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The react ions  of ~ - f luo roac ry l i c  acid and its der ivat ives  have rece ived  lit t le study up to now. At the 
same t ime,  there  is e v e r y  reason  to believe that these compounds exhibit a quite high react iv i ty  and can 
be widely used for the synthesis  of o ther  c lasses  of organofluorine compounds, including (and in par t icular)  
difficultly access ib le  monofluorides.  The prepara t ion  of T-f luoroglutamic acid [1] can se rve  as an example 
of this.  

In the p resen t  paper  we studied some diene synthesis  and cycloaddition react ions involving the ethyl 
e s t e r  of a - f l uo r oac ry l i c  acid (I). The synthesis  of 1-f luoro-subst i tu ted cyclohexene-  and cye lohexanecar -  
boxylic acids is also in teres t ing  for the reason  that the cyclohexene-  and cyclohexanecarboxyl ic  acids and 
the i r  der iva t ives  manifes t  a definite physiological  act ivi ty [2], while the introduction of fluorine,  as is 
known, can lead to a substantial  change in these proper t ies .  The heating of (I) with 1,3-butadiene (140 ~ 
10 h) leads to the formation of the ethyl e s t e r  of 1-f luoro-A3-cyclohexenecarboxyl ic  acid, the saponifica-  
tion of which gives the f ree  acid, while its hydrogenation over  Pd-black gives the ethyl e s t e r  of 1-f luoro-  
cyclohexanecarboxyl ic  acid 
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(I) adds to p iperylene under these same conditions, giving the ethyl e s t e r  of 1 - f luoro-2-methy l -A 3- 
cyclohexenecarboxyl ic  acid, which r ep resen t s ,  based on the NMR data, a mixture  of geometr ic  i somers  
in a cis : t r ans  rat io of approximate ly  2.5:1; hydrogenation leads to a mixture  of the corresponding i somers  
of the ethyl e s t e r  of 1- f luoro-2-methylcyc lohexanecarboxyl ic  acid 
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The o r tho - s t ruc tu re  of the adduct was adopted by analogy with other  diene synthesis  react ions  in- 
volving piperylene (see [3]). The condensation of (I) with isoprene under the same conditions gave an ad- 
duct, which, also on the basis  of known analogies,  must  be assigned the s t ruc tu re  of the ethyl e s t e r  of 1- 
f luoro-4-  methyl-  A3- cyclohexenec arboxylic acid 
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The react ion of (I) with cyclopentadiene (80 ~ 6 h) leads to a mixture of the endo- and exo- i somers  
(when based onthe carbethoxyl group) of the ethyl e s t e r  of 1-f luoro-2,5-endomethylene-A3-cyclohexanecar  - 
boxylic acid in a 2 : 1 ratio. The configuration of the adducts was proved in conventional manner  - by con- 
vers ion  to the sodium salts and subsequent t rea tment  with iodine and potass ium iodide in aqueous solution; 
here  the salt of the endo- form forms the iodolactone, while the salt  of the exo- fo rm remains  unchanged. 
The exo - i somer  of adduct (I) and cyclopentadiene was obtained again af ter  es ter i f icat ion 
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The heating of (I7 with tetraf luoroethylene and t r i f luorochloroethylene in heptane (170-175 ~ 14 h) gave 
the cor responding  cycloadducts in moderate  yields 
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The F 1~ NMR spect ra  of the synthesized compounds were obtained on a Hitachi H-60 spec t romete r  
(operating frequency 56.4 MHz), using CF3COOH as the external  standard. Their  complete interpretat ion 
requires  additional measurements  and analysis;  here we will l imit  ourselves  only to a br ief  descript ion of 
the spec t ra  of some of the compounds. 

Adduct of (I} and butadiene: the signal in the F 1~ NMR spec t rum represents  a complex multiplet with 
a chemical  shift of 85.5 ppm. Ethyl e s t e r  of 1-fluoroeyclohexane carboxylic acid: broad quintet with a 
chemical  shift of 86.4 ppm. The distance between the lines was about 19 Hz, and the width of each line 
was about 17 Hz. Adduct of (I) with piperylene:  two intense signals (78.5 and 105.0 ppm) and two signals of 
low intensity (73.5 and 84.6 ppm), caused by the presence  of two geometr ic  i somers  of the o-adduct (with a 
predominance of the c i s - i somer ,  the signal of which lies downfieldT, and containing the m-adduct  as im- 
purity,  which also consis ts  of two geometr ic  i somers .  Adduct of (I) with eyclopentadiene: signals of the 
fluorine atoms of the endo- and exo - i somer s  at 71.4 and 80.5 ppm, respectively.  The signal of i~he exo- 
fo rm represen ts  a doublet of doublets, with weak additional splitting (J1 25.6, J2 12.8 Hz; the values of the 
constants agree  with the l i tera ture  data for  analogous sys tems  [417. The signal of the endo- i somer  is a 
broad tr iplet  with additional splitting, the distance between the lines being about 22.5 Hz. The F 19 NMR 
spec t rum of the adduct of (I) with t r i f luorochloroethylene test if ies to the presence  of two geometr ic  i somers .  
The choice between s t ruc tures  (IIa) and (IIb) can be made only on the basis  of additional analysis  of the 
spectra .  

EXPER IME NTA L 

The preparation of (1) is given in [5]. 

Condensation of (17 with Butadiene. A mixture of 9.0 g of (i) and 4.12 g of butadiene was heated in the 

presence of hydroquinone in a 50-ml stainless steel autoclave at 140 ~ for i0 h. Distillation of the reaction 

mass in vaeuo gave 8.5 g (65.4%) of the ethyl ester of l-fluoro-A3-cyclohexeneearboxylie acid with bp 78- 

80 ~ (10 ram); n}~ 1.4447; d~ ~ 1.0872. Found: C 62.51; 62.44; H 7.68; 7.52; F 10.72; 10.57%. CsH13FO 2. Cal- 
culated C 62.77; H 7.61; F 11.03%. Infrared spect rum:  Vma x 1660 (w) (C = C), 1745, 1760 (C = O) cm -1. 

Ethyl Es t e r  of 1-Fluorocyclohexanecarboxyl ic  Acid. A solution of 4.2 g of the ethyl e s t e r  of 1-f luoro-  
A3-eyclohexenecarboxylie acid in 15 ml of ethanol was hyclrogenated at room tempera ture  over  a catalytic 
amount of Pd-black.  The theoret ical  amount of H 2 was absorbed in 2 h. The alcohol was distilled off, and 
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the residue was vacuum-dist i l led.  We obtained 4.0 g of the ethyl es te r  of 1-f luorocyclohexanecarboxylic  
n~ d~ ~ acid with bp 78 ~ (10 mm); 1.4398; 1.0532. Found: C 61.38; 61.15; H 8.65; 8.59; F 10.18; 10.32%. 

CgH15FO2. Calculated: C 62.04; H 8.68; F 10.91%. Infrared spectrum: ~max 1745, 1760 (C = O) cm -1. 

1-Fluoro-A3-cyclohexenecarboxyl ic  Acid. A s t i r red  mixture of 3 g of the ethyl e s t e r  of 1-f luoro-A 3- 
cyclohexenecarboxyl ic  acid and 10 ml of 10% aqueous KOH solution was heated on the water  bath for 1 h, 
followed by extract ion of the neutral  impurit ies with ether ,  while the aqueous layer  was acidified with hy- 
drochlor ic  acid solution (1 : 1) and extracted with ether.  The ether  extract  was dried over  IV[gSO 4, and the 
e ther  was distilled off. We obtained 1.75 g of 1-f luoro-A3-cyclohexenecarboxylic  acid with mp 51-52 ~ (from 
heptane). Found: C 58.06; 58.31; H 6.06; 6.04; F 13.09; 13.18%. C7HgFO 2. Calculated: C 58.31; H 6.29; 
F 13.19%. Infrared spec t rum:  Vma x 1660 (w) (C = C), about 1730 (C = O) cm -i .  

Condensation of (I) with Piperylene.  In a 50-ml stainless steel autoclave was heated a mixture of 3.0 
g of piperylene and 4.9 g of (I) in the presence  of hydroquinone at 140 ~ for 15 h. We obtained 4.25 g (54%) 
of the adduct with bp 86-87 ~ (10 mm); n~ 1.4459; d~ ~ 1.0602. Found: C 63.70; 64.00; H 8.16; 8.00; F 10.76; 
11.06%. C10H15FO2. Calculated: C 64.50; H 8.12; F 10.20%. Infrared spect rum:  Vma x 1660 (w) (C = C), 
1745 (C = O) cm -1. 

Ethyl Es t e r  of 1 -Fluoro-2-methylcyc lohexanecarboxyl ic  Acid. The adduct obtained in the preceding 
experiment  was hydrogenated in the same manner  as the adduct of (I) with butadiene. From 4.2 g of sub- 
stance was obtained 3.6 g of the hydrogenation product  with bp 82-83 ~ (9 mm); 1.4366; 1.0262. Found: 
C 63.33; 63.36; H 8.83; 9.03; F 9.84; 9.72%. C10H17FO 2. Calculated: C 63.79; H 9.10; F 10.9%. Infrared 
spect rum:  Vma x 1740, 1755 (C = O) cm -1. 

Condensation of (I) with Isoprene.  F r o m  3.45 g of isoprene and 5.9 g of (I) in the presence  of hydro-  
quinone (140 ~ 10 h) was obtained 6.6 g (70.6%) of the ethyl e s t e r  of 1- f luoro-4-methyl -A3-cyclohexenecar  - 

o . 28.5 ~ A=11 d18 5 0602 boxylic acid, bp 95-96 (10 mm); n D ..~o• q " 1. . Found: C 64.61; 64.64; H 8.26; 8.32; F 9.40; 
9.61%. C10H15FO 2. Calculated: C 64.50; H 8.12; F !0.20%. Infrared spect rum:  ~max 1680 (w) (C = C), 
1745, 1760 ( C = O )  cm -1. 

Condensation of (I) with Cyelopentadiene. In a sealed glass ampul was heated a mixture of 2.9 g of 
cyclopentadiene and 5.2 g of (I) in the presence  of hydroquinone at 80 ~ for 6 h. We obtained 5.15 g of the 
adduct with bp 82-84 ~ (9 mm); n~ 1.4559; d42~ 1.1212. Found: C 64.33; 64.53; H 6.91; 6.92; F 10.04; 9.85%O. 
C10H13FO 2. Calculated: C 65.20; H 7.11; F 10.31%. Infrared spect rum:  Vma x 1660 (w) (C = C), 1745 (C = O) 
cm-1. 

A mixture of 3.5 g of the obtained adduct and 17 ml of 10% aqueous KOH solution was heated for 1.5 
h, af ter  which the neutral  impuri t ies  were extracted with ether,  while the aqueous solution was acidified 
with HCI to Congo red and extracted with ether.  The ether  extract  was dried over  MgSO 4, and the ether  
was distilled off. Vacuum-dist i l la t ion of the residue gave 2.4 g of a mixture of the endo- and exo- i somers  
of 1-f luoro-2,5-endomethylene-A3-cyclohexenecarboxyl ic  acid with bp 117-120 ~ (10 mm) (the mater ia l  c r y s -  
tal l izes at room temperature) .  The mixture was dissolved in 90 ml of 0.5 N NaHCO 3 solution, to the solu- 
tion was added a solution of 0.76 g of 12 and 1.5 g of KI in 45 ml of water ,  and the whole was allowed to stand 
in the dark for a day. Then the obtained precipi tate  was filtered, washed in success ion with Na2S203 solu- 
tion and water ,  and dried in vacuo. We obtained 0.45 g of the iodolactone with mp 90-92 ~ (from alcohol). 
Found: C 33.99; 33.70; H 2.77; 2.78; F 6.64; 6.78%. CsH8FIO 2. Calculated: C 34.06; H 2.86; F 6.74%. 

The aqueous solution was acidified with HC1 and extracted with ether,  the e ther  solution was dried 
over  MgSO 4, the e ther  was distil led off, and the residue was vacuum-dist i l led.  Exo- l - f l uo ro -2 ,5 -endo-  
methylene-A3-cyelohexenecarboxyl ic  acid has bp 120-121 ~ (10 mm) and mp 54-56 ~ (from heptane). Found: 
C 61.25; 61.01; H 5.60; 5.63; F 12.02; 12.02%. C8HgFO2. Calculated: C 61.53; H 5.81; F 12.25%. The acid 
was converted in conventional manner  to the ethyl es ter ,  which was identified by GLC to be one of the iso- 
m e r s  of the adduet of cyclopentadiene with (I). 

Cycloaddition of (I) to Tetraf luoroethylene.  In a 50-ml stainless steel autoclave was heated a mix- 
ture  of 5.9 g of (I), 5 g of te t raf luoroethylene,  and 0.1 g of hydroquinone in 5 ml of heptane at 170-175 ~ for 
14 h. The heptane was distilled off, while the residue was vacuum-dist i l led.  We obtained 4.8 g (38.5%) of 
the ethyl e s t e r  of 1,2,2,3,3-pentafluorocyclobutanecarboxylic acid with bp 62-63 ~ (55 mm); 21~ 1.3600; d 2~ 
1.3522. Found: C 38.71; 38.71; H 3.23; 3.28%. CTHTF502 �9 Calculated: C 38.54; H 3.23%. Infrared spect rum:  

Vma x 1760 (C = O) cm -1. 
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Cycloaddit ion of (I) to Tr i f luorochloroe thylene .  In the same manner  as in the preceding  exper iment ,  
f r o m  5.9 g of (I) and 5.8 g of t r i f luorochloroe thy lene  was obtained 3.17 g of the cycloadduct  with bp 82-83 ~ 
(30 mm);  n}~ 1.3920; d2~ ~ 1.3912. Found: C 39.94; 36.04; H 3.13; 3.21%. CTHTFr 2. Calculated: C 35.84; 
H 3.01%. In f ra red  spec t rum:  Vma x 1760 (C = O) cm -1. 

Gas - L i q u i d  Chromatography.  The c a r r i e r  gas was hel ium, the solid phase was Chromoso rb  W, the 
liquid phase  was Rheoplex 400 (15%), and the de tec to r  was based  on the heat conductivity.  The pur i ty  of 
the obtained compounds was analy t ica l ly  checked on this phase,  and the endo- and e x o - i s o m e r s  of the ad- 
duct of (I) with cyclopentadiene a r e  s epa ra t ed  on it. The geomet r i c  i s o m e r s  of the cycloadduct  of (I) with 
t r i f luorochloroe thylene  a re  s epa ra t ed  if 20% diethylene glycol succinate  is used as the liquid phase.  We 
were  unable to ch romatograph ica l ly  sepa ra t e  the geomet r i c  i s o m e r s  of the adduct of (I) with p iperylene .  

C O N C  L U S I O N S  

Ethyl a - f l u o r o a c r y l a t e  was introduced into the diene synthes is  react ion  with butadiene, i soprene ,  
p ipery lene ,  and cyclopentadiene,  and into the cycloaddit ion reac t ion  with te t ra f luoroe thylene  and t r i f luoro-  
chloroethylene.  
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