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2-F-Alkylated 1-aza-1, 3-dienes, easily prepared from 

1H-F-1-alkenephosphonates, smoothly underwent the addition 

of cyanotrimethylsilane in the presence of a catalytic amount

of palladium(II) acetate or chloride to give β,γ-unsaturated

α-F-alkyl-a-amino nitriles and/or γ-F-alkyl-γ-amino nitriles

in good yields.

 There is increasing interest in partially fluorinated organic compounds 

owing to their specific properties,l) especially biological or physiological 

activities. Amino acids, including s,y-unsaturated ones,2a-c) are one of the 

most important, bioactive compounds2) and, therefore, the development of the 

method for the synthesis of such compounds bearing an F-alkyl substituent is of 

much value both synthetically and biologically.3) 

 In our continuing studies to extend the synthetic utilities of fluoro 

alkenephosphonates and their derivatives,4) we have found that 2-F-alkylated 1-

aza-1,3-dienes can be prepared in two steps from 1H-F-1-alkenephosphonates and 

that they react readily with cyanotrimethylsilane under the influence of a 

transition metal salt. 

 This communication describes a new addition of cyanotrimethylsilane to 2-

F-alkyl-l-aza-1,3-dienes catalyzed by a palladium(II) salt or trimethylsilyl 

triflate, which can serve as a convenient route to S,y-unsaturated a-F-alkyl-a-

amino acids.

1-H-F-1-Alkenephosphonates (1) were allowed to react with aqueous methyl-

amine in ether at room temperature to give S-iminoalkanephosphonates (2) in 

high yields.5) Treatment of the phosphonates (2) with lithium diisopropylamide 

(LDA) in ether at-78 C followed by addition of an aldehyde afforded trans 

isomers of the corresponding 2-F-alkyl-l-aza-1,3-dienes (3) in good yields,6)
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which could be isolated by column chromatography on silica gel. The yields of 

3 and their vinylic coupling constants are summarized in Table 1. 

 Table 1. Synthesis of 1,3-dienes (3)

a) The values are the coupling constants between two vinylic 

 protons on newly-formed double bond. 

b) The coupling constant could not be determined.

 Cyanotrimethylsilane (4), a useful reagent for introducing a cyano group, 

is known to add readily to carbonyl and imino compounds in the presence of a 

Lewis acid such as zinc iodide, aluminium(III) chloride, and titanium(IV) 

chloride. 7) These Lewis acids, however, were not effective at all for the 

addition of 4 to the imino functional group of 2-F-alkylated 1-aza-1,3-dienes 

(3), resulting in the formation of complex products.

 Transition metal salts are expected to allow this reaction to proceed 

successfully, by virtue of their coordination to an olefinic linkage. In fact, 

palladium(II) salts were found to promote the addition reaction of 4 

efficiently. When F-alkylated 1-aza-1,3-dienes 3 were treated with cyanotri-

methylsilane 4 in the presence of a catalytic amount (20 mol%) of palladium(II) 

acetate or chloride, the corresponding s,y-unsaturated a-F-alkyl-a-amino 

nitriles (5)6) and/or y-F-alkyl-y-amino nitriles (6)6) were obtained in good 

yields through 1,2-and 1,4-addition of 4, respectively. The results of the 

reaction are summarized in Table 2. This reaction did not occur in the absence 

of palladium(II) salt. Salts of other transition metals such as tetrakis-

(triphenylphosphine)palladium(0) and dichlorobis(triphenylphosphine)nickel(II) 

did not effect the present addition reaction, the starting 1-aza-1,3-dienes 

being recovered unchanged. The contents of 1,2-adducts (5) in the product are
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in the range of 65-100%. Of most significance is that in the case of F-

alkylated 1-aza-1,3-dienes (3) bearing an additionl conjugative group such as 

propenyl or phenyl, the addition reaction of 4 proceeded regioselectively to 

give 1, 2-adduct (5) exclusively. 

Table 2. Reaction of 2-F-alkyl-1,3-dienes (3) with 4

a) A: (CH3)3SiOTf 10 mol%, 4 d; B: Pd(OAc)2 20 mol%, 4 d; C: (CH3)3SiOTf 

 10 mol%, 2 d; D: PdCl2 20 mold, 4 d; E: without Pd(II) salt; 

 F: (CH3)3SiOTf 10 mold, 1 d; G: Pd(OAc)2 20 mold, 3 d. 

b) The values present the coupling constants between vinylic protons in the 

 1, 2-adducts 5. 

c) The starting material 3 was recovered.

 Table 2 also shows the results of the reactions conducted by use of 

trimethylsilyl triflate. With a catalytic amount of trimethylsilyl triflate 

instead of palladium(II) salt, the compounds (6) were mainly obtained in good 

yields. Even in the presence of this catalyst, however, only the corresponding 

1, 2-adducts (5) were formed from 2-F-alkyl-l-aza-1,3-dienes (3) carrying a 

conjugative group. 

 The general procedure for the present reaction is as follows: S-Imino-

alkanephosphonate (2) (5mmol) was added to an ethereal solution of LDA (6 

mmol) at-78 C and the mixture was allowed to warm up to 0 C over 30 min. An 

aldehyde (5.5mmol) was added dropwise to the resulting mixture at-78 C. 

After being stirred overnight at room temperature, the reaction mixture was 

quenched with aqueous NH4Cl and was subjected to extraction with ether. The
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usual treatment gave the product (3). A mixture of F-alkyl-1-aza-1,3-dienes 

(3) (1mmol), cyanotrimethylsilane (4) (3mmol), and palladium(II) acetate (0.2 

mmol) in CH2Cl2 (2.5ml) was stirred at room temperature for 4 days under a 

nitrogen atmosphere. The reaction mixture was poured onto a mixture of ether 

(10ml) and aqueous 5% NaOH (10ml) followed by filtration through a Celite 

bed, extraction with ether, drying (Na2SO4), and evaporation. Chromatography 

on silica gel of the crude product gave pure s,y-unsaturated a-F-alkyl-a-amino 

nitriles (5) and/or y-F-alkyl-y-amino nitriles (6).
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