMR 

(3) 

(6) 

(5) 

(7) 

(8) 

(9) 

(10) 

(20 

X-ray 

( I 6) 

(25) 

(26) 

(26) 
(26) 
(26) 

c~sH,,O 
(3) 

C~sH.,zo 

(5) 
C,JL,O 

(51 
C,,H,,O, 

(71 
C,&i,,o, 

(81 

3310.1660 

(31 (3) (3) 

3290. X28 

(6) I61 (6) 
3600.925 

(5) 15) (5) 
i150,1735 260 

17) (7) (7) (7) 
3600. 1720. 1625 232. 241 

(8) 250. 268 (8) (8) 

(XI 
3500. 1710. I685 220 

(9) (9) (9) (9) 
1730. 1630.880 255 

(IO) (10) (10) (10) 
3450. 1742. 1673 23X 

C,,H,,O, 181 2’ (l6)(18) (15)(16) (16)(21) (16)(20 
(16)(21) (l7)(18)(19) (19)(21) (1X)(19) 

(15)(20)(21) (20)(21) 
(16) 

,261 

CziHd’, 
I 16) ,261 

C,sH,,O, 
(161 

X-ray (28) C,sH,,o, 
(291 (2X)(29) 
(51 C,,H,,o 

(5) 
X-ray (32) C,,H,,o 

I311 

(32) C,,H,,o, 
(321 

(33) CL&LO 
131) 

(34) C,,H,,o> 
(34) 

C,,H,,o, 

(35) (35) 

CIIH~~OJ 
(36) (36) 

C,qH,,o, 
(37) 1371 

X-ra, C,,HI,O, 
(381 

(38) 

173 5 3500. 1745. 1675 239 

(161(23) (16) (16)(23) (16103) (16)(B) 
(241 

l25llXl lW(251 (24)(25) (25) 

121’ 3500, 1742. 1670 240 

(161126) (261 (26) ,261 126) 
I35 1695. 1675 232 

(16)1211 (21) (21) ,211 121) 
139 1680. 1610 259 

(28)(29) (28)(29) (2X3(29) (29) 
80 1 35M 

15) 15) (5) (51 
865 

(31) (31) (31) 
x74 (32) 
(321 

3350. 1670 (33) 
(31)(33) 
16X0.925 

134) (34) (34) 
177’ 3425.893 

(35) (35) 05) (35) 
182-3 3450.990 

(36) 136) (36) (36) 
133 5 3350. 1755. I733 220 

(371 1371 I371 1371 (37) 
?IX 222 lh67 242 

(3x)(40) (381(4Ol (3X)(40) (38) (38) 

225 7 

139) 
I23 4 1675.888 227 

(42) 143) (42) (431 (42) (43) (42) (43) (42) (43) 

boration takes place after cyclizations to the appropriate skeleton have taken place, rather 
than at some intermediate stage. 

Nozoe47 also studied the biosynthesis of this structure type in an effort to establish the 
origin of the two oxygen atoms in ophiobolin A (16). After incubation of C. heterostrophus 
in the presence of I80 enriched oxygen, ophiobolin A (16) was isolated and converted to 
anhydroophiobolin A (21). The results demonstrated that the oxygen atom at Cl4 was de- 

47 NOZOE, S., MORISAKI, M.. TSUDA, K. and OKUDA. S. (1967) Trtrahedron Letters ~_QJJ. 
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rived from atmospheric oxygen, whereas the hydroxyl group at C-3 was not derived from 
this source. Initiation of cyclization by hydroxylation at this position was therefore 
excluded. Identical results were obtained by Canonica’s group.58 In addition it was 
demonstrated that (16) was produced from ophiobolin C (20) probably via ophiobolin B 
( 19).4’ Scheme 5 was proposed to explain the formation of ophiobolin C (20). 

+OH 

Me 

(16) - (241 

SCHEME 4. SLTK;EST~:D DIOSYNTHIS~ OPHIOBOLIN A (16) LIA OPHIOROLLS F (24). 

Additional information on the transfer of tritium from C-8 to C-15 was gained when 
[2-3H]-2S- and 2R-mevalonic acids were separately added to cultures of Cochlioholus 

nzi~~dxanus.~~ Ophiobolins il(16) and B (19) were isolated and degraded. In one case (from 
2S-labelled mevalonate) tritium was not transfered. so that the g/?-hydrogen not involved. 
In the other case, (from ZR-labelled mevalonate), tritium MYLS transfered and retained. indi- 
cating stereospecific transfer of the C-8 r-hydrogen to C-15 during biosynthesis. 

Me 

-HX 

(201-1_ (24) - 

Me 

SC’HEMI; 5. PROPOSfiD BIOSYKTHESIS OF OPHIOBO1.I~ c (20). 

The nature of the labelling of ophiobolin A (16) and ophiobolin B (19) after feeding [2- 
3H]-mevalonic acid lactone has also been examined.48 Excellent and extensive degrada- 
tion work indicated that nine tritium atoms were located as expected. two each on carbon 

18 CANOSICA. L., FI~CCHI. A.. G41.1.1 KIF-xt.. M.. RAWI. B. M.. SCAL.A. A.. SALV~TOKI. T. and Pi-1.1.~. E. (1967) 
‘li,trtrhrdrotl Lettws 3371. 
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atoms 4, 12,24, and/or 25 and 16. and one tritium on C-8. However, an additional tritium 
label was found unexpectedly at C-l 5* and it was speculated48 that a transfer of hydrogen 
(tritium) from C-8 to C-l 5 occurred at some stage. On the basis of Scheme 6 a loss of tritium 
would be expected at C-8. Canonica therefore postulated”’ a non-classical ion 43 as the 
initial cyclization product. Rearrangement of 43 affords an ion 44 which undergoes nucleo- 
philic attack at C-3 and hydride transfer from C-8 to C-15 to give 24. In addition, it was 
found48 that one tritium was lost from C-24 (25) during the biosynthesis of ophiobolin 
A (16) from ophiobolin B (19) and the mechanism shown in Scheme 7 was proposed for 
this process. 

4 (25) 

SCHEME 6. PROPOSED MECHANISM OF HYDROGEN TRANSFER IN THE BIOSYNTHESIS OF OPHIOBOLIN A. 

Further work by the same groups50,5’ was aimed at studying the stereochemistry of hy- 
drogen elimination at C-4 of mevalonate. As expected and corresponding to the biosyn- 
thesis of many terpenoid-derived compounds,52--63 the 4%proton was specifically lost in 
the biosynthesis of the linear sesterterpene chain. In a molecule such as ophiobolin C (20) 
therefore, five tritium atoms are present, whereas in ophiobolin A (16) and B (19). where 
no C-14 proton is present only four tritium atoms are observed. The tritium present in 
labelled ophiobolin C are at C,, C,,, C,,,, C,, and C,, (see 17). 

It was concluded that all-rrans-geranylfarnesyl pyrophosphate (3) is the precursor of the 
ophiobolins5’ However, the most facile cyclization of the acyclic precursor occurs with 

tram, trans, cis-geranylfarnesyl pyrophosphate (42) in order to avoid the formation of a 
tram double bond in the initially-formed 1 l-membered ring of 4348,49 Although isomeri- 
zation can take place along this pathway (with possible loss of stereochemical integrity 
at C-3), Scheme 5 is favoured. The only modification suggested’” is that the initial inter- 
mediate may be an enzyme-bound carbonium ion 45 which suffers nucleophilic attack at 

* The importance of degrading a labelled secondary metabolite cannot be over-emphasized. too often regio- 

specificity in a labelled product is assumed. rather than demonstrated. 

“’ CANONICA L., FIECCHI, A., GALLI KIENLE, M., R.~NzI. B. M. and SCALA, A. (1968) Tetrahedron Lrtters 275. 
51 NOZOE. S.,‘MORISAKI, M.. OKUDA, S. and TSUIA, L. (1968) Tetrakrdmn Letters 2347. 
52 BATTERSBY, A. R.. BYRNE, T. C.. KAPIL, R. S., MARTIN. J. A., PAYNE, T. G., ARIGOE~~. D. and LOEW, P. (1968) 

Chen1. Co,nmun. 951. 
53 COSCIA, C. J., BOTTA. L. and GUARNACCIA. R. (1970) Arch. Biochrn~. Biophys. 136, 498. 
54 G~ARNACCIA, R., BOTTA, L. and COSCIA. C. J. (1969) J. Am. Chm. Sot. 91. 204. 
55 CORNFORTH, J. W. and POPJAK, G. (1966) Biochm .I. 101, 553. 
” FRANCIS, M. J. 0.. BANTHORPE, D. V. and LE PATOUREL, G. N. J. (1970) Nuturr 228, 1005. 
” ACHILLADELIS, B., ADAMS, P. M. and HANSON, J. R. (1970) Chem. Commun. 511. 
SE ACHILLADELIS, B. and HANSON, J. R. (1968) Tetrahedron Letters 4397. 
59 CORNFORTH. J. W., CORNFORTH, R. H., POPJAK, G. and YENGOYAN, L. (1966) J. Eiol. Chem. 241, 3970. 
ho NOZOE, S. MORISAKI. M. and MATSLIMOTO, H. (1970) C!I~UI. Cornmun. 926. 
” CORNFOR~H, J. W., CORNFORTH, R. H., DONNINGER, C. and POPIAK. G. (1966) Proc. Roy. Sac. Ser. B 163. 492. 
‘* RANDALL. P. J.. REES. H. H. and G~~DWIN, T. W. (1972) Chern. Co~nrnun. 1295. 
h3 CORBELLA. A.. GARIDOLDI, P. and JOMMI. G. (1972) Chrrn. Commun. 600. 



C-3, ring closure of C-2 to C-6 and stereospecific hydride transfer from C-82 to C-l 5. with 
concomitant displacement of the enzyme (Scheme 8). A somewhat similar hydride transfer 
has been observed in the biosynthesis of the sesquiterpene alkaloid dendrobineh4 and the 
tricothecane derivatives helicohasidin and trichodcrmol.“‘.“” 

Nozoe has more recently studied the biosynthesis of this structure-type using a cell-free 
system from C. hete,~o.stro~~l~u.s.“” Incubation with [2-‘“C]-mcvalonllte for 3 hr at 37 pro- 
duced ophiobolin F (24) containing an amaying 56”,, of the added radioactivity-. [l. I--‘HZ]- 
All-1~~tr~1.~ gcranylfarnes!I p~rophosphatc (3) incorporatc‘d into 24 to the cxtixiit of W’,, un- 
der thesameconditions. [ 1, I-“H,]-All-c,i.sgeranylf~trnes~l pyrophosphatc and [ 1. I-“H,]-all- 
tram geranylfarnesol itself. were inactive. No degradativc results ~vtxc presented but this 
was the first incorporation of a linear C 15 unit to a C,,-cyclized molecule. In a cell-free 
supernatant of C. Irrtrro.str.o/,hus after centrifugation at 105 000 q No7oe ct ~fl.“~ found 
enzyme activity capable of converting isopenten),l pyrophosphate and farnesyl pyrophos- 
phate into ophiobolin I; (24) with essentially no simultaneous sterol formation. The same 
supernatant converted gernnylfarnesyl pyrophosphate (42) into ophiobolin F (24). The 
phosphorylating propertics of the system were in the pellet rather than the supernatant 
after centrifugation. and hence the non-incorporation of ~lll-tr.trn.~-ger~~~iylfarnesol itself (3) 
may be euplaincd. Ml? 

Y I 

(421 - 

T 

(45) 

SCHI MI 8. PRoI’osI II INIl RMI 1)1!211 s I\ fill I1IOS\ \ I Ill SIS 01’11101~01.12 c (St-f Srrlf \,I 51 

Glycine has been shown to be a moderate but specific precursor of the monoterpene 
unit in a number of alkaloids”” ‘I and of carotene.” Bose it LI/. have studied the biosyn- 
thetic utility of glycine as a precursor of ophiobolin R (19) in C’ot~l~lic)holrr.\ ,17i!vrhc~trnlr.s.~~ 
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Although [I-14C]-glycine was poorly incorporated, [2-14C]-glycine was specifically incor- 
porated into ophiobolin B in a manner corresponding to labelling by [2-‘4C]-acetate. [3- 
14C]-Serine was also well incorporated, labelling being specific and corresponding to that 
expected from [1-‘4C]-acetate. [1-‘4C]-Serine was poorly utilized, but [‘4C-methyl]-sar- 
cosine and [2- and 3-‘4C]-pyruvate efficiently labelled (19). The specificity was not, how- 
ever, determined. The routes from amino acids to precursors of isoprene units have not 
been well investigated. 

Me / ‘Me 
(46) 

SCHEME 9. PROPOSEDBIOSYNTHESISOFCHEILANTHATRIOL 

Cheilanthatriol and scalarin 

The biosynthesis of cheilanthatriol(31) is speculated36 to take place from geranylfarne- 
sol (3) by a standard steroid-type cyclization to give the cation 46 which picks up hydroxyl 
ion. An alternative cyclization may begin with the epoxy-geranylfarnesol derivative 47 
which spontaneously cyclizes upon protonation. 

No biosynthetic scheme has been proposed for scalarin (33), but is suggested here that 
formation of all four rings takes place in a concerted fashion from all-trans-geranylfarnesol 
(3). Oxidation then affords scalarin (Scheme 10). 

M&L &&@I (33) 

Me Me 

(3) 

SCHEME 10. PROPOSED BIOSYNTHESISOF S~ALARIN. 

Retigeranic and gascardic acids 

A very interesting scheme has been postulated 37 for the biosynthesis of the retigeranic 
acid (34) (Scheme 11). building each ring sequentially. The scheme has not been the subject 
of experimental work. 

A further fascinating scheme was proposed 43 for gascardic acid (38) (Scheme 12), star- 
ting from tram, tram, cis-geranylfarnesyl pyrophosphate (42). The methyl group at C-10 
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of 38 is thought to arise by migration from C-l 1, possibly with a concerted loss of the 

C- 16 proton. No experimental work has been reported. 

(42) 
Me / 

[H Me 

(38) - 

SCHEMF. 12. PROPOSFU RIOSYNTHESIS OF GAS(‘ARIlI(‘ ACID 

Fusicoccin 

A recent result74 suggests that the fusicoccin type compounds are produced from a diter- 
pene precursor. However, the result only showed that a compound having the ophiobolane 
ring system but lacking the isoprenyl group in the sugar moiety could be isoprenylated 
(from an external source) and oxidized. It did ~zot rule out the possibility of intact intramo- 
lecular isoprenylation” or degradation of a sesterterpcne with subsequent isoprenylation 
from an external source. Further biosynthetic experimentation is clearly required. 

The biosynthetic results for the sesterterpenes are summarized in Table 5. 

CONCLlJSlONS 

Surprisingly there has been no systematic effort to determine if the sesterterpenoids are 
ubiquitous or are sparsely distributed in Nature. Nothing is known about their taxonomic 
distribution in plants or phytopathogenic fungi or their role in the life cycle of a plant. 
Their discovery to date has essentially been by chance observation rather than by design. 

74 BARROW, K. D.. BARTON, D. H. R.. CHAIN, E., OHUSOKGC. CL F. W. and WARMA. R. P. (1973) J. C/wr~. Sot. 
Pwkin Tmls I 1590. 
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TABLE 5. BIOSYNTHETIC RESULTS FOR THE SESTERTERPENES 

PECUWX 

Compound 
labelled Organtsm 

Incorporation 

(‘2,) - 

/ JO> 
[I-1”C]-acetate 
[Z-1”C]-acetate 
[2-‘4C]-pyruvate 
[3-‘4C]-pyrwate 
[l-‘4C]-glycine 
[2-‘4C]-glycine 
[I-‘Q-scrme 
[3-‘4C]-serme 
r”C-methyl].methionine 
[‘“C-methyl].sarcosine 
[‘4C]-formate 
[2-‘4C]-mevalonic acid 
lactone 

[2-3H]-mevalonic actd 

lachme 

[Z-‘HI-2%mevalonic 
acid 
[2-‘HI-2R-mevalonic 
acid 

[2-“C. 4.‘HI-4S- 
mevalonic acid lactone 

[2-“C, 4-‘HI-4R- 
mevalonic acid lactone 

[I-‘V]-isopentenyl 
pyrophosphate 
[“C]-farnesyl 
pyrophosphate’ 
[I.]-‘H,]-all-trans- 
geranylfarnesyl 
pyrophosphate 
[l.l-‘H,]-all-trons- 
geranylfarnesol 
[l,l-‘H,]-all-cis- 
geranylfilrnesyl 
pyrophosphate 
[‘Qophiobolin B 

IJH]-17-iX-e~oxy- 
ophtobohn E 
[‘HI-ophiobolm C 

Ophiobolm A 

Ophlobolin B 
Ophiobolm B 
Ophiobolin B 
Ophiobolin B 
Ophiobolin B 
Ophlobolin B 
Ophiobolin B 
Ophlobolin B 
Ophiobolin B 
Ophiobohn B 
Ophlobolm B 
Ophtobolm B 
Ophiobolin A 
Ophtobolin B 
Ophiobolin F 
Ophiobolin A 

Ophtobolm B 
Ophiobolin A 
Ophiobohn B 
Ophiobolin A 
Ophiobolin B 

Ophiobolm B 
Ophiobolm C 
Ophiobolin A 

Ophiobolin B 

Ophiobolm C 
Ophiobolin F 

Ophiobohn F 

Ophiobolin F 

Ophiobolin F 

Ophiobolin F 

Ophiobolin 4 
Ophlobolin B 
Ophiobolm A 

Ophiobolin A 
Ophlobolin B 

C m~uheanes 

0.4 
1.6.2,7*. I.lt 

4,1* 
6.8’ 
0.063 

2.4. 1.7* 
0.03 

15,‘w: 3.3f 

I.58 

2.9* 

0.3 

2.48 

O-42 

56s 

2-56 

14.42 

I.4 

6.2 

226 

4.94 

0.52 
o-54 
3.83 

3-71 

o-22 

10 8bh 

6.0, 

2% 

8.9$, 

9.9 
IO-2 

0 

OWX 
0.005 

Degradatiw 
result 

oxvgcn at C-14 
derived from 0, 
but not 0 at C-3 

Specific 

Sp&ic 

No ‘H migration 

‘H migration 
C-81 to c-15 

08% ‘H retentton 

104’7 of predxted 0 
‘H retention 
103><, of predtcted 
‘H retention 
I 0 I “so ‘H retention 

Reference 

47 

48 

73 

73 

73 

73 

73 
73 
73 
73 
73 
73 
73 
46 
46 
30 
48 

4x 
49 
49 
49 
49 

50 
50 

50. 51 

50,51 

50,51 
65 

65 

30 
65 

30 

30 

46 
46 
48 

47 
47 

* In the presence of glycine. 
i_ In the presence of [2-‘3C]-acetate. 
1 In the presence of L-serine. 
5 Enzyme preparation. 
,/ Per 15 mg/min protein. 
l - From [2-‘4C]-mevalonate. 

and unfortunately their structure diversity seems to preclude the possibility of a single phy- 
tochemical screening test to detect their presence. The pharmacological proper- 
ties’0,‘5,23,24 of the products discovered to date however suggest that it may be well worth 
investigating plants and phytopathogenic fungi for their sesterterpenoid content in order 
to find pharmacologically active phytoconstituents. 



The area of sesterterpenoid chemistry has been reviewed. It highlights some excellent 
structure elucidation and biosynthetic work. Further reports of new structure types and 

of more advanced biosynthetic precursors are anticipated. 
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