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H E T E R O C Y C L E S  IN C O O R D I N A T I O N  C H E M I S T R Y  

A .  D.  G a r n o v s k i i  UDC 547.7 

Heterocycl ic  compounds a re  playing an increas ingly  significant ro le  as complexing ligands. This  is 
dist inctly at tes ted to by the topics  of paper s  presented  at the Third All Union Conference "Synthesis and Study 
of Inorganic Compounds in Nonaqueous Media n held in Ros tov-on-Don f rom June 1 to June 3, 1976. The con-  
fe rence  was attended by sc ien t i s t s  f rom prac t i ca l ly  all  of the l a rges t  chemica l  schools of the country engaged 
in the synthesis  and study of inorganic compounds and complexes  in nonaqueous media.  

The in te res t  in he te rocycles  as llgands is due to the prominent  ro le  played by heterocycl ic  compounds in 
var ious  biological  spec imens  and p r o c e s s e s ,  being essent ia l ly  the pr inc ipa l  ligand sys t em in modern  b io inor-  
garlic chemis t ry .  It is p r ec i s e ly  for this r ea son  that a number  of the papers  presented  at the conference con-  
tained data on the synthesis  and study of the p rope r t i e s  of complexes  of porphyr ins  (B. D. Berezin  and co-  
worke r s ,  Ivanovo), co r r ins  (V. M. Berezovski i ,  Moscow), phthalocyanines (N. I. Bundina, Moscow) and o ther  
macrohe te rocyc l i c  complexes  (V. M. Dziomko,  Moscow) that model the mos t  important  biocatalyt ic  sy s t ems .  
The synthesis  and study of the p r o p e r t i e s  of complexes  of he taryl  ca rbohydra tes  (Yu. A.  Zhdanov, O. A. Osipov, 
and Yu. E. Alekseev,  Rostov-on-Don) ,  morphol ine (V. Sh. Teplyakova,  Kiev), nicotinamide and py r id ineca r -  
boxylic acids (M. K. Alyaviya and M. A. Azizov,  Tashkent) ,  and numerous  coordination compounds of pyridines  
and azoles ,  pa r t i cu la r ly  those with an MN 4 chelate node (A. D. Garnovski i  and O. A. Osipov, Rostov-on--Don; I. 
Ya. Pos tovski i  and N. P.  Bednyagina, Sverdlovsk;  V. M. Dziomko, Moscow) involve a d i rec t  approach to bio-  
logical ly active meta l -conta in ing  s y s t em s .  The bioinorganic aspects  lie at the foundation of the study of the 
axial  bonding of heterocycl ic  s y s t e m s  by meta l  chela tes  and also at the foundation of the study of the kinetics 
and therodynamics  of adduct format ion  with "life meta l"  complexes  (D. G. Batyr ,  Kishinev; I. N. Marov and O. 
M. Petrukhin,  Moscow; V. N. Sheinker and V. A. C hetver ikova,  Rostov-on-Don) .  

New methods for synthesis  in nonaqueous media,  both e l ec t rochemica l  (N. N. Bogdashev and V. P. 
G r i g o r ' e v ,  Rostov-on-Don) and direct ,  based on the oxidation of ze ro -va len t  meta ls  (M. L. Khidekel ' ,  Chernogo-  
lovka),  have proved to be ex t r eme ly  effect ive for  the p repa ra t ion  of diff icul t - to-obtain complexes :  2 -pyr idy l -  
benzimidazole  (I), s a l i c y l a l - 2 - a m i n o - l - a l k y l b e n z i m i d a z o l e  (II), C -he t a ry l  der iva t ives  of ca rbohydra tes  (III), and 
adducts of plat inum meta ls  and nickel  or  cobalt  ace ty lacetonates  with dipyridyl.  
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I M=Cu, Ni, Co, Fe; n=2--3;  II M=Cu, 
Ni, Co,. Zn; R=AI,k, Ar, ArAlk; III R= 
2-bcnzothiazolyl; 2-picolyl; 4-picolyl; etc. 

He te roa roma t i c  s y s t em s  have been found to be ex t r eme ly  convenient subjects  for the discuss ion of the 
mode of local izat ion of the coordinate  bond in ambident  s y s t e m s  with s eve ra l  donor cen te r s  (competit ive c o o r -  
dination), in this connection, complexing with azoles and the i r  der iva t ives  (Rostov-on-Don; E. S. Domnina and 
G. G. Skvortsov,  I rkutsk;  N. V. Ar temenko,  N. N. Mushkalo,  and V. V. Skopenko, Kiev), pyr idines  (V. N. Sha- 
f ranski i ,  Kishinev;  A. A. Pasynski i ,  Moscow; Samoilenko, Kiev; G. V. Ts in tsadze ,  Tbil is i ) ,  phenanthroline 
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(A. A. Kuznetsova and N. M. Dyatlova, Moscow), and a number of related mono- and bicychc polyfunctional 
sys tems  (E. N. Gur 'yanova,  I. P. Gol 'dshtein, and A. V. Ivashchenko, Moscow; N. I. Pir tskhalava,  Tbilisi) were  
discussed in a number of papers .  It has been shown by diverse physical  methods that the metal in all of the 
indicated sys tems  is coordinated with the N atom of the pyridine type. However, the possibil i ty of p and 7r 
eomplexing in N-he te roaromat ic  sys tems  was discussed in a paper by I. P. Roma and V. N. Sheinker (Moscow, 
Rostov-on-Don).  

The directed synthesis of complexes with predesignated proper t ies  - a problem of exceptional importance 
in modern coordination chemis t ry  - is successful ly resolved by means of heterocyclie ligands. The introduc- 
tion of such fragments  makes it possible to obtain te t rahedra l  and polymeric  oetahedral  s t ruc tures  for complexes 
with MN4_ 6 and MN2S2(Se2) coordination nodes, which in the aromatic  ser ies  are usually planar.  This is the 
fundamental conclusion from a ser ies  of papers  f rom scientis ts  of Rostov University (A. D. Garnovskii,  O. A. 
Osip0v, V. I. Minkin, and V. A. Kogan), Lensovet Leningrad Technological Institute (I. Ya. Kvitko and A. V. 
El ' tsov),  and Ural  Polytechnic institute (I. Ya. Postovksi i  and N. P. Bednyagina). In these papers  and in a 
ser ies  of other  communicat ions iV. M. Dziomko, All-Union Scient i f ic-Research Institute of Chemical  Reagents 
and Ultrapure Chemical  Substances, Moscow (IREA); L Ya. Postovskii  and K. L Pashkevieh, S. M. Kirov Ural  
Polytechnic Institute :(UPD, Sverdlovsk] it is shown that ligands for the synthesis of complexes with difficult- to- 
obtain MN2S 2 and MN2Se 2 chelate ligands (IV, V) or having increased solubility (VI) as compared with the analo- 
gous aromat ic  sys tems can be obtained from heterocyeles ;  this opens up extensive possibil i t ies for their  in- 
vestigation in nonaqueous media. 
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IV X=S, Se; Y=O, S, NR', Z=CR', N; 
R, R'=H, AIk, Ar; V X=S, Se; R=Alk, Ar; 
R'=H, Alk; IV--V M=Cu, Ni, Co, Zn, Pd, 

Pt; VI R=AIk, Ar; R'= /~-~_cF 2 

M=Cu, Ni, Co, Mn, Fe; n=2--3. 

Several  interest ing t ransformat ions  were discovered during the study of eomplexing. Thus binuclear 
1,3-bis-rr-allyl  complexes of palladium were obtained by reaction of 2,6-disubstituted pyrylium salts with PdC12 
in an organic solvent (L. Yu. Ukhin, Rostov Universi ty):  
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The thermodynamic and kinetic pa ramete r s  of a fast revers ib le  ligand exchange of the ML12+ ML2 2= 
2ML1L 2 type (where L 1 and L 2 are  ligands - hydroxy, thio, and selene derivatives of the pyrazole  ser ies  - IV: 
X=O,  S, Se; Y = N - A r ,  Alk, Z=N) were determined by PMR spectroscopy (V. I. Minkin, Rostov-on-Don).  
Regulari t ies  in the ra tes  for Ni~Zn--*Cd--*Pb metal  complexes and for various heteroatoms were revealed.  
The thermodynamic charac te r i s t i c s  of the formation of adducts with copper (II) chelates with pyridine were 
est imated by an ESR method (I. N. Marov and O. M. Petrukhin, V. I. Vernadskii  Institute of Geochemistry  and 
Analytical Chemis t ry ,  Moscow). Magnetochemical,  d ie lcometr ic ,  and ESR and NMR spectroscopic  measure -  
ments made it possible to form an opinion regarding the s t ruc tures  and conformational  equilibria of metal 
chelates,  among which complexes of heteroaromatic  ligands occupy an important position (O. A. Osipov and co-  
workers ,  Rostov-on-Don).  

The solution of the problem of the site of localization of the coordinate bond in the heterorIng is directly 
associated with the evaluation of the most-nueleophil ic center  of a heterocyclin sys tem (A. D. Garnovskii,  
Rostov University). The use of shift reagents  (eomplexing with salts of the ra re  earth elements) in the NMR 
spect roscopy of C-  and N-ace ty l  derivatives of azoles made it possible to establish the conformation of a 
number of heterocycles  (V. N. Sheinker, Ros te r -on-Don) .  The Four ier  C 13 (H l) spect ra  of zinc, cadmium, and 
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m e r c u r y  complexes were  used to study the conformational  behavior  of i somer ic  dipyridyls (M. K. Alyaviya, 
Tashkent}. 

The investigation of the complexing of heterocycl ic  compounds promotes  thei r  extensive prac t ica l  
applications - this idea was repeatedly  emphasized in a number  of communicat ions.  The detailed development 
of methods for the synthesis  of complexes  of he terocycles  and a knowledge of thei r  physicochemical  p roper t i es  
and s t ruc tures  make it possible to use heterocycl ic  compounds as extractants  for  the isolation and separat ion of 
metals  (Yu. A. Zolotov and V. M. Dziomko, Moscow; I. N. Kremenskaya,  Chernogolovka, etc.),  medicinal 
preparat ions  (V. M. Berezovski i ,  Moscow; M. A. Azizov, Tashkent),  photochromic and thermochromie  substances 
(M. I. Knyazhanskii,  Rostov-on-Don;  A. V. El ' t sov,  Leningrad),  and dyes (N. N. Mushkalo, Kiev). 

The conference  made it apparent  that the var ious aspects of coordination chemis t ry  are  undergoing active 
development in the l a rges t  heterocycl ic  schools of the country (UPI and the Ural  Branch of the Academy of 
Sciences of the USSR; Kiev, Rostov, and Moscow Univers i t ies ;  Lensovet  Leningrad Technological  instit i te;  
IREA and the All Union Vitamin Institute, Moscow; etc.),  demonstrated the ever  increasing in teres t  of he tero-  
cycl ic  chemis ts  in the problems of eomplexing with metals ,  and projected pathways of the subsequent application 
of he terocycles  as ligandso 

In addition, the need for  the more  extensive uti l izat ion of macrohe te rocyc l ic  sys tems as ligands was 
emphasized,  since without this type of complexing one cannot conduct investigations in modern bioinorganic 
chemis t ry  and c rea te  new medicinal  prepara t ions ,  ext ractants ,  and complexes with predesignated proper t ies ,  

The next such conference  was planned to be held in 1979, but its location has not been accurate ly  de te r -  
mined - applications have been submitted by Tbil is i ,  Ivanovo, Kiev, Odessa,  and Donetsk. 
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