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Asymmetric Fluorination of Enamides: Access to α-Fluoroimines   

using an Anionic Chiral Phase-Transfer Catalyst  

 The importance of fluorine in medicinal chemistry (Gouverneur et al, Chem. Soc. Rev., 2008, 37, 320) has 

driven the development of new methods for enantioselective introduction of fluorine into small molecules. 

 The Toste group recently reported a new approach to enantioselective fluorination using chiral phosphate 

anions to enable phase transfer catalysis. Specifically this relies on the transfer of insoluble Selectfluor into 

the solution phase by exchange of it’s tetrafluoroborate counterions with chiral phosphates: 

Asymmetric Fluorination Chiral Anion Phase Transfer Catalysis 

Asymmetric Enamide Fluorination - Reaction Concept and Optimisation 
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Asymmetric Enamide Fluorination - Scope of the Reaction 

Rauniyar, V.; Lackner, A. D.; Hamilton, G. L.; Toste, F. D. Science 2011, 334, 1681. 

 Tetralone-derived enamides deliver products containing a quaternary fluoro-stereocentre with high selectivity: 

 We tentatively propose a model  to explain the observed absolute stereochemistry, based on the 

computational model of Simón and Goodman regarding the reaction of ene-carbamates with N-

acylimines and nitrosobenzene (Simón, L.; Goodman, J. M. J. Org. Chem. 2011, 76, 1775.) 

 Significant advances have been made towards this end in the past decade, employing asymmetric catalysis 

(for a review, see: Sodeoka et al, Adv. Synth. Catal. 2010, 352, 2708). Leading examples include: 

 The β-fluoroamine motif is one of remarkable utility; the presence of a β-fluorine has been established to lower 

the pKa of the amine nitrogen, impacting binding, metabolism and other pharmacological properties 

(Diederich, Kansy, Müller et al ChemMedChem 2007, 2, 1100).  

 Direct asymmetric synthesis of β-fluoroamines is currently a challenge. Several methods for their indirect 

synthesis have been published relying on combination of existing protocols. For example (Schulte and 

Lindsley; Org. Lett. 2011, 13, 5684):  

 Indanone-derived enamides also perform well in our fluorination reaction, bearing a range of substitution: 

 We anticipated that unsubstituted enamides might deliver products that would be prone to racemisation, but 

this proved not to be the case, with stable products that are isolable on silica gel without epimerisation: 

 Chloro- and bromo- substituted enamides participated in the fluorination, delivering products in high 

enantiomeric excess. Such products are challenging to obtain asymmetrically, in particular the geminal 

fluorobromo compound 2w: 

 Reactions were run using the following optimised conditions, with the exceptions noted below. In several 

cases, we found that using 3-hexanol as an additive resulted in improved enantioselectivities.  

 Finally, the products of our reactions were amenable to ready and selective elaboration and the potentially 

epimerisable 2o was reduced with LiAlH4, without any loss of enantioselectivity, to give the enantioenriched 

β-fluoroamine 3o: 

 We anticipate that  the enamide would reside so as to put the bulk of the tetralone in an ‘open’ 

quadrant, with the amide group occupying a ‘closed quadrant’ (see above). Additionally, we 

speculate that the extraordinarily high tolerance of our reaction towards substitution on the 

enamide (R1, see scope studies) as well as an existing stereocentre at the 3-position may reflect 

that these positions point away from the catalyst and thus have no effect on catalyst-substrate 

binding.  

 We envisaged that fluorination of an enamide using our chiral anion phase-transfer strategy may deliver 

a stable and isolable α-fluoroimine, primed for potential elaboration to a wide range of β-fluoroamines, 

and thus tested several classes of enamide under different conditions: 

 We found that our catalytic system delivers extremely high selectivity even in the presence of an existing 

stereocentre:   
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 Although we could remove the aromatic portion of the substrate in some cases and retain selectivity, this 

ultimately revealed the current limitation of the reaction: 

Model to Rationalise Observed Selectivity 


