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Abstract: The article is devoted to the preparation of aromatic and aliphatic 1,3-

diketones with polyfluoroalkyl substituents.

Polyfluorinated unsymmetrical 1,3-diketones as objects of study seem to be unique
[1.] and no systematic study of their properties has been undertaken before. As

examples, the following compounds were synthesized according to the reaction:
R"COOC,Hs+CH;COCsH,X-4 CH3;0ONaR"COCH,COCgH,X-4
RF=CF3, C2H5, C3H7; X=H, CH3, CHgO, CI,N02

Aroyltrifluoroacetylmethanes exist in solutions as conjugated enols, which are
clearly detected by NMR. In the specially taken PMR spectra of these compounds,
there are no signals corresponding to the diketone form [2.3]. Previously performed
spectroscopic studies of these B-diketones also indicate the presence of an

equilibrium between two cis-enol structures A and B, and these tautomeric forms
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are present in comparable amounts [2]:
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The interest in the synthesis of such compounds is explained by the fact that they are
the starting materials for the preparation of fluorinated polyketones [7], where the
authors studied the interaction of perfluoroadipic acid dimethyl ester with acetone,

methyl ethyl ketone, and acetophenone:

H.COOC(CF,),CHOOCH; + CH;COR— Cl'l;OICl-(CF:)r([{-CHg-?’-R -
0 0 0

A
s Cl“l;()(l"-((‘lfm-(":(‘ll-('-R

H
0 OH 0O
b R(‘llw([’(hl[\(“’ |

PMR spectroscopy showed that the content of the enol form for compound | is 90%,
and for Il - 84%.

The authors[8,11] propose original methods for the preparation of fluoroalkyl-
containing compounds. In contrast to conventional Claisen condensation reactions
[1-3], the authors use lithium hydride instead of sodium alcoholate as a catalyst.

The obtained lithium salts of diketones in the form of colorless powders (111) in high
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yields are easily converted into B-diketones (IV) by the action of acids , and when

the reaction mass is treated with lithium tetrahydridoaluminate, they are reduced to

B-hydroxyketones (V):
LiH P«
R'-(‘—O(‘II;+C‘H;\-§];— R RF-C C-R
O I © 1]
H' O e (@)
= I %y
I ~ =
Rl ,CH_ R \tl,lAlH;
o
> ! N
OH O R' #CH: R
Y GH <
OH )

\/

Compounds (V) can be synthesized in high yields when R=C6H5. At R = Alk, a
large number of side products of the reaction are observed [8,11], in particular,
regioisomericp-hydroxy ketones, a ,3-enones, B-aminovinyl ketones are formed. By
choosing a substitute (alkyl, aryl, fluoroalkyl), solvent, and reaction conditions, it is

possible to direct the reduction towards the formation of oxyketoneV[8].

The condensation reaction of 1,3-dicarbonyl compounds with aldehydes
(Knoevenagel condensation) is widely used in organic synthesis to obtain various

substances [6].
The structure of 2-polyfluoroalkylcycloalkanones

2-Polyfluoroalkylcycloalkanones are a prototropic system and can exist as
diketo- and keto-enol tautomers (A, B, and B1). The structure of such 1,3-diketones
was studied by "H[1] NMR, **C [2], °F [1] and two-dimensional NMR[6], as well
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as by UV [7], IR spectroscopy [ 1] and mass spectrometry [2]:

The diketone-enol tautomerism is a slow process on the NMR time scale[8]. For 2-
polyfluoroalkylcycloalkanones, as well as for linear polyfluorinated 1,3-diketones
[9], the diketone-enol tautomeric equilibrium is strongly shifted towards the enol
form, both for pure compounds and for solutions in CCl,, CDCl3, and DMF-d;. This
is confirmed by the presence in the *H NMR spectra of the proton signal of the enol
hydroxy group in the region of & 11.4-16.3 ppm, while the signal of the methine
proton of the diketo form is fixed in the region of 6 3.7-4.8 ppm. either cannot be
detected at all [1], or its intensity is low [5]. It is known [6] that the introduction of
an alkyl substituent into the second position of a linear 1,3-dicarbonyl system shifts
the equilibrium towards the diketo-tautomer. approach. At the same time, 2-
perfluorohexanoylcyclododecanone exists, according to "H NMR data, in CDCI; by
90% as a diketo form [11]. Apparently, in this case, the conformational features of
the macrocycle no longer have a noticeable effect on the state of tautomeric
equilibrium. Non-fluorinated 2-alkanoylcycloalkanones also exist predominantly in
the enol form [12]. Thus, the content of enol in 2-acetylcyclopentanone and
hexanone is 95-100%. 2-acetylcyclopentanone and -octanone are enolized by 70%

or, respectively, by 95%. For the tautomeric form VI B, cis-trans isomerism is
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possible with respect to the C=C double bond

((IHE);—“] (CHy)7—™
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The most probable, as well as for linear polyfluorinated 1,3-diketones, is the cis-
enol form (28,32), since it can be stabilized simultaneously with two O-H....F
HMWSBs. Such an IMHB should shift the signal of the enol OH proton in the NMR

spectrum downfield, which is observed in practice [1].

The results of IR spectroscopic studies confirm the coexistence of diketone and
enol forms in 2-polyfluorinated cycloalkanones [2]. In the spectra recorded for pure
compounds, solutions in CHCI;, and KBr tablets, a broad absorption band was
found in the region of 2300-3500 cm-1, corresponding to the vibrations of the
hydroxy group bound by HMWC. In addition, in the region of 1560-1700 cm-1,
bands were found attributed to vibrations of the V(C=C-C=0) system, and in the
region of 1670-1780 cm-1, bands of low intensity of isolated carbonyl groups of the

diketo form were found.
Tautomerism "enol-enol™.

It is now generally accepted [1-3] that the enol tautomer of diketones is not an
averaged “pseudoaromatic” structure with an enol OH proton located symmetrically
between two oxygen atoms [6], but an equilibrium mixture of two enol forms A and
B. the type of electronic environment of the CF3 group in this case is also indicated
by the chemical shift of the carbon nucleus of the carbonyl group of polyfluoroacyl.
If for the cyclopentanone derivative the above signal was detected at 6 161.0 ppm,

then for 1,3-diketones with a large alicycle size, at & 170.0-174.3 ppm.
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Quantum-mechanical calculations of the structure of 2-
trifluoroacetylcyclopentanone and hexanone were carried out using semiempirical
methods (MINDO/3 [6], MNDO/H, AMI, and PM3) [8] and molecular mechanics
(Sybyl program [12]. It was found that in For cyclopentanone derivatives, the exo-
enol form is the most stable, while for 2-acyl-substituted cyclohexanones, both enol

forms are comparable in stability.

The greater stability of the exo-enol form for acylcyclopentanones (two
exocyclic double bonds) and the endo-enol form for acylcyclohexanones (no
exocyclic double bond) can be explained by conformational effects associated with

different voltages of five-six-membered alicycles [2].
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