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A Synthetic Entry into the Ophiobolane Ring 
System 

Summary: A stereocontrolled construction of the angu- 
larly fused 5-8-5 ring system characteristic of the ophiob- 
olin and ceroplastol sesterterpenes is reported. The syn- 
thesis is based on the elaboration of a cis-hydroazulene 
intermediate into the dicyclopenta[a,d]cyclooctane system 
with control of relative stereochemistry at  several critical 
centers. 

Sir: The dicyclopenta[a,d]cyclooctane ring system is the 
characteristic structural feature of the ophiobolane class 
of sesterterpenes. These natural products possess intri- 
guing structural arrays and typically exhibit a wide range 
of biological activity. Representative examples of these 
substances are ceroplasteric acid (1)' and ophiobolin F (2).2 
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A growing number of additional members of this class of 
compounds have been isolated as well.3 Several interesting 
approaches to the preparation of the ophiobolane system 
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have been reported in the last few years,4 but no total 
synthesis has, as yet, been forthcoming. 

Our strategic plan centered on the efficient assembly of 
the 5-8-5 carbon skeleton with concommitant control of 
the relative stereochemistries a t  the three critical positions 
C6, Cl0, and C14 as found in ceroplasteric acid (I). It was 
envisaged that the highly functionalized and readily 
available cis-hydroazulene 35 would serve admirably as a 
building block from which to elaborate the elements of the 
C-ring via a silyl enolate Claisen protocol.6 Subsequent 
one-carbon ring expansion to the eight-membered ring 
would provide a precursor to the requisite 5-8-5 carbon 
backbone. 
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Treatment of 3 with thiophenol/BF,-Et,O at  room 
t e m p e r a t ~ r e , ~ , ~  followed by protecting group manipulation 
gave allylic sulfide 4 in 54% overall yield. Formation of 
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(a) BF,.Et,O/PhSH, room temprature; (b) NaH, MeI; (c) LiAIH,, 

the corresponding sulfoxide with m-CPBA at  -78 "C fol- 
lowed by a thermally induced [2,3]-sigmatropic rear- 
rangements in the presence of trimethyl phosphite pro- 
vided the allylically transposed alcohol 5 in 71% yield. 

A t  this point, a study was initiated to ascertain the 
stereochemical course of the enolate-Claisen reaction in 
our system. The correct configuration at Clo (ophiobolane 
numbering) is assured by virtue of the chirality transfer 
from the carbon-oxygen bond to the carbon-carbon bond 
inherent in this process. However, the stereochemistry at 
C14 (ophiobolane numbering) is a consequence of the ester 
enolate geometry and the transition state of the reaction.6 
Acylation of 5 with propionic anhydride/DMAP/Et,N and 
treatment with LDA followed by tert-butyldimethylsilyl 
chloride (TBDMSCl) a t  -78 "C gave the requisite silyl 
ketene acetalg (Scheme I). Heating this material in re- 

Et,O; (d) TBDMSCI, imidazole 
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procedure employing excess lithium thiopropoxide in 
HMPA at room temperature.12 This method for obtaining 
the acid from the ester was deemed Drudent a t  this stage 
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"(a) m-CPBA, -78 OC; (b) (Me0)3P, 65 "C; (c) (CzH5C0)20, 
EtSN, DMAP; (d) LDA, TBDMSC1, -78 "C; (e) 110 OC, MePh; (f) 
CH2N2, EtzO; (8) Bu4NF, room temperature; (h) (COC1)z, DMSO, 
EtSN, -78 "C; (i) TMSCHN2, BF3.Et20, -40 OC; (j) NaBH4, 0 "C; 
(k) MEMC1. EtA-PrN:  (1) LiSPr. HMPA. room temDerature: (m) 
(COCl),/collidi~e; (n) 'CH2N,, Cu/CuS04/CBH,z/reflux; (0) Li/ 
NH3; (p) PDC. 

fluxing toluene for several hours provided the rearranged 
product 6 as an easily separable 85:15 mixture of epimers 
a t  the side-chain methyl substituent in 66% overall yield. 
This mixture was isolated as the methyl esters (CH2N2, 
Et20). The major isomer was separated and carried 
through the remainder of the synthesis. Removal of the 
TBDMS group from the Clo alcohol and Swern oxidationlo 
gave the corresponding cycloheptanone in 90% yield. 
Exposure of this ketone to (trimethylsily1)diazomethane 
in the presence of BF3.Et20 a t  -40 "Cll resulted in a 
smooth, regiospecific one-carbon ring expansion to the 
cyclooctanone 7 (mp 57-58 "C; C=O v,, 1710 cm-l) in 
88% yield. Interestingly, none of the regioisomeric ketone 
was detected in this reaction. This observation is con- 
sistent with previous results in which the sterically less 
congested carbon migrates preferentially. 

At  this crucial juncture in the synthetic scheme, a sin- 
gle-crystal X-ray structure was obtained on compound 7, 
which verified the direction of the ring expansion and, 
more importantly, established the relative stereochemistry 
of the vicinal protons at the side chain as being correct for 
ceroplasteric acid (1). 

The stage was now set to complete the construction of 
the 5-8-5 tricycle with the required relative stereochem- 
istries a t  C6, Cl0, and C14. The C, ketone in compound 7 
was reduced with NaBH4 a t  0 "C to give a 94% yield of 
a single alcohol, which was presumed to be the @-config- 
uration based on examination of molecular models. The 
resultant hydroxyl group was then protected as the MEM 
ether. Next, the methyl ester was cleaved to the corre- 
sponding carboxylic acid via a mild Sn2-type dealkylation 
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of the synthesis in order to minimiz'e the risk of epimG- 
ization a t  the side-chain methyl substituent. Routine 
conversion into the diazo ketone via the corresponding acid 
chloride and copper-mediated insertion13 into the cyclo- 
octene double bond gave the desired cyclopropyl ketone 
8 as a single isomer in 48% yield for the six steps. Re- 
ductive cleavage of the cyclopropane bond which was best 
aligned with the CI3 carbonyl group under dissolving metal 
conditions (Li/NH3)14 followed to give, after PDC oxida- 
tion, the tricyclic ketone 9 (C=O v,, 1744 cm-l) in 84% 
yield.I5 

Ketone 9 possesses most of the key structural features 
of the hydrodicyclopenta[a,d] cyclooctane ring system as 
well as displaying the correct stereochemical arrangements 
a t  several important positions. Work is now under way 
to utilize this strategy in the total synthesis of ceroplasteric 
acid and related natural products. 
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A New Method for the Synthesis of 0-Glycosides 
from S-Glycosides 

Summary: Treatment of  S-glycosides with NOBF, pro- 
duced highly reactive glycosyl donors which in the presence 
of glycosyl acceptors gave 0-glycosides in high yields. 

Sir: Stereospecific construction of 0-glycosidic linkages 
is of paramount importance in natural product chemistry.' 
One of the problems involved is the generation, from stable 
precursors, of a reactive glycosylating species2 which can 
form a covalent bond with the glycosyl acceptor in a ste- 
reospecific fashion. Disadvantages of glycosyl halides, 
which are still the most frequently used glycosyl donors, 
have been well-documented.2b 1-0-Acetates of mono- and 
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