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The well known ease of react ion of fluoroketones with olefins [1] permit ted us to assume that the r e -  
action with more  nucleophilic vinyl ethers  will p roceed  under ra ther  mild conditions. However, according 
to the patent data [21, certain per f luoro-  and chloroperf tuoroketones ,  including hexafluoroacetone, react  
with vinyl e thers  only when heated to 100 ~ forming a mixture of oxethane (I) and its l inear i somer  - theun- 
sa turated carbinol {II).* 

It was found that hexafluoroacetone reacts  with vinyl e thers  even at room temperature ,  forming only 
the p r i m a r y  react ion product  - oxethane. Nitroperf luoroacetone,  which is even m o r e  active, reac t s  at 
0.5%? 

Rr, \ R f , \  
C--O -}- C H ~ = C H - - O R  ---> C O (I) 

/ / I  I 
RI~ Rt, CH~--CH--OR 
(Ia) (Ib) (Ic) (Id) 

Rh=CF 3 Rf~CF a Rh=CF a Rf~=CF a 
Rf~=CF a RL.=NO2CF 2 Rh=CF a RG~NO2CF 2 

R=C~ft5 R = C = H a  R=CaH9 R = Call, 

The IR spec t ra  of the oxethanes obtained do not contain absorption bands in the region of the C=C 
double bond and the OH of the hydroxyl group. The p a r a m e t e r s  of the PMR spect ra  of the oxethanes are 
presented in Table 1. We analyzed the th ree -sp in  sys tem of the four -membered  r ing for a sys tem of the 
type ABX. It is interest ing to note the weakening of the electron density on the protons of the fou r -mem-  
bered ring when one fluorine of the t r i f luoromethyl  group is replaced by a nitro group. 

The oxethanes (I) Obtained, in contrast  to the oxethanes (III), which i somer ize  even at room tempera-  
ture, forming an c~,fi-unsaturated es ter  [61, i somer ize  only af ter  prolonged heating to 100 ~ or  under the ac- 
tion of catalytic amounts of concentrated H2SO4, forming unsaturated carbinols (II). 

O 

C - - , a  ~ C = C H - - C - - O E t  
C F ' / t ~ ' ~  I CF3"/ 

H C ~ C - - O E {  
(IH) 

R~,"~C__ o RF~C__CH~CH__Op 

H 2 C - - C I - I - - O R  cone,. H2804 
{1[ a) (IIb) (IIc) (IId) 

RFT~ CFa RFT= CF3 RFI= CFa RF----- CFa 

RF2 = CFa RF2= NO2CF2 RF2---- CF3 RF2~- NO=CF 2 

R ----- Calls R = C=Hs R = C4H9 R ---- C4bLa 

([i} 

* We have found no examples of react ions of nonfluorinated ketones with vinyl ethers  in the l i tera ture .  
Aldehydes, on the other  hand, reac t  with vinyl ethers when heated in the presence  of acid catalysts  (BF3, 
B F 3 etherate ,  ZnC12, etc.), forming either 2 ,6-dia lkyl-4-a lkoxy-1,3-dioxanes  [3] or  fi-alkoxyaldehydes and 
fi-alkoxyketones [4], depending upon the nature of the aldehyde and catalysis .  
~- Perf luorocyclobutanone undergoes cyelodimerizat ion at room tempera ture  even with such a weak nucleo- 
phile as perf luoroalkylperf luorovinyl  ether  [5]. 
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TABLE 1 

No. l{h 

I a CFa 
t b CP~ 
I C CF,  
r d c~, 

TABLE 2 

N o .  ]qLt~ 

R f  z 

CF.  C~H~ 
CF~NO~ C,H~ 

CFs C4H, 
CF~NO= C,H, 

Chemical shift of 
Rf~ RI~ 

\ /  
C-  O' 

C G 
/ \  

H' H' H'/~OR 

2(HD ~(H'  R 8(H9 

3.03 1 2.82 5.52 
3.2l ~ 2.99 5.54 
2 .98 |2 .77  5.49 
3.27 | 3.06 5.56 

3.70 l - -  
3.68 I 
3.62 1.~7 
3.62 1.52 

1.23 12.86 
1 2~, t5.42 
0.90 t3.7i 
0.92 i5.~2 

Spin-spin interaction 
constant, Hz 

< < 

4.97 4.97 
5.i:~ 5,t~ 
4.97 4,97 
5.i~ 5.t4 

< 

67o 

L 

% 

Chemical shift of 

kfl>C--CH,=CH~__OI~ 
Rf~ O[H 

Ita 
IIb 

C P-I cF~ 
CF: 
c F ;  

RL. 

C F 
NO2CF~ 

CF, 
NO~CF2 

C2H~ 
C2Hs 
C,H~ 
C~H. 

~(H9 

6.86 
6.83 
6.9~ 
6.97 

~(H ~-) 

~.74 3.6/* 
4.7i 8.65 
4.80 5.30 
4.8i ~.10 

z g 

3.82 
3.8I 
5.78 | ~ 3  
3.89 t.50 

1.30 
1.29 
6,90 
0.89 

t Spin-spin inter- 
]acdon constant, 

HZ 

i2.3:~ 
t2.8:s 
12.69 
12.00 

6:? 
6,0 

6.86 
6.86 
6.70 
7,2 

1 

7.2 
6.7 
6.0 
6.0 

Distinct absorption bands in the regmn of the C=C double bond and the OH of the hydroxyl group ap- 
pear in the IR spectra of  the unsaturated carbinols (II). In the PMR spectra of the unsaturated carbinols 
(II) in weak magnetic fields, two doublets are observed,  characterist ic  of a sys tem of the type AB. The 
chemical shifts and spin-spin interaction constants of the unsaturated carbinols are cited in Table 2. 

We had earl ier  uti l ized the catalytic decomposition of carbinols containing the nitrodifluoromethyl 
group at the a-carbon atom to synthesize  trifluoromethyt ketones [1,7].  The carbinol (IIb) undergoes an 
analogous decomposition.  

NO2CF.. 
\ 

C--CH --CtI--OC2H5 K~co% NO2CF~|{ ~- CFa--C--CII-:-CH--OCJI~ 
/ I z~ II 

CF~ Oil 0 

(ub) (iv) 

The yield of the fi-ethoxyvinyltrifluoromethyl ketone (IV) thereby formed is c lose  to quantitative, and 
this reaction can be used as a convenient preparative method for synthesizing trif luoroalkyl-f i-alkoxyvinyl 
ketones.  

EXPERIMENTAL 

The IR spectra were taken on the UR-10 instrurhent. The PMR spectra were taken on the "Hitachi 

H-60" instrument in a solution of CC14, using tetramethylsilane as the internal standard. The chemical 
shifts, cited in Tables 1 and 2, were measured in the 6-scale. 

2- (Ethoxy-4,4,-bis (trifluoromethyl)oxethane~la). A mixture of 11.5 ghexafluoroace- 
tone and 5 g ethylvinyl ether was sealed into a glass ampule. After half an hour, the reaction product was 
distilled off. Yield 14.9 g (90% of the theoretical) (Ia) with b.p. 57 ~ (60 mm); ni~1 1.3330. Found %: C 35.27; 
H 3.41; F 47.95. CTHsF602. Calculated %: C 35.29; H 3.36; F 47.90. 

2-Ethoxy-4-trifluoromethyl_4_nitrodifluoromethyloxethane(Ib). To 28.9 gnitro- 
perfluoroacetone, chilled to 0-5 ~ 10.8 g of ethylvinyl ether was added dropwise. Redist-~'ation under vac- 
uum yielded 27.8 g (70%) (Ib) with b.p. 54-56 ~ (5 mm); ni~t 1.3715. Found %: C 31.64; H 3.00; F 36.79. 
C?HsFsNO 3. Calculated %: C 31.69; H 3.01; F 35.85. 
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2 - B u t o x y - 4 , 4 - b i s ( t r i f l u o r o m e t h y l ) o x e t h a n e ( I c ) .  Into 5 . 8 g b u t y l v i n y l e t h e r ,  p l a c e d i n a  
f lask equipped with a d ry  ice cooler ,  we pa s sed  9.65 g of hexaf luoroacetone.  Redist i l la t ion under  vacuum 

221.3525. Found %: C 40.59; H 4.53. CgH12F602 . Cal- yielded 11.2 g (72.5%) (Ic) with b.p.  50-51 (10 mm); n D 
culated %: C 40.60; H 4.51. 

2 - B u t o x y - 4 - t r i f l u o r o m e t h y l - 4 - n i t r o d i f l u o r o m e t h y l o x e t h a n e ( I d ) .  F rom 1 5 g n i t r o -  
pe r f luoroace tone  and 7.7 g butylvinyl e ther ,  analogously to the product  0b), we obtained 14.8 g (65%) of a 
liquid with b.p. 50-51 ~ (2 mm);  nD ~81.3835. Found %: C 36.25; H 4.19; F 32.17. C9HI2FsN104. Calculated %: 
C 36.86; H 4.096; F 32.08. 

f l - E t h o x y v i n y l - b i s ( t r i f l u o r o m e t h y l ) c a r b i n o l ( l I a ) .  A 7 - g p o r t i o n o f  (la) was heated at 
100 ~ for 5 h. Redis t i l la t ion under  vacuum yielded 5 g (71.5%) {IIa) with b.p. 73 ~ (30 ram); nl~~ 1.3550. 
Found %: C 35.26; H 3052; F 48.00. CTHsF602. Calculated %: C 35.29; H 3.36; F 47.90. IR spec t rum:  1675 
(C=C), 3460 cm - I  (OH). 

f l - E t h o x y v i n y l t r i f l u o r o m e t h y l n i t r o d i f l u o r o m e t h y l c a r b i n o I ( I I b ) .  A 2 . 3 - g p o r t i o n o f  
(Ib) was heated  in a sea led  ampule  at 100 ~ for  3 h. Yield 1.8 g (78.2%) (lib) with m.p.  50-51 ~ (heptane). 
Found %: F 35.83; N 5.48. CTHsFsNO 4. Calculated ~:  F 35.85; N 5.28. IR spec t rum 1670 (C=C); 3360 (OH); 
1360 and 1600 cm - t  (NO2). 

f i - B u t o x y v i n y l - b i s ( t r i f l u o r o m e t h y l ) c a r b i n o l ( l l c ) .  To 4.5 g(lc) we added two drops of 
concent ra ted  H2SO 4. After  the exo thermic  reac t ion  had ended, redis t i l la t ion under  vacuum yielded 3.6 g 
(80%) ([Ic) with b.p. 42-44 ~ (3 ram); ni~9~ Found ~: C 40.26; H 4.49; F 42.89. C9HI2F602. Calculated 
%: C 40.60; H 4.51; F 42.89. IR spec t rum:  1680 (C=C); 3430-3500 cm -1 (OH). 

f i - B u t o x y v i n y l t r i f l u o r o m e t h y l n i t r o d i f l u o r o m e t h y l c a r b i n o l ( I I d ) .  F rom 3.2 g (Id), 
analogously to product  (IIc), we obtained 2.05 g (64%) (ld) with b.p. 74-75 ~ (3 ram); ni~Z 1.4010. Found %: C 
37.52; H 4.36; F 32.07. C9H12FsNO4. Calculated %: C 36.86; H 4.096; F 32.08. IR spect rum:  1665 (C=C): 
3400-3550 (OH); 1360 and 1610 cm -1 (NO2). 

T r i f l u o r o m e t h y l L f i - e t h o x y v i n y l  k e t o n e  (IV). A 2 .8-g  port ion of (lIb) was heated with a 
catalyt ic  amount of po tash  at a t e m p e r a t u r e  of 100-110 ~ Dif luoroni t romethane,  identified by gas-- l iquid 
chromatography ,  was dist i l led off. Redis t i l la t ion under  vacuum yielded 1.7 g (96%) (IV) with b.p. 60 ~ 
(23 ram); ni~51.404. Found %: C 42.93; H 4.37; F 34.56. C6HTF302. Calculated ~: C 42.85; H 4.16; F 33.92. 
IR spec t rum:  1720 (C=O); 1600 cm -~ (C=C). 

C O N C L U S I O N S  

The reac t ion  of per f luoroke tones  with alkylvinyl e the r s  leads to 2 -a lkoxy-4 ,4 -b i s  (perfluoroalkyl) 
oxethanes,  subsequent  i somer iza t ion  of which yielded f i -alkoxyvinyl-bis  (perf luoroalkyl)carbinols .  
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