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FIRST STEREOSPECIFIC SYNTHESIS OF E~y~BISABOLENE. A METHOD FOR THE
CONCURRENT GENERATION OF A RING AND A TETRASUBSTITUTED EXOCYCLIC DOUBLE BOND.

E. J. Corey and William L. Seibel
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138

Summary: A short stereospecific synthesis of E-y-bisabolene (1) from an acyclic acetylenic precursor
(either 2 or §) is described.

E-y-bisabolene (1,)1 is a long known sesquiterpene which is broadly distributed in nature2 and of con-
siderable biosynthetic interest as apredecessor of many cyclic and oxygenated ferpenoids. 3 This relative-
1y simple substance hitherto has not been synthesized in a stereocontrolled way for lack of a methodology
which can generate specifically either an E or Z exocyclic tetrasubstituted olefin. 4 Indeed the stereocon~
trolled synthesis of exocyclic tetrasubstituted olefins has remained as a classic unsolved general problem.
We report herein a stereospecific synthesis of E-1-bisabolene which involves the concurrent construction
of both the tetrasubstituted double bond and the six-membered ring. The synthesis may be carried out from
either of two isomeric acetylenic starting materials (2 or 6). Boron, silicon, copper, and titanium reagents
are utilized in this relatively short (two-flask) process,

The synthesis of 1 proceeded as follows. Acetylene 35 in tetrahydrofuran (THF) solution was deproton~
ated with n-butyllithium and the resulting lithio acetylide was treated with l:ris(4-methy1-3-penteny1)bora.ne7
to afford the alkynyltrialkylborate 3. Upon addition of trimethylsilyl trifluoromethanesulfonate,3 was con~
verted to the silylated vinylborane 4. The borane 4 upon successive reaction with n-butyllithium and cuprous
iodide was transformed into a dark brown solution of the corresponding vinylcopper reagent which after treat-
ment with triethylphosphite, hexamethylphosphoric triamide and methyl iodide produced the silyl triene 5
isolated in 84% overall yield as a single isomer (by 270 MHz pmr and chromatographic analysis). Desilyla-
tion of 5 (tetrabutylammonium flucride (TBAF), THF, 0°) gave the corresponding alcohol (96% yield) which
upon exposure in methylene chloride solution to 1 : 1 titanium tetrachloride~-N-methylaniline complex8 re-
sulted in clean cyclization to E-y-bisabolene (91% yield, 99.6%E by capillary VPC a.nalysls).9

The analogous process for the synthesis of E-y-bisabolene starting from acetylene Qlo was accom-
plished successfully using a modification in the cyclization step. Thus 6 was converted via the lithio deriva-
tive to the tris(4-methyl-3~pentenyl)borate which upon treatment with trimethylsilyl trifluoromethane-
sulfonate afforded stereospecifically vinyl silane 7 in 84%yield. The cyclization of the alcohol correspond-~
ing to 7 did not proceed cleanly under a variety of conditions with Lewis acid reagents. However, the
required conversion to E-y-bisabolene was effected by 2-fluoro~-N-methylbenzothiazolium trifluoromethane-
sulfonabr.a11 in the presence of triethylamine in 85% yleld (97.5% purity of 1 by VPC analysisg).
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In principle the methodology described above should also be applicable to the synthesis of Z~y-bisabolene
(8) from acetylene 2 and trimethylborane according to the following scheme:
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However, it was found that the transformation of A to B proceeded in only poor yield. Substitution of trimethyl-
borane as the reagent for acetylenic borate formation by thexyldimethylborane, catechol methylboronate,
pinacol methylborate or bis(dimethylamino)methylborane did not lead to improvement. Thus, the extension
of the present approach to the synthesis of Z-y-bisabolene (8) from 2 awaits the development of an effective re-
agent for geminal methylboronation of acetylenes.

The stereospecific conversion of alkynyl trialkylborates to tetrasubstituted olefins in the acyclic series

2
has previously been reportedl to follow the stereochemical course shown below:
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Our data are in accord with the earlier results and also underscore the high stereoselectivity of thisprocess.
To our knowledge there has been no satisfactory explanation of this intriguing and useful stereospecificity.
Although a definitive mechanistic study is lacking, 13 one attractive possibility is the following:
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The key feature of this mechanism is the intermediacy of the unusual silicon bridged species C from which
product (D) can be formed stereospecifically by rearrangement of R from boron to carbon (backside to Si).
The bridged structure C is a hybrid of canonical forms E (stabilized by a~boron hyperconjugation) and F (sta-
bilized by both S-boron and B~silicon hyperconjugation) and might therefore be unusually favorable.

The following note describes a stereoselective route to Z-y-bisabolene using a related but different re-
arrangement with the opposite stereochemical preference. 14 Experimental details are provided. 15

Vinylsilanes 4 and 7: A solution of 2 or § (0.15 M) in THF at -78° was treated with 1 equiv of n-butyllithi-
um. After 5 min, 1.25 equiv of trismethyl-3-pentenyl)borane was added. After 5 min, 1.25 equiv of
Me SiOSOZCF was added, and the reaction mixture was maintained at -78° for 6.5 h. After warming to ~30°,
1. 8% equiv of butyllithium was introduced, imparting a yellow
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color over the subsequent 10 min, Addition of 1,05 equiv of cuprous iodide resulted in immediate darkening of
the solution. The cuprate formation was allowed to proceed for 10 min, and triethylphosphite (1.3 equiv),
hexamethylphosphoric triamide (20% volume) and methyl iodide (3.0 equiv) were added sequentially. The mix~
ture was slowly brought to room temperature and the residual boron compounds were oxidized with 3M sodium
hydroxide solution and 30% hydrogen peroxide. Extractive isolation with ether afforded the crude product which
was purified via silica gel flash chromatography.

E-y-Bisabolene from 5: A solution of 6.5 mg (0.059 mmol) of titanium tetrachloride in 1 ml of methylene
chloride at -23° was treated with 6.4 ul (0,059 mmol) of N-methylaniline resulting in an opaque blood red mix-
ture. After 20 min, a solution of 10 mg (0. 034 mmol) of the alcohol corresponding to 5 in 15 ul of methylene
chloride was added dropwise. The reaction mixture was stirred for 1 hr then quenched with 1 ml of water.
VPC analysis indicated a 91% yield of E-y-bisabolene with E:Z ratio of 99.6 : 0.4. E-y-bisabolene was iso~
lated in 82% yield by careful removal of the solvent. The pmr spectrum so obtained was identical with that
of an authentic sample.9

E-y-Bisabolene from 7: A solution of 4,4 mg (0.015 mmol) of the alcohol corresponding to 7 in 50 ul of
methylene chloride and 10.5 il (0. 075 mmol) of triethylamine were simultaneously added to a -25° solution of
24 mg (0.075 mmol) of 2~fluoro-N-methylbenzothiazolium trifluoromethanesulfonate and 1.0 pl of hexadecane
in 1.2 ml of methylene chloride, The resulting orange solution was stirred at -25° for 6 hr. Analysis by
VPC indicated an 85% yield of E~y~bisabolene with E:Z ratio of 97.5 : 2.5,
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