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Abstract—A series of [(2-dimethylamino)ethylamino]methylidene-1,3-dicarbonyl compounds was synthesized
for the first time starting from the corresponding 2-ethoxymethylidene derivatives and N,N-dimethylethylene-
diamine. It was shown that further alkylation of aminomethylidene derivatives with methyl iodide occurs
regioselectively at the tertiary nitrogen atom. Quaternization products obtained exhibit high corrosion inhibition

of mild steel in hydrochloric acid medium.
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Reaction of 2-ethoxymethylidene-1,3-dicarbonyl com-
pounds with various amines is a convenient method of
synthesis of 2-aminomethylidene derivatives of 1,3-di-
carbonyl compounds, which are multidentate ligands.
The latter can be used to prepare different complexes
[1-9] and heterocyclic compounds having a wide
spectrum of biological activity [10—12].

Earlier aliphatic amines, as well as (het)aryl amines
have been brought introduced into the reaction with 2-
ethoxymethylidene-1,3-dicarbonyl compounds. 2-Amino-
methylidene derivatives of 1,3-dicarbonyl compounds
obtained were insoluble in water, but they were
selectively soluble only in organic media. The syn-
thesis of water-soluble 2-aminomethylidene deriva-
tives of 1,3-dicarbonyl compounds is a probable and
promising task: the synthetic potential of 2-amino-
methylidene derivatives of 1,3-dicarbonyl compounds
makes it possible to create new classes of compounds
with other physicochemical properties expanding the
areas of their practical application.

The modification of 2-aminomethylidene deriva-
tives of 1,3-dicarbonyl compounds can be carried out
both by transformation of functional groups in the
aminoalkyl or (het)aryl substituent, and by func-
tionalization of 1,3-dicarbonyl moiety.

The aim of this work is the synthesis of new 2-
aminomethylidene derivatives of 1,3-dicarbonyl com-
pounds by modifying the aminoalkyl substituent and
studying of their practically useful properties in
aqueous media.

The initial 2-ethoxymethylidene-1,3-dicarbonyl com-
pounds Ia—Id were synthesized by reacting 1,3-di-
carbonyl compounds with triethyl orthoformate in the
presence of acetic anhydride according to [13—16]. The
reaction of compounds Ia-Id with N,N-dimethyl-
ethylenediamine proceeds under mild conditions to
give 2-aminomethylidene derivatives of 1,3-dicarbonyl
compounds Ila—IId according to addition-elimination
mechanism. The high reaction rate (5-10 min,
monitored by TLC) is due to the high nucleophilicity
of the starting amine. In the obtained products Ila—Ild
the enamine moiety is a push-pull system, which leads
to the existence of an equilibrium of geometric isomers
in solution [15]. The "H NMR spectra of compounds
IIa—IId contain the proton signals of NH- and -CH-
groups as the doublets (coutling constant ~14 Hz),
which are characteristic of enaminodiketone form. The
presence of the signals of NH-protons in the downfield
region (~0ng 9.3—11.03 ppm) suggests the existence of
compounds IIa-IId as enaminodiketone tautomers,
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where a hydrogen atom of amino group is
intramolecularly associated with one of the carbonyl
groups. The presence in the molecule of the
intramolecular interactions of this kind is confirmed
also by IR spectroscopy data. The absorption band of
the stretching vibrations of NH and C=0O groups are
shifted to lower frequencies compared to the free
groups.

We believe that one of the simplest methods of
converting compounds Ila-IId into water-soluble
derivatives is their quaternization at the nitrogen atom
by an alkyl halide. This interaction usually results in
quaternary ammonium salts, which are capable to

O NMe,
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dissolve in aqueous media. However, the compounds
IIa-IId contain two nitrogen atoms, secondary and
tertiary, which are potential quaternization centers.

Under mild conditions the addition of an excess
methyl iodide to compounds Ila—IId results in the
quaternization products IIla—IIId as white pre-
cipitates. According to spectral data (IR, "H NMR), the
regioselective methylation of compounds Ila—Ild
occurs at the tertiary nitrogen atom. In this case, NH-
group of the enamine fragment does not react with
methyl iodide because of the participation of the lone
electron pair of this nitrogen atoms in the conjugation

with C=C bond.
(\NMC?,

LOEt ~NH SNH 1o
Rl R2 0 Rl | R2 b Rl | R2
O 0] (0] (0] O
Ia-Id IIa-IId, 95-98% IIa-II1d, 96-98%

a: H,NCH,CH,NMe,, Et,0, 25°C; b: Mel, 25-30°C. R' =R* =

Note that compounds IIIa—IIId in solutions also
exist as enaminodiketone tautomers and exhibit the
same spectral characteristics as compounds ITa—IId.

All synthesized compounds ITIa—IIId belong to the
class of quaternary ammonium salts and exhibit high
water solubility and stability in acidic media. They are
characterized by the same structure of the hydrocarbon
moiety adjacent to the ammonium group and various
substituents bonded directly to dicarbonyl moiety.
Both ammonium group and 1,3-dicarbonyl moiety may
potentially exhibit activity against corrosion of metals
in acidic media. The synergy of their action has not yet
been established.

It is known that most organic compounds
containing ammonium groups, including those com-
mercially available, have a high solubility in water
even if the ammonium nitrogen contains four hydro-
phobic substituents. Furthermore, it was shown that
often quaternary ammonium salts containing iodide
anion as counter ion possess the greatest inhibitory
activity against acid corrosion of low carbon steels [17,
18].

Inhibitory activity of quaternary salts is mainly
based on the electrostatic interaction between the

Me (a); R' = R* = OEt (b); R' = OEt, R* = Me (c¢), C;H; (d).

positively charged nitrogen atom of ammonium group
and the negatively charged electrode [19]. In the case
of 1,3-dicarbonyl fragment the inhibition mechanism is
more complex: the unpaired electrons of oxygen atoms
can interact with the vacant d-orbitals of the metal,
stable chelates can be formed on the electrode surface
creating significant barriers to corrosion; m-electrons
(if any) can interact with the metal; and the
combination of all these types of interactions is
possible [20-22].

The rate of the uniform corrosion (K,) of low-
carbon steel and inhibitory activity of the quaternary
ammonium salts ITIla—IIId (¢ 1x10~° M) were studied
in 1 M HCI solution at room temperature by the
polarization resistance method. For each value of K,
(Fig. 1) four parallel measurements were performed;
the standard deviation is no more than 3%.

Reducing the concentration of quaternary
ammonium salt IMa—IIId to 1x10™* M results in
approximately 2-fold increase in K, (Fig. 2).

The analysis of the graphic and numeric data on K,
show that the quaternary ammonium salts IITa—IIId
exhibit similar characteristics: In relatively low
concentrations they inhibit corrosion processes of
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Fig. 1. Uniform corrosion rate of Steel-3 in 1 M HCI
solution in the presence of 1x10° M of ammonium salts
IIIa—IIId. (/) in the absence of ammonium salt; (2) in the
presence of IIla; (3) in the presence of IIIb; (4) in the
presence of Ilc; (5) in the presence of IT1d.

Steel-3 in hydrochloric acid medium more than 10
times. Protection degree (Z) calculated from the
equation for compound IIla is 92%, IIIb 91% Illc
90%, I11d 89%.

Knl _Kn2
Z=——%100%,

nl
where K,; and K, are uniform corrosion rates without
inhibitor and with the addition of inhibitor,
respectively.

The quaternary ammonium salts IIla, IIIb having a
symmetrical structure of 1,3-dicarbonyl fragment show
the greatest inhibitory effect. Anticorrosive properties
of IIId containing heptafluoropropyl substituent are
similar to those of the quaternary ammonium salts
IIIc, although there are examples of a more effective
corrosion inhibition in the presence of fluorine-
containing quaternary ammonium salts, as compared
with non-fluorinated [17, 23].

The mechanism of chelation of the metal surface, as
well as a significant effect of 1,3-dicarbonyl fragment
on the polarization properties of the terminal ammo-
nium nitrogen atom are questionable. Noteworthy is
the absence of the alkyl groups having strong hydro-
phobic properties in the structure of the synthesized
compounds.
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Fig. 2. Uniform corrosion rate of Steel-3 in 1 M HCI
solution (/) in the absence of ammonium salt and (2) in the
presence of 1x10* M of ammonium salts ITIc.

In an acidic medium the protonation of both the
dicarbonyl moiety and the nitrogen atom of amino-
methylidene fragment of compounds IIla—IIId is
possible. Obviously, the double electric layer of the
electrode is formed by orientation of the positively
charged ammonium nitrogen atoms to negatively
charged metal surface due to electrostatic interaction.
The difference in the behavior of compounds Illa—
IIId occurs due to varying the nature of the
substituents in the 1,3-dicarbonyl moiety. Con-
sequently, for Illa both the formation of hydroxy
groups from the corresponding keto groups and the
participation of the NH-moiety in the coordination
with the metal electrode surface is presumable. It
should also be noted that the best results in the test
series were observed for the symmetric molecules,
suggesting the possible contribution of intermolecular
interactions leading to a more ordered structure of the
protective layer on the metal. [24]

Unlike ammonium salts of diphilic structure [23],
the explanation of the effect of the structure of
functional derivatives of 1,3-dicarbonyl compounds on
their properties requires further study.

Thus, we developed an efficient approach to the
synthesis of water-soluble 2-aminomethylidene deri-
vatives of 1,3-dicarbonyl compounds comprising
quaternization of the starting compounds with methyl
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iodide. The reaction proceeds regioselectively at the
terminal tertiary nitrogen atom. A series of quaternary
ammonium salts was obtained in preparative yields.
The developed techniques allow wide variation of
functionalities in both dicarbonyl and aminoalkyl
fragments. The synthesized quaternary ammonium
salts IIla—IIId show high anticorrosion activity for
steel in hydrochloric acid medium: The corrosion of
the metal is reduced 10-fold.

EXPERIMENTAL

The IR spectra were recorded on a Perkin-Elmer
Spectrum One B spectrophotometer. The NMR spectra
were obtained on a Bruker DRX-400 instrument ('H,
400 MHz, internal reference Me,Si; "°F, 376 MHz,
internal reference Cg¢F¢). Elemental analysis was
carried out on a Perkin Elmer PE 2400 elemental
analyzer of series 2 CHNS-O EA 1108.4. Melting
points were measured in open capillaries on a Stuart
SMP3 instrument. The reaction progress was
monitored by thin-layer chromatography using
Alugram Sil G/UV,s4 plates.

The rate of uniform corrosion of low-carbon steel
was studied in a 1 M HCI solution using the universal
automatic corrosion gage Expert-004 and a two-
electrode sensor (LLC “Ekoniks—Expert,” Moscow).
The electrode material is Steel-3 (composition, %: Si
0.05-0.15, Mn 0.40-0.65, P < 0.04, Cr < 0.30,

S <0.05); the area of each electrode is 0.00078 m?.

2-Ethoxymethylidene-1,3-dicarbonyl
were prepared by methods [13-16].

compounds

Synthesis of compounds Ila-IId. To a solution of
2-ethoxymethylidene-1,3-dicarbonyl compound Ia-Id
(0.02 mol) in 30 ml of diethyl ether at room
temperature was added dropwise N,N-dimethylethyl-
enediamine (0.024 mol). The reaction mixture was
stirred for 10 min and then washed with water. The
organic layer was separated and dried over CaCl,.
Thereafter, the solvent was evaporated and the
precipitate formed was recrystallized from hexane.
Compound IlIa was obtained as pale yellow crystals.
The products IIb—IId were obtained as yellow oily
substances after the solvent removal.

3-[(2-Dimethylamino)ethylamino]methylidenepen-
tane-2,4-dione (IIa). Yield 3.80 g (96%), mp 57-58°C.
IR spectrum, v, cm ' 3180 br.s (N-H); 2966, 2943,
2861, 2822 (C-H); 1615 (C=0); 1586 (C=C); 1567
(N-H). '"H NMR spectrum (CDCl3), 3, ppm (J, Hz):
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2.26 s (3H, Me), 2.28 s (6H, 2 Me), 2.49 s (3H, Me),
2.52t (2H, CH,, J 6.1), 3.41 q (2H, CH,, J 6.1), 7.80 d
(1H, CH, J 13.4), 11.05 br.s (1H, NH). Found, %: C
60.48; H 9.10; N 13.99. C;(HsN,0,. Calculated, %: C
60.58; H9.15; N 14.13.

Diethyl 2-[(2-dimethylamino)ethylamino]methyl-
idenemalonate (IIb). Yield 5.04 g (97.5%). IR spec-
trum, v, cm ' 3290 br.s (N-H); 2978, 2946, 2902,
2863, 2822 (C-H); 1684, 1660 (C=0); 1609 (C=C);
1518 (N-H). '"H NMR spectrum (CDCls), 3, ppm (J,
Hz): 1.29 t and 1.34 t (6H, Me, J 7.1), 2.24 sand 2.27 s
(6H, Me), 2.49 t (2H, CH,, J 6.1), 3.41 q (2H, CH,, J
6.1), 4.19 q and 4.24 q (4H, CH,, J 7.1), 8.02 d (1H,
CH, J 14.4),9.21 br.s (1H, NH). Found, %: C 55.76; H
8.52; N 10.79. C1,H»,N,04. Calculated, %: C 55.80; H
8.58; N 10.84.

Ethyl 2-[(2-dimethylamino)ethylamino]methyl-
idene-3-oxobutanoate (Ilc). Yield 5.04 g (98.5%). IR
spectrum, v, cm ': 3182 br.s (N-H); 2977, 2947, 2904,
2856, 2822 (C—H); 1695, 1638 (C=0); 1581 (C=C). 'H
NMR spectrum (CDCls), 8, ppm (J, Hz): E,Z, 2.26 s
and 2.27 s (6H, Me), 2.50 t (2H, CH,, J 6.2), 3.41 q
(2H, CH,, J 6.2); E (12%), 1.35 t (3H, Me, J 7.1), 2.43
s (3H, Me), 4.25 q (2H, CH,, J 7.1), 8.16 d (1H, CH, J
14.9), 9.27 br.s (1H, NH); Z (88%), 1.30 t (3H, Me, J
7.1), 2.47 s (3H, Me), 4.19 q (2H, CH,, J 7.1), 8.00 d
(1H, CH, J 13.8), 11.03 br.s (1H, NH). Found, %: C
57.90; H 8.78; N 12.21. C;1HoN,0O3. Calculated, %: C
57.87; H 8.83; N 12.27.

Ethyl 2-[(2-diethylamino)ethylamino]methyl-
idene-4,4,5,5,6,6,6-heptafluoro-3-oxohexanoate (I1d).
Yield 5.04 d (98.5%). IR spectrum, v, cm ': 3245 br.s
(N-H); 2981, 2907 (C-H); 1700, 1650 (C=0); 1630
(C=C), 1230-1119 (C-F). 'H NMR spectrum (CDCl3),
o, ppm (J, Hz): E,Z, 2.27 br.s (6H, 2Me), 2.53 m (2H,
CH,), 3.48 m (2H, CH,); E (63%), 1.29 t (3H, Me, J
7.2),4.23 q (2H, CH,, J 7.2), 8.09 d (1H, CH, J 14.7),
10.52 br.s (1H, NH); Z (37%), 1.31 t (3H, Me, J 7.2),
4.26 q (2H, CH,, J 7.2), 7.96 d (1H, CH, J 14.7), 9.65
br.s (1H, NH). ’F NMR spectrum (CDCl;), &, ppm
(/, T): E (63%), 38.35 m (2F, B-CF,), 48.67 m (2F, a-
CF,), 81.52 t (3F, y-CF;, J 9.8); Z (37%), 37.66 m (2F,
B-CF,), 49.33 m (2F, a-CF>), 81.69 t (3F, y-CF3, J 9.8).
Found, %: C 40.77; H 4.45; N 7.29; F 34.70.
Ci3H7F7N,O3. Calculated, %: C 40.84; H 4.48; N
7.33; F 34.79.

Synthesis of ammonium salts II1a—IIId. To amine
IIa—IId (0.01 mol) was added Mel (0.03 mol). The
mixture was stirred for 15 min. Then an excess of Mel
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was removed. The products IIIa—IIld were obtained as
white powders.

2-[(2-Acetyl-3-oxobuten-1-yl)amino]|-/V,/V,/N-tri-
methylethaneammonium iodide (II1a). Yield 3.37 g
(99%), mp 202-203°C. IR spectrum, v, cm ': 3178 br.s
(N-H); 2996, 2982, 2901 (C-H); 1621 br.s (C=0);
1586 (C=C); 1570 (N'—CH;). 'H NMR spectrum
(DMSO-dy), 6, ppm (J, Hz): 2.22 s and 2.31 s (6H,
Me), 3.11 s (9H, 3 Me), 3.57 t (2H, CH,, J 6.5), 3.86 q
(2H, CH,, J 6.5), 8.12 d (1H, CH, J 13.4), 10.65 m
(1H, NH). Found, %: C 38.77; H 6.18; N 8.27.
C1H,N,O,l. Calculated, %: C 38.84; H 6.22; N 8.23.

2-[{2,2-(Diethoxycarbonyl)propen-1-yl}amino]-
N,N,N-trimethylethaneammonium iodide (IIIb).
Yield 3.92 g (98%), mp 192-193°C. IR spectrum, v,
cm ' 3191 br.s (N-H); 3000, 2901 (C—H); 1709, 1698
(C=0); 1652, 1620 (C=C); 1598 (N"~CH3). '"H NMR
spectrum (DMSO-dg), 8, ppm (J, Hz): 1.20 tand 1.21 t
(6H, Me, J 7.1), 3.10 s (9H, 3 Me), 3.52 t 2H, CH,, J
6.6), 3.83 q (2H, CH,, J 6.6), 4.06 q and 4.12 q (2H,
CH,,J7.1),8.07d (1H, CH, J 14.4), 9.14 m (1H, NH).
Found, %: C 39.06; H 6.25; N 6.97. Ci3HysN,O4l.
Calculated, %: C 39.01; H 6.30; N 7.00.

2-[2-(Ethoxycarbonyl)-3-oxobuten-1-yl)amino]-
N,N,N-trimethylethaneammonium iodide (IIlc).
Yield 3.67 g (99%), mp 149-150°C. IR spectrum, v,
ecm ' 3159, 3126 (N-H); 3002, 2984, 2936 (C-H);
1687 (C=0); 1633 (C=C); 1574 (N'-CH;). 'H NMR
spectrum (DMSO-di), 6, ppm (J, Hz): E Z, 3.12 s
(9H, 3Me), 3.55 t (2H, CH,, J 6.6), 3.87 q (2H, CH,, J
6.6); E (13%), 1.27 t (3H, Me, J 7.1), 2.29 s (3H, Me),
4.19 q (2H, CH,, J 7.1), 8.15 d (1H, CH, J 14.6), 9.18
m (1H, NH); Z (87%), 1.24 t (3H, Me, J 7.1), 2.33 s
(3H, Me), 4.12 q (2H, CH,, J 7.1), 8.12 d (1H, CH, J
13.8), 10.72 m (1H, NH). Found, %: C 38.90; H 6.18;
N 7.61. C,H»3N,051. Calculated, %: C 38.93; H 6.26;
N 7.57.

2-[2-(Ethoxycarbonyl)-4,4,5,5,6,6,6-heptafluoro-
3-oxohexen-1-yl)amino]-N,N,N-trimethylethane-
ammonium iodide (IIId). Yield 5.24 g (100 %), mp
209-210°C. IR spectrum, v, cem ': 3165, 3140 (N-H);
3010, 2979, 2945 (C-H); 1737, 1680 (C=0); 1630
(C=C); 1582 (N"—CHs); 1269-1118 (C-F). '"H NMR
spectrum (DMSO-dy), 8, ppm (J, Hz): E,Z, 3.11 br.s
(9H, 3Me), 3.57 m (2H, CH,), 3.95 m (2H, CH,); E
(65%), 1.22 t (3H, Me, J 7.2), 4.15 q (2H, CH,, J 7.2),
8.30 d (1H, CH, J 14.7), 10.49 m (1H, NH); Z (35%),
1.21 t (3H, Me, J 7.2), 4.19 q (2H, CH,, J 7.2), 8.18 d
(1H, CH, J 14.7), 9.59 m (1H, NH). “F NMR
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spectrum (DMSO-dg), df, ppm (J, Hz): E (65%), 38.61
br.s (2F, B-CF,), 49.83 m (2F, a-CF,), 83.13 t (3F, v-
CF;, J 9.5); Z (35%), 39.31 br.s (2F, B-CF,), 50.20 m
(2F, 0-CF,), 83.15 t (3F, y-CF;, J 9.5). Found, %: C
32.07; H 3.79; N 5.29; F 25.44. C4HyN,F;0;L
Calculated, %: C 32.08; H 3.85; N 5.34; F 25.37.
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