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SALT FORMATION BY REACTION OF FLUORINE-CONTAINING
3-DIKETONES WITH AMINES

K. I. Pashkevich and V. I. Filyakova UDC 542.951.7:543.442.3:547.233+547.551

On heating unsymmetrical polyfluorinated B-diketones with NH; and with amines condensa-
tion occurs on one of the carbonyl groups with the formation of B-aminovinylketones [1, 2].
In [3, 4] in the condensation of B-diketones with N-nucleophiles the recorded condensation
intermediates derived from PMR were the geminal hydroxyamines (II), (III),

Fluoroalkyl substituents stabilize geminal adducts of carbonyl compounds with nucleo-
philes [5]. For that reason we undertook the task of isolating adducts of polyfluorinated
B-diketones (Ia-g) with ammonia and with amines. However, it appears that B-diketones (la-g)
with NH,;, methylamine, and dimethylamine at 10-20°C do not form adducts (II) or (III) but
salts (IV) (see Table 1). We verified this by chemical methods and by PMR spectra

OH
,(?I | nf—c—gyy—c——ﬂ
Rp—C=-ClI—C—R! Ry--C—CH,—C—R! np—(f'-ucﬂ._—(i—w [’/ 5 \‘(|)
i - | | ‘Re O '
0 NR2RS NR2RS O ® 203
O\\ .;O (mn n NILRR
Hi (IVa-k)

(Ja-g) -
Rp =HCF2g<ax C.Fs (b): H(CFy), (e-e, g )i H(CFu), () Rt =1Me (a-c, f) Bu d%

¢t-Bu (g; H(CF.): (g).

The condition for the formation of stable salts (IV) is an adequate difference between
the acid-base propertiesof the B-diketone and the amine. Thus acetylacetone (pKg; = 9.05 %
0.04 [6]) doesnot form a stable ammonium salt. The same thing was observed in the reaction
between aniline and unsymmetrical polyfluorinated B-diketones (Ia-f) (pK, = 6.61-4.70 [6]),
although for the symmetrical B-diketone (Ig) (pKy = 2.43 * 0.073 [6]) we obtained a stable
salt (IVk).

The reactions of compounds (IVa-k) with copper (II) acetate at Vv 20°C yield the Cu(II)
B~diketone salts. With dry HCl the corresponding 8-diketones and amine hydrochlorides are
formed in quantitative yilelds

Rp Rt
AV avd
Cu(OAC) [
~20° 0\ ..O
v Cu?2
( a-k )_"' HF R!
HCl . 74 el -
_ue . \l/\./ + NH,R2R¥CI®
~20° o O
N
H
(la-g)
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On boiling with benzene or toluene the salts (IV) form mixtures of the corresponding
B-diketones (I) and B-aminovinylketones (V)*

1" R* R o Ry
1 F F.
LYY Y
new = 0 5§ T 48N
: ® ", \ . . /U
NH R 51 H  Re
iv) Y] V)

Long standing of the salts (IV) at ~20°C yields the corresponding B-~aminovinylketones. It is
important that under these conditions a mixture of equivalent amounts of various salts, for

example (IVb) and (IVg) yields only two of the four possible B-aminovinulketones (V), i.e.,

(Va) and (Vb).

CF, Vie  H(CE )\/ Ve
AN AN
IV -+ (1Y, - \((
Vo) + Vg ) %5 bj\;er (l;i{.\le
(Va) (Vo)

It is interesting to note that the salts (IV) can play the role of aminating agents for
B-diketones inasmuch as reaction of equivalent amounts of different salts (IV) with B-dike-~
tones yields B-aminovinylketones (V) having the alkyl substituent of lesser volume.

H(CFy), Me

war LI
O O
(1)

~20° 1{(CF,), Bu-t H(CF,), Me
AN
Yr + Y%
0 0 O NH,
(14d) (Vc)
~20° il
H(CF,), Bu-¢ -
avf) - | Y
0 0
(Te)
Me\\/\/Me H(CF,), Bu-i Me Me
A TS NN N
avey+ | |l i b \'( A+
0 0 0 NH,
(le)
EXPERIMENTAL

IR spectra were taken on a UR-20 spectrometer in a mineral o0il mull, PMR spectra on a
Perkin-Elmer R-12B (60 MHz, with a TMS internal standard).

The B-diketones and their copper chelates obtained by reaction with the salts were
identified by their IR spectra and TLC by comparison with known substances synthesized as in
{7)]. Amine hydrochlorides were identified by IR spectra. Known samples of NH.Cl,, NH,MeCIC,
and NH;PhCl were used as standards. '

Salts (IVa-j) were synthesized by the following general method. After dissolving the
appropriate B-diketone in abs. ether, ammonia, methylamine or dimethylamine was passed
through until the exothermic reaction ceased. The solution was diluted with cold isohexane
until a precipitate formed which was filtered and reprecipitated from ether solution by isco-
hexane. Yields of the characteristic salts (IVa-j) are shown in Table 1.

N-Phenylammonium(1,1,2,2,6,6,7,7-octaf luorohepta-3,5-dionate) (IVk). Compound (Ig),
1,1,2,2,6,6,7,7-octaf luorohepta-3,5-dione, 1 g (3.6 mmoles), was mixed with 0.35 g (3.6
mmoles) of aniline. The white crystals formed were reprecipitated from ether solution by
isohexane. Salt (IVk), 1.2 g (907%) was obtained.

Decomposition of Ammonium(1,1,2,2,-tetrafluorchexa-3,5-dionate) (IVec) on Heating. To
7 g (34 mmoles) of ammonium(l,1,2,2-tetrafluorohexa-3,5-dionate (IVc) was added 30 ml of

*0n heating dimethylammonium(l,1,2,2-tetrafluoro-6,6-dimethylhepta)3,5-dionate (IVj) forma-
tion of the corresponding B-aminovinylketone was not observed.
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dry benzene and refluxed in a Dean—Stark apparatus until cessation of separation of water.
The benzene was distilled off, the residue reprecipitated from ether by isohexane. There
was obtained 3.2 g (50%) of 1,1,2,2~tetrafluoro-5-aminohex-4-en-3-one, mp 61.5-62.5°C (see
{1]). The filtrates were comnsolidated, the solvent distilled off, and the residue distilled.
There was obtained 1.9 g(30%) of 1,1,2,2-tetrafluorchexa~3,5-dione (Ic), bp 139-140°C (see
[(7n.

The decomposition of salts (IVa-~i) was carried out in an analogous manner. The charac-
teristics of the B-aminovinylketones and B-diketones obtained agreed with the data of [1]
and [7].

Reaction of Ammonium(l,1,2,2-tetrafluorohexa-3,5-dionate)(IVc) with Copper(II) Ace-
tate. To a solution of 1 g (5 mmoles) of ammonium(1l,1,2,2-tetrafluorchexa-3,5~dionate (IVc)
in ethanol was added 0.8 g (5 mmoles) of copper (II) acetate. The mixture was allowed to
stand for several daysat ~ 20°C. Theexcess copper (II) acetate was filtered off. Water was
added to the filtrate until a precipitate came out, which was filtered and dried. There was
obtained 0.98 g (95%) of copper(II) bis(l,1,2,2-tetrafluorohexa-3, 5-dionate), mp133°C (see

(7.

Salts (IVa-k) react in an analogous manner with copper(II) acetate.

Reaction of Ammonium(l,1,2,2-tetrafluorohexa-3,5-dionate) (IVc) with Gaseous HCl. Dry
HCl was passed through a solution of 1 g (5 mmoles) of ammonium(1,1,2,2-tetrafluorchexa-3,5-
dionate) (IVc) in abs. ether until the exothermic reaction ceased. The NH,Cl precipitate
formed was filtered off. To the filtrate was added 0.9 g (5 mmoles) of copper(II) acetate.
It was refluxed 1 h, the ether distilled off, the residue reprecipitated from methanol solu-
tion by means of water. There was obtained 1 g (98%) of copper(II)bis(1,1,2,2-tetrafluoro-
hexa~3,5~dionate), mp 133° (see [7]). The NH,Cl was washed with dimethylformamide and repre-
cipitated by acetone from an aqueous solution. Obtained was 0.26g (99%) of NH,C1.

Reaction of N-Phenylammonium(l1,1,2,2,6,6,7,7-octafluorohepta~3, 5-dionate) (IVk) with
Gaseous HCl. Dry HCl was passed through a solution of 1 g (2.7 mmoles) of salt (IVk) in
abs. ether until the exothermic reaction ceased. The precipitate of aniline hydrochloride
which came down was filtered off, washed with ether, and excess solvent removed in a vacuum,
White crystals with a mp 197-198°C were obtained, 0.32 g (91%), (see [8]). To the filtrate
was added 0.36 g (2 mmoles) of copper(IL) acetate, it was refluxed about 1 h, the ether
distilled off, the remaining solvent removed from the residue in a vacuum. ‘There was ob-
tained 0.6 g (73%) of the chelate with a mp of 117-118°C identified by comparison with a
known sample of copper(II) bis(1,1,2,2,6,6,7,7-octafluorophepta-3,5~dionate).

Decomposition of Ammonium(l,1l,2,2-tetrafluorohexa-3,5-dionate)(IVc) at 20°C. Placed
in a weighing bottle were 1.5 g (7.4 mmoles) of ammonium(1,1,2,2-tetrafluorohexa-3,5-dionate)
which was kept at 20°C until the salt was completely decomposed (monitored by TLC). The
dark brown oil formed was extracted several times with boiling isohexane. The extracts were
combined and then cooled. The crystals which came out were filtered. There was obtained
1.25 g (92%) of 1,2,2,2-tetrafluoro-5-aminohex-4-en-3-one, mp 61.5-62.5°C (see [1]).

Decomposition of Ammonium(l,1,1,2,2-pentafluorohexa-3,5-dionate) (IVb)at 20°C. In an
analogous manner from 1 g (4.5 mmoles) ammonium(l,1,1,2,2-pentafluorohexa-3,5-dionate)

(IVb) was obtained 0.85 g (92%) 1,1,1,2,2-pentafluoro~-5-aminohex-4-en-3-one, mp85-86°C (see
[9n.

Decomposition of Ammonium(1,1,2,2,3,3,4,4-octafluoroocta-5,7-dionate)(IVf) at 20°C. In
an analogous manner from 1 g (3.3 mmoles) of ammonium(1,1,2,2,3,3,4,4~octafluoroocta-5,7~
dionate) (IVf) was obtained 0.85 g (91%) of 1,1,2,2,3,3,4,4-0ctafluoro~-7-aminooct-6-en-5-one,
mp 72-73°C (see [1]).

Reaction of Ammonium(l,1,2,2-tetrafluoro-6,6-dimethylhepta-3,5-dionate) (IVe) and
1,1,2,2,3,3,4,4-0ctaf luoroocta-5,7-dione (If). To 2g (8 mmoles) of ammonium 1,1,2,2-tetra-
fluoro-6,6-dimethylhepta-3,5-dionate (IVe) was added 2.2 g (8 mmoles) of 1,1,2,2,3,3,4,4~
octafluoroocta-5,7-dione (If) which was maintained at 20°C with monitoring of the extent of
the reaction by means of TLC. After chromatography on a silicate column (with chloroform
as eluant) 1.6 g (88.5%) of 1,1,2,2,-tetrafluoro-6,6-dimethylhepta-3,5-dione (Ie) bp 172-
147°C see (7)), and 1.9 g (84%) of 1,1,2,2,3,3,4,4-0ctafluoro-7-aminoocta-6-en-5-one (Vc),
mp 72-73°C, (see [1)) were obtained.
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Reaction of Ammonium(1,1,2,2,3,3,4,4-octafluoroocta~5,7~-dionate (IVf) and 1,1,2,2,-Te-
traf luoro-6,6~dimethylhepta-3,5-dione (Ie). To 1.25 g (4 mmoles) of ammonium(1,1,2,2,3,3,
4,4-octafluoroocta-5,7-dionate (IVf) was added 0.92 g (4 mmoles) of 1,1,2,2,-tetrafluoro-
6,6-dimethylhepta-3,5-dione (Ie) which was kept at 20°C until salt (IVf) disappeared as
monitored by TLC. After chromatography on a silicate column (with chloroform as eluant)
0.085 g (92.5%) of 1,1,2,2-tetrafluoro-6,6-dimethylhepta-3,5-dione (Ie) and 1.1 g (95%) of
1,1,2,2,3,3,4,4-octaf luoro-7-aminococt-6-en-5-one (Vc), mp 72.5-73.5 (see [1]) were obtained.

Reaction of Ammonium(1l,1,2,2-tetrafluoro-6,6-dimethylhepta-3,5-dionate) (IVe) with
Acetylacetone. In an analogous manner from 1 g (4 mmoles) of ammonium(1l,1,2,2-tetraflucro-
6,6-dimethylhepta-3,5~dione) (IVe) and 0.4 g (4 mmoles) of acetylacetone there was obtained
0.86 g (95%) of 1,1,2,2-tetrafluoro-6,6-dimethylhepta-3,5-dione (Ie) and 0.35 g (87.5%) of
2-aminopent-2-en-4-one, mp 42-43°C (see [10]).

Decomposition of a Mixture of Ammonium(l,1,1,2,2-pentafluorohexa-3,5~-dionate) (IVb) and
N-Methylammonium(1,1,2,2~tetrafluorohexa-3,5-dionate)(IVg). Mixed carefully were 5 g (22.6

mmoles) of ammonium(l,1,1,2,2-pentafluorohexa-3,5-dionate) (IVb) and 4.9 g (22.6 mmoles) of
N-methylammonium(1l,1,2,2-tetrafluorohexa-3, 5-dionate) (IVg), which were then transferred to a
weighing bottle and maintained at 20°C, monitoring the extent of the reaction by means of
TLC. After chromatography on a silicate column (with chloroform as eluant) 1.2 g (30%) of
1,1,2,2-tetrafluoro-5-(N-methylamino)-hex-4-en-3-one (Vb), mp 32-33°C (see [1]) and 1.5 g
(33%) of 1,1,1,2,2-pentafluoro-5-aminchex-4-en-3-one (Va) were obtained. Found C 35.51;

H 2.96; N 6.60. C¢HgFsON., Calculated: C 35.48; H 2.97; N 6.89%. PMR spectrum (CCl,, &,
ppm): 2.12 s (Me), 5.42 (=CH), 7.2 (NH), 10.9 (NH...0). Also obtained was 6.5 g of a
mixture of B-aminovinylketones (Va) and (Vb).

CONCLUSIONS

Polyfluorinated B~diketones form stable salts with ammonia and amines.
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