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A reaction of 5�phenylpyrazolidin�3�one with hydroxy�substituted aromatic aldehydes led
to azomethinimines, the representatives of a new class of chemosensors exhibiting ionochromic
properties. Electron spectroscopy was used to identify efficient chemosensors toward Cu2+

cations and F– anions.
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Azomethines containing a bipolar structural fragment

 are useful polyfunctional precursors in combi�
natoric chemistry of various heterocyclic systems.1—6 Such
systems also exhibit photochromic properties resulting
from a reversible process of intramolecular cyclization.7—9

Another not yet studied area of application of these
compounds can be chemosensorics. In the last years,
a persistent attention is paid to the development of new
sensitive and selective chemosensors, i.e., compounds
capable of discriminating cations or anions and playing
a significant role in biological processes, medicine, ecology,
etc.10—14 Heterocyclic chemosensors for the studies of dif�
ferent ions by electron spectroscopy is a well known class
of ionochromic compounds.15—17

The presence of a charged fragment and additional
chelating centers in the structure of azomethinimines
makes it possible to use them as reagents for different ions.
The present work is devoted to the synthesis of a number
of new hydroxyaldehyde�derived azomethinimines and
studies of their chemosensory properties toward some
cations and anions.

Results and Discussion

Ethyl cinnamate 1 and hydrazine hydrate were used to
synthesize 5�phenylpyrazolidin�3�one (2)18,19 as a basic
compound for development of bipolar chemosensors.
The product obtained was condensed6 with hydroxy�sub�
stituted aromatic aldehydes to furnish a series of new
1�R�ylidene�substituted 3�oxo�5�phenylpyrazolidin�1,2�

ylides 3a—e (Scheme 1). The IR spectra of compounds
3a—e exhibit an absorption band characteristic of
the stretching vibrations of the OH group in the
3033—3111 cm–1 region. The 1H NMR spectra exhibit
signals for the diastereotopic protons of the cyclic
CH2 groups (two doublets of doublets in the regions
 2.40—3.01 and 3.14—3.41) and the CH groups (a dou�
blet of doublets in the region  5.52—6.02), as well
as a signal for the proton of the hydroxy group at 
10.36—12.82.

Scheme 1

R =  (a),  (b),  (c),

 (d),  (e)

* Dedicated to Academician of the Russian Academy of Sciences
V. I. Minkin on the occasion of his 80th birthday.
† Deceased.
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Fig. 1. Absorption spectra of solutions (5•10–5 mol L–1) of com�
pound 3d (1) upon addition of cations (2.5•10–4 mol L–1): Zn2+ (2),
Ni2+ (3), Co2+ (4), Cu2+ (5), and Hg2+ (6).

Table 1. Optical density values (D) of solutions of compounds 3a—e (5•10–5 mol L–1) in MeCN in the absorption
maximum region (max/nm) upon addition of cations (salts of HClO4, 2.5•10–4 mol L–1) and anions (salts of NBu4

+,
2.5•10–4 mol L–1)

Compound D (max)

Zn2+ Ni2+ Co2+ Cu2+ Hg2+ F– H2PO4
– CN– AcO–

3a 1.14 1.15 1.14 1.18 1.16 2.40 0.45 0.67 0.51
(361) (361) (361) (361) (361) (463) (463) (465) (463)

3b 0.35 0.34 0.35 0.37 0.36 0.73 0.39 0.71 0.17
(361) (361) (361) (361) (361) (413) (414) (413) (413)

3c 0.56 0.57 0.56 0.58 0.45 1.70 1.08 1.70 0.92
(365) (365) (365) (365) (411) (411) (389) (411) (391)

3d 0.05 0.10 0.08 2.50 0.22 1.15 1.14 1.12 1.15
(469) (468) (467) (250) (469) (468) (468) (468) (468)

3e 0.55 0.54 0.54 0.58 0.57 0.70 0.31 0.32 0.10
(377) (377) (377) (377) (377) (457) (450) (457) (458)

The studies of chemosensory properties of azomethin�
imines 3a—e toward Zn2+, Ni2+, Co2+, Cu2+, Hg2+ cat�
ions and F–, H2PO4

–, CN–, AcO– anions were carried
out by electron spectroscopy. The absorption spectra of
compounds 3a—e (MeCN) exhibit several bands in the
250—500 nm region, the most strong of them have the
maximum at 361 (3a), 361 (3b), 366 (3c), 468 (3d), and
377 nm (3e).

In most cases, the addition of metal salts to the solu�
tions of azomethinimines causes just insignificant chang�
es in the absorption spectra (Table 1). However, in the
case of compound 3c the reaction with the Hg2+ ions leads
to the appearance of an absorption band in the visible
region of the spectrum (410 nm). It should be also noted
that the addition of the Cu2+ cations to the solution of
compound 3d in MeCN leads to the change of the entire
absorption spectrum and the appearance of a strong band
in the 250 nm region (see Table 1, Fig. 1). This effect,
apparently, is related to the oxidation properties of the
copper(II) ions. Azomethinimine 3d will be studied as
a chemodosimeter.20

The compounds obtained were also studied on the
chemosensory properties toward F–, CN–, H2PO4

–, and
AcO– anions. The introduction of the corresponding tetra�
butylammonium salts into solutions of compounds 3a—e
causes different effects, which lead to the change in the
position of absorption bands and their intensities. 1�(2�Hydr�
oxybenzylidene)�3�oxo�5�phenylpyrazolidinium�1,2�ylide
(3a) is the most efficient chemosensor for the anions
among the studied compounds, which exhibits the ion�
active properties while detecting the F– anions, that is
indicated by the appearance of a strong band at 464 nm and
a yellowish green color of the solution (see Table 1, Fig. 2).

In conclusion, the studies of a number of azomethin�
imines 3 as potential chemosensors for different cations
and anions resulted in the identification of efficient sen�
sors for F– anions (compound 3a) and Cu2+ cations  (com�
pound 3d).

Experimental

Acetonitrile purchased from Kriokhrom (quality 0, high
purity grade.) was used in the work. IR spectra were obtained on
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Fig. 2. Absorption spectra of solutions (5•10–5 mol L–1) of com�
pound 3a (1) upon addition of anions (2.5•10–4 mol L–1): F– (2),
AcO– (3), CN– (4), and H2PO4

– (5) (2.5•10–5 mol L–1).
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a Varian Excalibur 3100 FT�IR spectrometer by the frustrated
total internal reflection using a ZnSe crystal. 1H NMR spectra
were recorded on a Varian Unity 300 spectrometer (300 MHz)
in CDCl3 or DMSO�d6, using residual signals of the solvent as
a reference ( 7.25 and 2.50). Electron absorption spectra were
recorded on a Varian Cary 100 spectrophotometer. Mass spectra
were recorded on a Shimadzu GCMS�QP2010 SE mass�spectro�
meter, using method of electron ionization with direct injection of
the sample into the source of ions (70 eV). Elemental analysis
was performed on a EuroVector EA�3000 elemental analyzer.
Melting points were determined in glass capillaries on a PTP(M)
apparatus. Reaction progress and purity of compounds obtained
were monitored by TLC (Silufol U�254 plates, eluent chloroform—
methanol, 5 : 1; visualization by iodine vapors in a moist chamber).

5�Phenylpyrazolidin�3�one (2) was synthesized according to
the procedure described earlier.19 M.p. 101—102 C (ethyl acetate);
cf. Ref. 19: m.p. 95—97 C (toluene); cf. Ref. 21: m.p. 101—102 C
(propan�2�ol). Found (%): C, 66.58; H, 6.15; N, 17.35. C9H10N2O.
Calculated (%): C, 66.65; H, 6.21; N, 17.27.

Synthesis of azomethinimines (general procedure). Trifluoro�
acetic acid (0.1 mL) was added to a mixture of 5�phenylpyrazol�
idin�3�one (2) (10 mmol) and the corresponding substituted
benzaldehyde (10 mmol) in propan�2�ol (25 mL). The reaction
mixture was refluxed for 3 h. The reaction completion was de�
termined by TLC. Then, the reaction mixture was cooled to
~20 C, a precipitate formed was filtered off, crystallized from
n�butanol, and dried in air.

1�(2�Hydroxybenzylidene)�3�oxo�5�phenylpyrazolidinium�
1,2�ylide (3a) was obtained from pyrazolidone 2 and 2�hydroxy�
benzaldehyde. The yield was 45%. A light yellow powder, m.p.
234—235 C (decomp.). Found (%): C, 72.24; H, 5.25; N, 10.60.
C16H14N2O2. Calculated (%): C, 72.17; H, 5.30; N, 10.52. MS
(EI, 70 eV), m/z (Irel (%)): 266 [M]+ (46). 1H NMR (CDCl3),
: 2.91 (dd, 1 H, CH, 3J = 6.0 Hz, 2J = 16.8 Hz); 3.33 (dd, 1 H,
CH, 3J = 10.0 Hz, 2J = 17.1 Hz); 5.52 (dd, 1 H, CH, 3J = 6.3 Hz,
2J = 9.9 Hz); 6.72—6.96 (m, 4 H, CArH); 7.22—7.45 (m, 6 H,
CArH, CH=N); 12.82 (s, 1 H, OH). IR, /cm–1: 3078 (OH);
1629 (C=O); 1600 (N—C(O)); 1558 (C=N); 1459 (N—N); 1260,
1246 (C—O); 1069 (C—N).

1�(4�Hydroxybenzylidene)�3�oxo�5�phenylpyrazolidinium�
1,2�ylide (3b) was obtained from pyrazolidone 2 and 4�hydroxy�
benzaldehyde. The yield was 49%. A colorless powder, m.p.
> 250 C (decomp.). Found (%): C, 72.26; H, 5.22; N, 10.58.
C16H14N2O2. Calculated (%): C, 72.17; H, 5.30; N, 10.52.
MS (EI, 70 eV), m/z (Irel (%)): 266 [M]+ (42). 1H NMR
(DMSO�d6), : 2.35—2.53 (m, 1 H, CH); 3.07—3.21 (m, 1 H,
CH); 5.71—5.82 (m, 1 H, CH); 6.87 (d, 2 H, CArH, 3J = 7.5 Hz);
7.26 (s, 1 H, CH=N); 7.28—7.45 (m, 5 H, CArH); 8.17 (d, 2 H,
CArH, 3J = 7.5 Hz); 11.14 (s, 1 H, OH). IR, /cm–1: 3033 (OH),
1639 (C=O), 1610 (N—C(O)), 1577 (C=N), 1444 (N—N), 1296
(C—O), 1076 (C—N).

1�(2,4�Dihydroxybenzylidene)�3�oxo�5�phenylpyrazolidin�
ium�1,2�ylide (3c) was obtained from pyrazolidone 2 and 2,4�di�
hydroxybenzaldehyde. The yield was 42%. A light yellow powder,
m.p. > 250 C (decomp.). Found (%): C, 68.16; H, 4.92; N, 10.01.
C16H14N2O3. Calculated (%): C, 68.08; H, 5.00; N, 9.92. MS
(EI, 70 eV), m/z (Irel (%)): 282 [M]+ (29). 1H NMR (DMSO�d6),
: 2.47 (dd, 1 H, CH, 3J = 4.8 Hz, 2J = 14.1 Hz); 3.15 (dd, 1 H,
CH, 3J = 9.9 Hz, 2J = 16.5 Hz); 5.82 (dd, 1 H, CH, 3J = 4.5 Hz,
2J = 9.9 Hz); 6.27—6.38 (m, 2 H, CArH); 7.31—7.47 (m, 6 H,
CArH, CH=N); 8.36 (d, 1 H, CArH, 3J = 9.0 Hz); 10.36 (s, 1 H,

OH); 11.46 (s, 1 H, OH). IR, /cm–1: 3509, 3033 (OH), 1610
(N—C(O)), 1563 (C=N), 1297 (C—O).

1�(2�Hydroxy�5�nitrobenzylidene)�3�oxo�5�phenylpyrazoli�
dinium�1,2�ylide (3d) was obtained from pyrazolidone 2 and
2�hydroxy�5�nitrobenzaldehyde. The yield was 38%. A yellow pow�
der, m.p. > 250 C (decomp.). MS (EI, 70 eV), m/z (Irel (%)):
311 [M]+ (16). Found (%): C, 61.81; H, 4.15; N, 13.43.
C16H13N3O4. Calculated (%): C, 61.73; H, 4.21; N, 13.50. 1H
NMR (DMSO�d6), : 2.59 (dd, 1 H, CH, 3J = 4.5 Hz, 2J = 16.8 Hz);
3.22 (dd, 1 H, CH, 3J = 9.8 Hz, 2J = 16.8 Hz); 6.02 (dd, 1 H,
CH, 3J = 4.5 Hz, 2J = 9.9 Hz); 7.05 (d, 1 H, CArH, 3J = 9.0 Hz);
7.37—7.48 (m, 4 H, CArH, CH=N); 8.22 (dd, 1 H, CArH,
3J = 3.0 Hz, 2J = 9.0 Hz); 9.82 (d, 1 H, CArH, 3J = 3.0 Hz);
12.40 (s, 1 H, OH). IR, /cm–1: 3111 (OH); 1637 (C=O); 1613
(N—C(O)); 1546 (C=N); 1491 (N=O); 1293, 1279 (C—O); 1250
(N=O); 1085 (C—N).

1�[(2�Hydroxynaphthalen�1�yl)methylidene]�3�oxo�5�phenyl�
pyrazolidinium�1,2�ylide (3e) was obtained from pyrazolidone 2
and 2�hydroxynaphthalene�1�carbaldehyde. The yield was 72%.
A light yellow powder, m.p. 223—224 C. Found (%): C, 76.01;
H, 5.03; N, 8.92. C20H16N2O2. Calculated (%): C, 75.93;
H, 5.10; N, 8.85. MS (EI, 70 eV), m/z (Irel (%)): 316 [M]+ (42).
1H NMR (CDCl3), : 3.01 (dd, 1 H, CH, 3J = 6.3 Hz, 2J =16.8 Hz);
3.41 (dd, 1 H, CH, 3J = 9.9 Hz, 2J =17.1 Hz); 5.70 (dd, 1 H,
CH, 3J = 6.3 Hz, 2J = 9.6 Hz); 7.10—7.52 (m, 9 H, CArH); 7.68
(s, 1 H, CH=N); 7.70—7.87 (m, 2 H, CArH); 12.01 (s, 1 H, OH).
IR, /cm–1: 3058 (OH); 1661 (C=O); 1594 (C=N); 1247, 1238
(C—O); 1101 (C—N).

This work was financially supported by the Ministry of
Education and Science of the Russian Federation (Project
No. 4.88.2014/K within the Project Part of the State
Assignment in the Academic Area) and by the Council on
Grants at the President of the Russian Federation (Grant
NSh�274.2014.3).

References

1. T. Hashimoto, H. Kimura, Y. Kawamata, K. Maruoka,
Nature Chem., 2011, 3, 642.

2. S. Milosevic, A. Togni, J. Org. Chem., 2013, 78, 9638.
3. H. D. S. Guerrand, H. Adams, I. Coldham, Org. Biomol.

Chem., 2011, 9, 7921.
4. M. I. Pleshchev, V. Yu. Petukhova, V. V. Kuznetsov, D. V.

Khakimov, T. S. Pivin, Yu. V. Nelyubin, N. N. Makhova,
Russ. Chem. Bull. (Int. Ed.), 2013, 62, 1066 [Izv. Akad. Nauk,
Ser. Khim., 2013, 1065].

5. C. Shao, Q. Zhang, G. Cheng, C. Cheng, X. Wang, Y. Hu,
Eur. J. Org. Chem., 2013, 6443.

6. Yu. B. Koptelov, M. V. Sednev, R. R. Kostikov, Russ. J. Org.
Chem. (Engl. Transl.), 2012, 48, 804 [Zh. Org. Khim., 2012,
48, 808].

7. G. Geissler, I. Menz, K. Angermuller, G. Tomaschewski,
J. Prakt. Chem., 325, 1983, 197.

8. M. Schulz, G. West, J. Prakt. Chem., 315, 1973, 711.
9. Organic Photochromes, Ed. A. V. El´tsov, Plenum Publ. Corp.,

New York, 1990, p. 257.
10. Chemosensors: Principles, Strategies, and Applications, Eds

B. Wang, E. V. Anslyn, John Wiley and Sons, New York,
2011, 515 pp.



New ionochromic azomethinimine chemosensors Russ.Chem.Bull., Int.Ed., Vol. 64, No. 3, March, 2015 671

11. V. A. Bren, Russ. Chem. Rev. (Engl. Transl.), 2001, 70, 1017.
12. M. Natali, S. Giordani, Chem. Soc. Rev., 2012, 41, 4010.
13. E. N. Ushakov, M. V. Alfimov, S. P. Gromov, Russ. Chem.

Rev., 2008, 77, 39.
14. P. A. Panchenko, O. A. Fedorova, Yu. V. Fedorov, Russ.

Chem. Rev., 2014, 83, 155.
15. Artificial Receptors for Chemical Sensors, Eds V. M. Mirsky,

A. K. Yatsimirsky, Wiley�VCH Verlag, 2011, 479 pp.
16. R. D. Hancock, Chem. Soc. Rev., 2013, 42, 1500.
17. N. Boens, V. Leen, W. Dehaen, Chem. Soc. Rev., 2012,

41, 1130.
18. A. Suárez, C. W. Downey, G. C. Fu, J. Am. Chem. Soc.,

2005, 127, 11244.
Received December 11, 2014;

in revised form February 10, 2015

19. E. Gould, T. Lebl, A. M. Z. Slawin, M. Reid, A. D. Smith,
Tetrahedron, 2010, 66, 8992.

20. Y. Yang, Q. Zhao, W. Feng, F. Li, Chem. Rev., 2013,
113, 192.

21. V. A. Mamedov, L. V. Mustakimova, A. T. Gubaidullin,
I. A. Litvinov, Ya. A. Levin, Russ. J. Org. Chem. (Engl. Transl.),
2005, 41, 694 [Zh. Org. Khim., 2005, 41, 710].


	New ionochromic azomethinimine chemosensors
	Abstract
	Results and Discussion
	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
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
    /Symbol
    /symbol
  ]
  /NeverEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /Times-Bold
    /Times-BoldItalic
    /TimesET
    /TimesET-Bold
    /TimesET-BoldItalic
    /TimesET-Italic
    /Times-Roman
    /Webdings
    /Wingdings2
  ]
  /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


