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Stereoselective Total Synthesis of ( f ) -1shwarone 
By EDWARD PIERS* and TSE-WAI HALL 

(Defiartment of Chemistry, University of British CoZumbia, 2075 Wesbrook Place, Vancouvey, B.C. , Canada V6T 1W5) 

Summary An efficient, stereoselective total synthesis of 
the racemic modification of the tetracyclic sesquiter- 
penoid ishwarone (1) is described. 

THE structuralIy novel ketone ishwarone (1),l along with the 
corresponding hydrocarbon ishwarane (2), represent two of 
a relatively small number of tetracyclic sesquiterpenoids. 
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Although racemic ishwarane (2) has been obtained by total 
synthesis,3 the preparation of ishwarone (1) has not yet 
been reported. We describe herein an efficient and com- 
pletely stereoselective total synthesis of ( -+ ) -ishwarone (1) , 

I I  

o& . .  . .  H -&@A- * ,  . .  : :  . .  

(yJ . .  . .  

(7) R = H  
(8) R = S02Me 

(11) R=C02Me (13) R =OH 

(15) R =CI 

(16) RL 0, ~ 2 -  OSO, fie 

(18) R'= H,OH. R ~ = H  
(1 R'= 0, R*= H 

(12) R = CH20H (14) R =OS%Me (17) R'= 0 , R r  CI 

Conversion4 of the known aldehyde (3)5 into the dibromo- 
alkene (4),? followed by treatment of the latter with 2 equiv. 
of n-butyl-lithium in tetrahydrofuran (THF) a t  - 78 "C4 and 
trapping6 of the resultant lithium acetylide with fornialde- 
hyde, afforded (55 yo overall yield) the prop-2-ynylic alcohol 
(5 ) .  Hydrolysis (hydrochloric acid, acetone) of the latter 
gave the ketone (6) (90%) (m.p. 43-45 "C) which was 
hydrogenated (Pd/BaSO,, ethanol containing fiurified 
quinoline) to afford (7) (95%). Mesylation7 of (7), followed 
by intramolecular alkylation (ButOK, ButOH) of the 

resultant keto-mesylate (8) ,  resulted in efficient formation 
(> 70%) of the octalone (9). Since bGih (9) and the 
corresponding decalone [obtained by hydrogenation of ( 9 ) ]  
were recovered unchanged from methanolic sodium meth- 
oxide, i t  was clear that  these compounds contained a 
trans-fused ring system. 

The olefinic acetal (10) (m.p. 100.5-102.5 "C), obtained 
from (9) by a srandard procedure, reacted smoothly with 
dimethyl diazomalonates in the presence of copper bronze to 
afford a single adduct (11) (80%) (m-p. 132-133-5 "C). 
The stereochemistry of the latter was assigned as shown, 
since, for steric reasons, cyclopropane ring formation should 
have occurred trans to the angular methyl group. Con- 
version of the diester (11) intc the keto-dimesylate (14), via 
compounds (12) (m.p. 168--170°C) and (13) (m.p. 1 3 8 -  
139.5 "C), was effected smoothly (67% overall yield) by 
standard methods (LIAIH, reduction, hydrolysis with 
hydrochloric acid in acetone, mesylation7). 

Attempted intramolecular alkylation of (14) under a 
variety of conditions failed to produce the desired product 
(16). Although it is highly probable that the desired 
transformation occurred, the initially formed product (16) 
(cyclopropylcarbinyl mesylate) was apparently not suf- 
ficiently stable under the reaction conditions to allow for 
isolation. This difficulty was avoided as follows. The 
dimesylate (14) was smoothly converted (LiC1, hesamethyl- 
phosphoric triamide-ether, room temp., > 90% yield) into 
the corresponding dichloride (lj), m.p. 74-76 "C. When 
the latter was treated with freshly prepared potassium 
t-butoxide in dry THF, the isolable keto chloride (17) was 
obtained in 90% yield. Reduction of (17) with lithium tri- 
ethylb~rohydride~ in THF, followed by oxidation (pyridinium 
chlorochromatel0 in CH,Cl,) of the resultant product (18), 
afforded (75% overall yield) (+)-ishwarone (l) ,  n1.p. 80- 
81 "C. The latter exhibited i.r. and lH n.1n.r. spectra 
identical with those reported1 Furthermore, Wolff-Kishner 
reduction2 of synthetic (-j-)-ishwarone (1) gave (3)- 
ishwarane (2), identical with a sample of the same material 
previously prepared by Kelly and his c o - ~ o r k e r s . ~  

We are very grateful to Professor R. B. Kelly for a 
sample of ( j-)-ishwarane. Financial support from the 
National Research Council of Canada and a N.R.C.C. 
scholarship (to T. W. H.) are gratefully acknowledged. 

(Received, 28th July 1977; Corn. 778.) 

t All new compounds exhibited the expected spectral properties and gave satisfactory elemental analyses and/or molecular weight 
determinations (high-resolution mass spectrometry). 
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