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rated α-amino acid derivatives have gained a considerable 
n in the field of biological and medicinal chemistry.1 Due 

rse reactivity of the multiple bonds they serve as important 
g blocks for the incorporation of the different functional 
aging groups by, e.g., metal-catalyzed transformations.2 
compounds are often used in peptide chemistry to induce 
operties via the restriction of their side-chain flexibility.3 
 them, a-propargylated a-amino acids and their 

ives attract a particular interest because they are the 
n motifs in a range of biologically active compounds.4

he same time, a-fluoromethyl a-amino acids constitute a 
 family of amino acids, which can act as highly selective 
ors of a number of important decarboxylases with a broad 
m of interesting biological activities.5 One of the most 

g examples is d,l-a-difluoromethyl ornithine 
ithine) applied for the treatment of African sleeping 
, the pneumonia associated with acquired immune 
ncy syndrome (AIDS), and to treat excessive facial hair 
 (hirsutism) in women as well.6 Therefore, the 
pment of new representatives of α-fluoromethyl α-amino 
ncluding their unsaturated derivatives is of great interest.

have recently described an efficient method for the 
ation of α-CF3-substituted dehydro ornithine derivatives 
on CuI-catalyzed hydroamination of trifluoromethyl-
ing α-allenyl α-amino carboxylates with aliphatic 
.7 Now we report on the convenient synthesis of novel 
substituted γ,δ-didehydro lysine derivatives via the 

Mannich reaction of orthogonally protected α-propargyl 
α-amino acids with paraformaldehyde and secondary amines 
under Lewis acid catalysis (see also Online Supplementary 
Materials, Figure S1). In the course of our ongoing studies on the 
development of new efficient methods for the preparation of 
fluorinated amino acids bearing unsaturated substituents8 in 
their structure including allenyl groups9 we commenced our 
investigation with the reaction of easily accessible N-Cbz 
protected α-propargyl α-CF3-a-amino ester 18(a) with para
formaldehyde in the presence of dibenzyl amine and CuI in a 
hope to access allene 2 under typical Crabbe reaction10 
conditions. However, instead of allene 2 the corresponding 
amino alkyne 3a has been isolated as a result of the Mannich-
type transformation (Scheme 1). All our further attempts to 
redirect the reaction towards allene formation varying different 
amines, Cui-catalysts and solvents failed. Despite this, given the 
importance of fluorinated ornithine and lysine derivatives, we 
decided to study a scope and limitation of the found Mannich 
reaction that has just few applications in amino acid chemistry to 
date.11

Thus, orthogonally protected α-propargyl α-CF3-a-amino 
esters 1 (N-Cbz) and 1' (N-Boc) were involved in Mannich 
reaction with different secondary amines under optimum 
conditions found for the preparation of 3a, namely, by heating of 
amino ester acetylene in dioxane at 90  °C with 2.5 equiv. of 
paraformaldehyde, double excess of amine and 30 mol% of CuI. 
In all studied cases, the reaction goes to the completion within 
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icient and selective access to novel aa  -CF3-substituted 
ehydro lysine derivatives and their phosphorus 
ues has been developed via the Cu-catalyzed Mannich 
n of aa    -amino aa    -propargyl aa    -trifluoromethyl 
ylates or phosphonates with different secondary 

s and paraformaldehyde.
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  1  Reagents and conditions: i, CuI (30 mol%), 1,4-dioxane, 90 °C, 16 h.
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Scheme  2  Reagents and conditions: i, HNR2, (CH2O)n, CuI (30 mol%), 
1,4-dioxane, 90 °C, 16 h.
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16  h to afford new α-CF3-substituted γ,δ-didehydro lysine 
derivatives 3a-e and 3'a-e in good to excellent yields (Scheme 2).

α-Amino phosphonates are currently under extensive 
investigation in medicinal chemistry as important surrogates of 
the corresponding α-amino acids.12 For this reason, we 
performed the reaction of available a-propargyl α-amino 
phosphonate 413 with morpholine, piperidine and dicyclohexyl
amine using the conditions found for amino ester analogues 1 
and 1'. As a result, new phosphorus analogues of α-CF3-γ,δ-
didehydro lysine 5a-c were obtained in good yields after the 
purification by flash chromatography (Scheme 3).

To demonstrate one of the possible synthetic applications of 
the compounds obtained, typical catalytic hydrogenation of the 
triple bond of compounds 3'c,d was accomplished to yield the 
corresponding lysine derivatives 6a and 6b (Scheme 4).

In summary, we have developed an efficient and selective 
access to novel α-CF3-substituted γ,δ-didehydro lysine 
derivatives and their phosphorus analogues via the Cui-catalyzed 
Mannich reaction of trifluoromethyl-containing α-propargyl 
α-amino carboxylates or phosphonates with different secondary 
amines and excess of paraformaldehyde. We anticipate that this 
strategy may provide a new method for the synthesis of valuable 
functionalized CF3-containing compounds with great potential 
for the application in amino acid and peptide chemistry.
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Scheme  3  Reagents and conditions: i, HNR2, (CH2O)n, CuI (30 mol%), 
1,4-dioxane, 90 °C, 16 h.
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Scheme  4  Reagents and conditions: i, H2 (1 atm), Pd/C, methanol, room 
temperature, 24 h.


