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The reaction of macroheterocyclic compounds containing guanazole 
and pyrimidine residues with metal  salts have given complex com- 
pounds of copper, nickel, cobalt, cadmium, and zinc, and their prop- 
erties have been studied. The introduction of the metal  atom into the 
"window" of the macrocycle  leads to the appearance of new elec- 
tronic transitions not characteristic for the Iigand. The influence of 
the metal  on the chromophoric system of the maeroheterocycle has 
been elucidated by IR spectroscopy. 

Continuing invest igat ions  begun previous ly  [1-3] ,  
macrohe te rocyc l i c  compounds (macrocycles)  conta in-  
ing t r i az ine  [sic] r e s idues  and differ ing f rom porphyr -  
azine by the fact  that the two diagonally opposite 
pyr roIe  sys tems  a re  rep laced  by two other n i t rogen-  
containing 5- and 6 - m e m b e r e d  r ings  (1, 2, 4 - t r i a zo l e  
or pyr imidine)  have been p repared  and studied. It  was 
aiso of i n t e r e s t  to study the poss ib i l i ty  of the f o r m a -  
tion of complexes  of these mae rocyc l e s  and the s tab i -  
l izat ion of the molecules  through the r ep lacemen t  of 
the hydrogen atoms of the imino groups by ions of b i -  
va lent  meta l s  (M): 
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~! / !1 N ../s..../s ~ N.ff%~/N 
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M = C u  2.,  Ni 2", Co 2+, Zn 2.,  Cd 2. 

Such complexes a re  formed by the reac t ion  of a 
macrohe te rocye l i c  compound with metal  sal ts ,  as is 

shown by the e lementa ry  analys is  of the reac t ion  prod-  
ucts  (Table 1) and the absence of absorpt ion bands in 
the IR spec t ra  in the 3360 cm -1 region  that is cha rac -  
t e r i s t i c  for the v ibra t ions  of the imino group [4]. 

The question of the influence of the na ture  of the 
meta l  ion on the chromophoric  sys tems  of the m a c r o -  
heterocycl ic  compounds is an ex t remely  in te res t ing  
one. The ent ry  of a metaI into the "window" of the 
macrocyc le  (compounds I and II) causes  some change 
in the absorpt ion  spect ra .  In the absorpt ion  spec t ra  of 
the Cu 2+ Ni 2+, Co 2+, Zn 2+, and Cd z+ der iva t ives  (Figs. 
i and 2), in addition to the absorpt ion band at 350 nm 
cha rac t e r i s t i c  for the m e t a l - f r e e  compound, there is 
a new band in the 400 nm region that does not c o r r e -  
spend to the ligand. Thus, in the spec t rum of the cop- 
pe r  complex of compound I there  is an absorpt ion 
max imum at 410 nm and in the spec t rum of the copper 
complex of II one at 415 nm. Thus, the introduct ion of 
a metal  into the "window" of the macrocyc le  leads to a 
bathochromic effect, as in the case  of the d ipyr idyl -  
di isoindole macroeyc le  [5]. 

The f i r s t  absorpt ion  band of the macrocyc les  I and 
II in the 350 nm region is apparent ly  due to e lec t ronic  
t r ans i t ions  in the individual  isoindole nuclei .  The in-  
troduction into the "window" of the macrohe te rocyc l ic  
compound of an ion of a meta l  with a covalent  nature  
is accompanied by the fo rmat ion  of a a-bond because  
of the f i l l ing of the 3d4s4p 2 (Cu, Ni, Co) and 4d4s4p 2. 
(Zn) levels  of the ion with the e lec t rons  of the un -  
bound e lec t ron  pa i r s  of the in t raeycl ie  n i t rogen 
a toms.  

Table 1 

Properties of Metal Complexes of the Macroheterocyelic Compounds 

C o m p h ~ x  M p ,  ~ 
C o l o r  o f  the  
substance 

Empirical 
formula 

M, % 
ca l cu -  Y i e l d ,  

found lated [ % 

Copper 

Nickel 
Zinc 
Cobalt 
Cadmium 

Copper 

Nickel 

D o e s  n o t  melt  
b e l o w  500 
. ip 

/I 

C o m p l e x e s  w i t h  I 

Brown ! CsoHloNmCu 

Orange Cs0HloNls'Ni 
Orange CsoH~aN~sZn 
Brown CsoHIoNIsCO 
Orange CsoH~oNIsCd 

C o m p l e x e s  o f  U 

Does b e l o w  n o t  400 melt Cherry-red 

,, ,, Dark brown 

I C~4H12N,oO~Cu 

C24HIsNI00sNi 
f 

r 
13.3; 13,4 I 13.2 

/ 

12.7; 12.9 / 12.5 
13.4; 133 / 13.2 
12.4; 12,5 12.5 
21.1; 21,2 21,0 

11,9; 11,0 11.8 

10.8; 10,9 11.0 

I 

86 
84 

85 
87 
88. 

62 

65 
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Fig. 1. Electronic absorption spectra  of 
complexes of the macrocycle  I in pyridine: 
1) macrocycle  not boLmd into a complex; 
2) Cu(I); 3)Co(I); 4)Ni(I); 5)Zn(I); 6) 
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Fig. 2. Electronic absorption spectra of 
complexes of the macrocycle  II in 
pyridine: 1) macrocycle  not bound into a 

complex; 2) Cu(II); 3) Ni(II). 
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Tab le  2 

P o s i t i o n s  of the  A b s o r p t i o n  Bands  of the Meta l  C o m p l e x e s  of M a c r o h e t e r o e y c l i c  Compounds  

Compound 

H 2 Mce 
CuMce (I) 
NiMcc (I) 
CoMet (I) 
CdMce (I) 
ZnMcc (I) 
H2 Mcc 
CuMcc (II) 
Ni Mcc (II) 

Electron transitions 
It 

~max. nm 

355 
353 
353 
353 
353 
355 
350 
350 
365 

1.2 
1.2 
1,22 
1,15 
1.14 
1.2 
0.84 
0.94 
0,98 

2~max, ntn 

425 
405 
402 
400 

410 
420 

0~4 
0.48 
0.25 
0.22 
0.25 

0% 
0.60 

It could be expec ted  that  the coo rd ina t i on  of the m o l -  

e cu l e s  of compounds  I and II with the c e n t r a l  ions  

would l ead  to the a p p e a r a n c e  of a new o h r o m o p h o r e ,  

as in the c a s e  of ph tha locyan ine .  However ,  the a b s o r p -  

t ion s p e c t r a o f  the c o m p l e x e s  in the UV, v i s ib l e ,  and IR 

r e g i o n s  show tha t  the expec ted  p h e n o m e n a  do not  occur .  

Appa ren t ly ,  on coo rd ina t ion  with insu f f i c i en t ly  

" r ig id"  l igands  the c e n t r a l  ion changes  t h e i r  g e o m e t -  

r i e a l  conf igura t ion .  Th is  l eads  to a s t ab i l i z a t i on  of the 

~r - sys tem of the m a c r o e y c l e ,  as  has  been  shown by 

X - r a y  s t r u c t u r a l  a n a l y s i s  of a c o m p l e x  of the d i p y r -  
idy ld i i so indo le  m a c r e c y c l e  [6]. In this c a s e ,  in a e -  

c o r d a n c e  with c h r o m a t i c i t y  t heo ry  [7, 8], a b a t h o c h r o -  

mic  ef fec t  a r i s e s .  
The s i m i l a r i t y  of the IR s p e c t r a  of the in i t ia l  

compounds  and the  m e t a l  c o m p l e x e s  I and II in the 
700-1900 c m  -1 r e g i o n  shows  that  the  na tu r e  of the c e n -  

t r a l  m e t a l  a tom has  no fundamen ta l  in f luence  on the 

s p e c t r u m ,  but that  it  d o e s  c a u s e  a sh i f t  in s o m e  bands  

(734 ~ 746 cm-1;  865 - -  870 cm-1;  1639 - -  1378 cm-1;  

1640 - -  1660 em -1) in the h i g h - f r e q u e n c y  r e g i o n  on 

p a s s i n g  f r o m  one m e t a l - m a c r o c y c l e  c o m p l e x  to an-  

o t h e r  in the s e q u e n c e  Cu, IX'i, Co, Cd. T h e s e  bands  

a p p a r e n t l y  r e l a t e  to the v i b r a t i o n s  of the g roups  of 

a t o m s  connec t ed  to the c e n t r a l  m e t a l  a tom,  
The in t roduc t ion  of a m e t a l  l eads  not only to a 

change  in the s p e c t r a  but a l so  to a change  in the c h e m -  

real  p r o p e r t i e s  of the mo lecu l e .  The m e t a l  c o m p l e x e s  

of the m a c r e h e t e r o e y e l i c  compounds  have a c o n s i d e r -  
ably  enhanced  t e m p e r a t u r e  s t ab i l i t y  ( they do not  m e l t  

be low 400 ~ C) and a l ower  so lub i l i ty  in o rgan ic  s o l -  

ven t s  as  c o m p a r e d  wi th  the m e t a l - f r e e  compounds ,  

and they a r e  s t ab l e  to the ac t ion  of a c id s .  

E X P E R I M E N T A L  

Macrohete~oeyclic compounds giving the complexes I containing 
1,2,4-triazole residues. A mixture of 2.9 g of guanazole (3, 5-dr- 
amino-l, 2, 4-triazole) and 4.3 g of diiminoisoindoline in 80 ml of 
butanol was heated at the boil for 20 hr. The precipitate that had 
deposited was filtered off and washed with methanol. Yield 64% of a 
substance not melting below 400 ~ C. Found, %: C 56.8, 56.4; H 3.8, 
3.8; N 39.7, 39.4. Calculated for C20H~NIz, ~ C 57.1; H 2.85; N 40.0. 
40.0. The substance was red-brown. It dissolved in cone H2SO 4 with 
decomposition. It did not dissolve in organic solvents except for pyr- 
idine and c~-chIoronaphthalene, in which it dissolved on heating. 

Macroheterocyclic compounds giving the compIexes II containing 
a pyrimidine residue. A mixture of 0.8 g of dimethoxydiiminoisoin- 
doline and 0.6 g of 2, 4-diaminoehloropyrimidine with 30 ml of re- 
distilled trichlorobenzene was heated to the boil for 20 hr. The 

precipitate that had deposited was filtered off and washed with water 
and ethanol. Yield ~7~ The substance did not melt below 400 ~ C. 
Found, %: C 61.8, 61.9; H 2.9, 3.0; N 30.0, 80.5. Calculated for 
C24HIaNr0Oz, %: C 60.7; H 2.9; N 29.5. The substance was brown and 
did not dissolve in c~-chloronaphthalene, dimethylformamide, or pyr- 
idine, but dissolved in sulfuric acid with decomposition. 

Metal complexes L With stirring, 0.8 g of a macrohererocyclic 
compound, an equivalent amount of anhydrous metal chloride, and 
a solvent were heated at the boil under reflux for 3 hr. The precipi- 
tate that deposited was filtered off, washed with water until chloride 
ion was no longer present and then with methanol, dried, and weighed, 
and the yield and melting point were determined and an elementary 
anaIysis was performed. The figures obtained are given in Table 1. 

The synthesis of the metal complexes II was carried out similarly. 
For this purpose, 0.5 g of the macroheterocyclic compound, and an 
equivalent amount of metal acetate were taken and the solution was 
heated for 3.5 hr (Table 1). 

The metal complexes were insoluble in benzene and its homologs 
in the cold and on heating. They did not dissolve in halogen-substi- 
tuted benzenes, nitrobenzene, or aniline. They were sparingly soluble 
in pyridide and chloronaphthalene in the cold and somewhat more soluble 
on heating. They dissolved partially in alcohols-butanol, pentanol. 

They dissolved in cone H2SOa with decomposition. Under the ac- 
tion of weak mineral acids in the ceId they underwent no change and 
were not demetallated. On dilution of the solution with cold water, 
they were recovered unchanged. 

The absorption spectra were measured on an SF-4 spectrophotom- 
eter in pyridine solution at 22-24 ~ C in the ultraviolet and visible 
parts of the spectrum. The IR spectra were measured in the 700-3800 

-i cm region on a UR-10 spectmphotometer. 
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