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�-Amino acids are components of many natural products a nd precursors of � -lactams. They are used as 
building blocks in the synthesis of novel peptides with biological potential. 1 As a consequence of their high 
importance among pharmaceuticals and drugs the bioa ctive fluorinated compounds have gained
increasing attention last decade. 2 Since only few routes toward the synthesis of fluori nated cyclic �-amino 
acids have been reported so far, 3 our aim was to develop a novel access for the synthesi s of difluorinated
cyclic �-amino acids, based on oxo-fluorine interconversion protocol. Starting from bicyclic �-lactams (1
and 13) the key steps of the synthetic route consisted in t he stereoselective iodolactonization, lactone
opening, oxidation followed by fluorination. 

Scheme 2. Sythesis of difluorinated ethyl 2-aminocyclohexa necarboxylate 9.

Scheme 4.  Synthesis of 5-hydroxylated ethyl 2-aminocycl ohexenecarboxylate 17.

In order to prepare other difluorinated �-aminocyclohexanecarboxylic acid isomers cis -amino acid 14 with a 
cyclohexene skeleton, derived from bicyclic �-lactam 13 was first subjected to iodolactonization, HI 
elimination and lactone ring-opening producing 5-hydrox ylated 2-aminocyclohexenecarboxylate 17 
(Scheme 4). By using similar protocol trans amino acid 18 afforded 5-hydroxylated �-amino ester 21, 
stereoisomer of 17 (Scheme 5). 4b

Scheme 5. Synthesis of 5-hydroxylated ethyl 2-aminocyclo hexenecarboxylate 21.

Scheme 7. Sythesis of difluorinated ethyl 2-aminocyclohex anecarboxylate 27.
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Summary: Starting from bicyclic �-lactams 1 and 13 difluorinated cyclohexane �-amino ester regio- and stereoisomers have been prepared i n six or seven steps. The method was based
on stereo- and regioselective hydroxylation, hydroxyl g roup oxidation and oxo-fluorine interconversion.

Scheme 3. Sythesis of difluorinated ethyl 2-aminocyclohexa necarboxylate 12.

Hydroxylated amino ester 5 by olefinic bond saturation and  hydroxyl group oxidation furnished oxo amino
ester 8, which on treatment with Deoxofluor provided diflu orinated 2-aminocyclohexenecarboxylate 9 
(Scheme 2). Following a similar pathway from 3-hydroxylat ed �-amino ester 6 3,3-difluoro 2-
aminocyclohexanecarboxylate 12, streoisomer of 9 was obtained (Scheme 3).

Both cis and trans 5-hydroxylated 2-aminocyclohexenecarboxylate stereo isomers 17 and 21 were next
transformed by C-C ring double bond saturation under tran sfer hydrogenation conditions and oxidation of 
the hydroxylic function with pyridinium-sulfur trioxide c omplex to the corresponding oxo �-amino acids
23 and 26 with a cyclohexane framework. On treatment wi th Deoxofluor oxo esters 23 and 26 furnished
the corresponding geminal 5,5-difluorinated 2-aminocyc lohexancarboxylate stereoisomers 24 and 27 
(Schemes 6 and 7).
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Scheme 1. Synthesis of 3-hydroxylated ethyl 2-aminocyclo hexenecarboxylate stereoisomers 5 and 6.

Amino acid 2 derived from lactam 1 by stereo- and regiosel ective iodolactonization, followed by HI 
elimination resulted in lactone 4. Lactone opening with Na OEt at 0 °C afforded all cis hydroxylated amino
ester 5, while at 20 °C amino ester 6, stereoisomer of 5 was formed 4a (Scheme 1).

Scheme 6. Sythesis of difluorinated ethyl 2-aminocyclohex anecarboxylate 24.


