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A convenient direct synthesis of 1-aryl-3-(polyfluoroalkyl)-
propane-1,2,3-trione 2-oximes from the corresponding lithium
3-(polyfluoroalkyl)-1,3-diketonates has been elaborated using
sodium nitrite/acetic acid system under very mild conditions.
The molecular structure of 4,4-difluoro-1-phenylbutane-
1,2,3-trione 2-oxime has been determined by X-ray crystallo-

graphy.
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Alkane-1,2,3-trione 2-oximes (2-hydroxyimino-1,3-diketones)
are of interest as analytical reagents and metal extracting agents,
but more commonly they are utilized as polyfunctional precursors
in organic synthesis.! Meantime, 3-(polyfluoroalkyl)propane-
1,2,3-trione 2-oximes are rare compounds whose low stability
was noted in the literature. 5,5,5-Trifluoro-3-hydroxyimino-
1-phenylpentane-2,4-dione obtained by nitrosation of the cor-
responding 1,3-diketone with sodium nitrite in acetic acid in
73% yield!® is believed to be the only stable member of such
1,2,3-triketone 2-oximes. Attempts to perform a similar reaction
with trifluoroacetylacetone,?? hexafluoroacetylacetone® and
4.,4,5,5-tetrafluoro-1-phenylpentane-2,4-dione' 2 resulted in
considerable decomposition of these compounds.

Note that nitrosation of methylene-active compounds is
often accompanied by destruction of their carbon backbone. In
particular, 4,4,5,5-tetrafluoro-1-phenylpentane-2,4-dione under-
goes oxidative cleavage under nitrosation conditions to give
benzoic acid in 80% yield.!” In a number of studies, 3-(poly-
fluoroalkyl)propane-1,2,3-trione 2-oximes were obtained in situ
and used without isolation for next transformations. However, this
approach often provides low yields of the target compounds. '¢)24

It was shown recently that nitrosation of CF;-containing 1,3-di-
ketones with sodium nitrite/acetic acid and sodium nitrite/citric
acid systems did not afford the corresponding 4,4,4-trifluoro-
1,2,3-propanetrione-2-oximes. These reactions led to a series of
stable 4.4.4-trifluoro-3,3-dihydroxy-2-(hydroximino)butan-1-ones
(4,4 4-trifluoro-1,2,3-propanetrione-2-oxime hydrates) in 50-55%
yields (in acetic acid) or in 78-89% yields (in citric acid).’ The forma-
tion of 4,4,4-trifluorobutane-1,2,3-trione 2-oxime hydrates was
probably a result of nitrosation of the 1,3-diketone hydrate arising
under the reaction conditions rather than the 1,3-diketone itself.®

In continuation of our studies on the chemistry of lithium
1,3-diketonates 17 bearing fluoroalkyl groups, here we describe the
nitrosation of these compounds. Note that 1,3-diketonates 1 are
stable solids easy to synthesize and convenient for practical use.
On the contrary, the corresponding 1,3-diketones are typically
reactive liquids and only a few of them are commercially
available (though expensive), while the synthesis and purification
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of some compounds of this group are quite laborious. In a set of
processes, compounds 1 can be regarded as synthetic equivalents
of the corresponding diketones. In some instances, diketonates 1
manifest specific reactivity even in acidic medium where the
corresponding 1,3-diketones are generated in situ.”

We have shown that treatment of lithium 3-(polyfluoroalkyl)-
1,3-diketonates 1a—f with sodium nitrite in acetic acid is a con-
venient and efficient method for the synthesis of the required
propane-1,2,3-trione 2-oximes 2a—f. As a rule, the product yield
is ~90% (Scheme 464).

This difference in behaviors of lithium diketonates 1 and
1,3-diketones in nitrosation reactions is probably due to the
higher nucleophilicity of the first. As a result, oximes 2a—f are
formed quickly. On the other hand, nitrosation of 1,3-diketones
themselves occurs slowly, whereas their hydration and frag-
mentation are faster reactions (see, e.g., ref. 6). Furthermore, the
nitrosation efficiency of lithium 1,3-diketonates 1la—f may be
due to a specific solvation or a salt effect that is characteristic
of the lithium cation.?

NOH
F F
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d RF=C,Fy, Ar=Ph
e RF = H(CF,),, Ar = Ph
f RF = C4Fy3, Ar=Ph

a RF =HCF,, Ar=Ph
b RF = CF;, Ar=Ph
¢ RF = CFs, Ar = 4-MeCgH,4

Scheme 1

T Compounds 2a—f (general procedure). An aqueous solution of sodium
nitrite was added dropwise to a solution of enolate 1 in acetic acid at
10°C. The reaction mixture was stirred at room temperature for 1 h.
The white precipitate of oxime 2 was filtered off and washed with water
(100 ml). The mother solution was extracted with Et,O (2x50 ml). The
ethereal solution was filtered through silica gel. Diethyl ether was
evaporated to give an additional crop of oxime 2. The precipitates were
combined and recrystallized from dichloromethane—hexane (1:3) to
give compounds 2a—f as white powders.
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Oximes 2a—f were isolated as white solids that are soluble in
diethyl ether, dichloromethane, chloroform and ethanol. They
were characterized by elemental analysis, gas chromatography/
mass spectrometry, IR, 'H and '°F NMR spectroscopy. The mass
spectra of all compounds 2a—f revealed low intensive (0.7-3.0%)
peaks of molecular ions [M]*. In addition, the electron impact
mass spectra show characteristic peaks due to loss of RFCO*
fragments (i.e., [ArCOC=NOH]*) with intensity from 0.9 to
1.4%. The base peak belongs to the [ArCO]J* ion. The IR spectra
of compounds 2a—f include an intense broad NOH stretch at
3100-3500 cm™!, sharp intense C=O stretches at 1720 and
1650 cm™!, as well as medium intensity bands at 1615 and
1620 cm™ (C=N).” The '"H NMR spectra of oximes 2a—f
(in CDCl;) contain broadened signals of the OH group in the
region of 0 8.79-9.13 ppm (1H) and signals characteristic of aryl
substituents in the region of § 7.50-7.90 ppm. Furthermore, the
spectrum of compound 2a contains a triplet of the HCF, group
with 27 53.2 Hz at dy; 6.53 ppm, while the spectrum of com-
pound 2e contains a triplet of triplets of the H(CF,), group with
2J 52 Hz and 3J 5.3 Hz at 0y 6.10 ppm. The '°F NMR spectra are
in agreement with the fluorinated groups present in the structures.

The structure of oxime 2a was ultimately confirmed by X-ray
single crystal analysis (Figure 1).¥ Compound 2a crystallizes in
P2,/c centrosymmetric space group. The difluoromethylacetyl
group is placed at the trans-position to the C=N bond of the
oxime. The ketoxime moiety O(1)-C(2)-C(3)-N(2) is nearly
planar and has an s-trans configuration. The bond length dis-
tribution in it is typical of a conjugated heterodiene system. In
particular, the length of the C(2)-C(3) single bond is close to
1.48 A, the length of the C(3)=N(2) bond is ca. 1.28 A, and that
of the C(2)=0(1) bond is about 1.20 A.1° Conversely, the planar
aroyl moiety in the molecule is turned at a considerable angle
(78°) relative to the plane of the ketoxime system, thus violating
conjugation and increasing the length of the C»(3)-Cy,2(4) bond
to 1.525(2) A. The length of this bond approaches the measured

4,4-Difluoro-1-phenylbutane-1,2,3-trione 2-oxime 2a. The reaction
between lithium diketonate 1a (0.77 g, 3.75 mmol) and sodium nitrite
(0.3 g, 4.3 mmol) gave 0.75 g (88%) of compound 2a as a white powder,
mp 132.5-133.5°C. IR (v/cm™): 3237, 3207, 1728, 1646, 1619, 1593,
1420, 1323, 1299, 1228, 1141, 1077, 1046, 988, 906, 850, 772, 720, 682,
652, 553. '"H NMR (500 MHz, CDCl3) : 6.53 (t, HCF, J 53.16 Hz),
7.50-7.55 (m, 2H, Ph), 7.65-7.70 (m, 1H, Ph), 7.80-7.86 (m, 2H, Ph),
8.79 (br.s, 1H, OH). '°F NMR (470.5 MHz, CDCls) 6: 33.27 (d, CF,,
J 53.16 Hz). GC-MS (EI, in EtOH, TIC): tz 19.93 min. MS, m/z (%):
227 [M]* (3.0), 183 [M—-CH,NO]* (0.3), 148 [M—-HCF,CO]* (0.9), 131
[PhCOCN]* (3.3), 105 [PhCO]* (100), 77 [Ph]* (52.4), 51 [HCF,]* (24.8),
39 [HF,]* (1.3), 27 [HCN]* (0.9). Found (%): C, 52.68; H, 3.08; N, 6.22;
F, 16.71. Calc. for C,yH;F,NO; (%): C, 52.87; H, 3.11; N, 6.17, F, 16.73.

For characteristics of compounds 2b—f, see Online Supplementary
Materials.
¥ Crystal data for 2a. The XRD analysis was accomplished on an
Xcalibur 3 automated four-circle diffractometer with a CCD-detector
by a standard procedure [295(2) K, MoKo-irradiation, graphite mono-
chromator, w-scans with 1° steps]. No correction for absorption was
applied. The structure was solved and refined with the SHELXTL program
package.!! All non-hydrogen atoms were refined in anisotropic approxi-
mation, the H-atoms were placed in the calculated positions and refined
using a riding model with dependent isotropic displacement parameters.

The crystal of C;,H,F,NO; is monoclinic, space group P2,/c, a =
= 9.8467(9), b = 11.6089(10) and ¢ = 8.7880(9) A, B = 91.141(10)°,
V =1004.34(16) A3, Z =4, u(MoKa) = 0.135 mm™!, 4314 reflections
were measured, of which 2597 unique reflections (R;, = 0.0198) were used
in all calculations. The final parameters are R, = 0.0841, wR, = 0.1250
(all data) and R; = 0.0495, wR, = 0.1087 [I > 20(I)]. GOOF = 1.029.
The largest diff. peak/hole is 0.20/-0.20 eA-3.

CCDC 1529340 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.

Figure 1 Compound 2a in thermal vibration ellipsoids at 50% probability.

length of thi: Cyp2(2)-Cypa(1) single bond in the difluoromethyl
group (1.52 A) and quite well matches the lengths of C—C bonds'®
in non-conjugated systems.

In conclusion, a simple and efficient method for synthesizing
3-(polyfluoroalkyl)propane-1,2,3-trione 2-oximes from lithium
3-(polyfluoroalkyl)-1,3-diketonates has been developed. The
compounds obtained seem interesting for organic synthesis.
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