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BIOGENETIC-LIKE CYCLIZATION OF FARNESOL AND NEROLIDOL
TO BISABOLENE BY THE USE OF 2-FLUOROBENZOTHIAZOLIUM SALT
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Treatment of trans, cis-farnesol or nerolidol with 2-fluoro-
benzothiazolium salt in the presence of tri-n-butylamine afforded

monocyclic sesquiterpenes, mainly X -bisabolene, in good yields.

In the previous communication, non-enzymic biogenetic-like cyclization of: nerol
and geraniol to limonene using 2-fluoropyridinium salt was reported.l) There have
been known several examples for the cyclization of sesquiterpene alcohols by the
promotion of protonic acidsz) or Lewis acidss). However, the cyclization under
rather basic media has not been reported. We now wish to report here the
cyclization of farnesol and nerolidol to bisaboleng, monocyclic sesquiterpene
hydrocarbon, with 2-fluorobenzothiazolium salt in the presence of a slight excess
amount of tertiary amine.

In the first place, we examined the reaction of trans, cis-farnesol4) with
1,3-dimethyl-2-fluoropyridinium salt (IV), but the yield of cyclized product,
bisabolene, was low and many undetermined by-products were formed. Since several
more active onium salts of 2-haloazaaromatics have been developed in our laboratory,
we tried the cyclization of trans, cis-farnesol using active onium salts such as

6)

2-fluorobenzothiazolium salt,s) 2-chlorobenzoxazolium salt. The results are

summarized in the following Table.
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Onium Salt Temp. (°C) Time (hr) Yield (%)
II1Ia + IIIb
CH
@ 3 -40 4 58
+
Til F 1V
CHs TsO~
-78 6 54
S
+>—F -40 2 75
) vV
CHz FSO03z” -15 1.5 71
0 1.5 74
15 1.5 74
o>_
Cl
f;“r/ VI -78 3 56
BF,~
CoHg 4 -40 2 46

As shown in the Table, the optimum yield was obtained when trans, cis-farnesol
was treated with 2-fluorobenzothiazolium salt (V) in CHZCI2 at -40°C for 2 hr. 1In
the case of the cyclization with 2-chlorobenzoxazolium salt (VI), the reaction
mixture was rather complex even at -78°C and many by-products were formed. In these
cyclization reactions, trans, cis-farnesol afforded mainly &-bisabolene (IIIa) (about
1:1 E,Z mixture) and small amount (less than 5% yield) of I-bisabolene (IIIb), and
none of P -bisabolene or polycyclic sesquiterpene was detected. The structures of

7)

o- and F -bisabolene were confirmed by n.m.r. and mass spectra after separation of
the products by AgNO;-impregnated silica gel column chromatography.

On the other hand, when trans, trans-farnesol4) (Ib) was treated with
2-fluorobenzothiazolium salt, bisabolene was obtained in only 35% yield similar

to the result obtained in the case of geraniol.l)

\ S
+)—F n-BuzN
Z * N —_—y IIIa + IIIb 35%
!

k CH,C1,
OH CHgz FSO07~ -75°C, 7hr

It was found that the formation of 2-alkoxybenzothiazolium salt was very slow

in the case of the cyclization of nerolidol (II). Therefore, the use of excess
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amount of 2-fluorobenzothiazolium salt was necessary to obtain bisabolene in good

yield. When nerolidol was treated with 5 molar amounts of 2-fluorobenzothiazolium
salt in CHZCI2 at -20°C for 7 hr, sesquiterpene hydrocarbons, «- and P-bisabolene

and farnesene (VII) (less than 10% yield) were obtained in 79% yield. In the case
of nerolidol, the allylic cation is more easily generated compared to the case

of farnesol, so the competitive deprotonation would lead to the formation of

farnesene.
N
. n-BuzN
+ onium salt ——) IITa + IIIb +
k OH CH2C12 k
II VII
Onium Salt Temp. (°C) Time (hr) Yield (%)

IV r.t. overnight 37
\' -40 8 70
-20 7 79

A typical procedure is described for the cyclization of trans, cis-farnesol
(Ia) using 2-fluorobenzothiazolium salt (V). To a suspension of V (320 mg, 1.2
mmol) in CH2C12 (1 ml) was added a CH2C12 solution (1 ml) of Ia (222 mg, 1.0 mmol)
and tri-n-butylamine (444 mg, 2.4 mmol) under an argon atmosphere, and the mixture
was stirred at -40°C for 2 hr. After addition of water, an organic layer was
extracted with hexane (20 ml). The organic layer was washed successively with
water and saturated sodium chloride solution, and condensed under reduced pressure.
Then the product was separated by silica gel column chromatography.

Among various onium salts of 2-haloazaaromatics developed in our laboratory,
2-fluorobenzothiazolium salt was found to be the most effective reagent for the
dehydrative cyclization of sesquiterpene alcohols under weakly basic conditions,
and farnesol and nerolidol are converted to bisabolene in good yield. Application

to the synthesis of bicyclic sesquiterpene is now in progress.
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