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Abstract 

The interaction of perfluoroalkylacetones of formula R,CH&OCH, (R,=n-C,F,, n-C4F,, n-C,F,,, n-C,F,,) with ammonia and primary 
and secondary amines has been studied. In all cases, nucleophilic reagents initially dehydrofluorinate the starting ketone, and then substitution 
of the vinyl fluorine atom by a nucleophile occurs to give aza analogues of P-dicarbonyl compounds R,C(NR,)=CH-C(O)CH,; their 
hydrolysis yields the corresponding P-diketones under mild conditions. 

Perfluoroalkylacetones react with sodium alkoxides to give compounds of formula R&(OR),CH,COCH3, whose acidic hydrolysis also 
results in P-diketones. 

Keywords: Synthesis; Petiuoroalkylacetones; Nucleophilic reagents; NHR spectroscopy; IR spectroscopy; Mass spectrometry 

1. Introduction 

Previously we developed a technique for obtaining per- 
fluoroalkylacetones by the radical perfluoroalkylation of iso- 
propenylacetate [ 11. 

There are considerable synthetic opportunities for perfluo- 
roalkylacetones determined by the combination of several 
active centres in the molecule: the activated carbonyl group, 
the mobile hydrogen atoms, and the adjacent CF, and CH, 
groups which ensure easy dehydrofluorination of these com- 
pounds resulting in the formation of a reactive double bond. 

2. Results and discussion 

In this paper we report data on the reactions of pertluo- 
roalkylacetones with 0- and N-nucleophiles. 

As expected, perfluoroalkylacetones I can be very easily 
dehydrofluorinated by the action of triethylamine in ether at 
0 “C. In this case, cY,/3-unsaturated ketones II are isolated in 
quantitative yields: 

RF-CF,-CH,-$-CH, 
Et,N 

0 
(1) 

R,CF=CH-i-CH, 

0 
(11) 
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where R,=C,F, (a), n-&F, (b), n-C,F, 1 (c) or n-C,F,, 
Cd). 

The interaction of ketones I with ammonia, primary and 
secondary amines does not stop at the point of formation of 
+3-unsaturated ketones but yields aza analogues of p- 
diketones: 

RR’NH 

I - R,-C ( NR2) =CH-$-CH, 

0 

[R=R’=H (III), R,=&F, (a), n&F, (b), n-C,F,, 
(c), n-C,F,, (d); R=H, R’=CH,, R,=C2Fs (IV); 
R = R’ = CH3, R, = C2Fs (V) ; R,R’ = (CH,),, R, = C,F, 
(WI 

H&4 
I 

b C,F, -C-CH, 
II 
0 

(VW (RF = C,W 

RF-C(NRR’)=CH-$-CH3 

H201H+ 
) RF-$-CH,-$-CH, 

0 0 

(VIII) 



We could expect that acid hydrolysis of compounds III, 
IV, V and VI would lead to P-dikctones. However, heating 
P-aminovinylketones with cont. H,SO, gives pentafluoro- 
ethylmethylketone (VII) as the sole product in quantitative 
yield. Hydrolysis carried out under milder conditions (shak- 
ing with dilute HCl at room temperature) makes it possible 
to proceed from aminovinylketones to P-diketones VIII. 

As expected, all the /?-diketones VIII obtained are pure 
enols and a chelate structure was assigned to them based on 
‘H and “F NMR spectra. 

H 

However, we would emphasize that the NMR spectra of 
compound VIIIa (R,- = C,F,) contain the signals of the cor- 
responding diketone form, whose content is lS%-2%. 

Like trifluoroacetylacetone, the first representative of this 
series, P-diketones VIII, are pale coloured liquids with a 
characteristic odour which arc stable on storage. Low-tem- 
perature distillation in vacua allowed us to isolate colourless 
samples, but these samples became coloured within several 
days even if they were stored at low temperature although no 
changes wcrc recorded in the IR and NMR spectra. 

Like aliphatic P-dicarbonyl compounds, P-diketones VIII 
formed chelates when shaken with an aqueous solution of 
copper( II) acetate. We note that the colour of the P-diketon- 
ates depends on the length of the perfluorocarbon chain (for 
R,=C2F,, the colour is lilac; for R,= C,F,,, the colour is 
bright blue). 

Sodium alkoxides react with ketone Ia at room temperature 
in a solution of the corresponding alcohol. This reaction is 
likely to proceed in accordance with Scheme 1 presented for 
the reaction of ketones I with amines. Hydrogen fluoride is 
eliminated to give a a,P-unsaturated ketone II, followed by 
nucleophilic substitution of the vinyl fluorine atom by an 
alkoxy group. 

RONdROH 

Ia A [ C,F,-CF=CH-C( O)CH,] 
(11) 

A [C2FS-C(OR)=CH-C(O)-CH?] 

, C,F,-C(OR),-CH,-C(O)-CH, 

[ R=CH3 (IX) ; R=C,H, (X) 1 

Scheme 1. 

We isolated the corresponding ketals as reaction products 
in both the cases we studied. These ketals are formed as a 
result of the addition of an alcohol to the intermediate ether. 

Heating ketals IX and X with P,05 leads to elimination of 
one molecule of alcohol to give the alkyl ethers of the p- 
diketone enols XI and XII in almost quantitative yield. 
Hydrolysis of the products XI and XII also allowed us to 

obtain ,&diketone VIIIa (even under vigorous conditions) 
in high yield. 

PzO5 

IX (or X) -----+ C,F,-C(OR)=CH-C(O)-CH, 

[R=CH, (XI); R=C,H, (XII)] 

3. Experimental details 

‘H and ‘“F NMR spectra were recorded on a Bruker AC- 
200 X instrument (200 MHz for ‘H and 188.3 MHz for IYF), 
with TMS and CF,COOH as references. Mass spectra were 
obtained on a VG 707OE spectrometer (70 eV) . IR spectra 
were recorded on an UR-20 instrument. 

3.1, Preparation of the cx,@uwaturated ketones II 
(general procedure) 

A solution of ketone I ( 1 mol) and triethylamine ( 1 .l 
mol) in dry diethyl ether (ca. I g of solvent per 1 g of ketone 
I) was refluxed for 5-7 min and cooled to room temperature. 
Then the liquid part of the reaction mixture was separated, 
washed with dilute HCI ( 1: 1) and water, and dried over 
MgSOJ. After removing solvent, enone II was isolated by 
distillation (see data in Table 1). 

3.2. Preparation of aminoenones III (general procedure) 

Ammonia (3 mol) was introduced into a solution ofketone 
I ( 1 mol) in dry diethyl ether (ca. 10 g of solvent per 1 g of 
I) ; NH, was passed over the surface of the solution with 
vigorous stirring. The thickened reaction mixture was then 
cooled to room temperature and stirred for 1 h. The liquid 
part of the reaction mixture was separated, poured into water 
(the water volume was four-times greater than the ether vol- 
ume), the organic layer separated and the aqueous layer 
extracted twice with ether. The ether extracts were combined 
with the organic layer and dried over K&O,. After removal 
of the solvent, the residue was recrystallized from hexane or 
distilled to give III (Table 1) 

3.3. Preparation of 4-methylamino-5,5,6,6,6-pentajuoro-3- 
hexene-2-one (IV) 

Product IV (9.0 g, 84%) was obtained from ketone Ia 
( 11.3 g, 0.05 mol) and methylamine (5.0 g, 0.16 mol) using 
the procedure reported in Section 3.2 (Table 1) 

3.4. Preparation of 4-dimethylamino-5,5,6,6,6penta$uoro- 
3-hexene-2-one (V) 

Product V (19.2 g, 84%) was obtained from ketone Ia 
(22.6 g, 0.1 mol) and dimethylamine (15.0 g, 0.33 mol) 
using the procedure reported in Section 3.2 (Table 1) . 
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3.5. Preparation of 4-piperidino-5,5,6,6,6-pentafluoro-3. 
hexene-2-one (VI) 

To a solution of ketone Ia ( 11.3 g, 0.05 mol) in 100 ml of 
dry ether, a solution of freshly distilled piperidine (15.0 g, 
0.18 mol) in 20 ml of dry ether was added dropwise with 
vigorous stirring. A temperature of 15-25 “C was maintained. 
After addition of piperidine was complete, the reaction mix- 
ture was stirred for 2 h at room temperature. The liquid part 
of the reaction mixture was separated, poured into cold water 
(500 ml), the organic layer separated, washed with water 
(3 X 20 ml) and dried over MgSO,. The solvent was 
removed, and distillation gave VI ( 10.5 g, 78%) (Table 1) . 

3.6. Reactions of heptajuoropropylacetone with alkoxides 

To a solution of ketone Ia (22.6 g, 0.1 mol) in 50 ml of 
dry methanol, a solution of sodium methoxide [prepared by 
dissolution of Na (4.6 g, 0.2 mol) in 100 ml of dry methanol] 
was added dropwise at 10 “C for 2 h with vigorous stirring. 
The reaction mixture was warmed to room temperature and 
stored overnight. The reaction mixture was then poured into 
cold water (2 1, 0 “C), the organic layer separated and dried 
over K,CO,. The solvent was removed and distillation gave 
IX (16.6 g, 66%, b.p. 122 “C/140 mmHg). MS, m/z: 219 
(M - OCH3). “F NMR S: 2.7 (3F); 43.8 (2F) ppm. ‘H 
NMR 6: 2.2 (3H); 2.9 (2H); 3.4 (6H) ppm. IR (u, cm-‘): 
1728 (C = 0). Analysis: Found: C, 38.2; H, 4.3; F, 39.4%. 
CsH,,F,03 requires: C, 38.4; H, 4.4; F, 38.0%. 

Product X (16.8 g, 60%, 186188 “C) was obtained from 
Ia (22.6 g, 0.1 mol) by a procedure similar to that described 
above. X: MS, m/z: 233 (M -O&H,) +. lYF NMR S: 2.4 
(3F);44.2 (2F) ppm. iHNMR 6: 1.3 (6H,J=7.6Hz); 2.3 

(3H); 3.1 (2H); 3.9 (4H, J=7.6 Hz) ppm. IR (v, cm-‘): 
725 (C = 0). Analysis: Found: C, 43.0; H, 5.6; F, 34.0%. 
C,,H,,F,O, requires: C, 43.2; H, 5.4; F, 34.2%. 

3.7. Synthesis of /3-diketones VZZZ from /3- 
aminovinylketones (method A) and P-alkoxyvinylketones 
(method B) 

Method A 
A mixture of P-aminovinylketone III was refluxed with 

dilute ( 1: 1) HCl for 1 h and cooled to room temperature. The 
organic layer was separated, washed with water and distilled 
over P,Os (Table 1) 

P-Diketone VIIIa was obtained in a similar manner from 
other derivatives IV, V and VI in 57%, 40% and 75% yield, 
respectively. 

Method B 
P-Alkoxyvinylketone (XI or XII) (obtained by heating 

ketals IX or X with excess P205) was heated with an equal 
volume of cone H,SO,. Distillation gave pure VIIIa in 94% 
and 89% yield from XI and XII, respectively. 
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