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Data on the peculiarities of structure and application of new inorganic and organic materials, nature of 
sorption interactions and new aspects of surfactants application in analytical chemistry are presented in 
the bulletin. 

For lectures, scientists, aspirants and students. 
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 IN GdLnXBa2-XCu3O7±Z (Ln-La, Pr, Nd, Sm, Eu, Gd) 0  X  0,6 SYSTEMS

Ceramic HTSC samples of GdLnxBa2-xCu3O7 z (Ln-La, Pr, Nd, Sm, Eu, Gd 0  x  0,6) were synthesized. Dependence of parameters and kinds of 

lattice symmetry and oxygen stoichiometry from the displacement degree x was studied. It's adjusted that for solid solutions GdLnxBa2-xCu3O7 z (Ln-
La, Pr, Nd, Sm, Eu, Gd) just substances with x=0 and x=0.05 have superconductivity properties in temperature interval 77–300 K.

Key words: high temperature superconductors, rare-earth elements, sol-gel synthesis 
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THE PREPARATION OF LANTHANUM NICKELATES BY THE COMPONENT COPRECIPITATION METHOD

Optimal conditions were determined for preparation of lanthanum nickelates that relate to Ruddlesden-Popper phases Lan-1La2NinO3n+1 with n=1 (La2NiO4,17)
and n=2 (La3Ni2O7,02) by a coprecipitation method with the following calcination of the obtained blend. La2NiO4,17 has tetragonal syngony (space group 
I4/mmm; a=0,3843(2) , =1,263(3) ). La3Ni2O7,02 has orthorombic syngony (space group Fmmm) with cell parameters a=0,5445(3) , b=0,5389(2) ,
=2,526(4) . The oxygen stoichiometry in the compounds was studied by iodometric titration techniques.  

ey words: coprecipitation, Ruddlesden–Popper phases (RPP), lanthanum nickelates, oxygen nonstoichiometry. 
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SYNTHESIS AND INVESTIGATIONS OF ANIONIC LANTHANIDE COMPLEXES  
WITH N-(DIALLILAMINOPHOSPHORYL)-4-METHYLBENZENESULFONAMIDE 

The new sulfonamidephosphate type ligand (HL= -CH3(C6H4)SO2N(H)P(O)(N(H)CH2CH=CH2)2 ) and its sodium salt (NaL) have been synthesized. 
Some of lanthanide (III) coordination compounds of the general formula Na[LnL4] ( where Ln = La, Nd, Eu, Tb) have been obtained and characterized 
by means of 

1
 NMR, IR and UV-Vis- spectroscopy. The bidentate coordination of the ligand via the oxygens of phosphoryl and sulphonyl has been

concluded.  
Key words: sulfonylamidophosphates, lanthanides, coordination compounds. 
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COMPLEXES OF LANTHANIDES(III) BASED ON PHOSPHORYLATED SULFAMIDES:  
SYNTHESIS AND SPECTRAL INVESTIGATIONS 

New complexes with formula Na[LnL
1

4], Ln = La, Nd, Eu, Yb, Lu; HL
1
=p-NO2(C6H4)S(O)2N(H)P(O)(OCH3)2, were synthesized. Based on the analy-

sis of IR-, NMR spectroscopy data, electronic absorption and diffuse reflection spectra the bidentate coordination mode of L
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 via the oxygens of 
phosphoryl and sulphonyl groups was found. A comparative analysis of the spectral characteristics of the synthesized complexes and previously 
investigated complexes with general formula Na[Ln(L

2
)4], HL

2
=p-CH3(C6H4)S(O)2N(H)P(O)(OCH3)2, was performed. 

Key words: lanthanides, coordination compounds, electronic spectroscopy. 
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SYNTHESIS AND INVESTIGATION BINUCLEAR COPPER (II) BASED  
ON DERIVATIVES 3-(2-PYRIDYL)-1,2,4-TRIAZOLE

Three new binuclear Cu(II) complexes of 3-(2-pyridiyl)-1,2,4-triazole derivatives, have been synthesized and characterized by single crystal X-
ray diffraction.  

Key words: complexes of copper, triazole 
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SYNTHESIS AND STUDY OF URANILE COORDINATION COMPOUNDS 
WITH DERIVATIVES OF 3-(2-HYDROXYPHENIL)-1,2,4-TRIAZOLE 

Several complex-compounds based on derivatives of 3-(2-hydroxyphenyl)-1,2,4-triazole  were synthesized. Obtained compounds were studied 
by means of NMR-spectroscopy. The structure of synthesized complexes were offered according to the  results. 

Keywords: 1,2,4-Triazole, deprotonation, uranile. 

 547+546.712'742'562 
. , ., . , . . , . , . . ,

,

( )

3-(2- )-1,2,4-

 3-(2- )-1,2,4- ( ) -
-  1:1  1:2. - .

- - .
: 1,2,4- , , .

. ,
, , -

 1,2,4-
.

,
, -

,  [1]. 
, - ( )

, -
,

 [2], 
( )

 [3–4]. 
-  Pd(II) 

, . -
 3-(2- )-1,2,4- ,

- : ,
; - :

; - :
,

-
.

' .  3-(2- )-
1,2,4- ,

 ( . 1) [5–6]. 
( ) -

-  1:1 
:

PdCl2×2CH3CN + HL => Pd(HL)Cl2
 HL (1 )  5  CH3CN -

 PdCl2·2CH3CN (0,259 , 1 )  5 
CH3CN. 

. ,
, .

 Pd( L)Cl2  63–70%.  

1:2 :
PdCl2×2CH3CN + 2HL + 2NEt3 => Pd(L)2

 PdCl2·2CH3CN (0,13 , 0,5 )
15  CH3CN L
(0,232 , 1 )  NEt3  15 
CH3CN. - -

. .
 Pd(L)2  68-73%.  

© ., ., ., 2013



~ 22 ~  ISSN 1728-3817

. 1. 

-
 "Spektrum BX Perkin Elmer" -

 400–4000 
-1

 KBr. -

"Mercury 400"  Varian. 
DMSO-d6, CDCl3.

 CHN-  "Carlo Erba". 
. -

 1,2,4-
, -

-
 ( . 2). 

-  ( . 3) -
 Pd(HL)Cl2,

, -
,

. , -

, -
.

-
-  ( . 5) -

 3380 
-1
,

'  N-H .
 Pd(L)2 , -

( . 4) -  ( . 5) -
 N-H .

-

( . 1). 
' ,

 [7–8]. 
- -

 CHN-  ( . 2) -
 PdL2  Pd(HL)Cl2 ( .6) 

. 2. -  HL
6

. 3. -  Pd(HL
6
)Cl2

. 4. - ,
 Pd(HL)Cl2  Pd(L)2 . 5. -  HL

4
 Pd(L

4
)2



ISSN 1728–2209 . 1(49)/2013 ~ 23 ~ 

 1  

 HL ( ) , .

 1 2 3 4 5 

L 8,69 7,51 8,04 8.05 14,41 

Pd( L)Cl2 9,01 7,75 8,27 8,11 15,31 

Pd(L)2 10,02 7,46 8,21 7,77 – 

 2  

 CHN-  Pd(HL)Cl2  PdL2

C, % H, % N, % C, % H, % N, % 

Pd(HL
2
)Cl2 25,99 1,87 17,32 25,72 1,85 17,45 

Pd(HL
3
)Cl2 28,47 2,39 16,61 28,45 2,43 16,53 

Pd(HL
4
)Cl2 30,75 2,87 15,94 31,02 2,61 16,35 

Pd(HL
6
)Cl2 33,04 2,77 15,41 33,28 2,85 15,68 

Pd(L
1
)2 42,39 2,54 28,25 42,51 2,45 28,51 

Pd(L
2
)2 45,24 3,32 26,38 45,32 3,41 26,45 

Pd(L
3
)2 47,74 4,01 24,75 47,59 4,12 24,82 

Pd(L
4
)2 49,89 4,56 23,29 49,95 4,61 23,35 

Pd(L
5
)2 56,75 3,28 20,49 56,75 3,28 20,49 

Pd(L
6
)2 50,38 3,81 23,51 50,52 3,69 23,74 

. 6. 
 PdL2  Pd(HL)Cl2

-
 Pd(HL

1
)Cl2  Pd(HL

5
)Cl2.

, -
:

.

 3(2- )-1,2,4-
 10 ( ) -

. -

( )  M:L = 1:2. 
 5-

.

1. Butler R.N. Tetrazoles / R.N. Butler // Comprehensive Heterocycle 
Chemistry / K.T. Potts (ed.) – 1984. – Vol. 5. – P. 791–838.  

2. Study of the biological effects and DNA damage exerted by a new 
dipalladium-Hmtpo complex on human cancer cells / K. Akdi, R.A. Vilaplana, 
S. Kamah et al. // J. Inorg. Biochem. – 2002. –  90. – P. 51–60.  

3. Ethylenediamine palladium(II) complexes with pyridine and its derivatives: 
Synthesis, molecular structure and initial antitumor studies / G.H. Zhao, H.K. Lin, 
P. Yu et al. // J. Inorg. Biochem. – 1999. – 73. – P. 145–149.  

4. Synthesis, characterization, DNA binding and cytotoxic studies of 
some mixed ligand Pd(II) and Pt(II) complexes of diimine and amino acids / 
R. Mital, T.S. Srivastava, H.K. Parekh, M.P. Chitnis // J. Inorg. Biochem. – 
1991. – 41. – P. 93–103.  

5. .  / . ,
.  – .: , 2004. – 728 c.  

6. Potts K. T. 1:2:4-Triazoles. Part I. A synthesis of 3,5-disubstituted 
1:2:4-triazoles / K. T. Potts // J. Chem. Soc. – 1954. – P. 3461–3463.  

7. .  / .  – .:
, 1984. – 478 . 8. . .  / 

. . , . .  – :  " ", 2007. – 480 c. 
 17 .0 6 . 13  

. , , . , . . , . , . . ,
,

 (II)
 3-(2- )-1,2,4-

,  (II) 
 3-(2- )-1,2,4- .  6  10  (II) 

.  M:L = 1:2. -
 CHN- , - - . -

 5- - .
; 1,2,4- ; ; .

B. Zakharchenko, Student, D. Khomenko, PhD, R. Doroschuk, PhD, 
Taras Shevchenko National Uneversity of Kyiv, Kyiv 

SYNTHESIS AND STUDY OF COORDINATION COMPOUNDS PALLADIUM (II)  
WITH DERIVATIVES  3-(2-PYRIDYL)-1,2,4-TRIAZOLE 

We were sythesise ligands based on 3 (2-pyridyl)-1,2,4-triazole and  their coordination compounds with palladium (II) in metal to ligand ratios 
1:1  and  1:2. In compounds were determined the  influence of substituents on coordination behavior of the ligands. Coordination compounds were  
studied by means  of IR- and  NMR-spectroscopy. 

Key words: 1,2,4-Triazole, deprotonation, palladium. 
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SILICA GELS CHEMICALLY MODIFIED BY TIOUREA AND AMINOTIOUREA GRUPS TO RECOVERY  
AND MESURING A TRACE AMOUNTS OF MERCURY 

The optimum conditions of extraction and concentration of trace amounts of mercury (II) on the surface of silica gels, chemically modified by 
the thiourea or the aminotiourea, have been researched. The color intensity of complexes with Myhler's thioketone in the prepared samples was 
determined using an office scanner. It has been shown new possibility of determining the trace of mercury (II) in water. 

Key words: mercury, concentration, silica gels 
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DIFFERENT-LIGAND COMPLEXES OF SOME TRANSITION METALS  
ON THE SURFACE OF SILICA GELS, MODIFIED NITROGEN-CONTAINING LIGANDS 

The peculiarities of the heteroligand complexes (HLC) formation of Ni (II), Co (II) and Mo (VI) on silica gel with chemically bounded aminopropyl 
(C-NH2) and ethylenediamine groups (C-en), and silica gel with impregnated polyhexamethyleneguanidine chloride (C-PHMG) with unitiol and 
Pyrocatechol Violet were studied. According to the data of DRS analysis composition of the complexes were found, and by comparing of the diffuse 
reflecta spectra of adsorbates with electronic absorption spectra of complexes with these reagents in solution it was shown that the heteroligand 
complexes on the surface are similar to the complexes in solution. The stability of heteroligand complexes depends on the method of synthesis 
was studied. The possibility of using of the obtained colored HLC to test-, sorption-spectrometric and colorimetry methods of analysis was shown. 

Key words: different-ligand complexes, transition metals, diffuse reflection spectroscopy. 
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COMBINATION OF HIGH-ALKALINE SAMPLE PREPARATION OF SAMPLES WITH ORGANIC MATRIX,  

FOLLOWED BY CATALYTIC KINETIC DETERMINATION OF TOTAL IODINE  

IN THE FORM OF IODIDE BY FERUM(III)-NITRITO-THIOCYANATE REACTION 

Combination of high-alkaline sample preparation of samples with organic matrix, followed by catalytic kinetic determination of total iodine in 

the form of iodide by ferum (III)-nitro-tiotsianatnoyu reaction was implemented. 

Key words: sample preparation, total iodine, kinetic methods of analysis. 
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VISUAL TEST DETERMINATION OF ETHYLENEDIAMINETETRAACETATE 

The indicator system for ethylenediaminetetraacetate (EDTA) determination on the base of the complex compound of Cu(II) with 1-(4-
adamantyl-2-thiasolylazo)-2-naphthol immobilized on silica surface was developed. The destruction of complex compound accompanied with the 
contrast color change occurs at pH 3,5 and EDTA concentration   1,0 µmol/L. The modified sorbent was shown to be promising as a ready-to-use 
analytical form for sorption-spectroscopic and visual test determination of 0,3–24 mg/L EDTA in highly mineralized samples, particularly in 
cosmetic products. The method was applied to the visual test determination of EDTA in the oxidizing emulsion for hair. 

Key words: ethylenediaminetetraacetate, 1-(4-adamantyl-2-thiasolylazo)-2-naphthol, modified silica, visual test method. 
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DETERMINATION OF MENTHOL IN CANDY "TRAVISIL" 

Conditions of the liquid- liquid extraction and gaschromatography analysis of  menthol in  candy  "Travisil" were optimized. Samples of candy  
"Travisil" was analyzed in these conditions. 
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THE INTERACTION OF PALLADIUM(II) WITH QUATERNARY AMMONIUM SALT  
IMMOBILISED ONTO SILICA GEL SURFASE 

The adsorption of palladium(II) from diluted solution with tetradecyl ammonium nitrate immobilized onto silica gel (TDAN-SG)  depending on 
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IODIMETRIC SOLID-SPECTROPHOTOMETRIC DETERMINATION  
OF THIOCYANATE USING POLYURETHANE FOAM AS A SORBENT 

Methods iodometric solid-spectrophotometric determination of thiocyanate in water with a limit of detection of 3,0 mkg/dm
3
 was developed. 

Method involves oxidation of thiocyanate by iodate, following adding to the reaction mixture excess iodide and detection of excess oxidant on the 
polyurethane foam. 
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HOLLOW FIBER LIQUID MICROEXTRACTION FOR PRECONCENTRATION OF BENZOPHENONE 

The possibility of hollow fiber liquid phase microextraction of benzophenone with gas chromatographic determination is shown. The parame-
ters of hollow fiber microextraction and gas chromatographic detection of benzophenone were optimized.  Quantitative characteristics of 
microextraction were estimated: partition coefficient and enrichment factor. Micorextraction was tested using method of standard additions for 
aqueous solutions of benzophenone. 
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KINETICS OF THE GAS-PHASE BROMINATION OF ACTIVATED CARBON 

The kinetics of the gas-phase bromination of activated carbon in the temperature range 200–500°C has been studied. It is shown that the bro-
mination of activated carbon with Br2 vapour led to the addition of up to 20–25 wt.% (2.5–3.1 mmol/g) of chemisorbed bromine. The optimal tempera-
ture range for the formation of chemisorbed bromine is 300–500°C. The kinetic parameters of the bromination have been found. 

Keywords: activated carbon, gas-phase bromination, surface modification. 
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KINETICS OF CO OXIDATION ON Cu-Co-Fe OXIDE CATALYSTS SUPPORTED ON CARBON NANOTUBES

Kinetics of CO oxidation on Cu-Co-Fe oxide catalysts supported on carbon nanotubes is investigated and it is shown, that the kinetic experi-
mental data are submitted to the Eley-Readil mechanism in good agreement with bulk Cu-Co-Fe oxide catalysts. The data of activation energy for 
CO oxidation was determined for this catalyst. 

Key words: catalyst, carbon monoxide, kinetics, carbon nanotubes, oxide Cu-Co-Fe system. 
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CALCULATION OF pKa OF PHENOLS AND THIOLS AS A MODEL  
TO EVALUATE THE ACIDITY OF CATALYSTS ON ACTIVATED CHARCOAL

It was calculated a pKa values for set of the phenols and thiols. The pKa values don't deviate from its experimental values more than one unit. 
Tested method can be applied to theoretical predication of the acidity of activated charcoal catalyst with different functional groups on its surface. 
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SYNTHESIS OF 2,6-DIAMINO-5-HETARYLPYRIMIDINES AS POTENTIAL ANTIFOLATES 

The ring transformation reactions of 2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles with guanidine as 1,3-N,N-binucleophiles
have been investigated. The method allows obtaining diaminopyrimidines, which have been of great interest in recent years due to their 
potent biological and pharmacological properties. 

Key words: antifolate agents, diaminopyrimidines, 2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles. 

Introduction. Tetrahydrofolate cofactors are essential 
for the biosynthesis of purines, certain amino acids (serine, 
methionine), and thymidine. Most bacteria and plants 
produce these folate cofactors by de novo biosynthesis. 
Compounds that interfere with this pathway, antifolate 
agents, have found use in the clinic as antibacterials, 
antimalarials, and anticancer drugs [1]. 

Dihydrofolate reductase (DHFR) is an essential enzyme 
and plays a key role in the folate biosynthetic pathway. 
DHFR catalyzes the nicotinamide adenine dinucleotide 
phosphate (NADPH) dependent reduction of 7,8-
dihydrofolate to tetrahydrofolate (THF). THF is then 
converted to 5,10-methylenetetrahydrofolate (5,10-
CH2THF) by serine hydroxymethyltransferase (SHMT) 
which supplies one-carbon unit from L-serine. 5,10-

CH2THF is a vital cofactor for the methylation of 2'-
deoxyuridine-5'-monophosphate (dUMP) monophosphate 
to 2'-deoxythymidine-5'-monophosphate (dTMP) catalyzed 
by thymidylate synthase (TS) [1, 2].  

Inhibition of the folate cycle prevents biosynthesis of 
thymidine leading to inhibition of DNA biosynthesis and 
thus to inhibition of cell growth and proliferation. DHFR is 
an important target for drug development against cancer 
and a variety of infectious diseases caused by bacteria, 
protozoa, and fungi. DHFR inhibitors have been in clinical 
use for over 50 years as well-known anticancer, 
antibacterial, and antimalarial drugs, for example, 
methotrexate (MTX), trimethoprim (TMP), and 
pyrimethamine (PYR) (Fig. 1). In the past decade, an 
intensive search for more safer and potent compounds as 
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compared with available antifolates in the corresponding 
therapeutic areas have been undertaken [1–4].  

Fig. 1. Antifolates 

All DHFR inhibitors exhibiting IC50's in the micromolar 
range or less contain the 2,6-diaminopyrimidine 
pharmacophore. The pharmaceutical with aromatic, 
aliphatic and saturated heterocyclic moieties in the fifth 
position of the 2,6-diaminopyrimidines are well-known. 
Therefore it would be interesting to prepare the 2,6-
diamino-5-hetarylpyrimidine derivatives as bioisosteric 
replacements. 

Results and discussion. A general synthetic pathway 
for the preparation of 2,6-diaminopyrimidine scaffold 
consists of condensing enol ethers of -ketonitriles with 
guanidine [2].  

2-Hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles 1
represent versatile building blocks in the synthetic 
chemistry on account of their 3-functionalized acrylonitriles 
fragment incorporated into unsaturated heterocyclic ring 
which can react with N-nucleophiles by a ring 
transformation. In this process the nucleophilic substitution 
of the bridged heteroatom causes a disconnection of the 
starting ring giving a -hydroxyalkyl side chain [5, 6]. 
Nitriles 1 have already been utilized as cyclic 1,3-
dicarbonyl heteroanalogs in the synthesis of -
hydroxyalkylheterocycles [7]. 

In this context, in the present work we have employed 
the 2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles 1 as 
1,3-bielectrophilic synthon containing the heterocyclic 
moiety in the synthesis of 2,6-diamino-5-hetarylpyrimidines 
3. The reaction of nitriles 1a-e with guanidine carbonate 2
in the presence of sodium ethoxide gave rise to desired 3-
[2,6-diamino-5-hetaryl-4-pyrimidinyl]-1-propanols 3a-e.

The reaction has been suggested to proceed through 
the intermediate formation of Michael's adduct 4 with the 
subsequent disclosing tetrahydrofuranyliden ring and the 
intramolecular interaction of the spatially close amino and 
cyano groups that leads to pyrimidine derivatives 3:

Thus, the final heterocyclic ring is formed by 
condensation while the starting saturated ring system 
discloses to give the -substituted side chain [8, 9]. 

The structures of the cyclization products 3a-e were 
confirmed by IR, 

1
H NMR and 

13
C NMR spectroscopy.  

The absence of nitrile group absorption band in IR 
spectra evidently indicated the ring closure. The amino 
groups stretching vibrations are located at 3337–3103 cm

-1
.

1
H NMR spectra reveal two singlets of amino groups at 5.7-

6.2 ppm and A2M2X2 spin system of the hydroxypropyl side 
chain at 1.5-3.3 ppm. The signal of OH proton is observed 
at 4.3-5.0 ppm. It is noteworthy that signals of the 2,3-CH2

methylene protons of compound 3e as well as Ph-CH2

methylene protons of compound 3d are observed in 
1
H

NMR spectrum as multipletes owing to their 
diastereotopicity (Fig. 2).  

Fig. 2. 
1
H NMR data of compound 3d 

Conclusion. Present investigation has resulted in the 
efficient synthesis of biologically relevant compounds – 2,6-dia-
mino-5-hetarylpyrimidines. Biological evaluation of compounds 
obtained as inhibitors of DHFR is currently in progress. 

Experimental. Melting points were determined by 
using a Kofler-type hot stage microscope (Boetius VEB 
Analytik) and are corrected. 

1
H NMR spectra were 

recorded at 400 MHz on a Varian Mercury-400 
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spectrometer in DMSO-d6. Chemical shifts ( ) were given 
in ppm downfield from the internal standard TMS. The J
values were given in Hz. 

13
C NMR spectra were recorded 

at 100 MHz on the same instruments in DMSO-d6. The IR 
spectra were obtained with a FTIR Spectrometer Perkin 
Elmer BX II with KBr pellets. Elemental analyses were 
performed on a CHNOS elementar vario MICRO Cube 
analyzer. The reaction progress was monitored by TLC on 
Silufol UV-254 silica gel plates using CHCl3-MeOH (9:1) 
system as the eluent. 2-Hetaryl-2-(tetrahydro-2-
furanyliden)acetonitriles 1a-e were prepared according to 
the procedure published earlier [10]. 

General Procedure for the Preparation of 3-[2,6-
diamino-5-(2-hetaryl)-4-pyrimidinyl]-1-propanols 3a-e. To a 
stirred solution of sodium (0.09 g, 4 mmole) in anhyd 
ethanol (5 mL) the corresponding amidine 2 (4 mmole) and 
2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitrile 1 (2 
mmole) were added. The reaction mixture was refluxed for 
0.5-1 h and ethanol was then evaporated in vacuo. The 
residue was triturated with H2O, acidified with HCl to pH = 
7, filtered off and recrystallized from appropriate solvent. 

3-[2,6-Diamino-5-(4-pyridinyl)-4-pyrimidinyl]-1-propanol 
(3a). Colorless microcrystals (from ethanol); mp 273-
274ºC; yield: 0.43 g (88 %); IR (KBr): 3424, 3330, 3209, 
3126, 1574, 1073 cm

-1
;

1
H NMR (400 MHz, DMSO-d6):  = 

1.65 (m, 2H, 2-CH2), 2.20 (t, J = 7.8 Hz, 2H, 3-CH2), 3.31 
(t, J = 6.2 Hz, 2H, 1-CH2), 4.28 (br s, 1H, H), 5.74 (br s, 
2H, 2-NH2), 5.98 (s, 2H, 6-NH2), 7.19 (dd, J = 4.2, 1.6 Hz, 
2 , 3,5- Het), 8.56 (dd, J = 4.2, 1.6 Hz, 2 , 2,6- Het);

13
C

NMR (100 MHz, DMSO-d6):  = 31.50, 31.96, 61.12, 
105.17, 126.51, 145.04, 150.50, 162.03, 162.64, 165.77; 
Anal. Calcd for C12H15N5O: C, 58.76; H, 6.16; N, 28.55. 
Found: C, 58.63; H, 6.41; N, 28.44.  

3-[2,6-Diamino-5-(2-pyridinyl)-4-pyrimidinyl]-1-propanol 
(3b). Colorless microcrystals (from ethanol); mp 171-172ºC; 
yield: 0.45 g (92 %); IR (KBr): 3437, 3321, 3170, 3103, 1569, 
1068 cm

-1
;

1
H NMR (400 MHz, DMSO-d6):  = 1.70 (m, 2H, 2-

CH2), 2.34 (t, J = 7.8 Hz, 2H, 3-CH2), 3.31 (t, J = 6.2 Hz, 2H, 
1-CH2), 4.42 (s, 1H, H), 5.79 (s, 2H, 2-NH2), 5.95 (s, 2H, 6-
NH2), 7.23 (m, 

3
J5,4 = 7.5, 

3
J5,6 = 4.9, 

4
J5,3 = 1.0 Hz, 1 , 5-

Het), 7.30 (m, 
3
J3,4 = 7.8, 

4
J3,5 = 1.0, 

5
J3,6 = 0.8 Hz, 1 , 3- Het),

7.77 (m, 
3
J4,3 = 7.8, 

3
J4,5 = 7.5, 

4
J4,6 = 1.8 Hz, 1 , 4- Het), 8.58 

(m,
3
J6,5 = 4.9, 

4
J6,4 = 1.8, 

5
J6,3 = 0.8 Hz, 1 , 6- Het);

13
C NMR 

(100 MHz, DMSO-d6):  = 31.61, 32.00, 61.17, 107.05, 
122.06, 126.37, 137.26, 149.80, 156.34, 162.36, 162.67, 
166.59; Anal. Calcd for C12H15N5O: C, 58.76; H, 6.16; N, 
28.55. Found: C, 58.95; H, 6.05; N, 28.62. 

3-[2,6-Diamino-5-(2-quinolinyl)-4-pyrimidinyl]-1-
propanol (3c). Colorless microcrystals (from ethanol); mp 
196-197ºC; yield: 0.55 g (93 %); IR (KBr): 3391, 3312, 
3150, 1645, 1550, 1439 cm

-1
;

1
H NMR (400 MHz, DMSO-

d6):  = 1.76 (m, 2H, 2-CH2), 2.43 (t, J = 7.3 Hz, 2H, 3-
CH2), 3.34 (t, J = 6.3 Hz, 2H, 1-CH2), 4.52 (br s, 1H, H), 
5.87 (s, 2H, 2-NH2), 6.20 (s, 2H, 6-NH2), 7.48 (d, J = 8.3 
Hz, 1H, 3- Het), 7.54 (t, J = 7.8 Hz, 1H, 7- Het), 7.70 (d, J = 
7.8 Hz, 1H, 6- Het), 7.91 (d, J = 7.8 Hz, 1H, 5- Het), 7.98 
(d, J = 7.8 Hz, 1H, 8- Het), 8.28 (d, J = 8.3 Hz, 1H, 4- Het);
13

C NMR (100 MHz, DMSO-d6):  = 31.68, 31.83, 60.99, 
106.95, 124.47, 126.34, 126.54, 127.90, 128.86, 129.61, 

136.52, 147.71, 157.07, 162.12, 162.63, 166.90; Anal. 
Calcd for C16H17N5O: C, 65.07; H, 5.80; N, 23.71. Found: 
C, 65.25; H, 5.88; N, 23.59. 

3-[2,6-Diamino-5-(1-benzyl-1H-imidazol-2-yl)-4-pyrimidi-
nyl]-1-propanol (3d). Colorless microcrystals (from ethanol); 
mp 162-163ºC; yield: 0.48 g (74 %); IR (KBr): 3446, 3337, 
3089, 1648, 1579, 1053 cm

-1
;

1
H NMR (400 MHz, DMSO-d6):

 = 1.55 (m, 1H, 2
a
-CH2), 1.71 (m, 1H, 2

b
-CH2), 1.89-2.00 (m, 

2H, 3-CH2), 3.29 (m, 2H, 1-CH2), 4.83 (d, J = 15.3 Hz, 1H, 
CH2

a
-Ph), 4.96 (d, J = 15.3 Hz, 1H, CH2

b
-Ph), 5.05 (br s, 1H, 

H), 5.90 (br s, 2H, 2-NH2), 6.12 (s, 2H, 6-NH2), 7.00 (d, J = 
1.2 Hz, 1 , 5- Het), 7.05 (d, J = 7.6 Hz, 2 , 2,6- Ph), 7.11 (d, J
= 1.2 Hz, 1 , 4- Het), 7.24 (m, 3 , 3,4,5- Ph); 

13
C NMR (100 

MHz, DMSO-d6):  = 31.42, 31.48, 49.76, 60.62, 96.50, 
121.48, 127.80, 127.98, 128.63, 128.96, 137.71, 143.07, 
163.26, 163.43, 169.38; Anal. Calcd for C17H20N6O: C, 62.95; 
H, 6.21; N, 25.91. Found: C, 63.07; H, 6.36; N, 25.89.  

3-(2,6-Diamino-5-(6,7,8,9-tetrahydro-5H-
[1,2,4]triazolo[4,3-a]azepin-3-yl)pyrimidin-4-yl)propan-1-ol 
(3e). Colorless microcrystals (from ethanol); mp 294-
295ºC; yield: 0.51 g (84 %); IR (KBr): 3407, 3336, 3187, 
2941, 1636, 1576 cm

-1
;

1
H NMR (400 MHz, DMSO-d6):  = 

1.54-1.77 (m, 8H, 6,7,8,9-(CH2)Het), 2.06 (m, 1H, 2
a
-CH2),

2.18 (m, 1H, 2
b
-CH2), 2.82-2.96 (m, 2H, 3-CH2), 3.28 (t, J = 

6.6 Hz, 2H, 1-CH2), 3.63 (m, 2H, 5-(CH2)Het), 4.50 (s, 1H, 
H), 5.98 (s, 2H, 2-NH2), 6.13 (s, 2H, 6-NH2);

13
C NMR 

(100 MHz, DMSO-d6):  = 25.24, 26.78, 28.07, 30.49, 
31.47, 31.70, 44.89, 60.62, 92.64, 150.16, 157.10, 163.33, 
163.58, 169.71; Anal. Calcd for C14H21N7O: C, 55.43; H, 
6.98; N, 32.32. Found: C, 55.57; H, 6.82; N, 32.19. 
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N-(4- )-4-(1- -1H- -3- )-
 4a:  75%,  = 210° .

1 , , . ., J, : 3.67 (3 , , 3 -4 ), 6.72 (2 , ,
J=8.8, -3 ,5 ), 6.99 (2 , , J=8.8, -2 ,6 ), 7.54 (1 , ,

-4), 7.59 (1 , , J=8.0, -7), 7.68 (1 , , J=8.0, -5), 

7.77 (2 , , J=8.4, -2 ,6 ), 7.80 (1 , , J=8.0, -6), 8.02 
(2 , , J=8.4, -3 ,5 ), 8.17 (1 , , J=8.0, -8), 9.82 (1 ,

. , NH)*.
N-(4- )-5-(1- -1H- -3- )-2-

 4b:  63%,  = 227° .
1 , , . ., J, : 2.58 (3 , , 3-4 ), 3.65 

(3 , , 3 -4 ), 6.71 (2 , , J=8.8, -3 ,5 ), 7.00 (2 , ,
J=8.8, -2 ,6 ),  7.38 (1 , , -4), 7.43 (2 , , J=8.0, -
5 ), 7.56 (1 , , J=8.0, -7), 7.67 (1 , , J=7.6, -5), 7.69 
(2 , , J=8.0, -6 ), 7.80 (1 , , J=8.0, -6), 8.16 (1 , ,
J=7.6, -8), 8.28 (1 , , -2 ), 9.76 (1 , . , NH).  

3-(4- )-1- -1H- -7-
 4-  4c:

81%, = 253° . 1 , , . ., J, : 3.78 
(3 , , 3 -4 ), 6.98 (2 , , J=8.8, -3 ,5 ), 7.30 (2 , ,
J=8.8, -2 ,6 ), 7.48 (1 , , -4), 7.63-7.68 (3 , , -
5,2 ,6 ), 7.89 (2 , , J=8.4, -3 ,5 ), 8.03 (1 , , J=8.4, -
6), 8.38 (1 , , -8), 9.79 (1 , . , NH).  

3-(3- )-1- -1H- -7-
 4-  4d:  49%, 

= 186° . 1 , , . ., J, : 3.67 (3 , ,
3 -4 ), 6.71 (2 , , J=8.8, -3 ,5 ), 6.98 (2 , , J=8.8,

-2 ,6 ), 7.77-7.83 (3 , , -4,5,5 ), 7.99 (1 , , J=8.4, -
6 ), 8.30 (1 , , J=8.0, -4 ), 8.35 (1 , , J=8.8, -6), 8.46 
(1 , , -8), 8.69 (1 , , -2 ), 10.00 (1 , , NH).  

3-(4- )-1- -1H- -3 ,7-
-(4- )  5b:

 72%,  = 140° . 1 , , . ., J, :
2.50 (3 , , 3-4 ), 3.65 (6 , , 2 3 -4 ), 6.71-6.72 
(4 , , 2 -3 , 2 -5 ), 6.98-7.00 (2 , , J=8.8, 2 -2 , 2 -
6 ), 7.45 (2 , , J=8.0, -5 ), 7.48 (1 , , -4), 7.78 (1 ,

, J=8.4, -5), 7.94 (2 , , J=8.0, -6 ), 7.98 (1 , , J=8.4, 
-6), 8.46 (1 , , -8), 8.29 (1 , , -2 ), 8.29 (1 , , NH), 

8.46 (1 , , NH). 
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SYNTHESIS OF 3-ARYLISOCOUMARINES WITH SULFAMIDE GROUPS 

Interaction of 3-arylisocoumarines and Chlorosulfonic acid was investigated. Method of creation of pharmacophore sulfamide fragment into the 
3-arylisocoumarine molecule was proposed. 
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SYNTHESIS OF 4-AMINO-BENZO[f]ISOINDOLE DERIVATIVES BY REACTION  

1-AMINO-2-ARYLISOINDOLES WITH MALEIMIDES 

Investigated the reactivity of 1-amino-2-arylisoindoles, the main tautomeric forms for which is imine form. It is shown that the
reaction of 1-amino-2-arylisoindoles with maleimides produces derivatives of 4-amino-benzo[f]isoindole. Developed two new methods 
for the synthesis of fluorescent derivatives of 4-amino-benzo[f]isoindole, which have several advantages relative described earlier in the 
literature: reaction speed, simple selection of products with high purity, better outputs. 

Key words: isoindole, rearrangement, bis-Michael adduct. 

Introduction. Derivatives of 4-amino-benzo[f]isoindole (1), 
also known as rearrangement products of the second type are 
object of interest from both practical and fundamental points of 
view. Thus, compounds containing succinimide fragment 
show diversified biological activity, including a-1A adrenergic 
receptor antagonist, androgen receptor antagonist, anxiolytic, 
antiviral, antibacterial, anti-inflammatory, antitumor, 
hypolipidaemic and fungicidal properties [1–6]. Compounds 

with isoindole core should have antidepressant and anorexia 
effect [7, 8]. Compounds of type (1) have fluorescent 
properties [9, 10]. Methods of synthesis (1) are interesting 
from the perspective of theoretical chemistry. The formation of 
(1) was first shown by our research group for example 2,4-
dymetylpirimido[2,1-a]isoindole (Scheme 1), where (1) was 
formed as a result of rearrangement of exo-adduct Michael-
Diels-Alder reaction [9].

N

N

CH3

CH3

+

N

O

O

R
1

2 N

NH2

N

O

O
O

O

R
1

R
1

(1)

Scheme 1. Interaction 2,4-dymetylpirimido[2,1-a]isoindole with maleimides

Another known method of synthesis of (1) is the interaction 
of bis-Michael adduct (2) of acetylacetone in acetic acid 
saturated with hydrogen chloride (Scheme 2). [10] 

Results and discussion. This work is devoted to the 
study of the reactivity of substituted 1-aminoisoindoles in 
reactions  with maleimides and synthesis of (1).

Previously, our research group has shown that in the 
reaction of 1-unsubstituted aminoisoindoles [11] and its 
analogue – 1-ethoxyisoindole [12] with maleimids as a 
result of a number of successive transformations bis-
Michael adducts are formed, because for the Curtine-
Hammet principle it is needed only a small amount of initial 

© Krykun S., Yegorova T., Levkov I., Voitenko Z., 2013
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reactants in equilibrium system for the successful 
completion of the reaction, and in case of 1-ethoxyisoindole 
depending on the substituent at the nitrogen atom in 
maleimide can be obtained mono- or bis-Michael adducts 
or there mixtures. In case of 1,2-dyarylisoindoles with fixed 
isoindole fragment interaction with maleimides follows the 
classical scheme and the rearrangement does not occur, 
but depending on reaction conditions Diels-Alder or 

Michael adducts are formed[13]. Effect of substituents in 
the second position of 1-aminoisoindoles has not been yet 
studied. As you know, isoindole derivatives have a special 
type of tautomerism - isoindolo-isoindolenine tautomerism 
[14]. In case of the second substituent in position 1 
aminoisoindole loses the opportunity to be in isoindolenine 
tautomeric form (4), but the basic form remains isoindole 
(5) and imine forms (3) (Scheme 3). 

N
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N

NH2

O

O

R

R

O

O CH3CH3

OO

CH3COOH/HCl

N

N

NH2

O

O

O

O

R

R

(1)

(2)

Scheme 2. Regrouping bis-Michael adduct 

NH

NH

N

NH2

NH

NH2

(3) (4) (5)

Scheme 3. Tautomeric forms 

Source 1-amino-2-arylisoindoles (6) were synthesized 
from 2-methylbenzonitrile and the corresponding ortho-,
meta- and para-aminophenols. It has been shown that 
reaction has good yields for ortho-and meta-substituted 
aminophenols, but in case of para-substituted aminophenol 

synthesis was ineffective because of formation of by-
products, most likely oxidation products. Therefore, further 
work was carried on ortho-and meta-substituted 
aminophenols and corresponding isoindoles (Scheme 4). 

CH3

CN

NBS

CCl4

Br

CN

NH2

N

NH2

+
Br

-

OH

OH

(6)

Scheme 4. Synthesis of isoindoles 

While studying the reaction between (6) and 
maleimides in methanol at room temperature (conditions 
similar to the reaction of unsubstituted aminoisoindoles in 
[11]) in addition to the expected product (2) was obtained 
also compound (1), the ratio of the reaction products was 
about 1:1 (Scheme 5). Reaction in isopropyl alcohol gives 
same result. Since the initial isoindoles were as 
hydrobromide, the base form was generated in situ by 
addition of triethylamine. The formation of the reaction 
products can be imagined as successive attacks by 
Michael and Diels – Alder reaction followed by 
rearrangement in 7-azanorbornen system. There are two 
different rearrangement: 1) bond breaking in azanorbornen 
fragment to form compound (2) is similar to such as in case 
of unsubstituted 1-aminoisoindoles 2) rearrangement by 
scheme 6, resulting in forming compound (1) (Scheme 6). 
In fact there are two parallel reactions. 

By selecting of the reaction conditions was shown the 
possibility of kinetic control of the reaction. A number of 
conditions were investigated and selected the most 
promising to shift the equilibrium toward the formation of 
product (1). Compounds (1) were obtained by the reaction 
at low temperature (~ 5 

0
C) in acetonitrile. In this case, the 

main problem was the reaction speed – 5–7 days and 

relatively low yield (30%). It was also shown that a slight 
increase in temperature does not significantly change 
result of the reaction – at room temperature in acetonitrile 
reaction time remained within 5–7 days. Significant 
problem is the solubility of starting materials at low 
temperatures, resulting in significantly increased reaction 
time. The same can be explained for relatively low output, 
which may be slightly increased by the elongation of 
reaction time, however, this approach is not effective.

Therefore, it was tried to use relatively low-boiling 
solvents, thereby controlling the reaction temperature. 
Reaction in dichloromethane gave the opportunity to 
obtain pure product (2). This also significantly reduced  
reaction time to 4-5 hours. Control was carried out by 
TLC, whereas identification was carried out by 1H NMR. 
Previously, our research group has developed clear 
criteria for both possible products. Thus, for (2) are 
characteristic signals of succinimide protons 1.2–1.4 (J = 
6.0, 18.8 Hz); 2.4–2.8 (9.2, 18.8 Hz) and 4.6-4.8 (6.0, 9.2 
Hz) for protons Ha, Hb and Hc, respectively. For (1) type 
are characteristic signals of protons in succinimide  2.8–
3.4 (J = 7.2, 17.6 Hz; J = 9.2, 17.6 Hz) and 5.2–5.4 (J = 
7.2, 9.2 Hz). Typical spectras of corresponding adducts 
are shown in Fig. 1. 
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Figure 1. Bis-adduct Michael adduct; adduct of rearrangement of the second type 

Conclusions. Investigated the reactivity of 1-amino-2-
arylisoindoles, the main tautomeric forms for which is imine 
form. It is shown that the reaction of 1-amino-2-
arylisoindoles with maleimides forms derivatives of 4-
amino-benzo[f]isoindole. Developed two new methods for 
the synthesis of fluorescent derivatives of 4-amino-
benzo[f]isoindole, which have several advantages relative 
described earlier in the literature – reaction speed, simple 
selection of products with high purity, better outputs. 

Experimental part. The 
1
H NMR and 

13
C NMR spectra 

(400.396 MHz) were recorded whit a Varian Mercury 400 
whit TMS as internal standard. IR spectra were recorded 
with FT IR spectrometer Perkin Elmer BXII. Elemental 
analyses were realized whit a Carlo Erba analyser. 

Methods for synthesis of 3-amino-2-(2-hydroxyphenyl)-
isoindol bromyd. 

To 0.5 mol 2-bromobenzonitrile in 50 ml isopropyl 
alcohol added 0.5 mol 2-aminophenol, mixture was 
refluxed for 2 hours. After that precipitate formed was 
filtered off and recrystallized from isopropyl alcohol. 

3-amino-2-(2-hydroxyphenyl)-isoindol bromyd 

Yield 75%. 
1

 NMR (DMSO d-6, 400 MHz), : 5,3 (s, 
2H), 6.98 (d, J = 7.5 Hz, 1H), 6.97 (d, J=7.5 Hz, 1H),7.04 
(d, J=7.5 Hz, 1H), 7.08 (s, 1H), 7.44 (t, J = 8.0 Hz, 1H),
7.84 (t, J = 8.0 Hz, 1H ), 9.18 (s, 2H ), 10.05 (bs, 1H)

Methods of synthesis in acetonitrile.
Dissolved 4 mmol N-substituted aminoisoindole and 5 

mmol of base (triethylamine) in 15 ml of acetonitrile, a 
solution of 8 mmol corresponding maleimide. Stired the 
reaction mixture to dissolve the reactants. Leaved the 
solution for 3-4 days at room temperature with stirring. The 
crystalline precipitate formed was filtered off and 
recrystallized from isopropyl alcohol.

Methods of synthesis in dichloromethane.
Dissolved 4 mmol of N-substituted aminoisoindole and 

5 mmol of base (triethylamine) in 25 ml of dichloromethane, 
a solution of 8 mmol corresponding maleimide. Reaction 
mixture was refluxed at the boiling point of 
dichloromethane for 5 hours. The crystalline precipitate 
formed was filtered off and recrystallized from isopropanol.

4-Amino-9-(2,5-dioxo-1-phenylpyrrolidin-3-yl)-1-phenyl-
benzo[f]isoindole-1,3-dione.
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Yield 75%. 
1

 NMR (DMSO d-6, 400 MHz), .: 3.06 

(dd, J = 7.2, 17.6 Hz, 1H), 3.36 (dd, J = 9.2, 17.6 Hz, 1H),

5.46 (dd, J = 7.2, 9.2 Hz, 1H), 7.32 (d, J = 7.6 Hz, 2H),

7.40–7.54 (m, 8H), 7.58 (s, NH2), 7.78 (t, J = 7.8 Hz, 1H),

7.87 (t, J = 7.8 Hz, 1H), 8.48 (d, J = 7.8 Hz, 1H), 8.58 (d, J

= 7.8 Hz, 1H).
13

C NMR (DMSO d-6, 100 M ), : 37.39, 39.01, 101.65, 

122.81, 125.37, 125.51, 126.29, 126.47, 127.78, 127.89, 

128.49, 128.53, 128.88, 129.53, 129.68, 131.01, 132.69, 

133.72, 136.80, 146.00, 167.64, 168.84, 176.13, 177.89.

IR (KBr):. 3428, 3334, 3066, 1698, 1638, 1494, 1370, 

1164,764 
-1

Elemental analysis, calculated C28H19N3O4: C, 72.88; 

H, 4.15; N, 9.11;found: C, 72.83; H, 4.11; N, 9.17;

4-Amino-9-(2,5-dioxo-1-(p-methoxyphenyl)pyrrolidin-3-

yl)-1-(p-methoxyphenyl)benzo[f]isoindole-1,3-dione.

Yield 70%. 
1

 NMR (DMSO d-6, 400 MHz), : 8.58 (d, 

1H), 8.47 (d, 1H), 7.86 (t, 1H), 7.78 (t, 1H), 7.54 (bs, 2H),

7.36 (d, 2H), 7.20 (d, 2H), 7.05 (m, 4H), 5.41 (dd, 1H), 3.91 

(s, 3H), 3.89 (s, 3H), 3.17 (dd, 1H), 3.02 (dd, 1H).

Elemental analysis, calculated C30H23N3O6: C, 69.09; 

H, 4.45; N, 8.06; found: C, 69.20; H, 4.52; N, 7.95

4-Amino-9-(2,5-dioxo-1-(2,3-dimethylphenyl)pyrrolidin-

3-yl)-1-(2,3-dimethylphenyl)benzo[f]isoindole-1,3-dione.

Yield 75%. 
1

 NMR (DMSO d-6, 400 MHz), : 8.53 (d, 

1H), 8.48 (d, 1H), 7.79 (t, 1H), 7.72 (t, 1H), 7.45 (s, 2H),

7.2–7.3 (m, 6H), 5.58 (dd, 1H), 3.41 (dd, 1H), 2.85 (dd, 

1H), 2.2–2.3 (m, 12H).

Elemental analysis, calculated C32H27N3O4: C, 74.26; 

H, 5.26; N, 8.12; found: C, 74.32; H, 5.28; N, 8.05

4-Amino-9-(2,5-dioxo-1-benzylpyrrolidin-3-yl)-1-

benzylbenzo[f]isoindole-1,3-dione.
Yield 72%. 

1
 NMR (DMSO d-6, 400 MHz), ,: 8.52 (d, 

1H), 8.45 (d, 1H), 7.81 (t, 1H), 7.74 (t, 1H), 7.25–7.50 (m, 

12H), 6.13 and 5.34 (dd, 1H), 4.71 (m, 4H), 3.24 (dd, 1H),

2.83 (dd, 1H).

Elemental analysis, calculated C30H23N3O4: C, 73.61; 

H, 4.74; N, 8.58; found: C, 73.82; H, 4.76; N, 8.51

4-Amino-9-(2,5-dioxo-1- -naphtylpyrrolidin-3-yl)-1- -

naphtylbenzo[f]isoindole-1,3-dione.
Yield 65%. 

1
 NMR (DMSO d-6, 400 MHz), : 8.45 (d, 

1H), 8.38 (d, 1H), 7.67 (t, 1H), 7.60 (t, 1H), 7.3–7.6 (m, 

16H), 5.24 (m, 1H), 3.58 (dd, 1H), 3.27 (dd, 1H).

Elemental analysis, calculated C32H24N3O4: C, 76.99; 

H, 4.13; N, 7.48; found: C, 77.10; H, 4.19; N, 7.40 
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1, 12 H H CH2CH3 7, 18 CH3 (CH2)4

2, 13 H H (CH2)2CH3 8, 19 CH3 H (CH2)2CH3

3, 14 CH3 H (CH2)2CH3 9, 20 CH3 H (CH2)3CH3

4, 15 CH3 H (CH2)3CH3 10, 21 CH3 CH3 CH3

5, 16 H CH2C6H5 CH3 11, 22 H CH2C6H5 CH3

6, 17 H (CH2)4

. -
-

 ( )  Merck 60 

F254  (9:1)  (95:5). 
.

1
H  Varian 

VXR-300  Varian Mercury-400  (
). -

.     
1–11  [1, 2]. 

 (12–22).
3 -

 0,38  (3,3 ) N-
 20 -

 0,52  (3,3 ) -
. -

 2  ( -
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 0,51  (3,3 ) 10- -
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 10 . -
 2–4  (

).
,  200 -

. -
.

N-[2-(4- -2- -2 -7- ) ] -
-N- -10'-  (12):  42%, -

- 24 30N2 6, . . 118–119° .
1

 (300 , DMSO-d6� , . ., J/ ):
1.23 (3 , , J =8, 3 2-4), 1.28-1.92 (11 , , 2-4',

2-5', 2-6', 2-7', 2-8', -8' ), 2.82 (2 , ,
J =8, 3 2-4), 3.06 (1 , , 2-1' ), 3.25 (1 , 2-
3' ), 3.51 (1 , , 2-1' ), 3.80 (1 , , 2-3' ), 3.97 
(2 , , CH2NHCO 2 -7), 4.36, 4,38 (1 , , -4' ),
4.69 (2 , , 2 -7), 6.17 (1 , , H-3), 7.00 (1 , , -8), 
7.02 (2 , , J =9, H-6), 7.76 (1 , , J =9, H-5), 8.13 (1 ,

. , NH). 
N-[2-(2- -4- -2 -7- ) ] -
-N- -10'-  (13):  47%, -

- 25 32N2 6, . . 120.5–121.5° .
1

 (300 , DMSO-d6� , . ., J/ ):
0.98 (3 , , J =8, 3 2 2-4), 1.17-2.00 (13 , , 2-
4', 2-5', 2-6', 2-7', 2-8', -8' , 3 2 2-4),
2.75 (2 , , J =8, 3 2 2-4), 3.06 (1 , , 2-1' ), 
3.25 (1 , 2-3' ), 3.51 (1 , , 2-1' ), 3.80 (1 , ,

2-3' ), 3.99 (2 , , CH2NHCO 2 -7), 4.38, 4,39 (1 ,
, -4' ), 4.69 (2 , , 2 -7), 6.18 (1 , , H-3), 

7.00 (1 , , -8), 7.02 (2 , , J =8, H-6), 7.77 (1 , ,
J =8, H-5), 8.13 (1 , , NH). 

N-[2-(8- -2- -4- -2 -7- )-
] -N- -10'-  (14):

52%, - 26 34N2 6, . . 181.5–182.5° .
1

 (300 , DMSO-d6� , . ., J/ ):
0.97 (3 , , J =8, 3 2 2-4), 1.10-1.98 (13 , , 2-
4', 2-5', 2-6', 2-7', 2-8', -8' , 3 2 2-4),
2.29 (3 , , 3-8), 2.75 (2 , , J =8, 3 2 2-4), 
3.07 (1 , , 2-1' ), 3.23 (1 , 2-3' ), 3.52 (1 , ,

2-1' ), 3.81 (1 , , 2-3' ), 3.97 (2 , ,
CH2NHCO 2 -7), 4.36, 4.38 (1 , , -4' ), 4.71 
(2 , , 2 -7), 6.18 (1 , , H-3), 7.03 (2 , , J =9, H-6), 
7.65 (1 , , J =9, H-5), 8.01 (1 , , NH). 

N-[2-(4- -8- -2- -2 -7-
) ] -N- -10'-

 (15):  45%, - 27 36N2 6, . .
133.5–135° .

1
 (400 , DMSO-d6� , . ., J/ ):

0.97 (3 , , J =8, 3 2 2 2-4), 1.18-1.67 (14 , ,

2-4', 2-5', 2-6', 2-7', 2-8', 3 2 2 2-4), 
1.78-1.98 (1 , , -8' ), 2.34 (3 , , 3-8), 2.74 (2 , ,
J =8, 3 2 2 2-4), 3.06 (1 , , 2-1' ), 3.27 (1 ,

2-3' ), 3.59 (1 , , 2-1' ), 3.89-4.04 (3 , , 2-3' ,
CH2NHCO 2 -7), 4.22, 4.26 (1 , , -4' ), 4.64 
(2 , , 2 -7), 6.07 (1 , , H-3), 6.94 (2 , , J =8, H-6), 
7.54 (1 , , J =8, H-5), 7.94 (1 , , NH). 

N-[2-(3- -4- -2- -2 -7-
) ] -N- -10'-

 (16):  41%, - 30 34N2 6, . .
119.5–120.5° .

1
 (300 , DMSO-d6� , . ., J/ ):

1.07-1.96 (11 , , 2-4', 2-5', 2-6', 2-7', 2-8',
-8' ), 2.43 (3 , , 3-4), 3.06 (1 , , 2-1' ), 3.24 

(1 , , 2-3' ), 3.51 (1 , , 2-1' ), 3.78-4.05 (5 , ,

2-3' , CH2C6H5-3, CH2NHCO 2 -7), 4.35, 4.37 (1 ,
, -4' ), 4.68 (2 , , 2 -7), 7.00 (1 , , H-8), 

7.04 (1 , , J =9, -6), 7.24 (5 , , CH2C6H5-3), 7.74 
(1 , , J =9, H-5), 8.13 (1 , . , NH). 

N-[2-(3,4- -2- -2 -7- ) -
] -N- -10'-  (17):  53%, 

- 26 32N2 6, . . 137–138° .

1
 (300 , DMSO d�, , . ., J/ ):

1.17-1.98 (15 , , 2-8, 2-9, 2-4', 2-5', 2-6',

2-7', 2-8', -8' ), 2.40 (2 , , 2-10), 2.76 (2 , ,

2-7), 3.06 (1 , , 2-1' ), 3.25 (1 , , 2-3' ), 3.51 
(1 , , 2-1' ), 3.78-4.05 (3 , , 2-3' ,
CH2NHCO 2 -7), 4.37, 4.39 (1 , , -4' ), 4.66 
(2 , , 2 -3), 6.98 (2 , , -2, -4), 7.64 (1 , , J =9, 

-1), 8.14 (1 , . , NH).  
N-[2-(8- -3,4- -2- -2 -7- -

) ] -N- -10'-  (18):
 57%, - 27 34N2 6, . . 191–192° .

1
H (300 , DMSO d�, , . ., J/ ):

1.14-1.95 (15 , , 2-8, 2-9, 2-4', 2-5', 2-6',

2-7', 2-8', -8' ), 2.29 (3 , , 3-4), 2.41 (2 , ,

2-10), 2.77 (2 , , 2-7), 3.07 (1 , , 2-1' ), 3.27 
(1 , , 2-3' ), 3.51 (1 , , 2-1' ), 3.79-3.97 (3 , ,

2-3' , CH2NHCO 2 -7), 4.36, 4.39 (1 , , -
4' ), 4.69 (2 , , 2 -3), 6.99 (1 , , J =9, -2), 7.53 
(1 , , J =9, -1), 7.99 (1 , . , NH). 

N-[2-(8- -2- -4- -2 -7- )-
] - -N- -10'-  (19):

44%, - 27 36N2 6, . . 175.5–177° .
1

 (300 , DMSO-d6� , . ., J/ ):
0.97 (3 , , J =8, 3 2 2-4), 1.11-1.94 (14 , , 2-
4', 2-5', 2-6', 2-7', 2-8', 3 2 2-4), 2.26 
(3 , , 3-8), 2.46 (2 , , CH2CH2NHCO 2-7), 2.74 
(2 , , J =8, 3 2 2-4), 3.01 (1 , , 2-1' ), 3.19-
3.49 (4 , , 2-3' , 2-1' , CH2CH2NHCO 2-7), 3.79-
4.06 (1 , , 2-3' ), 4.34 (1 , . , -4' ), 4.63 (2 ,
, 2 -7), 6.18 (1 , , H-3), 6.97 (2 , , J =9, H-6), 7.64 

(1 , , J =9, H-5), 7.96 (1 , . , NH). 
N-[2-(4- -8- -2- -2 -7- )-

] - -N- -10'-  (20):
42%, - 28 38N2 6, . . 163.5–164.5° .

1
 (400 , DMSO-d6� , . ., J/ ):

0.96 (3 , , J =8, 3 2 2 2-4), 1.10-1.66 (14 , ,

2-4', 2-5', 2-6', 2-7', 2-8', 3 2 2 2-4), 
1.75-1.88 (1 , , -8' ), 2.30 (3 , , 3-8), 2.44 (2 , ,
CH2CH2NHCO 2-7), 2.73 (2 , , J =8, 3 2 2 2-
4), 2.97 (1 , , 2-1' ), 3.26-3.57 (4 , , 2-3' , 2-
1' , CH2CH2NHCO 2-7), 3.85 (1 , , 2-3' ), 4.15 (1 ,

. , -4' ), 4.54 (2 , , 2 -7), 6.06 (1 , , H-3), 
6.87 (2 , , J =9, H-6), 7.52 (1 , , J =9, H-5), 7.87 (1 ,

. , NH). 
N-[2-(3,4,8- -2- -2 -7- )-

] - -N- -10'-  (21):
55%, - 26 34N2 6, . . 142–143.5° .

1
 (400 , DMSO-d6� , . ., J/ ):

1.10-1.59 (10 , , 2-4', 2-5', 2-6', 2-7', 2-8'),
1.72-1.90 (1 , , -8' ), 2.10 (3 , , 3-4), 2.30 (3 , ,

3-8), 2.34 (3 , , 3-3), 2.41 (2 , ,
CH2CH2NHCO 2-7), 2.96 (1 , , 2-1' ), 3.23-3.58 
(4 , , 2-3' , 2-1' , CH2CH2NHCO 2-7), 3.81, 4.12 
(1 , , 2-3' ), 4.18, 4.21 (1 , , -4' ), 4.52 
(2 , , 2 -7), 6.87 (1 , , J =9, H-6), 7.49 (1 , ,
J =9, H-5), 7.87 (1 , . , NH). 

N-[2-(3- -4- -2- -2 -7- )-
] -N- -10'-  (22):

42%, - 31 36N2 6, . . 184.5–186° .
 1  (300 , DMSO-d6� , . ., J/ ):

1.09-1.58 (10 , , 2-4', 2-5', 2-6', 2-7', 2-8',
-8' ), 1.80 (1 , , -8' ), 2.41 (3 , , 3-4), 2.49 

(2 , , CH2CH2NHCO 2-7), 2.95 (1 , , 2-1' ), 3.27-
3.57 (4 , , 2-3' , 2-1' , CH2CH2NHCO 2-7), 3.82, 
4.16 (1 , , 2-3' ), 3.93 (2 , , CH2C6H5-3), 4.17, 
4.19 (1 , , -4' ), 4.51 (2 , , 2 -7), 6.90 (1 ,
, H-8), 6.93 (1 , , J =9, -6), 7.20 (5 , , CH2C6H5-3),

7.64 (1 , , J =9, H-5), 8.00 (1 , , J =9, NH). 
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MODIFICATION OF THE AMINO ACID DERIVATIVES OF COUMARINS BY 10-HYDROXYDECAHYDROISOQUINOLINE

Based on previously synthesized coumarin amino acids, using the method of activated esters a number of new, undescribed in the literature 
derivatives, modified by conformationally complicated 10-hydroxydecahydroisoquinoline, were obtained.  

Key words: coumarins, amino acids, method of activated esters. 

 547.814.5 
. , . . , . , . . ,

,
. , ,

,
. , - . , .- . ,

,

 3-(2- )-

 3-(2- )

 3-(2- )-  3-(2- ) -
; .

: , 5,11- [1,2-c] -5,11- , 5H-
[c,g] -5- .

 3-
 [1] , -
 7- . -

, -
 3-  [2], ,  4-

,
.

 3-(2- )  3-(2-
) .

 3-(2- ) 1 -
 2 

150°  5,11- [1,2-
c] -5,11-  2. ,

,
1 , -

.
-

2 .
2

, 1
( )  ( -

). 2
-

3,
2

.
3  ( ) -

. , 2
-

3 [3]. 

O

O

HOOC

H2SO4 .

150 oC

O

O

O
1 2

1. OH-

2. H+

O

O

COOH

3

H+
,

© ., ., ., ., 2013



ISSN 1728–2209 . 1(49)/2013 ~ 65 ~ 

,  3-(2- ) 4,
1,

.  6-
, -

 12- -5H- [c,g] -5-  5 ,
, ,  – 

.
-

 [4]. 

O

O

COOH
4

H2SO4 ., 

100 oC

O

O

OH

5

O

O

O

2, 5
,

:

,
5 . ,

- , 5,

5  ( -
1

). , -
 5H- [c,g] -5- -

 [5].  

5'

O

O

OH

5
O

O

RO
6a (R = Me), 

6b (R = MeCO)

MeI / AcCl
5 +

1. OH-

2. H+

6a
OH

MeO

COOH

7a
H+

,

, - 5

, ,
- 6a -  6b.

, -
6 7 , -

.
, , ,

 4-
-
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) -

, , 5,11-
[1,2-c] -5,11-  12- -

5H- [c,g] -5- ; -

-

.
.

1
-

 Varian Mercury 400. -

( )  Silufol UV-254, –
 19:1. 

.
1, 4 ,

, [6]  [7]. 
5,11- [1,2-c] -5,11-  2. 

 2,66  (0,01 ) 3-(2- )-
1  4 -

 150°  2 ,
 100 .

.  70%, 

 = 273° .
1

, , . ., J, : 7.46-7.51 
(2 , ), 7.54-7.59 (5 , ), 7.86 (1 , , J=8.0, -2), 8.19 
(1 , , J=8.0, -4), 8.21 (1 , , J=8.0, -1).

2-(1,3- -2,3- -1H-2- )
 3.  12 -

 1,24 2  15  5%  NaOH. 
 3% 

,
.

 43%,  = 211° .
1

, , . ., J, :

5.05 (0.2 , . , -2 ), 7.46-7.53 (2 , , -3,5), 7.64 (1 ,

, J=7.6, -4), 7.92-7.94 (4 , , -4 -7 ), 8.04 (1 , , -6).
12- -5H- [c,g] -5-  5. -

 2,80  (0,01 ) 3-(2- ) -
4  1 

 100°  0,5 , -
 100  2,5%  NaHCO3.

.

57%,  = 257° .
1

, , . ., J, : 7.32 
(1 , , -7), 7.44 (1 , , J=7.6, -10), 7.48-7.58 (2 , , -
3,9), 7.81 (1 , , J=7.6, -8), 7.86 (1 , , J=7.6, -2), 8.29 
(1 , , J=7.6, -11), 8.40 (1 , , J=7.6, -4), 9.39 (1 , ,
J=7.6, -1), 10.77 (1 , . , -12).  

12- -5H- [c,g] -5-  6a. ' -
 1,31  (0,005 )

5, 1  (0,01 )  2,76 
(0,02 )  20 

 2,5–3  (  – ).
 100 -

, , .

 76%,  = 180° .
1

, , . ., J, :
3.98 (3 , , 3 ), 7.50-7.60 (2 , , -3,10), 7.63-7.68 
(2 , , -7,8), 7.90-7.96 (2 , , -2,9), 8.19 (1 , , J=8.0, 

-11), 8.35 (1 , , J=8.0, -4), 9.07 (1 , , J=8.0, -1). 
5- -5H- [c,g] -12-  6b. 

 1,31  (0,005 ) 5, 0,71 -
 (0,01 )  2,8  (0,01 )

 50°  0,5 
. -

 100 , ,
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.  69%,  = 227° .
1

, , . ., J, : 2.71 (3 , , 3 ), 7.57 
(1 , , J=7.6, -10), 7.63 (1 , , J=7.6, -9), 7.73 (1 , ,
J=7.6, -3), 7.86 (1 , , -7), 7.93 (1 , , J=7.6, -8),
7.97-8.01 (2 , , -2,11), 8.38 (1 , , J=7.6, -4), 8.69 
(1 , , J=7.6, -1).

2-(3- -1- -2- ) -
 7 .  60°  0,5  0,69 

(2,5 ) 6  8  2% 
 0,5 . -

 5% 
, -

.  54%,  = 163° .
1

, , . ., J, : 6.92 (1 , , -4 ), 7.22 (1 , ,

J=7.6, -7 ), 7.33-7.38 (2 , , -3,5 ), 7.42 (1 , , J=7.6, 

-6 ), 7.54-7.59 (2 , , -4,5 ), 7.92-7.97 (2 , , -6,8 ),

9.55 (1 , . , -3 ).
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INTRAMOLECULAR CYCLIZATION OF 3-(2-CARBOXYPHENYL)- AND 3-(2-CARBOXYBENZYL) ISOCOUMARINE 

Intramolecular cyclization of 3-(2-carboxyphenyl)- and 3-(2-carboxybenzyl)isocoumarin under the action of strong mineral acids was 
investigated. The behavior of resulting condensed systems in alkaline medium was studied. 

Key words: intramolecular acylation, 5,11-dihydro-indeno[1,2-c]isochromen-5,11-dione, 5H-dibenzo[c, g]chromen-5-one. 
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 [4, 5], -
f: f = 0,531. -

, -
 (lg  = 4,86 [4]). 

 1 -  (qr) -
'  (prs)  (S0)

 (S1).

N N

N
N

+

CH
3

N
N

N
N

CH
3

R

ClO
4
-

1

1 2

3

4

56

7
8

9

10
11

12

13
14

15

16

17

18

19

20

21

22

23

24

25

N
N

N
N

CH
3

N

Et

2 3

. 1.  1,  
 2  2-  3 

 1  
-  (qr) - '  (prs)  (S0)

 (S1)  1,  R=H. 

qr prs

S0 S1

'
S0 S1

1 0,669 0,611 1, 2 0,499 0,457

2 -0,308 -0,305 1, 5 0,551 0,491 

3 -0,21 -0,210 1, 12 0,420 0,437 

4 0,631 0,627 2, 3 0,656 0,671 

5 -0,053 -0,078 3, 4 0,598 0,589 

6 -0,101 -0,106 4, 5 0,562 0,552 

7 0,006 0,024 5, 6 0,439 0,451 

8 0,004 0,040 6, 7 0,581 0,586 

9 0,040 0,015 6, 11 0,561 0,525 

10 -0,008 0,060 7, 8 0,709 0,681 

11 -0,023 -0,068 8, 9 0,619 0,622 

12 -0,196 -0,025 9, 10 0,705 0,687 

13 0,117 -0,169 10, 11 0,586 0,573 
   11, 12 0,447 0,479 
   12, 13 0,621 0,552 

-

(0.116–0.118 e),  [3], 
, -

 (-0.165÷-0.169 e).
1, R=H -

C2v.
( ) A2 ,

v(xz), 
( ) B1, -

v(xz). 

, A2xB1=B2

 (  y), M
y -

, .
-

A , -
 [6], 

: , , ,
1
A1–

1
B1a

1
A1–

1
B1b, -

. , , -

 ( ) [6], ,
 2- . ,

1, ,

, , -
.

, -

- -
1 , , -

-
– – ,

 [7]. 
-

D ( -
- -

) , ,
 [8]. -

D , -
-

| D|  (

-
):

=36| D|
2
-6| D|

3
 (1) [8]. . 2. 

, 2 D=1,68 

D=1,78 [8]  2-
3. ,

-
, -

2
 2- 3.
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 2  
D  2 ,

max – ,  2 [4],
( max1+ max2)/2 – 

 [4],  – , | D| – , (1)  
 [8], DI –  [8],

Dtetr –  2. 

max,  ( max1+ max2)/2, , | D| DI Dtetr Dtetr

N
N

N
N

Me

N

Me

Me Me

+

ClO
4
-

539 552,5 13,5 0,647 1,0 1,647 

+

ClO
4
-

O

N

N
N

N
N

Me

Me

516 521 5 0,38 1,45 1,83 

+

ClO
4
-

S

N

N
N

N
N

Me

Me

555 558 3 0,275 1,50 1,775 

ClO
4
-

N
N

N
N

Me

N

Me

+ 580 581 1 0,162 1,78 1,618 

N

S

O

S

Et

N
N

N
N

Me

539 548,5 9,5 0,537 2,20 1,663 

N
N

N
N

Me
NMe

2

+

521 583,5 62,5 1,525 0 1,525 

1,68
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Institute of Organic Chemistry National Academy of Sciences of Ukraine, Kyiv 

ELECTRONIC STRUCTURE AND ABSORPTION SPECTRA  
OF CYANINE DYES DERIVED FROM TETRAZOLOISOINDOLES 

The electronic structure and absorption spectra of the cyanine dye trazoloisoindole have been investigated. Those dyes have shown to be 
carbocyanines by their electronic structure however formally are monomethylcyanines. Electron donation properties of the tetrazoloisoindoline 
residue were defined on Ilchenko's scale.  

Key words: cyanine dyes, tetrazoloisoindole, Ilchenko's scale. 
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