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Abstract 
The addition of perfluoroahryl halides RfX (1) (X = I, Br) to ethyl propiolate (2) has been 
performed smoothly with zinc powder and a catalytic amount of bromo- 
(pyridine)cobaIoxime(III) (3) in ethanol. The product (4) was a mixture of Z- and E- 
isomers, with the former predominating. 

The introduction of per(poly)fluoroalkyl groups into organic molecules 
is of great use in industry as well as in the laboratory [ 11. The perfluoroalkylation 
of alkynes has been extensively studied for this purpose during the past 
years [2]. The products thus formed still contain a double bond capable of 
further reaction [Ba, 31. Due mainly to the electron-deficiency of the per- 
fluoroallql radical Rr- , there are few reports about the perfluoroalkylation 
of electron-deficient carbon-carbon multiple bonds such as those in acrylates 
[4] and propiolates [2e]. 

In a previous paper [5] we described a bimetal redox system, i.e. 
bromo@yridine)cobdoxime(IIIJ (3)/zinc powder (see p. 114), which was 
able to promote the addition of perfluoroalkyl iodides to acrylates. Further 
studies on this redox couple show it could similarly initiate the direct 
hydroperfluoroalkylation of ethyl propiolate (2) with perfluoroalkyl halides 
R,X (1) (X= I, Br). The results obtained are shown in Table 1. 

RrX + CH = CCO,Et Cobaloxime(S’IZn ’ R&H= CHCOBEt 

(1) (2) (4) 

(la: &=ClC,Fs, X=1; lb: Rr=C1C6FIP, X=1; lc: Rr=C,Fg, X=1; Id: Rf=C6F,e, X=1; le: 
Rf=C1C6F1a, X=Br; If: Rf=CaFia, X=Br; lg: &=&Fir, X=Br) 
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CI,H,9BrCoN,0,, when R = CHB 

TABLE 1 

Hydroperlhioroalkylation of propiolate (2) with RrX (1) initiated by the Corm redox couplea 

Entry RfX 
(1) 

Temp. Time 

(“C) 01) 

Product (4)b 
(ES) 

Yieldd 

(o/o> 

1 (la) 25 8 ClC,F,CH=CHCO,Et (4a) 85.2 
(26:74) 

2 (lb) 25 5 CICGF&H=CHCOaEt (4b) 81.8 
(13:87) 

3 (lc) 20 7 C,F,CH= CHCOaEt (4~) 73 
(9:91) 

4 (Id) 25 5 CGF,,CH=CHCOzEt (4d) 82.5 
(14:86) 

5 (le) 25 8 ClCGF,&H=CHC02Et (4b) 71 
(25:75) 

6 (If) 30 7 CGF,,CH=CHCOzEt (4d) 76 
(30:70) 

7 (W 30 10 C,Fi&H=CHCOaEt (4e) 65 
(28:72) 

“Molar ratio of (1):(2):Zn:(3)=3:1:4.5:0.02 (when X=1) or 1:1:1.5:0.02 (when X=Br). 
bathe structure of (4) was characterized by MS, IR, ‘H NMR, “F NMR and microanalyses. 
‘Estimated by GLC. 
%olated yield based on (2). 

As shown in Table 1, the reaction was performed at ambient temperature 
and usually completed within a few hours. Excess reactants (1) were necessary 
for the complete conversion of (2) in the case of iodides [(la)-(la)], as a 
considerable amount of (1) was converted to R,H. The adduct (4) thus formed 
was a hydroperfluoroalkylation product of (2) such compounds being pre- 
viously obtained by the Pd-catalyzed perfluoroalkylation and carbo-carbon- 
ylation reactions [ 61. It consisted of a mixture of Z- and E-isomers, with 
the former predominant. 

In the absence of (3), no hydroperIluoroalkylation adduct (4) could be 
isolated in parallel experiments. 
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Experiwmatal 

General procedure 

A suspension of Zn powder and cobaloxime (3) in EtOH [cu. 3 ml 
mm-‘(l)] was stirred under Nz for more than 0.5 h. When the reaction 
mixture turned green, (2) and (1) were added dropwise over 0.5 h. The 
shn-ry so formed was stirred for several hours (see Table 1). After that the 
mixture was poured onto ice/water and filtered. The filtrate was extracted 
with ether. Usual workup gave the corresponding product (4). 

Analyses 

(4a): Cakd. for CgH&1F802: C, 32.31; H, 2.11; F, 45.42%. Found: C, 
31.53; H, 1.97; F, 47.53%. IR: 1740(C02Et), 1660(CH=CH)cm-‘. ‘H 
NMR(neat): G(ppm) 5.54-7.44(m, 2H), 4.29(q, 2H, J= 7.4 Hz), 1.32(t, 3H, 
J= 7.4 Hz). “F NMR(neat): 6@pm) - 7.7(s, 2F), 34.2-41.5(m, 2F), 44.1(s, 
2F), 47.3(s, 2F). MS: 335(M + l), 307, 289(M-OEt). 

(4b): Calcd. for C,iH&1Fi202: C, 30.40; H, 1.62; F, 52.46%. Found: 
C, 30.20; H, 1.59; F, 51.98%. IR: 1740(COaEt), 1660(CH=CH)cm-‘. ‘H 
NMR(CC1,): 6(ppm)5.40-7.44(m, 2H), 4.25(q, 2H, J=6.5 Hz), 1.30(t, 3H, 
J=6.5 Hz). “F NMR(CC1,): @ppm)- 9.5(s, 2F9, 32.9-40.7(m, 2F), 43.6(s, 
2F), 44.7(s, 4F), 46.3(s, 2F). MS: 435(M + l), 407, 389(M-OEt). 

(4~): Calcd. for CgH7Fg02: C, 33.98; H, 2.22; F, 53.74%. Found: C, 
34.09; H, 2.37; F, 54.15%. IR: 1740(CO,Et), 1660(CH=CH)cm-‘. ‘H 
NMR(neat): G(ppm) 5.35-7.30(m, 2H), 4.24(q, 2H, J=6.5 Hz), 1.28(t, 3H, 
J=6.5 Hz). “F NMR(neat): G(ppm) 6.2(s, 3F), 34.9-44.0(m, 2F), 49.0(s, 
2F), 50.7(s, 2F). MS: 319(M+l), 291, 273(M-OEt). 

References 
1 M. Hudhcky, Chemistry of Organ&uorine Compounds, 2nd. Edn., Eilis Horwood, Chich- 

ester, England, 1976. 
2 For recent reports and references cited therein, see: (a) K. Baum, C. D. Bedford and R. 

J. Hunadi, J. Org. Chem., 47 (1982) 2251. (b) T. Fuchikami and I. Ojima, Tetrahedron 
Lett., 25 (1984) 303; (c)T. Kitazume and N. Ishikawa, J. Am. Chem. Sot., 107 (1985) 
5186; (d) Q.-Y. Chen and Z-Y. Yang, Acta Chim. Sin., Engl. Ed., (1986) 370; (e) W.-Y. 
Huang, L. Lu and Y.-F. Zhang, Chin. J. Cha., (1990) 348; (f) C. M. Hu, Y. L. Qiu and 
F. L. Qing, J. Fluorine Chem., 51 (1991) 295. 

3 M. Gauthier, I. Rico and A. Lattes, J. Org. Chem., 55 (1990) 1500. 
4 (a)Y. Maki and K. Inukai, J. Synth. Org. Chem. Jpn., 34 (1976) 722; @)Y.-F. Zhang, L. 

Lu and W.-Y. Huang,Acta Chim. Sin., Engl. Ed., (1989) 376; (c) N. Kamigata, T. F’ukushima, 
Y. Terakawa, M. Yoshida and H. Sawada, J. Chem. Sot., Per-kin Trans. I, (1991) 627. 

5 C. M. Hu and Y. L. Qiu, Tetrahedron L&t., in press. 
6 H. Urata, H. Yugari and T. Fuchikami, Chem. I&t., (1987) 833. 


