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SYNTHETIC COMMUNICATIONS, 23(13), 1887-1895 (1993) 

THE SYNTHESIS OF y,&ETHYLENIC PERFLUOROALKYL KETONES 

VIA CIAISEN REARRANGEMENT 

C.Driss, M.M.Chaabouni and A.Baklouti” 

Laboratoire de Chimie Organique Structurale, Faculte des Sciences 

de Tunis, Campus Universitaire, 1060 Tunis, Tunisie. 

ABSTRACT: y,6 ethyienic perfluoroalkyl ketones, described for the 

first time, were prepared through the Claisen rearrangement of 

ally1 F-alkylated vinyl ethers. 

The Claisen rearrangement’ is one of the most widely used 

methods for preparing fonctionalized carbonyl compounds. In the 

present work, a new class of hemifluoroalkyl ketones2 was 

obtained through the thermal rearrangement of F-alkylated ally1 

vinyl ethers to y,&unsaturated perfluoroalkyl ketones 

To wliom corrcspondcncc should bc adrcsscd 

1887 

Copyright 0 1993 by Marcel Dekker, Inc. 
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1888 DIUSS, CHAABOUNI, AND BAKI,,OUTI 

The starting ethers were formed, under phase transfer 

catalysis in basic medium, from the 0-alkylation reaction between 

1 -F-alkyl-2-f luoroethanols3 and allylic halides. As observed when 

alkylating agents were epichlorohydrin4 or methylene chlorides, 

the dehydrofluorination reaction takes place under these conditions 

for some of them. As the others, for which this dehydrofluorination 

reaction was partial or absent, the action o f  KOH at 100°C in 

triethyleneglycol (TEG) is needed to prepare the corresponding F- 

alkylated allyl vinyl ethers. 

KOHlTEG 
.-p RF-C-OAIIYI 

100°C I1 
CH 2 

1 1' 

1 

The prepared starting material ethers ( l a - i )  are given in table I .  

The thermal rearrangement of these C-2 perfluoroalkyl allyl vinyl 

ethers takes place without a solvent nor a catalyst in sealed tube 

at 95-100°C. The results related to this reaction are given in table 

11. 

These results are in agreement with those known for ally1 vinyl 

ethers substituted on C-2 by electron acceptor or electron donor 

groups such as F6, CN', CF38 or OCH39. Recently, it has been shown 

that the Claisen rearrangement is remarkably accelerated when 

fluorine atoms are present at C-1 and C-2 positionlo. This is the 

case for the C-2 F-alkylated ones for which the rearrangement 
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y,G-ETHYLENIC PERFLUOROALKYL KETONES 1889 

F$ 

QF9 

QFl3 

QF17 

chF17 

QF9 

QFi7 

QFl3 

QFi7 

Q F u  

Table I: C-2  perfluoroalkyl ally1 vinyl ethers prepared from 1-F-alkyl- 
2-fluoroethanols R~-CHOH-CH* F and allylic halides 

Time 
(h) 

4 

8 

6 

24 

24 

24 

24 

24 

6 

h t t y  

- 
l a  

i b  

l c  

I d  

l e  

I f  

lg  

lh 

l i  

- 
'ield ' 

( O h  1 - 
61 

52 

74 

45 

4G 

50 

62 

40 

40 

I_ 

a. Ratio of Jlyl vinyl ether and fl -fluoroJlyl ether obtained from I-F-alkyl- 
2-fluoroctbanol and dyl ic  halide unde r  phase transfer catalysis condition. 
b. AVE: Ally1 viayl ether 
c. Keld of isolated ptue AVE 
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1890 DRISS, CHAABOUNI, AND BAKLOUTI 

T a b l e  11: die ClsJseri  r ea r r angemen t  of C-2 perfluoroalkyl ally1 vinyl e thers .  

QI: I - q J 
c 

r emp 
(T) 

35 

- 

9; 

35 

100 

100 

3; 

95 

9; 

a 
2 50 

- 

i i e l d  
( 9 6 )  

100 

100 

100 

90 

90 

?O 

90 

90 

45 

a. Ttic rexuon IS i u r l c d  oui in rnonogiynic 
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y,G-ETHYLENIC PERFLUOROALKYL KETONES 1891 

began Qn storage in a refrigerator and was achieved e.asily and 

quantitatively at 95-1 00°C. 

When the alkylating agent is the benzyl chloride, the 

rearrangement of the corresponding benzyl ether (1 i )  doesn't take 

place. As for the other vinyl benzyl e thers l l ,  the starting material 

is regenerated after 48 H at 1 7 O O C .  In the monoglyme at higher 

temperatures (250°C) for 9 days, the C-2 F-alkylated vinyl benzyl 

ether ( l i )  was transformed into ketone identified as C g F i  3 - C O -  

CH2-CH2-Ph (2i).  This  compound appear to arise by a free radical 

chain process which is highly probable in these conditionsl2. 

Ph-CH, ' i CH,= C-O-CH,-Ph - Ph-CH,-CH,-C-O-CH,-Ph 
I I 

c6F13 C6F13 

EXPERIMENTAL 

' H  N M R  spectra were obt:\ined on ;i Jeol NM-PMX apparatus (60 

MHz) using CDCt3 as solvent and 19F NMR spectra on a Bruker AC 

200 (188,3 MHz) using CDC13 ;is solvent and CFC13 as reference. 

Mass spectra were obt:iined on it Nermag R 10- IOC spectrometer. 

lnfrared Spectra were recorcid o n  a Perkin-Elmer 681 instrument. 

3 -Brornocyclo l~cxe~~e  W:IS prepared by a reported procedurel3. 

Synthesis of F-alkvlared :illy1 vinyl ethers 

General procedure:  To ;I vigorously stirred mixture of 50% wjw 

aqueous s o d i u m  hydroxide (6  ml), diethyl ether ( 5  ml) and 

t e t r a b u t ~ t n ~ n i n o ~ i i u m  hydrogen su l fa te  0 ,17g  (5.10-4 mol), a 

solution of 1 -F-alkyl-2-Ttuoroeth:~no13 (5.10-3 mot.) and freshly 
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1892 DRISS, CHAABOUNI, AND BAKLOUTI 

distilled al l \ , l ic  halidi .  (5 ,5 .10-3  mol) i n  5 nil of diethyl ether is 

added dr.op\vi>c ;II Iooiii trniperature. After addition, the mixture is 

main ta ined  ; I (  40°C during 4 10 24 1-1. The reaction mixture is poured 

on ice/\v:iter ( 2 0  mi).  The iiqueous phase is extracted with dierhyl 

ether. The org;inic l a ) , t . r  is dried over irnydrous MgSO4, the solvent 

ev;ipor;itetl ; i n d  111s ri-,iilue distilled. Eiliers ( l e - I ) ) ,  for which the 

deli).drofluoriii:iiioii i.e:Lc,iiotl W : I S  p;irii;tl or  absent: to a solution of 

] , I 2  g ( 2 . 1 0 - 2  niol) ol' K01-1 iri IOml of triethyleneglycol 4.10-3 m o l  

of R~-CI-1(0:2liyl ')-Ct12I- is xitled ai  room temperature. The reaction 

niixrure \VBS  stirred :it  IOO°C for 15 mn. After cooling, 20ml of 

water w;is :itlded. 'l%e : ICJU~OUS phase is extracted with diethyl 

ether. The o r g a n i c  I:iyer is dried over M g S O 4 ,  the solvent 

evaporated a n d  i l i e  rebitlue distilled. 

Synthesis of' y .  6 - e I I1 y I e n i  c 

Gene ra l  p ruced  ure:  pzrfluoro:rlhyl ally1 vinyl ether was sealed in 

pyrex tube snd  Iie;tted 10 Y5-100°C for 24 to 48 hours. On cooling, 

the contents 0 1  ilie rubc disr i l lsd.  

pe rt'l u o roH I k \/ I ketones 

N o  n a f I u o ro b u t y 1 but - 3 -en y I ketone ( 2 a ) : 
B.P:64"C/65 torr. IR (CHC13): v= 1760cm-1 ( G O ) .  1H NMR (6 ppm): 

2,50 (t, 2H, J =  6,O Hz);  2,86 ( m ,  2H); 4,80-5,30 (m, 2H); 550-6,20 

(m,, 1 H ) .  19F NMR (6 ppm): -81S (3F, CF3); -121,l (2F,CF2a); -123,8 

(2F. CF2p), -126,3 (2F, C F 2 w ) .  Mass m/z(%): 83(52 ) ;  69(22); 

55(100); 41 (28). 

Tr ideca f I u or oh e x y I b u I - 3 -e n y1 ke to ne ( 2 b ) : 

B.P: 82"C/45 torr. IR (CHC13): v=  1760 cm-1 (C=O). 'H N M R  (6 ppm): 
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7,G-ETHYLENIC PERFLUOROALKYL KETONES 1893 

2,50 (t, 2H, J= 6,O Hz), 2,86 (m, 2H), 4,80-5,30 (m, 2H),,5,50-6,20 

(m, 1H) '9F NMR (6 pprn) -81,6 (3F, CF3), -121,l (2F,CFza); -122,8 

(ZF, CF2p), -122,9 (2F, CF2.{), -123,5 (2F, CF2F), -126,9 (2F, CF2w) 

Mass ni/z(%). 83(43); 60(17); 56(15); 55(100); 53(19); 41(33). 

He  p t xlec n f l u or ooc t y I b 11 I -3 - e ii y I ketone ( 2 c ) : 

B.P: 84"C/17 torr IR (CHC13). v =  1760 cm-1 ( G O ) .  1H NMR (6 ppm): 

2,50 (t, 2H, J= 6,O Hz); 2,86 (rn, 2H); 4,80-5,30 (m. 2H);  530-620  

(m, IH). 19F NMR (6 ppm): -81,4 (3F, CF3); -120,8 (2F,CF2a); -121,8 

(2F, CF2p); -122,4 (6F, (CF2)3y); -123,2 (2F, CF26); -126,7 (2F, 

C F2w). 

H e  p t adeca f l uorooc t y I (c yc I o hex -2 -en y I ) met h y I ketone ( 2 d ) : 

B.P: 86OC10,l torr. IR (CHC13): v= 1760 cm-' ( G O ) .  'H  NMR (6 ppm): 

1,OO-220 (m, 6H); 2,70 (s, 2H); 2,33-3,OO (m, I H ) ;  5,30-6,OO (m, 

2H). 19F NMR (6 ppm). -81,5 (3F, CF3); -120,9 (2F,CF20.); -121,O (2F, 

CF2p); -122,6 (6F, (CF2)3y); -123,4 (2F, CF2F); -1 26,8 (2F, C F ~ W ) .  

Mass rn/z(%): 542(22, M+. ) ;  124(15); 123(63); 96(14); 95(65); 

81 (94); 80(92); 79(60); 77(15); 69(26); 67(37); 55(25); 54(18); 

5$(46); 52(10); 51(15); 43(9); 42(24);;41(100). 

Nonafluorobutyl(cyclohex-2-enyl) methyl  ke tone  (2e): 

B.P: 80°C/15 torr. IR (CHC13): v =  1760 cm-1 (C=O). 1H NMR (6 ppm): 

1,00-2,20 (in, 6H); 2,70 (s, 2H); 2,33-3,00 (rn, 1H); 5,30-6,OO (m, 

2H). 

He p t adec :if I u o r o oc t y I 

B.P: 102"C/17 tau. [I< (CHC13): v=  1760 mi-' (C=O). 'l-1 NMR (6 pprn): 

l , l 5  (s, 6H); 2,70 (s, 2H):  4,75-5,15 (111, 2H); 5.63-6,16 (m, IH).  

2,2 - d i m e  t h y  I b u t - 3 -en  y 1 ke  t o n e ( 2 f )  : 
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1894 D N S S ,  CHAABOUNI, AND BAKLOUTI 

Tr i de ca f l  u o 1-0 I1 e x y 1 

B.P:  S3"C/25 torr. I R  (CI-IC13): v =  1760 cm-1 (C=Oj. IH NMR (6 ppm): 

1,15 (s, 6H); 2,70 (s, 2tI);  4,75-5,15 ( m ,  3H); 5,63-6,16 (m, 1H). 

2,2 - d i 111 e t Ii y I b u t - 3 -en y 1 ketone ( 2  g ) : 

"F N M R  ( 6  PPIII): -81,6 (3F, CF3); -120,9 (2F,CF2a); -122,2 (2F, 

CF213); -123.8 (2F, CF2'/); -123,5 (2F, CF26); -126,9 ( Z F ,  C F ~ W ) .  

Heptad ec :L tl u ooc t y I 2 - 111 e t I1 y I b u t - 3 - e 11 y I ketone ( 2 h ) : 

B.P: 90°C/17 toi'r. IR (CHC13): v =  1760 cn1-l (C=O). I H  NMR (6 pprn): 

1,10(d, 3 H ,  J =  6.01-12); 1,70 (111, 1 flj; 2,76 (m,  2H); 4,83-5,26 (m, 2H), 

5,50-5,83 (111, 1 H). 

Triclecafluorotiex)/I phenylethyl ketone ( 2 i ) :  

A sealed tube containing 2 g of I-tridecafluorohexyl vinyl benzyl 

ether and I m l  of monoglyine was heated to 250°C for 9 days. On 

cooling, the contents of the tube distilled. 

B.P.: 74"C/ 0,15 torr. IR (CHC13): v =  1760 cm-I (C=O). 1H NMR (6 

ppm): 3,00(s, 4H); 7,23 ( s ,  5 H ) .  1 9 F  NMR (6 ppm): -81,7 (3F, CF3); 

-120,9 ( ~ F , C F ~ U ) ;  -1  2 2 , 2  (4F, (CF2)2P); -123,5 (2F, CF;ly);-I26,9 (2F, 

CF2w). Mass rn/z(O/,): 133(40);  106(6); 105(68); 91(100); 77(12); 

69(13). 

A c k n o w l e d g m e n t :  we tliniik AI'OCHEM for. gift of perfluoroalkyl- 

e thylene .  
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