
J.  Org. Chem. 1987,52,4633-4634 4633 

2), 109765-90-4; 5b, 82111-61-3; 5c, 109765-91-5; 6a, 109765-93-7; 
6b, 109765-95-9; 612,58588-90-2; 7a, 10976594-8; 7c, 10976596-0; 
SC, 109765-97-1; 9,109765-98-2; 10,109765-99-3; 11,109766-00-9; 
12,109766-01-0; PrCHO, 123-72-8; MeCHO, 75-07-0; CH20, 50- 
00-0. 

A. Calderbn, P. de March, J. Font* 
Departamento de Quimica 

Universidad Autdnoma de Barcelona 
08193 Bellaterra 

Barcelona, Spain 
Received April 2, 1987 

Stereoselective Construction of Functionalized 
cis -1,2-Dialkylcyclohexanecarboxylates: A Novel 
Synthesis of (A)-Geijerone and y-Elemene 

Summary: General applicability of our intramolecular 
ester enolate alkylation method to the stereoselective 
construction of functionalized cis-1,2-dialkylcyclohexane- 
carboxylates is illustrated in the context of a novel syn- 
thesis of (*)-geijerone and a formal synthesis of y-elemene. 

Sir: Functionalized cis-1,2-dialkylcyclohexanecarboxylates 
1 are very important and frequently encountered structural 
features in the synthesis of natural products.' We recently 
reported a novel approach based upon intramolecular ester 
enolate alkylation in an unfunctionalized model system.2 

20: X =  0 
2b: X = 

In this communication we describe a novel synthesis of 
(f)-geijerone3 (2a) and a formal synthesis of y-elemene4 
(Zb), a member of elemanoid sesquiterpenes, in order to 
demonstrate that our intramolecular alkylation strategy 
should be applicable to the synthesis of a variety of 
functionalized cis-1,2-dialkylcyclohexanecarboxylates as 
summarized in Scheme I. 

Condensation of lacto15 3 with methyl (triphenyl- 
phosphorany1idene)propionate followed by protection of 
the hydroxyl group with tert-butylchlorodiphenylsilanee 
afforded ester 4b in 94% yield. Reduction of unsaturated 
ester 4b with LAH in THF gave the corresponding allylic 
alcohol 5, which was subjected to Johnson's ortho estef 
Claisen rearrangement' to produce ester 6a as a 1:l mix- 

(1) For an extremely elegant use of intramolecular alkylation to six- 
membered rings, see: Stork, G. Heterocycles Special Issue 1987, 25. 

(2) Ahn, S. H.; Kim, D.; Chun, M. W.; Chung, W. Tetrahedron Lett. 
1986, 27, 943. 
(3) Isolation and structure of geijerone: (a) Thomas, A. F. Helu. Chim. 

Acta 1972,55,815. (b) Thomas, A. F. Zbid. 1972,55,2429. Synthesis of 
(&)-geijerone: Kato, M.; Kurihara, H.; Yoshikoshi, A. J. Chem. SOC., 
Perkin Trans. I 1979, 2470. 

(4) Isolation and structure of y-elemene: (a) Gough, J. H.; Sutherland, 
M. D. Aust. J. Chem. 1964, 17, 1270. (b) Bernardi, R.; Cardani, C.; 
Ghiringhelli, D.; Selva, A. Chim. Ind. (Milan) 1970,52, 581. (c) Ganter, 
C.; Keller-Wojtkiewicz, F. B. Helu. Chim. Acta 1971,54,183. Synthesis 
of y-elemene: ref 3b. 

(5) Lactol3 was prepared by a conventional four-step sequence from 
diethyl acetone-1,3-dicarboxylate (1,3-propanedithiol, BFgEhO; 1.1 equiv 
of KOH, EtOH; C1CO2CH3, TEA, NaBH4; DIBAL, toluene). 

(6) Hanessian, S.; Lavallee, P. Can. J. Chem. 1976, 53, 2975. 
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"(a)  Ph3=C(CH3)C02Me, CH2C12, reflux, 4 h; (b) TBDPS-C1, 
imidazole, DMF, room temperature, 13 h; (c) LAH, THF, 0 "C,  2 
h; (d) CH&HZC(OEt)3, phenol, 165 "C, 15 h; (e) (n-Bu),NF, THF,  
room temperature, 2 h; (f) TsCl, DMAP, CH2C12, 0 "C,  3 h; (g) 
KHMDS, THF,  -78 to  0 "C, 3 h; (h) DIBAL, toluene, -20 "C, 15 
min; (i) DCC, pyridinium trifluoroacetate, DMSO-PhH (1:3), room 
temperature, 2 h; 0') Ph3PCH31, n-BuLi, Et20, reflux, 1 h; (k) ex- 
cess CH31, CH3CN-H20 (9:1), room temperature, 24 h. 

ture of stereoisomers in 78% yield for two steps. Depro- 
tection of the silyl group with fluoride and tosylation 
yielded key intramolecular alkylation substrate 7 in 773% 
overall yield. 

Treatment of ester 7 with KHMDS* in THF at -78 "C 
followed by warming to 0 "C for 3 h produced the desired 
cyclohexanecarboxylate Sa with greater than 96 % stereo- 
selectivityg in 74% yield, probably through eclipsed tran- 
sition state 9 rather than bisected 10.lo 

1 
Et0 

9 IO 

Reduction with DIBAL, Moffatt oxidation, Wittig re- 
action, and hydrolysis of thioketal group proceeded une- 
ventfully to give (f)-geijerone with spectral data fully 
consistent with those reporbed." Since (f)-geijerone was 
converted to y-elemene by Yoshikoshi, the present syn- 
thesis also constitutes a formal synthesis of the sesqui- 
t e r ~ e n e . ~  

In summary synthesis of (A)-geijerone was achieved in 
a stereoselective manner in 11 steps and 16.6% overall 
yield from lactol 3, suggesting a broad potential of our 
intramolecular ester enolate alkylation method. Work is 
in progress to apply this methodology to more elaborate 
systems. 

(7) Johnson, W. S.; Werthemann, L.; Bartlett, W. R.; Brocksom, T. J.; 
Li, T.; Faulkner, J.; Petersen, M. R. J. Am. Chem. SOC. 1970, 92, 741. 

(8) The more highly aggregated and less reactive lithium enolate, 
generated by LDA, gave much less satisfactory yield (18%) of the cyclized 
product under similar condition with a slightly better stereoselectivity 
(97:3). 
(9) Capillary GC analysis (0.2 mm i.d. X 50 m long CBP-1 column, 260 

"C) revealed the presence of less than 4% of a minor isomer. 
(10) Compound Sa: IR (film) Y 1730,1640 cm-'; 'H NMR (CDCl,, 80 

MHz) 6 1.12 (a, 3 H), 1.23 (t, J = 7 Hz, 3 H), 1.63 (s, 3 H), 1.45-3.14 (m, 
13 H), 4.09 (q, J = 7 Hz, 2 H), 4.68 (br s, 1 H), 4.83 (m, 1 H); I3C NMR 
(CDC13, 20.15 MHz) 6 14.24, 15.17, 23.20,26.02, 26.14, 26.44, 30.03, 33.18, 
38.29, 43.86, 46.59, 49.98, 60.55, 113.47, 145.66, 177.51; HRMS calcd for 
Cl6Hz6O2SZ 314.1374, found 314.1375. 

(11) We thank Professor Yoshikoshi (Tohoku University) for kindly 
providing us with reference spectra of racemic geijerone. 
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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 

1 2 

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 

(1) Iitake, Y.; Watanabe, I.; Harrison, I. T.; Harrison, S. J.  Am. Chem. 
SOC. 1968, 90, 1092. 

(2) (a) Nozoe, S.; Morisaki, M.; Fukushima, K.; Okuda, S. Tetrahedron 
Lett. 1968,4457. (b) Nozoe, S.; Morisaki, M. J .  Chem. SOC. D 1968,1319. 

(3) (a) Ishibashi, K.; Nakamura, R. Agric. Chem. SOC. Jpn. 1958, 32, 
739. (b) Rios, T.; Gomez G. F. Tetrahedron Lett. 1969, 2929. (c) Rios, 
T.; Quijano, L. Ibid. 1969, 1317. 

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. 

R 

iy ''1 H 
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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 

a,b,c,d - 
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5 4 4  
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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 

(4) (a) Das, T. K.; Gupta, A. D.; Ghosal, P. K.; Dutta, P. C. Indian J .  
Chem., Sect. B 1976, I4B, 238. (b) Das, T. K.; Dutta, P. C. Synth. 
Commun. 1976, 6,  253. (c) Das, T. K.; Dutta, P. C.; Kartha, G.; Ber- 
massan, J. M. J.  Chem. Soc., Perkin Trans. I 1977, 1287. (d) Boeckman, 
R. K., Jr.; Bershas, J. P.; Clardy, J.; Solheim, B. J .  Org. Chem. 1977, 42, 
3630. (e) Dauben, W. G.; Hart, D. J. J.  Org. Chem. 1977, 42, 922. (f) 
Baker, W. R.; Senter, P. D.; Coates, R. M. J.  Chem. SOC., Chem. Commun. 
1980,1011. (9) Coates, R. M.; Senter, P. D.; Baker, W. R. J.  Org. Chem. 
1982,47,3597. (h) Paquette, L. A.; Andrews, D. R.; Springer, J. P. Ibid. 
1983, 48, 1147. (i) Takeshita, H.; Kato, N.; Nakanishi, K. Chem. Lett. 
1984, 1495. 6 )  Coates, R. M.; Muskopf, J. W.; Senter, P. A. J .  Org. Chem. 
1985,50, 3541. (k) Paquette, L. A,; Colapret, J. A.; Andrews, D. R. Ibid. 
1985,50, 201. (1) Metha, G.; Krishnamurthy, N. J .  Chem. SOC., Chem. 
Commun. 1986, 1319. 

(5) (a) Rigby, J. H. Tetrahedron Lett. 1982,23, 1863. (b) Rigby, J. H.; 
Wilson, J. 2. J.  Am. Chem. Soc. 1984, 106, 8217. (c) Rigby, J. H.; Wilson, 
J. 2. J .  Org. Chem. 1987, 52, 34. 

(6) (a) Ireland, R. E.; Mueller, R. H.; Willard, A. K. J.  Am. Chem. SOC. 
1976,98,2868. (b) Ireland, R. E.; Daub, J. P. J.  Org. Chem. 1981,46,479. 
( c )  Ireland, R. E.; Anderson, R. C.; Badoud, R.; Fitzsimmons, B. J.; 
McGarvey, G. J.: Thaisrivones, S. J .  Am. Chem. SOC. 1983, 106, 1988. 

(7) An-easily separated mrxture of sulfide 4 and its allylically trans- 
posed isomer were isolated from this reaction in a 9:l ratio, respectively. 

(8) Andrews, G. C.; Evans, D. A. Acc. Chem. Res. 1974, 7, 147. 
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