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General methods are described for the preparationofmetalloatrane- 
3,7,10-ttiones N (CH2COO)~, containing an atom of a ter-, quarter-, 
or quinquevalent metal (mainly in the form of hydrates). Seven intra- 
molecular compounds of this type (with M = Nd III, CITi TM, C1Zr TM, Ce III, 
HOPb TM, HOMn TM, HoouVI), have been prepared, of which only two 
(with M = Nd III and HOOU VI) were known previously. Compounds with 
the composition N (CH2COO)~M �9 mN (CHzCOO)3 �9 nH20 with M = Nd III, 
ThW, COIII and Ni III (m = 1) and with M = Sb (m = 3 and 4) have also been 
obtained. 

We h a v e  p r e v i o u s l y  o b t a i n e d  i n t e r n a l l y  c o m p l e x  
m e t a l  d e r i v a t i v e s  of n i t r i l o t r i a c e t i c  a c i d - - m e t a l l o a -  
t r a n e - 3 , 7 , 1 0 - t r i o n e s  I~(CHzCOO)~I~ , in  w h i c h  M i s  an  
a t o m  of a t e r v a l e n t  m e t a l  (A1, Ga ,  In ,  L a ,  T1, Bi ,  F e ,  

Co,  Ni) [2]. I t  t h e n  a p p e a r e d  of i n t e r e s t  to  s y n t h e s i z e  
i n t e r n a l l y  c o m p l e x  s a l t s  of t h i s  a c i d  of s i m i l a r  s t r u e -  
t u r e  of t y p e  I c o n t a i n i n g  an  a t o m  of a q u a t e r -  o r  a q u i n -  
q u e v a l e n t  m e t a l .  
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In f o r m u l a  I, M r e p r e s e n t s  a g r o u p  of a t o m s  c o n t a i n i n g  
a n  a t o m  of a m u l t i v a l e n t  m e t a l  w h i c h  m a y  b e  c o o r d i n a t e l y  
b o u n d  w i t h  m o l e c u l e s  of w a t e r  and  o t h e r  l i g a n d s .  

Up to t he  p r e s e n t  t i m e ,  on ly  c o m p l e x  c o m p o u n d s  of 
n i t r i l o t r i a e e t i c  a c i d  of t h i s  t ype  c o n t a i n i n g  Th  IV [3] 
and  U VI [4] h a v e  b e e n  i s o l a t e d  in  t h e  i n d i v i d u a l  s t a t e .  
At  t he  s a m e  t i m e ,  i t  i s  i m p o s s i b l e  no t  to o b s e r v e  t h a t  

the  c a p a c i t y  of n i t r i l o t r i a c e t i c  a c i d  (II) f o r  f o r m i n g  
c o m p l e x e s  w i t h  i o n s  of m u l t i v a l e n t  m e t a l s  i s  w i d e l y  
u s e d  in  a n a l y t i c a l  p r a c t i c e  [ 5 - 7 ] .  

T h e  c a p a c i t y  of II f o r  f o r m i n g  c o m p l e x e s  w i th  i o n s  
of Nd III [8,9] ,  Ce IV [10], TiIV [ 1 1 - 1 3 ] ,  Z r  IV  [ 1 4 - 2 1 ] ,  

Th  IV [ 2 2 - 2 5 ] ,  and  U VI [ 2 6 - 2 9 ]  h a s  b e e n  s t u d i e d  b y  
v a r i o u s  m e t h o d s .  

In t h i s  p a p e r  we d e s c r i b e  f o u r  g e n e r a l  m e t h o d s  f o r  
t he  s y n t h e s i s  of I. U s i n g  t h e s e  m e t h o d s  we h a v e  o b -  
t a i n e d  a n u m b e r  of c o m p o u n d s  of t h i s  t y p e  w i t h  M = 
= C l T i I V C 1 Z r I V ,  Ce III ,  HOPb  IV, and  HOOU IV All  

t h e s e  c o m p o u n d s  w e r e  i s o l a t e d  in  t h e  f o r m  of h y d r a t e s  
c o n t a i n i n g  2 - 7  m o l e c u l e s  of w a t e r .  

The  r e a c t i o n  of II  w i t h  TiC14 ( in d i m e t h y l f o r m a m i d e )  
and  ZrC14 (or  ZrOC1 z) in  w a t e r  s m o o t h l y  f o r m s  t h e  
c o r r e s p o n d i n g  l - e h l o r o m e t a I l o a t r a n e - 3 , 7 , 1 0 - t r i o n e s  
(M = C I T i  IV o r  C1ZrIV) .  C o m p o u n d s  w i t h  M = H O P b  IV 

* F o r  p a r t  XVIII ,  s e e  [1]. 

and  HOMn IV a r e  o b t a i n e d  by  t h e  r e a c t i o n  of II w i t h  

P b O  z and  MnOz,  r e s p e c t i v e l y .  C o m p o u n d s  w i t h H O O U  IV 

a r e  p r e p a r e d  by  t he  r e a c t i o n  of II w i t h  (CH~COO)zUO 2 
(in an  a q u e o u s  m e d i u m ) .  In a d d i t i o n ,  s u p p l e m e n t i n g  
r e s u l t s  o b t a i n e d  p r e v i o u s l y ,  t he  r e a c t i o n  of II w i t h  
NdCI~ in  a n  a q u e o u s  m e d i u m  g a v e  y e t  a n o t h e r  c o m p o u n d  

of t ype  I in  w h i c h  M i s  an  a t o m  of a t e r v a l e n t  m e t a l .  
T h i s  c o m p o u n d  (with M = NdIII) ,  i s o l a t e d  in t he  f o r m  of 
t h e  t r i h y d r a t e ,  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  [3]. 

T h e  m e t h o d  of p r e p a r a t i o n ,  y i e l d s ,  and  a n a l y t i c a l  
d a t a ,  c o l o r s ,  and  s o l u b i l i t i e s  of a l l  t h e  I o b t a i n e d  a r e  

g i v e n  in T a b l e  1. The  s t r u c t u r e  of t h e s e  c o m p o u n d s ,  
f o r  w h i c h  we  p r o p o s e  f o r m u l a  I a t  t he  p r e s e n t  t i m e ,  

w i l l  b e  r e f i n e d  l a t e r  w i t h  t h e  a id  of p h y s i c a l  a n d  c h e m i -  
c a l  methods of investigation. 

In t h e  r e a c t i o n  of II in  a q u e o u s  s o l u t i o n  w i th  ThC14, 
SbC13, CoO(OH),  and  NiO(OH),  i t  i s  no t  c o m p o u n d s  of 

t y p e  I t h a t  a r e  f o r m e d  bu t  c o m p l e x e s  c o n t a i n i n g  f r o m  
two to  f i v e  r e s i d u e s  of II p e r  m e t a l  a t o m ,  wi th  t h e c o m -  
p o s i t i o n  N(CH3COO)3M �9 mN(CH3COOH) 3 �9 nHzO ( T a b l e  2). 
T h e  q u e s t i o n  of w h e t h e r  t h e s e  c o m p o u n d s  a r e  c o m p l e x e s  
of t he  c o r r e s p o n d i n g  m e t a l l o a t r a n e - 3 , 7 , 1 0 - t r i o n e s  w i th  
II  o r  a c id  s a l t s  w i t h  a d i f f e r e n t  s t r u c t u r e  wi l l  b e  c o n -  
s i d e r e d  s u b s e q u e n t l y .  

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

Initial reactants. Chemically pure salts of the muttivalent metals 
with volatile acids (chlorides, acetates) or freshly-precipitated hydrox- 
ides and oxides and nitrilotriacetic acid (II) (pure for analysis) twice 
recrystallized from hot water were used for the syntheses. 

Analysts. Carbon and hydrogen were determined by combustion in a 
single sample in a current of oxygen both without a catalyst and in the 
presence of chromic oxide. The metal was determined in the form of 
the oxide remaining after the calcination of the substance in a current 
of oxygen at 1000 ~ C. 

A description of the four methods of synthesis of I is given below. 
t. An aqueous solution of a salt of the meta, I is added to a hot aque- 

ous solution of an equimolecular amount of II. The solution is slowly 
evaporated to half its original volume. The crystals of I separating on 
cooling are filtered off with suction, washed with hot water, ethanol, 
and ether, and dried in vacuum. 

2. A mixture of equimolecular amounts of the hydroxide (oroxide) 
of the metal and II is heated with an excess of boiling water for 3-4  
hr. All the hydroxide (oxide) passes into solution, from which a pre- 
cipitate of I deposits, it is filtered off with suction, washed with water, 
ethanol, and ether, and dried in vacuum. In the case of the synthesis 
of water-soluble hydrates, the clear solution of I obtained after thedis- 
solution of the hydroxide (oxide) of the metal is filtered and evaporated. 
The crystals of I depositing are filtered off with suction and treated 
similarly. 

8. Solutions of eqnimolecular amounts of the sak of the metal and 
II in anhydrous dimethylformamide are mixed. The precipitate that 
deposits is filtered off with suction, washed with dimethylformamide 
and ether, and dried in vacuum. 
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4. Aqueous solutions of equimoleeular amounts of the metal salt 

and the trisodium salt of II are mixed. On standing a precipitate of I 
deposits, which is filtered off with suction, washed with hot water, 
ethanol, and ether, and dried in vacuum. 
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