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0,14  (COSY), 0,03 c (HSQC)  0,07 c (HMBC)  512  2048 .  HSQC  
 1JCH = 140 , -

 HMBC  nJCH = 4 . 
 MALDI  Bruker autoflex speed,  

=355 : 3- -
 (IAA), 2,5-  (DHB), 1,8,9-  (AT), 2-(4-

 (HABA). ,  20 -
 20   (30  ).  1   

, . -
 DART  JMS-T100LP AccuTOF -

 100-1000  (  150  300 ° )  0,5  3 . -
-

 1  300 ° , -
. 

 Hitachi  3000, : X-
ray  SDD XFlash 430-H.    

 STA 449 F3 Jupiter  Netzsch  ( -
 5 )  (  30 ). 

 2–4  1, -
 2,  13    1  3. 

 2, 3 ,  [20–25]. 
 [ZnL2(H2O)2] (2).  75%.  

, , .  ( =10-2–10-3 ) [26]. -
 ( , -1): 3402, 3229 ( ), 1613, 1593 (Ar), 1555 ( ), 1442, 1348, 1277 (- -), 613( ). -
 (DART-MS), m/z (I , %): 303 ((M-H)-, 62), 301 ((M-2H-H)-, 21), 285 ((M-H-H2O)-, 100), 259 (  

 ( .), 29), 177 ( ., 16), 153 ( ., 16). 
 [CuLOH(H2O)] (3).  80 %. -

, , . , =10-3–10-4  
[26].  ( , -1): 3401 ( ), 1618, 1575 (Ar), 1561 ( ), 1445, 1384, 1271 (- -), 625( ). 

 (DART-MS), m/z (I , %): 399 (( )402-2 , 1), 303 ((M-H)-, 3), 301 ((M-2H- )-, 100), 285 ((M-
H-H2O)-, 16), 259 ( ., 2), 193 ( ., 3), 179 ( ., 7), 153 ( ., 1). 

 [ L( )(H2O)] (4).   80  °C -
 (1,0 )   

(2,0 ),  1 ,  8,0, . -
,  

,   105 ° -
.  4. -

 – 60%. , , . , =10-3  [26]. 
 ( , -1): 3382 ( ), 1611, 1596 (Ar), 1569 ( ), 1446, 1350, 1259 (- -), 604 ( ). 

 (DART-MS), m/z (I , %): 336 ( .,1), 303 ((M-H)-, 14), 301 (M-2H- )-, 76), 285 ((M-H-H2O)-, 
44), 255 ( ., 100), 227 ( ., 26), 219 ( ., 18), 193 ( ., 34), 179 ( ., 29), 153 ( ., 78). 

 IPC-pro M ( ), 
:  50 ; -

 0,39 2,  BAS RE-1,  
 AgCl  KCl  [27]; . 

 5·10-3 . -
 10 . -

.  10-1  LiClO4 .  
 5, 20, 50 , 

 
 2, 5, 10, 20, 50, 100, 200, 500 . 
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 [31]. 
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16,9 
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3,7 
38,1 
10,6 

[CaL(O )(H2O)],  
(378) 

 2.  1–4 

 . ., °  
 1  2 

t, °  m, % t, °  m, % 
1 228 80–126 2,8 – – 
2 200±5 120–170 3,0±0,86 180–215 2,47±0,90 
3 241±7 110–140 2,0±0,28 190–230 1,14±0,20 
4 243±5 100–180 5,7 – – 
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 2–4 -
 605–650, 1700–1350 -1.  2,  3,  4  613,  

625  604 -1, , et- ,   
     

 [32].  3–14 -1 -
et- ) ,  (II)  (622, 629  618 -1, -

),  1 : 1  (622, 628, 617 -1, 
).  (  70 -1) -

-
,  3346–

3436 -1 [32].  
 1638 -1  1 (1555, 1561, 1569 -1  2, 3, 4, )  

  -
 [32–34]. 
 2  4, , . 

 1  13 , , -
 ( . 3)  

,  [35],    COSY, HMBC, 
HSQC .  

 2 -2 -3,  11,0 ,  -  
-2 -3 , 

 2R,3R -2 -3 -
 ( )  ( ) -2 -3  -2R,3R-2,3- -2-

(3,4- )-3,5,7- -4 -1- -4-  [29, 35]. 

 3. 13    1  [35]  1, 2, 4 ( –d6, , , ., J, ) 

  [35]  1  2  4 
C        

2 83,10 4,973, ., 
11.1 
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11,0 

82,6 4,70, ., 
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3 71,62 4,483, ., 
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6,0  11,3 
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1,35 
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, –
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8,2 

115,2 
6,76, 

., 2  
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  8,93, .  9,03, .  8,99, .c.  – 

 



. , . , .  . 126 

 
 

 [36].  2D -
 1  13 , -

 ( . 1). 
 1  2  10,88 .,  7-  

 1, .   
 2 -

.  2D HMBC  2 
 5- ,  (11,90 .), -

-4 , -5, -6 ( . 1).  2D COSY  2  
-3 -3. , -

   2. -3' -4'  
 2D . 

, , , 
 2  [ZnL2(H2O)2]  

 Met:L,  1:2. -
 - -7. 

 4 -
,  8 [37].  

 4 -2 -3  
2R,3R  [29, 35].  

  3-  5- .  2D HSQC -
   3- . 

, , -
-7   -4'.  Met-O -4' -

, -3',   
 [38]. 

,    
 4  [ L( )(H2O)]  

Met : L,  1 : 1. 
 (II) 3  [20, 21, 23].  3 -

 Cu(II)  
,   ( .1  2). ,   3 -

 m/z 399,  (CuL (H2O)-3 )-. 
, -

. -
 [39–43]  

. 
 2–4  

 1.  2–4, -
, -

=5·10-3 . 
 1–4  2. 

O Zn O

OH

H
H

O

O

OH

OH

OH

H

H

H

H
H2O

H2O

H

A

B

 

. 1. -  
 

 2  HMBC (  
)  COSY ( ) 

 



 … 127 

-0,03

-0,02

-0,01

0

0,01

0,02

0,03

0,04

0,05

0,06

-200 0 200 400 600 800 1000 1200 1400 1600

E, 

I, 

2

1

4

3

 

 

. 2. ,  1–4. 
 – 50 ,  = 5·10-3  

 2,  
:  980 -

,  ,  ,  -
,  1  2.   2 -

,  ,   
. 

 3  4 -
.  3  4 -

, .  3 -
,  4 . -

. 
-

 2-4  . -
,  -

, , . -
, . -

-
, -

. 

 

, , 2D , DART- S, , 
  -

 (2), (II) (3)   (4)  
 -2R3R -2-(3,4- )-3,5,7- -4H-1- -4- . -

 2  [ZnL2(H2O)2],   3 – [CuL (H2O)    4  – [ L (H2O)].  
 2      

-7.  3  3- - 4- , 
 4 -4' -

 7 . -
. 



. , . , .  . 128 

 

1. ., . -
 // . 1975. . , 4. . 698–702. 

2. ., ., ., ., . -
 // . 1975. . 45, 12. . 2748. 

3. ., ., .  
 (II) // . 1974. . 44, 7. . 1570–1575. 

4. De Souza R.F.V.,  De Giovani W.F. Synthesis,  spectral  and electrochemical  properties of Al (III)  and Zn (II)  com-
plexes with flavonoids // Spectrochimica Acta Part A. 2005. Vol. 61. Pp. 1985–1990. 

5. Nest G.Le, Caille O., Woudstra M., Roche S., Guerlesquin F., Lexa D. Zn-polyphenol chelation: complexes with 
quercetin, (+)-catechin, and derivatives: I optical and NMR studies // Inorganica Chimica Acta. 2004. Vol. 357. 
Pp. 775–784. 

6. Panhwar Q.K., Memon Sh., Bhanger M.I. Synthesis, characterization, spectroscopic and antioxidation studies of 
Cu(II)-morin complex // Journal of Molecular Structure. 2010. Vol. 967. Pp. 47–53. 

7. Panhwar Q.K., Memon Sh. Synthesis and evaluation of antioxidant and antibacterial properties of morin complexes // 
Journal of  Coordination Chemistry. 2011. Vol. 64, N12. Pp. 2117–2129. 

8. Panhwar Q.K., Memon Sh. Synthesis, Spectral Characterization and Antioxidant Activity of Tin(II)-Morin Complex 
// Pakistan Journal of Analytical and Environmental Chemistry. 2012. Vol. 13, N2. Pp. 159–168. 

9. Panhwar Q.K., Memon Sh. Synthesis and properties of zirconium(IV) and molybdate(II) morin complexes // Journal 
of  Coordination Chemistry. 2012. Vol. 65, N7. Pp. 1130–1143. 

10. Pereira R.M.S., Andrades N.E.D., Paulino N., Sawaya A.C.H.F., Eberlin M.N., Marcucci M.C., Favero G.M., Novak 
E.M., Bydlowski S.P. Synthesis and Characterization of a Metal Complex Containing Naringin and Cu, and its Anti-
oxidant, Antimicrobial, Antiinflammatory and Tumor Cell Cytotoxicity // Molecules.  2007. Vol. 12. Pp. 1352–1366. 

11. Guo M., Perez C., Wei Y., Rapoza E., Su G., Bou-Abdallah F., Chasteen N.D. Iron-binding properties of plant 
phenolics and cranberry,s bio-effects // Dalton Transactions. 2007. Vol. 41. Pp. 4951–4961. 

12. Mello L.D., Pereira R.M.S., Sawaya A.C.H.F., Eberlin M.N., Kubota L.T. Electrochemical and spectroscopic charac-
terization of the interaction between DNA and Cu(II)-naringin complex // Journal of Pharmaceutical and Biomedical 
Analysis. 2007. Vol. 45. Pp. 706–713. 

13. Roshal A.D., Sakhno T.V., Verezubova A.A., Ptiagina L.M., Musatov V.I., Wroblewska A., Blazejowski J. Structure, 
stability and spectral properties of complexes of flavones with metal ions of group II // Functional Materials. 2003. 
Vol. 10, N3. Pp. 419–426. 

14. ., . . , 2004. 174 . 
15. De Souza R.F., De Giovani W.F. Antioxidant properties of complexes of flavonoids with metal ions // Redox Report. 

2004. Vol. 9, N2. Pp. 97–104.  
16. ., ., .  (II)  

 // . 2002. 1. C. 26–31.  
17. ., .  

 // . 2001. 4. C. 25–33. 
18. ., . , , 

 (II) // . 2011. T. 6, 1. C. 76–85. 
19. Moridani M.Y., Pourahmad J., Bui H., Siraki A., O'Brien P.J. Dietary flavonoid iron complexes as cytoprotective su-

peroxide radical scavengers // Free Radical Biology & Medicine. 2003. Vol. 34, 2. Pp. 243–253. 
20. ., ., . : -

. , 2011. 232 . 
21. ., ., ., . ,   

.  1. -
,  (II)  // -

. 2012.  2. C. 51–62. 
22.  2013121728 ( ). - -

- ,  (II) , -
 / . , . , . . 08.05.2013. 

23.  2013146457 ( ). 17.10.2013. 
24. .,   ., . , -

.  2.   
 // . 2013. 3. C. 73–79. 

25. ., ., . , -
.  3.  

 // . 2013. 4. C. 37–43. 
26. : . 2. . .  

. 11- ., . ., 1989. 400 . 
27.  / . . ; . . . ., 1974. 440 . 



 … 129 

28. Damnjanovic B., Petrovic B., Dimitric-Marcovic J., Petkovic M. Comparison of MALDI-TOF mass spectra of 
[PdCl(dien)]Cl and [Ru(en)2Cl2]Cl acquired with different matrices // Journal of the Serbian Chemical Society. 2011. 
Vol. 76, N12. Pp. 1687–1701. 

29. Harborne J.B., Mabry T.J., Mabry H. The Flavonoids. London, 1975. 1204 p. 
30. ., ., ., ., ., ., . 

-
 // . 1997. . 31, 2. . 42–45. 

31. ., ., ., ., ., ., -
.  //  

. 1999. . 73, 4. . 51–53. 
32. ., ., . . . . 

., 2002. . I. 964 . 
33. ., . , , . ., 

1979. 240 . 
34. ., ., . . ., 

1977. 590 . 
35. ., ., ., ., ., . -

 //  
 – . ., 2006. . 338–342. 

36. ., ., . . , 
2005. 228 . 

37. .,  ., . , -
.  4. 2+ 

 // .  .  
38. Argawal P.K., Schneider H.J. Depronation-induced 13-C NMR shifts in phenols and flavonoids // Tetrahedron Let-

ters. 1983. Vol. 24. P . 177–180. 
39. Janeiro P., Conduneanu O., Brett A.M.O. Chrysin and (±)-Taxifolin Electrochemical Oxidation Mechanisms // 

Electroanalysis. 2005. Vol. 17, N12. P . 1059–1064. 
40. SaitoA. , Sugisawa A., Umegaki K. Comparison of photometric, electrochemical and post-column fluorescence detection 

for the determination of flavonoids by HPLC // Shokuhin Eiseigaku Zasshi. 2001. Vol. 42, N3. P . 174–178. 
41. Jorgensen L., Madsen H., Thomsen M., Dragsted L., Skibsted L. Regeneration of phenolic antioxidants from 

phenoxyl radicals: an ESR and electrochemical study of antioxidant hierarchy // Free Radical Researsh. 1999. 
Vol. 30, N3. P . 207–220. 

42. ., ., ., ., ., . -
 // . 2011. . 47, 9. 

. 1096–1102. 
43. ., ., ., ., ., . -

 –  
 // . 2013. 3. C. 107–112. 

 29  2014 . 

 12  2014 . 

 

 

 



. , . , .  . 130 

 
Trofimova N.N.1*, Stolpovskaya .V.1, Babkin V.A.1,  Fedorov S.V.1, alabin G. .2, Goryainov S.V.2,  Zolotarev .1, 

Safronov .Yu.3, ashevsky .V.3, Zhitov R.G.3 THE STRUCTURE AND ELECTROCHEMICAL PROPERTIES OF METAL 
COMPLEXES WITH DIHYDROQUERTCETIN 

1A.E. Favorsky Institute of Chemistry, Siberian Branch, Russian Academy of Sciences, Favorsky Str., 1, Irkutsk, 664033 
(Russia), e-mail: natrof@inbox.ru 
2People Frendship University of Russia, Miklukho-Maklaya Str., 6, Moscow, 117198 (Russia) 
3Irkutsk State University, K. Marks Str., 1, Irkutsk, 664033 (Russia) 
The structures of the zinc (2), copper (II) (3) and calcium (4) complexes with trans-2R, 3R-dihydroquercetin (1) have 

been elucidated by IR, 2D NMR, mass spectrometry DART techniques, term gravimetric analyses with using data elemental 
and  microscopic energy dispersive X-ray analyses.  The redox properties of complexes 2-4 were studied by cyclic voltammetry 
on graphite electrode in DMSO.  

Kewwords: complex compounds of zinc, copper (II), calcium with  dihydroquercetin,  structure, cyclic voltammetry. 
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