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ABSTRACT

Tetrahydrofluorenones which possess a C9a-fluoroalkyl substituent were efficiently converted to tetrahydrofluorenones which contain a ring
bridging C9a-C2. Conditions include a stepwise sequence of conversion to an alkyl bromide followed by treatment with base, and a direct
cyclization by treatment with lithium chloride in DMF heated to 150 °C.

Natural product syntheses often feature the use of an
intramolecular alkylation R to a ketone to form a bridging
ring. Internal alkylations are featured in the syntheses of the
skeleton of Scopadulcic Acid B 1,1 and of (-)-prezizanol 2
and related compounds2 (Figure 1). In both of these cases,
a sulfonate, ultimately derived from ozonolysis and subse-
quent reduction of an allyl substituent, was used as the
leaving group.

Generally regarded as unreactive, alkyl fluorides are rarely
used as alkylating agents in organic synthesis. However,
recent reports describe the use of tert-alkyl and allyl fluorides
for intermolecular alkylation mediated by boron trifluoride
or organoaluminums.3 These powerful reactions occur by
abstraction of fluoride to generate a carbocation. An impor-

tant limitation of these methods is that primary alkyl fluorides
were found to be unreactive. However, primary alkyl
fluorides have been successfully coupled with �-phenylethyl
Grignard reagents in Zr-catalyzed reactions and with vinyl
Grignard reagents in Ni-catalyzed alkylative dimerization
reactions.4 Additionally, magnesium enamides have been
efficiently alkylated with primary alkyl fluorides and cyclo-
hexyl fluoride to provide R-alkylated ketones upon hydroly-
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Figure 1. Natural product syntheses which feature an intramolecular
alkylation.
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sis; however, there were no examples of enamides derived
from enones.5

Halogen exchange of alkyl fluorides is also known.6 Boron
trihalides are particularly effective for this reaction, owing
in part to the strength of the resulting boron-fluoride bond.6c

However, this reaction has seen limited use in synthesis.7

One potential novel application of this reaction would be to
use an alkyl fluoride appended to a synthetic intermediate
so that it can be later activated for intramolecular alkylation.
In this way the fluoride would represent a valuable alternative
to a protected alkoxide with several important advantages:
alkyl fluorides are relatively stable to a variety of conditions,
they are often more easily introduced than their alkoxy
counterparts, and they can be directly activated to a better
leaving group without the need for a deprotection step.
Furthermore this tactic would be particularly useful in cases
where a free hydroxyl group would not be tolerated, e.g.,
due to incompatible functionality.

Phenolic tetrahydrofluorenones 3 and fused pyrazolotet-
rahydrofluorenones 4 are potent selective classes of ligands
for the estrogen receptor � (ER�) (Scheme 1.8 We have

recently reported an important subclass of the phenolic
tetrahydrofluorenones in which an alkyl bridge connects C9a
and C2 5.9,10 In the course of our efforts to make bridged
analogues in the fused-pyrazolo-class 8, we encountered
difficulties that forced us to improve their synthesis. Initially,
we had successfully prepared compounds represented by 8
from a C9a-alkoxy intermediate 6 which often required
protection as an acetate or benzyl ether. To undergo an
intramolecular alkylation reaction the C9a-alkoxy substituent
was converted to a mesylate or a triflate to obtain the desired
bridged compound. In some cases, this route was complicated
by the formation of a cyclic ether 7 by intramolecular
Michael reaction of carbinol 6.11 Often, but not always, the
resulting ether could be opened and thus remain synthetically
useful. However, this undesired reaction prompted us to
explore a route to 8 that would feature the use of a
tetrahydrofluorenone intermediate 9 substituted with a C9a-
alkyl fluoride, which would serve as the latent bridging ring.

We demonstrated the effectiveness of this strategy by the
synthesis of 13, an important intermediate in the preparation
of C9a-C2 ethyl-bridged pyrazolotetrahydrofluorenones
(Scheme 2).

Pyrazoloindanone 10,12 was alkylated with fluoroethyl
bromide to give 11, which was converted to the tetrahydrof-
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luorenone 9 by Robinson annulation in 45% yield from 10.
Treatment of 9 with boron tribromide gave 12, which was
treated with potassium hexamethyldisilylamide to give 13
in 88% yield. Compound 13 can then be functionalized to
give biologically interesting analogues such as those repre-

sented by 8. Additional examples of this novel strategy are
shown in Tables 1 and 2.

An alternative to the stepwise cyclization of fluoroethyl
compound 9 to the ethyl-bridged compound 13 was found.
Treatment of 9 with lithium chloride at 150 °C cleanly
afforded 13 (presumably through an intermediate alkyl
chloride) in 80-90% yield (Table 1, entry 1). In a rare
example of alkylation by direct displacement of a primary
alkyl fluoride, KHMDS affected cyclization of 9 in modest
yield (entry 2). However, other bases such as potassium

carbonate or DBU (which works for the cyclization of 12)
gave no reaction.

This method was also useful in the preparation of phenolic
bridged tetrahydrofluorenones 5.13 In the case of the con-
struction of a phenolic tetrahydrofluorenone, the lithium
chloride cyclization is a particularly powerful reaction (Table
2). Applying the chemistry from Scheme 2, 4-chloro-5-
methoxyindanone 16 was converted to 9a-fluoroethyl 17a
and 9a-fluoropropyl 17b tetrahydrofluorenones.14 When
treated with lithium chloride in DMF at 150 °C, compound
17a undergoes cyclization and demethylation15 of the anisole
to give compound 18a. Due to the competing demethylation,
the bidged, anisolic tetrahydrofluorenone, 18b, could not be
obtained by this method.16 However, 18b was accessible in
useful yield by treatment of 17a with KHMDS (entry 2).
Propyl-bridged 18c could only be obtained by the original
stepwise manner (entries 3, 4, and 5).

In summary, we have developed a strategy for the
construction of bridged tetrahydrofluorenones that features
the use of a fluoroalkyl substituent as the latent bridging ring.
We believe this strategy to be novel for the construction of
bridged cycloalkenone compounds. Several conditions were
successful to affect the cyclization. While the stepwise
conversion with boron tribromide followed by base was more
general, the lithium chloride cyclization has been a powerful
reaction in our laboratories, particularly when phenolic
analogues are desired. Further discussion of the ER� activity
of these bridged tetrahydrofluorenones will follow in due
course.
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(16) On the basis of LC-MS and 1H NMR we suspect that the cyclization
proceeds through the C9a-ethyl chloride intermediate, which went to
approximately 5% upon heating at 100 °C overnight. Trace cyclization,
but also trace demethylation, is observed at 120 °C. At temperatures required
to make the cyclization reaction practical (>130 °C), demethylation of both
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Table 1. Cyclization of Fluoroalkyl
Pyrazolotetrahydrofluorenones

entry substrate conditions yield product

1 9 LiCl, DMF, 150 °C 80-90% 13
2 9 KHMDS, THF -78 °C to rt 30% 13
3 9 K2CO3, KI, DMAc N.R.a

4 9 DBU, THF 70 °C N.R.a

5 14 (1) BBr3; (2) KHMDS 74% 15
a Isolated starting material.

Table 2. Cyclization of Anisolic Fluoroalkyl
Tetrahydrofluorenones

entry substrate conditions yield product

1 17a LiCl, DMF, 150 °C 67-90% 18a
2 17a KHMDS, THF -78 °C to rt 73%a 18b
3 17b LiCl, DMF, 150 °C N.R.b

4 17b KHMDS, THF rt N.R.c

5 17b (1)BBr3; (2) KHMDS 67% 18c
a 93:7 product:s.m. by 1H NMR. b Major product in a complex reaction

mixture is the alkyl chloride. c Isolated starting material.
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