HYDROLYSIS OF FLUOROALKYL-CONTAINING R-AMINOVINYL KETONES
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The kinetics of hydrolysis of fluoroalkyl-containing R-aminovinyl ketones
R!C(O)CHC(NHR3)R?, in which the substituents CF, and HCF,CF, are in the

ketone (R') or enamine parts of the molecule (R?), was studied. In acid (pH <
5) and alkaline (pH > 10) media, they hydrolyze with the formation of the cor-
responding amines and R-diketones. In an alkaline medium, the B-diketones
undergo cleavage to fluorinated acids and methyl ketones. The rate constants
of hydrolysis in an acid medium change within a range of four orders, depend-
ing on the nature of the substituents. The presence of a fluoroalkyl group at
the enamine reaction center increases the hydrolysis rate. In an alkaline
medium, the rate constants vary within one order.

B-Aminovinyl ketones, important intermediates in organic synthesis [1l, 2], have complex-
ing and extracting properties [2-5]. In the study of these properties questions arise concern-
ing the stability of the compounds in aqueous and aqueous-organic media at various pH values
and concerning the effect of the nature and position of the substituents on the direction
and rate of hydrolytic cleavage. Data on the hydrolysis of B-aminovinyl ketones are limited
[6-9], and many aspects of the mechanism of the reaction and its limiting step remain contro-
versial [6, 8]. For unfluorinated f-aminovinyl ketones, in particular 4-amino-3-penten-2-
one, it was shown that the first step of the process is fast (milliseconds) protonation at
N, C, or O atoms with the formation of equilibrium structures [6]. There are proofs of the
hydrolysis of both O- and C-protonated forms (1, 6, 9, 10]. The limiting step is most often
the addition of water to the protonated molecule, but abstraction of an amine can also occur.
In [6, 7], the significant role of the structure of the substituent at the C=C bond was noted,
but the nature of this effect was not determined. There are no data on the hydrolysis of
fluoroalkyl-containing B-aminovinyl ketones.

The purpose of this paper is a study of the kinetics of hydrolysis of regioisomeric
fluoroalkyl-containing B-aminovinyl ketones (Table 1) in acid and basic media and determination
of the effect of fluorinated as well as alkyl and phenyl substituents on the rate of hydroly-
sis in relation to their position in the carbonyl or enamine parts of the molecule.

TABLE 1. Spectral Data of Fluorcalkyl-Containing B-Aminovinyl
Ketones in 5% Aqueous Ethanol and Hydrolysis Rate Constants

Rl RZ
\F/\T/
O NHR3
Bof0r, geCT*

, Y R? R g s g = [In0.TM [in 0.1 M
Compound : = g ~ |HCL NaOH (pH
P i le |4 F Gy iah®
(I) | CFs Me H 310 | 1,79 | - - 38,0 4,6
(11) | CFy Ph H 330 | 198 | 250 | 0,80 5.0 1.0
(111) |H(CFy):| Me H 310 | 168 | — - 1.6 18
(Iv) |H(CF:).| Ph H 335 | 2,03 | 250 | 0,83 0.1 04
(V) |H(CFy):| Me Me 318 | 1,80 | — - 15 24
(VD) |Me CF, H 203 (131 | - | - 4800 2.3
(VID) |Ph CF, H 322 | 172 | 255 | 052 | 1440 85
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EXPERIMENTAL

The investigated B-aminovinyl ketones were synthesized according to [11, 12], and their
structure and purity were confirmed by melting points and data of elemental analysis, IR
spectroscopy, and thin-layer chromatography (TLC). The pH of the solutions was determined
using an OR-208/1 pH meter with a combined glass electrode, the accuracy of which was moni-
tored with respect to standard buffer solutions. Scanning electronic-absorption spectra
were recorded on a Specord UV-VIS spectrophotometer, and quantitative data for calculation
of the rate constants were obtained on a VSU2-P spectrophotometer.

Hydrolysis of 1,1,2,2-Tetrafluoro-5-amino-4-hexen-3-one (III) in Acid and Alkaline Media.
To 0.5 g (2.7 mmoles) of compound III were added 20 ml of distilled water and 2 ml of concen-
trated HC1, and the whole was boiled for 3 h until disappearance of the starting (III) (moni-
tored by TLC). We added 0.2 g (11 mmoles) of copper acetate, stirred the whole for 0.5 h,
extracted the resulting copper chelate with ether, drove off the ether, and reprecipitated
the blue crystals with water from methanol. We obtained 0.58 g (89%) of a Cu?t bis(1,1,2,2-
tetrafluoro-3,5-hexadionato) complex with mp 133-134°C [13].

Acid hydrolysis of (V) and (VI) was carried out similarly. In all cases, we recovered
chelates of the corresponding B-diketones with copper in >807 yields.

Hydrolysis of (III) in Alkaline Medium. A solution of 5 g (27 mmoles) of (III) in 10
ml of 57 KOH and 10 ml of ethanol was boiled for 8 h until disappearance of the starting
(I11) (monitored by TLC), and the evolved NH; was absorbed by ether saturated with HCl (gas).
The NH,Cl crystals were filtered and dried. We obtained 1.3 g (90%) of NH,Cl. To the filt-
rate was added 20 ml of 207 HC1l, 2,2,3,3-tetrafluoropropionic acid was extracted with ether,
the ether was driven off, and the acid was converted to the methyl ester. We obtained 2.5
g (57%) of methyl 2,2,3,3-tetrafluoropropionic acid with bp 93-94°C [14].

Alkaline hydrolysis of (IV) and (VI) was carried out similarly. We obtained NH,C1l in
>907 yield and methyl esters of the corresponding acids in 52-677 yields. Acetophenone was
recovered in 837 yield in the hydrolysis of (IV). In the hydrolysis of (VI), acetone was
identified by GLC.

Hydrolysis Kinetics. Hydrolysis was carried out in 57 aqueous ethanol at 20 * 0.5°C
and 28 * 0.5°C; the pH of the solution was created with 0.1 M HC1 and 0.1 M NaOH.

To a solution of the B-aminovinyl ketone in ethanol with concentration n-1073 M was
added a controlled-temperature solution of HC1 or NaOH so that the ethanol content in the
reaction soluton was 5% and the starting concentration of the B-aminovinyl ketone was n-+107°
M. The solution was rapidly stirred, and its temperature was controlled. Acid hydrolysis
was carried out directly in the cuvette or by a sampling method. The absorbance of the corre-
sponding B-aminovinyl ketone at Ap,y was measured. The resulting B-diketones did not interfere
in the determination. In an analysis of the alkaline-hydrolysis products, an equal volume
of 1 M NH,Cl or 1 M HCl1 was added to the sample before the measurement to suppress the absorp-
tion of B-diketones. The kinetic curves were plotted according to the decrease of the absorb-
ance corresponding to the absorption of the B-aminovinyl ketone (the values of Apsx and €
are given in Table 1).

The pseudo-first-order reaction rate constants were calculated according to [15] and
using an ES-1061 SVM computer.

RESULTS AND DISCUSSION

Preparatively, it was shown that during boiling (0.5-5 h) in a medium of dilute HC1
the regioisomeric B-aminovinyl ketones (III)-(VI) form corresponding B-diketones in >807
yvield. During prolonged boiling (10-15 h) in 0.05 M KOH in aqueous ethanol or methanol (50
vol. %), the B-aminovinyl ketones gave cleavage products, i.e., fluorinated acids and unfluor-
inated methyl ketones and amines. Changes did not occur during prolonged holding of E-amino-
vinyl ketones (I)-(VII) in neutral aqueous-alcoholic media. Thus, regardless of the position
of the fluorinated and unfluorinated substituents, their structure, and the presence of a
substituent at the N atom in the acid medium, the reaction occurred at the enamine group.
Apparently, the reaction also occurs at this same center in an alkaline medium with the inter-
mediate formation of the corresponding g-diketones, undergoing further C—C cleavage. This
agrees with the formation of an identical set of hydrolysis products during the hydrolysis
of isomeric B-aminovinyl ketones [e.g., (I) and (VI)].
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Fig. 1 Fig. 2

Fig. 1. Nature of change of spectra during hydrolysis of (II) (pH 1.1, C = 6-
107% M). Hydrolysis time, min: 1) 2; 2) 8; 3) 15; 4) 25; 5) 37; 6) 60; 7)
115; 8) spectrum of the BR-diketone.

Fig. 2. Nature of change of spectra during hydrolysis of (VII) (pH 12.7, C =
6-1075% M). Hydrolysis time, min: 1) 13; 2) 28; 3) 59; 4) 90; 5) 121; 6) 199;
7) 343; 8) 450; 9, 10) spectra of the B-diketone and acetophenone.
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To determine the relation of the occurrence of the process to pH, the hydrolysis of
isomeric compounds (I) and (VI) was studied in the pH range 1.1-13.8 at 20°C. To determine
the nature of the substituents in the B-aminovinyl ketone molecule, the hydrolysis of com-
pounds (I)-{VII) was studied under the limiting conditions, at pH 1.1 and pH 12.7 and 20°C.

Figures 1 and 2 show the nature of the change of the spectra during hydrolysis in acid
and alkaline media, respectively. An analysis of the kinetic curves confirmed that the reac-
tion corresponds to the first order of the B-aminovinyl ketone in all cases. Figure 3 shows
the relation of the rate constants of the hydrolysis (k) to the pH of the medium for (I)
and (VI). In an acid medium, the relation was rectilinear with an angular coefficient of
inclination equal to 1, i.e., at pH < 5 the reaction occurred under acid-hydrolysis conditions.
In the alkaline region, the angular coefficient was close to 1, which may be the results
of either basic catalysis or participation of the OH™ ion in the limiting step. All compounds
were stable at pH 5-10.

On the basis of the data of [6, 7, 10] and the structure of the investigated R-amino-
vinyl ketones, we can assume that fast protonation is the first hydrolysis step in the acid
medium, as in the case of enamines [7] and unfluorinated enamino ketones [6, 10]. Subsequent-
ly, reactions of this type occur via steps of addition of water and cleavage of an amine
from the intermediate addition product. Any of them can be the limiting step. To obtain
information about the limiting reaction step, we analyzed the nature of the effect of sub-

stitutents on the reaction rate constant. Acceptor substituents at the reaction cen-
ter should accelerate the first step because of a decrease of the electron density
on the C atom of the azomethine group. Thus, the presence of a strong acceptor,

the CF, group .at the enamine reaction center [of compounds (VI) and (VII)], should
lead to an increase of the rate of addition of water in comparison with isomeric compounds

(I) and (II), regardless of the participation of the O- or C-protonated form. This corre-
sponds to the data given in Table 1. The lower values of the rate constant k for (II) and
(IV), containing a phenyl group at the reaction center with respect to (I) and (III) of analo-
gous structure, but containing a methyl group, are probably due to partial compensation for
the positive charge of the azomethine group due to bonding with phenyl. This may also be
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Fig. 3. Relation of rate constants of hydroly-
sis of (I) (1) and (VI) (2) to pH.
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manifested both for the 0- and for the C-protonated forms. There is a strong relation of

k to the substitution in the ketone part of the molecule. Thus, during substitution of the
CF; group by the HCF,CF, group, the constant decreased by an order. During C protonation,
this part of the molecule would be isolated from the reaction center and would not exert
such a strong effect. Apparently, in the limiting step, the water molecule undergoes addi-
tion to the O-protonated form of the B-aminovinyl ketone, in which the possibility of de-
localization of the positive charge with respect to the chain, including a fluorinated sub-
stituent of a phenyl ring, is higher than in the case of the C-protonated form. Abstraction
of the amine molecule can occur in various ways, but at this stage the investigations can
presuppose the following scheme of the hydrolysis of the B-aminovinyl ketone in the acid
medium:

RI—C—CH=C—R2 25 R1—C=CH—C—R? ——» R1—C—CH,—C—R?
i | ] I i i
0 NHR3 OH ©®NHR® 0  ©NHRs
1
He-0-H] .
1o ; 2 ,_> B0
R—E-nn—p—n == R1—C=CH—C—R2-- NH,R$ 4+ H® ==
OH @ hng? _} on 0
OH

i
—> R!~C—CH;—C—R?
| ]
OH 0

The resulting B-diketones rapidly give adducts with water. This follows from the absence
of absorption bands of B-diketones in the analyzed spectral region at acid and neutral pH
values.

In an alkaline medium, the B-aminovinyl ketones are rapidly converted to the correspond-
ing B-diketones, which undergo further cleavage more slowly, as was shown spectrophotometric-
ally (Fig. 2). There was a rapid shift of Apyy of the B-aminovinyl ketone to values corre-
sponding to Apax of the absorption bands of the B-diketones, and then the absorbance at Apzy
of the Bp-diketones decreased comparatively slowly. For compounds (I) and (VI), the linearity
of the relation of logk to the pH (pH > 7) with angular coefficient 0.8 is shown. This
suggests that the limiting step is the addition of the OH™ ion to the neutral f-aminovinyl
ketone molecule. The rate constants measured for compounds (I) and (VII) at pH 12.7 (Table
1) changed within one order, i.e., the effect of the substituents was significantly less
pronounced than in acid hydrolysis, although the nature of the effect was similar. This
can be explained by the identical nature of the effect of the substituents on the electron-
density distribution in the reacting species, which occurred in a comparison of the neutral
and O-protonated molecules. The value of the positive charge on the C atom of the enamine
group during attack by the strong nucleophile OH™ under the conditions of alkaline hydrolysis
did not play such a significant role as in acid hydrolysis. Thus, we can assume the following
scheme of hydrolysis of fluoroalkyl-containing f-aminovinyl ketones in an alkaline medium:
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