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A simple transformation of alkynol or enyne derivatives into 
cyclic alkenyl fluorides by means of using tetrafluoroboric 
acid as the proton and fluoride source is reported. This study 
includes the first biomimetic cationic cyclization / 
nucleophilic fluorination reaction of polyenyne derivatives to 
give terpenoid derivatives.  

Although fuorinated organic molecules are rarely isolated from 
natural sources, organofluorine compounds are exceptionally 
important bioactive products with an unquestionable value as 
pharmaceuticals, agrochemicals, new materials and Positron 
Emission Tomography (PET) imaging agents.1 As a 
consequence, the field of synthetic fluorine chemistry has 
experienced an incredible increase in research activity over the 
past few years.2 However, the establishment of new cost 
effective fluorination protocols by using simple fluorinating 
reagents remains as a challenging goal. 
The introduction of fluorine into an organic molecule can be 
achieved by using either an electrophilic or a nucleophilic 
fluorinating reagent.1,2 Although important advances have been 
accomplished in the field of electrophilic fluorination, this 
strategy still requires for the use of expensive and sensitive 
non-conventional reagents that in most cases behave as active 
oxidants. Much more appealing is the use of nucleophilic 
fluorinating reagents using abundant and inexpensive fluoride 
sources. However, the main problem of this strategy is 
precisely the weak nucleophilic character of the fluoride anion. 
In an attempt to overcome the difficulties associated to the 
formation of C-F bonds by either of these strategies, chemists 
have recently developed several ingenious methods based on 
the use of metal mediated or catalysed processes that efficiently 
provide organofluorine molecules.3 However, if possible, the 
use of metal-based methods in late stage fluorinations should be 
avoided in order to facilitate the purification of the final 
products. Finally, it should be noted that although a great 
variety of methods for the synthesis of aryl- and alkyl-fluorides 
have been developed, a much more undeveloped field is the 
synthesis of alkenyl-fluorides.4 Thus, the development of new 
efficient methods for the synthesis alkenyl fluorides seems an 

area of high interest. In this context, we devised a nucleophilic 
fluorocyclization strategy to access to cyclic alkenyl fluorides 
based on a very simple concept that surprisingly has not been 
exploited till now (Scheme 1).5  
 

 

Scheme 1. Our approach to get cyclic alkenyl fluorides 

Thus, we supposed that alkynyl-substituted alcohols 1 would 
produce the cationic species 2 under treatment with an acid. 
This cation could be trapped by the alkyne to deliver a new 
alkenyl cation 3 that in the presence of an appropriate source of 
fluorides should evolve to the corresponding alkenyl fluorides 
4. Support to this simple strategy was found in some recent 
works where alkenyl cations similar to 3, but generated through 
other ways, were trapped by chloride (bromide) anions.6 In this 
context, it should be noted that, as far as we know, a general 
method to trap alkenyl cations with fluorides has not been 
reported. On the contrary, the formal trapping of aryl cations by 
fluorides coming from a tetrafluoroborate anion, is the basis of 
the well-known Balz-Schiemann synthesis of aryl fluorides.7 
All the above commented facts made us to be confident about 
the viability of our proposal and in particular about the 
possibility of trapping the alkenyl cation intermediate 3 by 
fluoride anions if the reaction were performed in the absence of 
any other nucleophile. Thus, we thought that tetrafluoroboric 
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acid could be the ideal reagent to perform our devised reaction 
because it would provide the proton necessary to generate the 
initial carbocation 2 and also the fluoride to trap the alkenyl 
cation 3.8 However, we were aware about the more than likely 
competing reaction of formation of a ketone derivative as 
recently reported by Y. Yamamoto and co-workers.9 In this 
process the alkenyl cation 3 is trapped by the molecule of water 
formed in the initial dehydration reaction of 1. Perhaps, the 
occurrence of this “undesired” process is eventually the reason 
why our proposed reaction has not been developed. Thus, our 
goal was to supress the above commented hydration reaction 
and then we thought that an appropriate selection of the solvent 
of the reaction could be crucial. In this sense, solvents where 
the in situ formed water was as much insoluble as possible 
could be ideal (i.e. alkanes). In fact, to our delight, we found 
that hexynol derivatives 1 reacted with one equivalent of 
tetrafluoroboric acid diethyl ether complex (HBF4.Et2O) in 
hexane as solvent at room temperature to give the 
corresponding cyclohexenyl fluorides 4 in very high yield 
(Scheme 2). 
 

 

Scheme 2. Synthesis of cyclohexenyl fluorides 4a-n from alkynols 
1. a 8 hours were required for completion of the reaction. 

As shown, the reaction allowed the synthesis of cyclohexenyl 
fluorides 4 substituted at several positions. Particularly 
interesting are those dihydronaphthalene derivatives 4k-m 
easily obtained in high yield. The reactions were very fast (20 
minutes) for secondary and alkyl-substituted tertiary starting 
hexynol derivatives 1. The reaction time had to be extended 
only for tertiary alkynol derivatives containing two aryl groups 
(4h-j). It should be noted that the reaction worked perfectly for 
terminal alkynes leading exclusively to the 6-endo cyclization 
products 4 shown. However, when internal alkynes were used 
the reaction lacked generality and usually no reaction or 
formation of mixtures of different products was observed. 
Moreover, we were not able to extend this methodology to the 
synthesis of other cycloalkenyl derivatives with a different ring 
size. Instead of a limitation, in some cases, this can be an 
advantage. Thus, when two alkynes are present in the starting 
material 1 a selective reaction is observed. For example, 
compound 4n obtained from the di-yne derivative 1n, was 
isolated in very high yield as a result of a cyclization involving 
just one of the alkynes. No competitive reaction of the other 
alkyne in the cyclization process was noticed and then the 
remaining alkyne could be used for further functionalization. 
Finally, we have verified that the reaction can be performed on 
a gram scale by easily preparing 2.6 grams of 4a in one batch 
without problems. 
 

 

Scheme 3. Cyclic alkenyl fluorides 4o,p from enynes 5a,b 

As shown in Scheme 1, the first step of this reaction is the 
formation the cationic species 2. Theoretically, these cations 
could be accessible not only from alkynol derivatives 1 through 
a dehydration reaction but also from enyne derivatives through 
a protonation of the alkene moiety. Then, we tried our 
fluorination conditions on enyne derivatives 5a,b (Scheme 3). 
As shown, the desired fluor-containing products were obtained. 
These results demonstrate that interesting fluorinated 
heterocyclic compounds such as the tetrahydropyridine 
derivative 4o are also easily available through this strategy. 
In an attempt to show some of the potential of our methodology 
we have performed some simple biomimetic polyene 
cyclizations (Scheme 4). Thus, when geraniol-derived dienyne 
6a and nerol-derived dienyne 6b were reacted with one 
equivalent of HBF4.Et2O in hexane as solvent at room 
temperature, the corresponding fluorinated bicyclic 
meroterpenes 7 were obtained in high yield after a short 
reaction time (20 min).10 As far as we know, these are the first 
examples where a nucleophilic fluorination process is implied 
in a cationic biomimetic cyclization.11 
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Scheme 4. Biomimetic cyclizations of polyenyne derivatives 6 to get 
terpenoids 7 

Conclusions 
In summary, we have developed a novel reaction for the 
synthesis of cyclic alkenyl fluorides where the source of 
fluoride is simply tetrafluoroboric acid. This process 
complements and challenges the conventional fluorination 
reactions. Moreover, this reaction is one of the very few 
examples of fluorinative cyclization reactions where the 
incorporation of the fluorine atom occurs by nucleophilic 
addition of the fluoride anion. The process, in a global sense, 
could be considered as a variant of the Balz-Schiemann reaction 
to get alkenyl fluorides instead of aryl fluorides. The reaction 
here described is fast, safe, cost effective, high yielding, 
technically very simple, scalable and it proceeds without the 
need of any metallic reagent or catalyst. Therefore, we 
anticipate its potential in the synthesis of bioactive 
pharmaceuticals and 18F-labelled tracers. Also, we have 
developed an unprecedented biomimetic cationic cyclization / 
nucleophilic fluorination reaction to yield interesting 
fluorinated terpenoid derivatives. This is the first biomimetic 
cationic poly-cyclization / nucleophilic fluorination reaction. 
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