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Abstract: 1-Phosphonyloxy-F-l-alkenephosphonates, easily prepared from F-alkanoic acid
chlorides and triethyl phosphite, undergo a unique fluoride ion-catalyzed reaction with
primary and secondary amines or alcohols to afford the corresponding a,B-unsaturated F-
carboxylic acid derivatives in excellent yields, along with diethyl fluorophosphate and
phosphite.

o,B-Unsaturated carboxylic acid derivatives are one of the most valuable compounds in
organic synthesis and a variety of methods have been developed so far for their preparation.

There have been reported, however, very few methods which are effective for preparing per-
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fluorinated analogues,” and they are still generally difficult to obtain,

This communication deals with a new fluoride ion-catalyzed reaction of l-phosphonyloxy-
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F-l-alkenephosphonate with amines or alcohols, providing a simple, efficient method

generally applicable for the synthesis of a,B-unsaturated F-carboxylic acid derivatives.
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The reaction was performed in the following manner. To a solution of a primary or
secondary amine (1.0 equiv) or an alcohol (1.5 equiv) and tetrabutylammonium fluoride (TBAF)
(10-30 molZ, 1M in tetrahydrofuran) in anhydrous CHyCl, was added l-phosphonyloxy~F-l-alkene-
phosphonate (1) at 0°C, The mixture was efficiently stirred at ambient temperature for 2 h,
Quenching of the reaction with water followed by extraction (Et50), drying (Na,S0,), concen-
tration in vacuo, and distillation or column chromatography on silica gel gave analytically
pure product (2).3 The results of the reaction are summarized in Table I.

Cesium fluoride could also be used instead of TBAF as a source of fluoride ion though an
equimolar amount was needed for completion of the reaction., Products derived from secondary
amines, i.e., N,N-disubstituted carboxamides (2, Nu=NR2) were readily converted to the corre-
sponding free acid3 (2, Nu=OH) on silica-gel column chromatography.

Monitoring the reaction by use of 19F and 31P NMR showed that both diethyl fluorophos-
phate and phosphite were concurrently produced as the reaction proceeded. In almost all
reactions, trace amounts of 1H-F-alkanecarboxylic acid derivatives> were detected by 19 NMR,
together with 2. These findings strongly suggest the formation of F-alkylfluoro-
ketene intermediates in the present reaction.4
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Table I. Synthesis of o,B-Unsaturated F-Carboxylic Acid Derivatives 2

Rg Nu Yield (%) E/Z%
CFy NHCH, (CH,) gCH3 91 79/21
NH-c-CgHy 84 80/20
NHCH,Ph 94 83/17
NHCH, (CHy) oOH 73 73/27
N(CH(CHs) ) 80 80/20
OCH,CH 90b 82/18
CF3(CF,)4CF, NHCH,Ph 89 99/1
NHCH,CH=CH, 83 99/1
N(CH(CH3)7)5 83 95/5
OCH,CHy 97° 99/1
CF3(CFy)5CF, NHCH,CH,CHy 88 100/0
NHCH,Ph 94 99/1
OCH,CHj 77° 99/1

a) Determined by 19¢ R analysis. b) An excess amount (1.5 equiv) of
alcohol was used,

Above-obtained carboxamides 2 could be employed to synthesize fluorinated pyrimidinones,
one of the biologically most interesting heterocyclic compounds:5 Treatment of 2 (Rf=CF3)
with urea and triethylamine in dimethylformamide at 120°C for 4 d gave the corresponding 33

in good yields.
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R=n-Oct (55%); R=PhCH, (60%); R=c-Hex (55%)
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