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Previous ly  we had repor ted  the synthesis  and proper t ies  of some polyfluoro-containing keto and enol 
forms of the cyclobutane and cyclohexane se r i e s  [1-3]. The present  paper  is devoted to the synthesis and 
study of the proper t ies  o f l -hydroxyhep ta f luo ro - l - cyc lopen tene  (II).  The la t ter  was obtained by heating 1- 
benzyloxyheptaf iuoro- l -cyc lopentene  (I) in the presence  of cone. H2SO 4, with the simultaneous removal  of the 
volatile products by disti l lation. 
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Eno[ (II) is a co lor less  liquid with bpl01~ It is stable when s tored,  is res i s tan t  to acids (CFaSO3H, 
H2SO4), and easi ly  reac t s  with CH2N 2 to give 1-methoxyheptaf luoro- l -eyc lopentene  (III). Enol(II) is dehydro-  
f luorinated inthe p resence  of water  or  ethanol, and the thus formed hexaf luoro-2-cyc lopen ten- l -one  enters  
into the vinyl substitution reac t ion .  The f luoro-containing/~-subst i tuted cyclopentenones (IVa, b) are  the sole 
products  of these reac t ions .  
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Hexaf luoro-2-cyc lopen ten- l -one  is also the intermediate  product in the react ion of enol (II) with aqueous 
KOH solution, which then undergoes haloform decomposit ion to give the unsaturated acid (V). 
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An at tempt  to obtain the keto form (2-hydroheptafluorocyclopentanone) corresponding toenol  (II) by the 
hydrolysis  of 2-hydroheptafluorocyelopentanone oxime (VI) proved unsuccessful .  The la t ter  does not r eac t  
wish cone. HC1 and decomposes when heated wi~h 80%H~SO 4 solution. It should be mentioned that we previous-  
ly obtained 2-hydropentafluorocyclobutanone [3] and 2-hydrononafluorocyclohexanone [2] under s imi la r  condi- 
t ions.  Oxime (VI) was synthesized as descr ibed  in [4] f rom perf luoroeyciopentene and the free  hydroxylamine.  
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The decarboxylat ion of the dry K salt  of acid (V) gives a ve ry  pecul iar  resul t .  1 - H y d r o - i ,  1 , 4 , 4 , 4 -  
pentafluoro-2-butyne (VII) was obtained as the resu l t  of heating this compound at a tmospher ic  p ressure :  
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Apparently,  the intermediately formed 1-hydropentaf luoro-1,3-butadiene is i somer ized to  acetylene (VII) 
under the influence of KF. A s imi lar  i somerizat ion is descr ibed inthe l i terature  for perfluorobutadtene in 
the presence of CsF [5]. At the same time, it is known that the decarboxylation of the Na salt  of 2, 2, 3 ,3 ,4 ,  
5 ,5 -hep ta f luo ro -4 -pen ten - l -o i c  acid under conditions that differ somewhat from those usedby us leads to per -  
fluorobutadtene [6]. 

EXPERIMENTAL 

The PMR spectra were taken on a P e r k i n - - E l m e r  R-12 spec t romete r  (60 MHz) using HMDS as the Inter-  
nal standard,  while the 19F NMR spectra were takenon a Hitachi spec t romete r  (56.46 MHz) using CF3COOH 
as the external standard.  The chemicalsh i f t s  are  given in ppm from HMDS and CF3COOH, respect ively .  The 
IR spectra were taken on a UR-20 spec t romete r  (as a th in layer) .  The Raman spect rum was recorded  ona  
Ramanor  HG-2S instrument using the 5145 Aline of a CR-8 ionic argon laser  with a power of 100 MW for 
excitation. The mass  spectrum was obta Ined on a AE I MS-30/DS-50 instrument  at an ionizing voltage of 70 eV. 

1-Benzyloxyheptaf luoro- l -cyclopentene  (I). To a s t i r r ed  mixture of 7.5 g of benzyl alcohol and 15.2 g 
of perfluorocyclopentene was added 3 .9  g of KOH in 10 ml of water  at ~0~ The mixture was then s t i r r ed  
for 30 rain at 0 ~ af ter  which the tempera ture  was broughtup to ~ 20 ~ the mix tu rewas  poured intowater ,  and[ 
the lower layer was separated,  dried over MgSO4, and distilled to give 1 2 . 8 g  (61.6%) of (i), bp 62-64 ~ (0.5 
mm). Found: C 48.21; H 2.36; F 44.4t%. CI2H?FTO. Calculated: C 48.00; H 2.35; F 44.31%. PMRspec t rum:  
6.9 s (C~H5), 4.66 d (CH2), JCH2/C F=2.6 Hz. 19FNMR spect rum:  35.5 m (CF2'), 37.6 m (CF2"), 50.7 m (C F 2"), 83.0 
m (CI~. The rat io of the intensities was 2 : 2 : 2 : 1 .  Infrared spectrum (v, cm-t ) :  1725 (C =C). 

1-Hydroxyheptaf luoro- l -cyclopentene  (II). To.  2.8 g of e ther  (i) was added 3-4 drops of cone. H2SO 4 and 
the react ion mixture was heated, with the simultaneous removal  of the volatile products by distillation. We 
obtained 1.7 g (83.5%) of(II), bp 100-103 ~ Found: C 28.58; H 0.6; F 64.00%. CsHFTO. Calculated:  C 28.59; 
H 0.48; F 63.31%. PMR spect rum:  5.7 s (OH). ~gF NMR spect rum:  3 6 . 7 m  (CF2'), 38.5 m (CF2"), 51.2 m (CF2"'), 
84.6 m (CF). 

1-Methoxyheptaf luoro- l -cyclopentene (HI). To an ether  solution ofCH2N 2 (2.1 g of CH2N 2 in 75 ml of 
ether) at --10 ~ was added in drops a solution of 2.3 g of (II) in 4ml  of abs.  e ther ,  af ter  which the tempera ture  
was brought up to ~ 20 ~ and the mixture was distil led. We obtained 1.0 g (40.8%) of (III), bp 101-104~ cf. [7]. 
PMR spectrum: 3.9 d (CH3), JCH3/CF = 3.3 Hz. 19F NMR spectrum: 52.0 m (CF2'), 37.2 m (CF2"), 36.0 m 
(CF2'"), 87.8 m (CF). The IR spectrum coincided with the published spec t rum [7]. 

1 -Hydroxypentaf luoro- l -cyc lopenten-3-one  (IVa).* With s t i r r ing ,  3 .2  g of (II) was added to 4 ml  of 
water .  At the end of exothermic react ion the mixture was cooled to ~20 ~ ext rac ted  with ether,  and dried 
over MgSO 4. The ether  was evaporated,  and the residue was sublimed a t0 .5  mm of Hg to give 1.0 g (35.5~) 
of (IVa), mp 89-93 ~ Found: C 31.97, H 0.9; F51.02%. C5HF502. Calculated: C 31.95; H 0.53; F 50.53%. PMR 
spectrum (in CH3CN): 8.9 s (OH). lSFNMR spectrum (in CH3CN): 44.5 d (C F2', CF2"), 76.2 quint. (CF}, JCF2,/C F = 
JCH2"/C F =8.0 Hz. Infrared spectrum (v, cm-1): 1675 (C =C), 1765 (C =O). 

i -E thoxypenta f luoro- l -cyc lopen ten-3-one  (IVb). To 3 ml of ethanol was added 2.33 g of (ID. Atthe end 
of exothermic react ionthe mixture was poured into water ,  and the lower layer  was separated,  dried over 
MgSO4, and distilled to g ive0 .7  g (27.5%) of (IVb), bp 74-75 ~ (12 ram). Found: C 37.83; H 2.25; F 43.86%. 
CTHsFsO2. Calculated: C 38.90; H 2.33; F43.95%. PMR spect rum:  1.11 t (CH3), 4.34m (CH2) , JCH2CH3 = 6.7, 

JCH2/C F = 2.0 Hz. 19FNMR spec t rum:  41.5 m (CF2'), 46.8 m (CF2"), 77.4m (C F). Infrared spectrum (~, cm -1) : 
1665 (C =C), 1770 (C =O). 

2, 2,3,3,4, 5-Hexafluoro-4-penten-l-oic acid (V). To a stirred solution of 4.4 g of KOH in I0 ml of 
water, cooled to 0 ~ was added4.1 g of (II), maintaining the temperature at 30-35 ~ At the end of exothermic 
reaction the mixture was diluted with 20 ml of water, acidified with conc. HCI, and extracted with ether. The 
ether extract was dried over MgSO 4 andthen distilled to give 2.1 g (51.0q~ of (V), bp95-98 ~ (40 mm). The 
analytical sample was redistilled over a mixture of P2Os and eonc. H2SO 4. Found: C 28.75;HI.13; F 54.13%.. 
CsH2F602. Calculated: C 28.86; H 0.99; F 54.78%. PMR spectrum: 11.6 s (OH), 6.8 dd (CFH), JF/H(gem) - 

70.6, JCH/Fivie) =13.3 Hz. ISFNMR spectrum: 41.0 m (CF2', CF2"), 75.1 ~l.m (CFH), 78.0 (CI~, JF/H(gem) =72.5, 

*The K salt of compound (IVa) was obtained in [8]. 
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JCFH/C F=6.5  Hz. The ra t io  of the in tensi t ies  was 4 : 1 : 1 .  In f ra red  spec t rum (v, cm- i ) :  1730 (C =C), 1765 
(C =0) ,  3100 (OH). 

2-Hydroheptaf iuorocyclopentanone Oxime (VD. With s t i r r ing ,  20.1 g of perf luorocyclopentene was 
added in drops  to a solution of 6.3 g of hydroxylamine in 100 m l  of abs .  e ther ,  maintaining the t e m p e r a t u r e  
below 30 ~ At the end of exo the rmic  reac t ion  the mix ture  was f i l te red ,  and the f i l t ra te  was d is t i l led to  give 
12.3 g of a f rac t ion  with bp 42-44 ~ (11 ram).  Redis t i l la t ion over  a mix tu re  of cone. H2SO 4 andP20 ~ gave 5.0 
g of (VI), bp 33 ~ (8 ram).  Foundl C 26.64; H 0.91; F 59.06~0. CsH2FTON. Calculated:  C 26.68; H 0.89; F 59.09%. 
PMR spec t rum:  5 .4  d . m  (CFH), 9.7 b r .  s (OH), J F / H ( g e m )  = 50.6 Hz .  

1 - H y d r o - !  , 1 , 4 , 4 , 4 - p e n t a f l u o r o - 2 - b u t y n e  (VII). The K sal t  of acid (V) (6.9 g) was heated and the vola-  
tile products  were  col lected in a t r a p ,  cooled to --78 ~ Dis t i l la t ion gave 2.6 g (64.5%) of (VII), bp 8-9 ~ Mass  
spec t rum:  144 (M+), 143 (M + - -  H), 125 (M + -- F), 106 (M + -  2F), 93 (C2F3), 69 (CF~), 51(CF2H). PMR 
spec t rum:  5, 6 t (CF2H), J t t / C H.  =52.0 Hz.  lSF NMR spec t rum:  - -24.1  t . d .  (CF3), 37.4 d. q. (CF2), JCF2/H = 
53.5 ,  JCF2 /CF  3 = 4 . 2 ,  J C H J H  ~ 1 . 6  Hz. R a m a n s p e c t r u m  @, cm-1):2305 (C ~-C). 

C O N C  L U S  I O N S  

1. A method was developed for  the synthesis  of  1 -hydroxyhep ta f luo ro - l - cyc lopen tene  and its p rope r t i e s  
were  studied.  

2. 1 - H y d r o - I ,  1 , 4 , 4 , 4 - p e n t a f l u o r o - 2 - b u t y n e  was obtained for  the f i r s t  t ime  by the decarboxylat ion of 
the potass ium sa l t  of 2, 2, 3 , 3 , 4 ,  5 - h e x a f l u o r o - 4 - p e n t e n - l - o i c  acid.  
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