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The Nazarov cyclization has been widely used as a
method for cyclopentenone annelation.! The classical
reactions, however, have a major limitation: the lack of
control over the position of the double bond in the five-
membered ring. The double bond normally occupies the
most substituted position because of its thermodynamic
stability, which has restricted their use as a general tool
for organic synthesis. Among a number of modifications
of this reaction, it was the silicon-directed Nazarov
cyclization!'#®? that overcame this drawback of regio-
chemistry by making use of two properties of silicon: (i)
its B-cation-stabilizing effect and (ii) its function as an
electrofuge, that is, leaving-group ability as a silyl cation
(Si*).? In terms of these properties, fluorine is a kind of
negative image of silicon. Fluorine possesses a S-cation-
destabilizing effect and also functions as a nucleofuge,
the leaving group of a fluoride ion (F~).* These facts
suggest that not only silicon but also fluorine might be a
controller of the electrocyclic reaction. On the basis of
these considerations, we investigated fluorine-directed
Nazarov cyclizations, using 2,2-difluorovinyl vinyl ke-
tones as the fluorinated substrates. We now report a new
Nazarov-type cyclization with defined placement of two
double bonds, which leads to the controlled synthesis of
cross-conjugated 2-cyclopenten-1-ones bearing one more
double bonds compared to normal Nazarov products.®

Recently, we have succeeded in the one-pot synthesis
of 2,2-difluorovinyl ketones from commercially available
2,2 2-trifluoroethyl p-toluenesulfonate (1), wherein the
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Table 1. Preparation of 2,2-Difluorovinyl Vinyl Ketones

3 from 1
R! R? R? product (3) yield,® %
H H H 3a 54
H Ph H 3b 62
H "Pr H 3c 60
H Me Me 3d 59
Me H H 3e 58
—(CHag)z— H 3f 63
—(CHg)s— H 3g 65
2 Isolated yields.
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two processes are included: (i) a boron-mediated alky-
lation leading to 2,2-difluorovinylboranes 2 and (ii) a
copper-mediated acylation of 2 with acyl chlorides.® The
vinylcarbonylation of in sifu generated 2 was attempted
with o,f-unsaturated acyl chlorides under similar condi-
tions to afford the fluorine-containing Nazarov substrates
3a—g in good yields from 1 (eq 1, Table 1).
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After treatment of 3a (R = n-Bu, R! = R2 = R3 = H)
with several Lewis and Brgnsted acids, we found that 1
equiv of trimethylsilyl trifluoromethanesulfonate (TM-
SOTY) in dichloromethane (CH;Cly) readily induced the
cyclization at room temperature,” leading to 3-fluoro-5-
methylene-2-cyclopentenone 4a® in 44% yield without any
other cyclized products. This result indicated that the
reaction proceeded as expected according to Scheme 1.
The Nazarov-type ring closure occurred via silylation of
the carbonyl oxygen in 3a to generate the cyclopentenylic
cation 6a, followed by its collapse in a fluorine-directed
manner with the loss of a fluoride ion and a proton.%1°
These losses resulted in the regioselective formation of
the endocyclic and exocyclic double bonds in 4a.
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Lett. 1992, 33, 337—340.
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Table 2. Fluorine-Directed Nazarov Cyclization of
2,2-Difluorovinyl Vinyl Ketones 3
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e Isolated yields. ¢ E/Z ratio on the exocyclic double bond. ¢ The
reaction was conducted at 0 °C in HFIP for 0.7 h. ¢ Determined
by 19F NMR. ¢ Determined by GLC.

Screening of solvents in the above reaction of 3a
revealed that the addition of 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) as a cosolvent dramatically promoted
and accelerated the cyclization, probably due to its high
ionizing power and low nucleophilicity.!’1? Conducting
the reaction in CH;Cl,—HFIP (1:1) at room temperature
improved the yield of the desired product 4a up to 73%.
Under the conditions thus obtained, other fluorinated
divinyl ketones 3b—g, including cyclic systems as well
as acyclic ones, underwent the reaction very rapidly to
afford the corresponding cyclopentenones 4b—g® in good
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to excellent yields (Table 2). The double bonds are
selectively placed under the strict control of fluorine
regardless of the substrates. In addition, concerning the
configuration of the exocyclic double bond, E isomers were
almost exclusively obtained (Table 2, entries 2 and 3).13

In order to confirm the effect of fluorine on the
regiochemistry, we conducted the reaction employing a
fluorine-free substrate. While 3a gave a single product
as shown above (Table 2, entry 1), its nonfluorinated
counterpart 7 afforded a mixture of three products 8—10
without control (eq 2). Furthermore, in the case of the
symmetrical substrate 3¢ except for fluorine, the reaction
proceeded through a defined pathway to give 4e, not
yielding a product with an exocyclic double bond on the
other side of the carbonyl group (Table 2, entry 3).
Therefore, fluorine plays a critical role in producing the
regioselective cyclization.
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Thus, the remarkable properties of fluorine, which
include (i) electronic effect on carbocations and (ii)
leaving-group ability as a fluoride ion, control the reaction
and permit a new Nazarov-type cyclization to provide a
facile approach to highly functionalized cyclopentanone
derivatives, which are ready for a variety of further
synthetic elaborations.!*

TMSOTf (1.0 eq)
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(13) The corresponding Z isomers were obtained via the isomeriza-
tion of £ isomers by irradiation with sunlight to assure the E/Z ratio
and the configurational assignment. See the supplementary material.

(14) Recently we have reported that the fluorines on the 8-carbon
of a,B-unsaturated ketones are easily replaced by carbon and hetero-
atom nucleophiles via addition—elimination process; see: Ichikawa,
d.; Yokota, Y.; Kobayashi, M.; Minami, T. Synlett 1993, 186—188.
Ichikawa, J.; Kobayashi, M.; Yokota, Y.; Noda, Y.; Minami, T.
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1,3-carbonyl transposition,!® (ii) exo-1,4-addition in the presence of a
Lewis acid, or (iii) endo-1,4-addition and successive elimination of a
fluoride ion in the presence of a bulky Lewis acid. Details of these
transformations will be reported in due course.
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