
Russian Chemical Bulletin, International Edition, Vol. 60, No. 10, pp. 2014—2020, October, 20112014

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 10, pp. 1978—1983, October, 2011.

1066�5285/11/6010�2014 © 2011 Springer Science+Business Media, Inc.

Synthesis and properties of cross�conjugated ωωωωω,ωωωωω´�bis�dimethylamino ketones
and dinitriles with N�acetyl� and N�benzylpiperidine cycles

Zh. A. Krasnaya,  E. O. Tret´yakova, V. V. Kachala, and S. G. Zlotin

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 119991 Moscow, Russian Federation.

Fax: +7 (499) 135 5328. E�mail: kra@ioc.ac.ru

Reactions of N�acetyl� and N�benzyl�4�piperidones with aminal of β�dimethylaminoac�
rolein yielded ketocyanines bearing piperidine cycle. Reaction of 3�dimethylamino�1,1,3�tri�
methoxypropane with 1�acetylpiperidin�4�ylidenemalononitrile in the presence of ionic liquid,
1�butyl�3�methylimidazolium tetrafluoroborate ([bmim]BF4), resulted in cross�conjugated
ω,ω´�dimethylamino dinitrile. Protonation of ketocyanines bearing N�acetyl� and N�benzyl�
piperidine cycles with Et2O•HBF4 (1 equiv.) furnished piperidinium salts, while protonation of
the latter with Et2O•HBF4 (2 equiv.) afforded doubly charged 4�hydroxypolymethine salts.
Unlike protonation, reaction of 3,5�bis(3�dimethylaminoprop�2�enylidene)�1�acetylpiperidin�
4�one with Me2SO4 involved only the oxygen atom and led to a singly charged 4�methoxypoly�
methine salt. Methylation of 3,5�bis(3�dimethylaminoprop�2�enylidene)�1�benzylpiperidin�
4�one with Me2SO4 (1 equiv.) involved cyclic nitrogen atom and resulted in piperidinium salt;
heating of the latter with the excess of Me2SO4 afforded doubly charged bis�methoxysulfonate.
Starting from 4�methoxytetrahydropyridinium salts, meso�methoxythiapentacarbocyanine dyes
were synthesized.

Key words: ketocyanines, malononitrile, protonation, methylation, polymethine salts,
cyanines, absorption spectra.

Recently,1 we synthesized the first representatives of
cross�conjugated ω,ω´�bis�dimethylamino ketones bear�
ing piperidine cycle in the polyene chain. In contrast to
ketocyanines studied previously,2 these compounds con�
tain two reactive centers, which can be attacked by electro�
philes, e.g., the carbonyl group and the cyclic nitrogen
atom. Spectral study and investigation of chemical prop�
erties of these compounds revealed several specific fea�
tures.3 Earlier,1 analog of ketocyanine 3,5�bis(3�dimethyl�
aminoprop�2�enylidene)�1�ethoxycarbonylpiperidin�4�
one bearing dicyanomethylidene moiety instead of the car�
bonyl group was also synthesized. This replacement re�
sulted in significant bathochromic shift of the absorption
maximum in the electronic absorption spectra.

The present work was devoted to the synthesis and study
of the properties of hitherto unknown cross�conjugated
ω,ω´�bis�dimethylamino ketones and the corresponding
dinitriles with N�benzyl and N�acetylpiperidine cycles.

Condensation of aminal of β�dimethylaminoacrolein 1
(see Ref. 4) with N�substituted 4�piperidones 2a,b
(65—70 °C, 40—90 min) afforded ketocyanines 3a,b in
75—85% yields (Scheme 1).

With the aim at synthesizing cross�conjugated dini�
triles 4a,b (analogs of ketocyanines 3a,b with dicyanome�
thylidene fragment instead of the carbonyl group), we stud�

ied condensation of aminal 1 and 3�dimethylamino�1,1,3�
trimethoxypropane 5 (see Ref. 5) with hitherto unknown
(1�acetylpiperidin�4�ylidene)malononitrile 6a and
(1�benzylpiperidin�4�ylidene)malononitrile 6b (see Ref. 6)
(Scheme 2).

Scheme 1

R = C(O)Me (a), CH2Ph (b)
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The attempts to prepare polyenic dinitriles 4a,b using
aminal 1 failed. Cross�conjugated dinitrile 4a was access�
ed in 20% yield by the condensation of compound 5 with
dinitrile 6a only in the presence of ionic liquid, 1�butyl�3�
methylimidazolium tetrafluoroborate ([bmim]BF4). The
latter, apparently, contribute in the polarization of the
C—H bonds of compound 6a. All attempts to synthesize
benzyl�substituted analog 4b were unsuccessful.

Structures of cross�conjugated polyenes 3a,b and 4a
were established based on 1H and 13C NMR spectroscopy,
UV spectroscopy, mass spectrometry and confirmed by
microanalysis.

The 1H and 13C NMR spectra were interpreted using
2D NMR experiments (COSY, HSQC, and HMBC).
The values of the vicinal coupling constants 3Jβ—γ and
3Jγ—δ equal 12.0 and 12.4 Hz, respectively, indicate the
trans�configuration of the protons of the CβH—CγH—CδH
moiety and domination of S�trans�conformation for the
diene fragments of the polymethine chains.

Comparison of the UV spectra of ketocyanine 3a and
dinitrile 4a reveals that absorption maximum of dinitrile
4a shifted to longer wavelengths by 80 nm. It is of note
that UV spectra of dinitrile 4a, unlike that of ketocyanines
3a,b, exhibits not only long wavelength band with high
absorption coefficient ε (ε = 70000—90000 L mol–1 cm–1)
but also short wavelength band with the maximum at
310—320 nm with significantly lower ε value (ε =
= 10000—11000 L mol–1 cm–1). Ketocyanines 3a,b and
dinitrile 4a show bathochromic solvent effect: on going
from non�polar (CHCl3) to polar (EtOH) solvent the ab�
sorption band shifted to longer wavelengths by 20 nm.

Ketocyanines 3a,b possess properties of the Lewis
bases. Thus, treatment of these compounds with
Et2O•HBF4 (1 equiv.) resulted in the protonation on the
cyclic nitrogen atom to give piperidinium salts 7a,b in the
yields of 66 and 75%, respectively. Further treatment of

the latter with Et2O•HBF4 (1 eqiuv.) afforded the doubly
charged 4�hydroxypolymethine salts 8a,b due to protona�
tion on the oxygen atom. Salts 8a,b can be prepared di�
rectly from ketocyanines 3a,b using 2 equiv. of Et2O•HBF4
(Scheme 3).

Scheme 3

R = C(O)Me (a), CH2Ph (b)

Reagents and conditions: Et2O•HBF4, 1 equiv. (i), 2 equiv. (ii);
7a (66%), 7b (75%), 8a (86% from 7a, 73% from 3a), 8b (45%
from 7b, 77% from 3b).

In contrast to compounds 3a,b, reaction of dinitrile 4a
with Et2O•HBF4 failed and dinitrile was recovered.

Direction of the alkylation of ketocyanines 3a,b de�
pends on the nature of the substituent at the cyclic nitrogen
atom. Unlike protonation, methylation of ketocyanine 3a

Scheme 2

R = C(O)Me (a), CH2Ph (b)
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by Me2SO4 in CH2Cl2 involved only the oxygen atom
to give a singly charged 4�methoxypolymethine salt 9
(Scheme 4).

Scheme 4

On treatment of ketocyanine 3a with methyl sulfate
(1 equiv.), product 9 begins to form even at 20 °C, its
amount increasing during the reaction. When the excess
of Me2SO4 is used and the reaction carried out at elevated
temperature, the reaction rate is higher and the yield of 9
is also higher. In contrast to ketocyanine 3a, treatment of
ketocyanine 3b with Me2SO4 (1 equiv.) resulted in methyla�
tion at cyclic nitrogen atom to give piperidinium methoxy�
sulfonate 10. The latter under the action of large excess of
Me2SO4 at 50—55 °C was converted into tetrahydropyri�
dinium bis�methoxysulfonate sulfate 11 (Scheme 5).

Structures of salts 7a,b, 8a,b, and 9—11 were con�
firmed by 1H NMR spectra in DMSO�d6 and electronic
absorption spectra.

The UV spectra of salts 7a,b protonated at the nitrogen
atom and quaternary ammonium salt 10 in CHCl3
(λmax = 470—485 nm, yellow colored solution) are almost
identical to that of the starting ketocyanines 3a,b (λmax =
= 470—475 nm). The absorption band in the spectra of
the salts protonated and methylated at the oxygen atom
significantly shifted in the longer wavelengths. Thus, salts
8a,b have absorption maxima at 600—620 nm, while salts
9 and 11 exhibit maxima at 640 nm (blue colored so�
lutions).

Specific spectral behavior of the salt 7a is of interest;
its absorption spectra are notably solvent dependent. Thus,
the spectra of 7a in DMSO and MeCN exhibit one ab�
sorption band with maximum at 475 nm, while in CHCl3
and CH2Cl2 they have two bands with maxima at 470 and
615 nm, whose intensity ratio depends on concentration.
Removal of CHCl3 and CH2Cl2 from the solutions to dry�
ness afforded salt 7a, whose spectra in DMSO and MeCN
have only one maximum at 470 nm. Apparently, in very

dilute solutions of salt 7a in CHCl3 and CH2Cl2, proton
migration from the nitrogen to oxygen occurs and salts 7a
and 12 equilibrate (Scheme 6).

Scheme 6

In the presence of triethylamine, salts 9 and 11 react
with benzothiazolium salt 13 affording hitherto unknown
meso�methoxythiapentacarbocyanine dyes 14 and 15. The

Scheme 5

Reagents: Me2SO4, CH2Cl2, 1 equiv. (i); 6 equiv. (ii).
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structures of dyes 14 and 15 were established by 1H NMR
spectroscopy and electronic absorption spectroscopy
(Schemes 7 and 8).

Dye 15 is the doubly charged and contains 2 equiv. of
TsO– anions. The absorption spectrum of dye 15 shows
longest wavelength absorption with maximum at 964 nm with
a very high absorption coefficient ε = 237703 L mol–1 cm–1.
This band is significantly shifted to shortest wavelengths
(by 38—42 nm) as compared with singly charged dyes 14
and meso�alkoxythiapentacarcocyanine dyes synthesized
earlier.2,3

Good solubility in water is the specific feature of dye 15,
which could be used for the study of its complexation
with DNA.

In summary, methylation of ketocyanines bearing pipe�
ridine cycle afforded 4�methoxytetrahydropyridinium
salts, which were used for the synthesis of hitherto un�
known alkoxythiapentacarbocyanine dyes. The photo�
chemical and photophysical investigation of the latter will
be published elsewhere.

Experimental

1H NMR spectra of compounds 6a, 7a,b, 8a,b, 9—11,
14, and 15 were recorded on a Bruker Avance 300 instrument
(300.13 MHz) in DMSO�d6. 1H and 13C NMR spectra of
compounds 3a,b were measured and 2D NMR experiments
(COSY, HSQC, and HMBC) were performed on
a Bruker Avance 600 instrument (600.13 MHz (1H) and
150.90 MHz (13C)).

Absorption spectra were recorded on Specord UV�Vis (com�
pounds 6a, 7a,b, 8a,b, and 9—11) and U 1900 (compounds 14
and 15) spectrophotometers. For low soluble compounds, the
extinction coefficient (ε) was not determined. MS spectra (EI,
70 eV) were recorded on a Kratos MS�30 instrument, high reso�
lution MS were performed on a Bruker micrOTOF II instrument
with electrospray ionization (ESI). The reaction course was mon�
itored by UV/VIS spectroscopy. All reactions with Et2O•HBF4
were performed under argon. Dry, acid�free CH2Cl2 was used as
a solvent. Due to low stability, microanalysis of the salts proto�
nated by the oxygen atom was not performed.

2�(1�Acetylpiperidin�4�ylidene)malononitrile (6a). A mixture
of 1�acetyl�4�piperidone 2a (4 g, 0.028 mol), malononitrile
(2.8 g, 0.045 mol), ammonium acetate (0.84 g, 0.011 mol), gla�
cial acetic acid (2 g, 0.033 mol), and benzene (15 mL) was re�
fluxed for 2 h with azeotropic removal of water. The reaction
mixture was concentrated in vacuo, diethyl ether (100 mL) was
added to the residue, the precipitate that formed was separated
and suspended in benzene (100 mL). Benzene solution was fil�
tered, washed with aqueous NaHCO3 and water, the organic
layer was dried with anhydrous MgSO4, and the solvent was
removed in vacuo. Yield of dinitrile 6a was 1.55 g (27%),
m.p. 101—103 °C. Found (%): C, 63.22; H, 5.61; N, 22.10.
C10H11N3O. Calculated (%): C, 63.48; H, 5.86; N, 22.21. UV
(EtOH), λmax/nm (ε): 225 (5815), 265 (4500). 1H NMR (CDCl3),
δ: 2.17 (s, 3 H, CH3); 2.79 (m, 4 H, CH2); 3.65 (m, 2 H, CH2);
3.79 (m, 2 H, CH2).

1�Acetyl�3,5�bis(3�dimethylaminopropen�2�enylidene)�4�
piperidone (3a). To 1�acetyl�4�piperidone 2a (0.56 g, 4 mmol),
aminal 1 (1.37 g, 8 mmol) was added dropwise. The reaction
mixture was heated at 65—70 °C for 40 min. To a crystalline
residue, anhydrous diethyl ether (10 mL) was added, the precip�
itate that formed was filtered, washed with diethyl ether, and

Scheme 7

TsO– = 

Scheme 8
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dried. The yield of compound 3a was 1.02 g (85%), bright orange
crystals, m.p. 205—208 °C. Found (%): C, 66.96; H, 8.47; N, 14.01.
C17H25N3O2. Calculated (%): C, 67.30; H, 8.31; N, 13.85. UV,
λmax/nm (ε): 490 (62300) (EtOH), 470 (54540) (CHCl3).
1H NMR (DMSO�d6), δ: 2.05 (s, 3 H, NCOCH3); 2.90 (s, 12 H,
NMe2); 4.28 (s, 2 H, CH2); 4.31 (s, 2 H, CH2); 4.97 (t, 1 H, γ�H,
J = 12.4 MHz); 5.12 (t, 1 H, γ´�H, J = 12.4 MHz); 7.03 (d, 1 H,
δ�H, J = 12.4 MHz); 7.07 (d, 1 H, δ´�H, J = 12.4 MHz); 7.17 (d, 2 H,
β and β´, J = 12.4 MHz). 1H NMR (CDCl3), δ: 2.16 (s, 3 H,
NCOCH3); 2.94 (s, 12 H, NMe2); 4.33 (s, 2 H, CH2); 4.52
(s, 2 H, CH2); 4.96 (t, 1 H, γ�H, J = 12.4 MHz); 5.12 (t, 1 H,
γ´�H, J = 12.4 MHz); 6.76 (d, 2 H, δ�H and δ´�H, J = 12.4 MHz);
7.40 (d, 1 H, β�H, J = 12.4 MHz); 7.43 (d, 1 H, β´�H,
J = 12.4 MHz). 13C NMR (CDCl3), δ: 21.53 (NCOCH3); 39.5
(NMe2); 41.97 (CH2); 46.15 (CH2); 93.11 (γ�C); 94.5 (γ´�C);
119.10 (α�C); 137.52 (β�C); 138.93 (β´�C); 151.77 (δ�C); 168.91
(NCOCH3); 183.61 (CO). MS (ESI), m/z: [M + H]+, found
304.2021, calculated 304.2031, C17H25N3O2.

1�Benzyl�3,5�bis(3�dimethylaminoprop�2�enylidene)�4�pipe�
ridone (3b). Aminal 1 (1.37 g, 8 mmol) was added dropwise to
1�benzyl�4�piperidone 2b (0.76 g, 4 mmol). The reaction mix�
ture was heated with stirring at 65—70 °C for 1.5 h. The crystal�
line reaction mixture was diluted with anhydrous diethyl ether
(10 mL), the bright orange precipitate was filtered, and washed
with diethyl ether. The yield of compound 3b was 1.05 g (75%),
m.p. 198—201 °C. Found (%): C, 74.68; H, 8.32; N, 11.97.
C22H29N3O. Calculated (%): C, 75.18; H, 8.32; N, 11.96. UV,
λmax/nm (ε): 495 (68200) (EtOH), 475 (66200) (CHCl3).
1H NMR (CDCl3), δ: 2.89 (s, 12 H, NMe2); 3.51 (s, 4 H, CH2);
3.71 (s, 2 H, NCH2Ph); 4.86 (t, 2 H, γ�H, J = 12.4 Hz); 6.69
(d, 2 H, δ�H, J = 12.6 Hz); 7.24—7.37 (m, 5 H, Ph); 7.43(d, 2 H,
β�H, J = 12.4 Hz). 13C NMR (CDCl3), δ: 40.61 (NMe2); 52.97
(CH2); 60.99 (NCH2Ph); 94.32 (γ�C); 120.88 (α�C); 126.81
(p�C, Ph); 128.26 (m�C, Ph); 129.21 (o�C, Ph); 137.64 (β�C);
138.94 (NCH2C); 150.81 (δ�C); 184.41 (CO). MS (EI), m/z:
351 [M]+.

[1�Acetyl�3,5�bis(3�dimethylaminoprop�2�enylidene)piper�
idin�4�ylidene]malononitrile (4a). A mixture of compound 6a
(0.4 g, 2.1 mmol) and ion liquid [bmim]BF4 (1.2 g, 5.3 mmol)
was extensively stirred until fine dispersion was formed. Then
3�dimethylamino�1,1,3�trimethoxypropane 5 (0.94 g, 5.3 mmol)
was added and the reaction mixture was kept at 20—22 °C for
24 h, and the solvent was removed in vacuo. Water (30 mL) was
added to the residue, the precipitate that formed was filtered,
washed with water, diethyl ether, and dried. The yield of com�
pound 4a was 0.1 g (20%), brawn crystals, m.p. >260 °C. UV,
λmax/nm (ε): 570 (89500) (EtOH), 550 (67100) (CHCl3).
1H NMR (DMSO�d6), δ: 2.05 (s, 3 H, NCOCH3); 3.05 (s, 12 H,
NMe2); 4.06 (d, 4 H, CH2, J = 12.4 Hz); 5.38 (t, 1 H, γ�H,
J = 12 Hz); 5.57 (t, 1 H, γ´�H, J = 12 Hz); 7.35 (d, 4 H, β�H and
δ�H, J = 12.4 Hz). MS (ESI), m/z: [M + H]+, found 352.2125,
calculated: 352.2143, C20H25N5O.

1�Acetyl�3,5�bis(3�dimethylaminoprop�2�enylidene)�4�oxo�
piperidinium tetrafluoroborate (7a). To a mixture of ketocyanine
3a (0.1 g, 0.33 mmol) in CH2Cl2 (3 mL) cooled to –5 °C,
a solution of Et2O•HBF4 (0.06 g, 0.34 mmol) in CH2Cl2 (1 mL)
was added dropwise. The reaction mixture was stirred at –5 °C
for 1 h and the solvent was removed in vacuo. Anhydrous diethyl
ether was added to the crystalline residue, the precipitate was
filtered and thoroughly washed with anhydrous diethyl ether.
The yield of tetrafluoroborate 7a was 0.085 g (66%), black crys�

tals, m.p. >235 °C. Found (%): C, 52.40; H, 6.52; N, 10.66.
C17H26BF4N3O2. Calculated (%): C, 52.19; H, 6.70; N, 10.74.
UV, λmax/nm: 475 (DMSO), 475 (CH3CN), 470 and 615 (CHCl3),
470 and 615 (CH2Cl2). 1H NMR (DMSO�d6), δ: 2.03 (s, 3 H,
NCOCH3); 3.00 (s, 12 H, NMe2); 4.28 (s, 2 H, CH2); 4.31
(s, 2 H, CH2); 5.25 (t, 1 H, γ�H, J = 12.5 Hz); 5.38 (t, 1 H, γ´�H,
J = 12.5 Hz); 7.23 (d, 2 H, δ�H and δ´�H, J = 12.5 Hz); 7.32
(d, 2 H, β�H and β´�H, J = 12.5 Hz).

1�Benzyl�3,5�bis(3�dimethylaminoprop�2�enylidene)�4�oxo�
piperidinium tetrafluoroborate (7b). To a stirred mixture of keto�
cyanine 3b (0.06 g, 0.17 mmol) in CH2Cl2 (1.5 mL) cooled to
–5—0 °C, a solution of Et2O•HBF4 (0.03 g, 0.17 mmol) in
CH2Cl2 (1 mL) was added dropwise. After 30 min, the solvent
was removed in vacuo, the residue was triturated with diethyl
ether, the precipitate that formed was filtered, and washed with
anhydrous diethyl ether. The yield of tetrafluoroborate 7b was
0.055 g (75%), black crystals, m.p. >240 °C. Found (%): C, 59.80;
H. 6.62; N, 9.35. C22H30BF4N3O. Calculated (%): C, 60.15;
H, 6.88; N, 9.57. UV (CHCl3), λmax/nm (ε): 480 (54468). 1H NMR
(DMSO�d6), δ: 2.90 (br.s, 12 H, NMe2); 3.90 (br.s, 4 H, CH2);
4.20 (s, 2 H, CH2Ph); 4.85 (t, 2 H, γ�H and γ´�H, J = 12.5 Hz);
7.15 (d, 2 H, δ�H and δ´�H, J = 12.5 Hz); 7.38 (d, 2 H, β�H and
β´�H, J = 12.5 Hz); 7.45 (br.s, 5 H, Ph).

1�Acetyl�3�(3�dimethylaminoprop�2�enylidene)�5�(3�dimethyl�
iminioprop�1�enyl)�4�hydroxy�1,2,3,6�tetrahydropyridimium bis�
tetrafluoroborate (8a). A. To a mixture of compound 7a (0.071 g,
0.18 mmol) in anhydrous CH2Cl2 (1.5 mL) cooled to –5 °C,
a solution of Et2O•HBF4 (0.03 g, 0.17 mmol) in CH2Cl2 (1 mL)
was added dropwise. The reaction mixture was kept for 30 min
and the solvent was removed in vacuo, the residue was washed
several times with anhydrous diethyl ether. The yield of com�
pound 8a was 0.075 g (86%), black crystals, m.p. 168—170 °C.
UV, λmax/nm (ε): 620 (89619) (CH2Cl2); 620 (CHCl3). 1H NMR
(DMSO�d6), δ: 2.10 (s, 3 H, NCOMe); 3.15 (br.s, 12 H, NMe2);
4.25 (br.s, 4 H, CH2); 5.61 (t, 1 H, γ�H, J = 12.5 Hz); 5.75 (t, 1 H,
γ´�H, J = 12.5 Hz); 7.50—7.65 (m, 4 H, β�H, β´�H, δ�H,
and δ´�H).

B. To a mixture of ketocyanine 3a (0.10 g, 0.33 mmol) in
CH2Cl2 (3 mL) cooled to –5—0 °C, a solution of Et2O•HBF4
(0.12 g, 0.68 mmol) in CH2Cl2 (2 mL) was added dropwise. The
reaction mixture was stirred at –5—0 °C for 1 h and the solvent
was removed in vacuo. Anhydrous diethyl ether was added to the
residue, the precipitate that formed was filtered and washed with
anhydrous diethyl ether. The yield of compound 8a was 0.11 g
(73%), the product was identical to the one described above.

1�Benzyl�3�(3�dimethylaminoprop�2�enylidene)�5�(3�di�
methyliminioprop�1�enyl)�4�hydroxy�1,2,3,6�tetrahydropyridini�
um bis�tetrafluoroborate (8b). A. To a mixture of tetrafluoro�
borate 7b (0.028 g, 0.06 mmol) in CH2Cl2 (1 mL) cooled to
–5—0 °C, a solution of Et2O•HBF4 (0.012 g, 0.07 mmol) in
CH2Cl2 (0.5 mL) was added dropwise with stirring. In the reac�
tion mixture, the precipitate immediately formed. The UV spec�
trum of the precipitate in CHCl3 showed absorption maximum
at 600 nm, no absorption for the starting tetrafluoroborate 7b
(λmax = 470 nm) was detected. After 15 min, the solution was
decanted, the precipitate was successfully washed with anhydrous
diethyl ether. The yield of bis�tetrafluoroborate 8b was 0.015 g
(45%), black crystals, m.p. 120—124 °C (decomp.) UV (CHCl3),
λmax/nm (ε): 600 (28745). 1H NMR (DMSO�d6), δ: 3.10 (br.s,
6 H, NMe2); 3.20 (br.s, 6 H, Me2N+); 3.90 (br.s, 2 H, CH2);
4.15 (br.s, 2 H, CH2); 4.35 (s, 2 H, CH2Ph); 5.45 (t, 2 H, γ�H



ω,ω´�Bisdimethylamino ketones and dinitriles Russ.Chem.Bull., Int.Ed., Vol. 60, No. 10, October, 2011 2019

and γ´�H, J = 12.5 Hz); 7.47 (br.s, 5 H, Ph), 7.60—7.80 (m, 4 H,
β�H, β´�H, δ�H, δ´�H); 10.35 (br.s, 1 H, OH).

B. To a mixture of ketocyanine 3b (0.12 g, 0.34 mmol) in
CH2Cl2 (3 mL) cooled to –5—0 °C, a solution of Et2O•HBF4
(0.12 g, 0.75 mmol) in CH2Cl2 (1 mL) was added dropwise with
stirring. The color of the reaction mixture immediately turned
blue. In the UV spectra of the reaction mixture, new absorption
band with maximum at 600 nm appeared, while absorption band
with maximum at 470 nm disappeared. After 30 min, the solu�
tion was decanted, the precipitate that formed was successfully
washed with anhydrous diethyl ether. The yield of bis�tetrafluo�
roborate 8b was 0.14 g (77%), m.p. 124—127 °C (decomp.). The
UV and 1H NMR spectra of the sample are identical to the
described above.

N�{1�Acetyl�3�[3�(3�dimethylaminoprop�2�enylidene)�4�
methoxy�1,2,3,6�tetrahydropyridin�5�yl]prop�2�enylidene}�N,N�
dimethylammonium methoxysulfonate (9). A. To a solution of
ketocyanine 3a (0.3 g, 1 mmol) in CH2Cl2 (4.5 mL), a solution
of Me2SO4 (0.36 g, 2.86 mmol) in CH2Cl2 (2.5 mL) was added
dropwise. The reaction mixture was refluxed with stirring for
8 h, then the solvent was removed in vacuo. The residue was
triturated with anhydrous diethyl ether, the precipitate that
formed was filtered, and washed with diethyl ether. The yield of
compound 9 was 26 g (62%), black powder, m.p. 168—170 °C.
Found (%): C, 53.34; H, 7.15; N, 9.52. C19H31N3O6S. Calculat�
ed (%): C, 53.13; H, 7.27; N, 9.78. UV, λmax/nm (ε): 640 (103350)
(EtOH); 640 (70928) (CHCl3). 1H NMR (DMSO�d6), δ: 2.05
(s, 3 H, NCOMe); 3.20 (br.s, 12 H, NMe2, Me2N+); 3.78 (s, 3 H,
OMe); 4.30 (br.s, 4 H, CH2); 5.75 (t, 1 H, γ�H, J = 12.5 Hz);
5.88 (t, 1 H, γ´�H, J = 12.5 Hz); 7.40 (m, 2 H, β�H and β´�H);
7.85 (m, 2 H, δ�H and δ´�H); 3.40 (the signal of the methyl
group of anion MeSO4

– overlaps with the signal of the protons
of H2O in DMSO�d6).

B. To a solution of ketocyanine 3a (0.1 g, 0.33 mmol) in
CH2Cl2 (1.5 mL), a solution of Me2SO4 (0.04 g, 0.33 mmol) in
CH2Cl2 (1 mL) was added dropwise with stirring. The reaction
mixture was stirred at 20—25 °C monitoring the reaction course
with UV spectroscopy. After 3.5 h, the main absorption band was
the band with maximum at 470 nm, but the bans of low intensi�
ty at 640 nm was also observed. The aliquot of the reaction
mixture was taken, the solvent was removed in vacuo, the preci�
pitate that formed was washed with anhydrous diethyl ether, and
dried. The 1H NMR spectrum of this precipitate was similar to
that of the starting ketocyanine 3a and contained signals of low
intensity attributed to methyl sulfate 9. The reaction mixture was
then stirred for 3 days until the band with the maximum at 470 nm
disappeared in the UV spectra; the intensity of the band with
maximum at 640 nm increased. Methyl sulfate 9 was separated
as described above.

1�Benzyl�3,5�bis(3�dimethylaminoprop�2�enylidene)�1�me�
thyl�4�oxopiperidinium methoxysulfonate (10). To a mixture of keto�
cyanine 3b (0.15 g, 0.44 mmol) in CH2Cl2 (1 mL), a solution of
Me2SO4 (0.056 g, 0.44 mmol) in CH2Cl2 (0.5 mL) was added
dropwise at 20 °C. The reaction mixture turned dark, the absorp�
tion band shifted to longer wavelengths by 10 nm as compared
with that of starting ketocyanine 3b. (The UV spectra became
symmetrical in contrast to the spectra of starting ketocyanine 3b
with the shoulder). After 20 min, the solvent was removed
in vacuo, the residue was triturated with anhydrous diethyl ether.
The yield of compound 10 was 0.16 g (77%), dark violet crystals,
m.p. 120—122 °C. Found (%): C, 60.05; H, 7.21; N, 8.52.

C24H35N3O5S. Calculated (%): C, 60.35; H, 7.39; N, 8.80. UV
(CHCl3), λmax/nm (ε): 485 (75202). 1H NMR (DMSO�d6), δ:
2.95 (br.s, 12 H, NMe2); 3.35 (s, 3 H, MeN+); 3.40 (s, 3 H,
MeSO4); 4.30 (s, 4 H, CH2); 4.45 (s, 2 H, CH2Ph); 5.05 (t, 2 H,
γ�H and γ´�H, J = 12.5 Hz); 7.25—7.40 (m, 4 H, β�H, β´�H,
δ�H, δ´�H); 7.45—7.60 (m, 5 H, Ph).

1�Benzyl�3�(3�dimethylaminoprop�2�enylidene)�5�(3�di�
methyliminioprop�1�enyl)�4�methoxy�1�methyl�1,2,3,6�tetra�
hydropyridinium bis�methoxysulfonate (11). To compound 10
(0.15 g, 0.31 mmol), Me2SO4 (0.24 g, 1.9 mmol) was added and
the reaction mixture was heated at 50—55 °C; the course of the
reaction was monitored with UV spectroscopy. After 1.5 h, no
absorption with maximum at 485 nm attributed to methyl sulfate 10
was detected, the observed band with maximum at 640 nm
was ascribed to compound 11. The reaction mixture was cooled
to ambient temperature and triturated with anhydrous diethyl
ether, the precipitate that formed was filtered, and washed
with anhydrous diethyl ether. The yield of compound 11 was
0.14 g (75%), black crystals, m.p. >240 °C. Found (%): C, 51.32;
H, 6.58; N, 6.65. C26H41N3O9S2. Calculated (%): C, 51.72; H, 6.84;
N, 6.96. UV (CHCl3), λmax/nm (ε): 640 (110550). 1H NMR
(DMSO�d6), δ: 3.12 (s, 6 H, NMe2); 3.35 (s, 6 H, Me2N+); 3.4
(s, the signal of the methyl group of anion MeSO4

– overlaps with
the signal of the protons of H2O in DMSO�d6); 3.90 (s, 3 H,
OMe); 4.32 (s, 4 H, CH2); 4.50 (s, 2 H, CH2Ph); 5.85 (t, 2 H,
γ�H and γ´�H, J = 12.5 Hz); 7.40—7.50 (m, 5 H, Ph); 7.62 (d, 2 H,
β�H and β´�H, J = 12.5 Hz); 8.08 (d, 2 H, δ�H and δ´�H,
J = 12.5 Hz).

2�(4�{3�[1�Acetyl�4�methoxy�4�(3�ethylbezothiazolin�2�
ylidene)but�2�en�1�ylidene]�1,2,3,6�tetrahydropyridin�5�yl}�
buta�1,3�dien�1�yl)�3�ethylbenzothiazolium tosylate (14). Com�
pounds 9 (0.10 g, 0.23 mmol) and 13 (0.32 g, 0.93 mmol) were
carefully grinded and mixed with Ac2O (4 mL). To the obtained
mixture, a solution of 1 M Et3N (1.6 mL) in Ac2O was added
dropwise at room temperature with stirring. Soon the bright blue
color of the reaction mixture turned green brownish. After 2 h,
diethyl ether (20 mL) was added, the reaction mixture was tritu�
rated, and after another 30 min the precipitate that formed was
filtered, washed with diethyl ether, small portion of cold water
and again with diethyl ether. The yield of dye 14 was 0.08 g
(49%), black crystals, m.p. 143—145 °C. UV (CH2Cl2), λmax/nm
(ε): 1002 (217500), 894 (81743). 1H NMR (DMSO�d6), δ: 1.32
(t, 6 H, CH3CH2N); 2.14 (s, 3 H, NCOMe; 2.26 (s, 3 H, Me,
TsO–); 3.78 (s, 3 H, OCH3); 4.25—4.45 (m, 8 H, CH3CH2N
and NCH2, cycl.); 6.56 (t, 2 H, β�H, J = 13 Hz); 6.82 (d, 2 H,
δ�H, J = 13 Hz); 7.10 (d, 2 H, H(4″), J = 7.5 Hz); 7.16—7.70
(m, 10 H, γ�H, α�H, H(5´), H(6´), H(3″)); 7.89 (d, 2 H, H(7´),
J = 7.7 Hz); 7.98 (d, 2 H, H(4´), J = 7.8 Hz).

2�(4�{1�Benzyl�4�methoxy�1�methyl�3�[4�(3�ethylbenzo�
thiazolin�2�ylidene)but�2�en�1�ylidene]�1,2,3,6�tetrahydropyri�
din�1�ium�5�yl}buta�1,3�dien�1�yl)�3�ethylbenzothiazolium bis�
tosylate (15). Compounds 11 (0.10 g, 0.17 mmol) and 13 (0.24 g,
0.68 mmol) were carefully grinded and mixed with Ac2O (4 mL).
To the obtained mixture, a solution of 1 M Et3N (1.2 mL) in
Ac2O was added dropwise with stirring. The color of the reaction
mixture immediately changed, in the UV spectra, the absorption
band with maximum at 640 nm disappeared. After 1 h, diethyl
ether (15 mL) was added, the reaction mixture was triturated,
the precipitate that formed was filtered, and successfully washed
with diethyl ether. The yield of dye 15 was 0.06 g (41%), black
crystals, m.p. 224—226 °C. Found (%): C, 65.21; H, 5.56;
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N, 3.95. C54H57N3O7S4. Calculated (%): C, 65.63; H, 5.81;
N, 4.25. UV (CH2Cl2), λmax/nm (ε): 964 (237703), 856 (124869).
1H NMR (DMSO�d6), δ: 1.32 (t, 6 H, CH3CH2N); 2.25 (s, 6 H,
CH3, TsO–); 3.10 (s, 3 H, MeN+); 3.90 (s, 3 H, OCH3); 4.40
(m, 8 H, CH3CH2N and NCH2, cycl.); 4.65 (s, 2 H, CH2Ph);
6.40 (t, 2 H, β�H, J = 13.5 Hz); 6.65 (d, 2 H, δ�H, J = 13.5 Hz);
7.10 (d, 4 H, H(4″), J = 7.5 Hz); 7.40—7.60 (m, 17 H, Ph, γ�H,
α�H, H(5´), H(6´), H(3″)); 7.75 (d, 2 H, H(7´), J = 8.1 Hz);
8.00 (d, 2 H, H(4´), J = 7.8 Hz).

This work was financially supported by the Russian
Foundation for Basic Research (project No. 10�03�00647�a).

References

1. Zh. A. Krasnaya, L. A. Shvedova, A. S. Tatikolov, E. O.
Tret´yakova, V. V. Kachala, S. G. Zlotin, Izv. Akad. Nauk,
Ser. Khim., 2009, 315 [Russ. Chem. Bull., Int. Ed., 2009,
58, 317].

2. Zh. A. Krasnaya, A. S. Tatikolov, Izv. Akad. Nauk, Ser. Khim.,
2003, 1555 [Russ. Chem. Bull., Int. Ed., 2003, 52, 1641].

Received November 11, 2010;
in revised form March 3, 2011

3. Zh. A. Krasnaya, E. O. Tret´yakova, V. V. Kachala, S. G.
Zlotin, Izv. Akad. Nauk, Ser. Khim., 2010, 796 [Russ. Chem.
Bull., Int. Ed., 2010, 59, 812].

4. (a) Zh. A. Krasnaya, T. S. Stytsenko, Izv. Akad. Nauk SSSR,
Ser. Khim., 1983, 850 [Bull. Acad. Sci. USSR, Div. Chem. Sci.
(Engl. Transl.), 1983, 32, 776]; (b) Zh. A. Krasnaya, T. S.
Stytsenko, Izv. Akad. Nauk SSSR, Ser. Khim., 1983, 855
[Bull. Acad. Sci. USSR, Div. Chem. Sci. (Engl. Transl.), 1983,
32, 780].

5. Zh. A. Krasnaya, T. S. Stytsenko, E. P. Prokof´ev, V. F.
Kucherov, Izv. Akad. Nauk SSSR, Ser. Khim., 1973, 2008 [Bull.
Acad. Sci. USSR, Div. Chem. Sci. (Engl. Transl.), 1973,
22, 1959].

6. G. Dörnyei, M. Incze, I. Moldvai, C. Szántay, Synth. Com�
mun., 2003, 33, 2329.


	Synthesis and properties of cross�conjugated ω,ω´�bis�dimethylamino ketonesand dinitriles with N�acetyl� and N�benzylpiperidine cycles
	Abstract
	Experimental
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


