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General methods for obtaining metallo(III)atrane-3,  7,10-triones 

N(CH~COO)aMIlI (where M is an atom of a tervalent metal) and their 

hydrates are described. By means of these methods, a number of in- 
ternally complexed compounds of this type have been synthesized, 
many of which (~ith M = B, Ga, In, Mn III, Ni III) were previously 
unknown. 

Developing investigations in the field of the inter- 
nally complexed metal derivatives of triethanolamine-- 

the metalloatranes N(CH2CH~.O)~M, we have taken up 
the study of internally complexed salts of aminotri- 
acetic acid N(CHxCOOH)~ (I), generally incorrectly 
called nitriiotriacetic acid, which have an analogous 
structure and can be formally called metalloatrane-3, 
7,10-triones (II): 

CH 2 

H~C /~ CH 2 

ocQ0 ~to / ~)co 

0 

In the f o r m u l a  of II, M r e p r e s e n t s  an a tom of a t e r -  
va len t  m e t a l  which may  be coo rd ina t e ly  bound to m o l e -  
cu le s  of w a t e r ,  a m m o n i a ,  and o the r  l igands .  

The study of the p o s s i b i l i t i e s  of the ana ly t i ca l  use  
of complexed  compounds  of me ta l  ca t ions  with I began 

m o r e  than 20 y e a r s  ago.  The c o n s i d e r a b l e  s tab i l i ty  
and s i m p l e  compos i t i on  of these  c o m p l e x e s  has p e r -  
mi t t ed  the use  of t i t r a t e d  solu t ions  of I in v o l u m e t r i c ,  
g r a v i m e t r i e ,  p o l a r o g r a p h i c ,  c o l o r i m e t r i c ,  and o the r  
me thods  of ana lys i s ,  and a lso  as m a s k i n g  r e a g e n t s  
[2-10] .  Howeve r ,  the num.ber of p a p e r s  devoted to the 
s tudy of the c o m p l e x e s  II and t h e i r  hyd ra t e s  in the in-  
dividual  s ta te  and to the study of t h e i r  p r o p e r t i e s  is 
e x t r e m e l y  l i m i t e d ,  and they  c o v e r  only a s m a l l  number  

of m e t a l s .  The m a j o r i t y  of known m e t a l l i c  c o m p l e x e s  
II have been  obtained in aqueous solu t ions  and conta in  
c o o r d i n a t e l y  bound w a t e r .  

Up to the p r e s e n t  t i m e ,  c o m p l e x e d  compounds  of 
a m i n o t r i a c e t i c  acid with the fo l lowing m e t a l s  have been 

i so l a t ed  and d e s c r i b e d :  A1 [11,12],  Sc [11], Y [11], 
La [13-17], Ce [18], Nd [13,14], Th [131, Sb [13], 
Bi [13, 19,20], Cr [13], U [13, 21], Fe [21] and Co [22]. 

In the present communication we describe five gen- 
eral methods for the synthesis of II and their hydrates 

in which M is an atom of a tervalent metal and previ- 

* F o r  p a r t  XV, see  [1]. 

ously unknown representatives of these compounds with 
M= B, Ga, In, Mn III, and NiIII. 

The methods of preparation, the yields, the analy- 
tical data, the colors, and the solubilities of these 
compounds are given in the table. When they were 

p r e p a r e d  in aqueous solu t ions ,  all  the II w e r e  obtained 
in the f o r m  of hydra tes  conta ining 1 - 3  mo lecu l e s  of 
HzO. It was imposs ib l e  to obtain II with M = B in aque-  
ous solut ion.  The m a j o r i t y  of the II o nH20 obtained 
can be dehydra ted  by heat ing in vacuum at 180-250 ~ C. 

In the fu ture  we p ropose  a broad study of the phy- 
s ica l  and chemica l  p r o p e r t i e s ,  and a lso  the physio-  
log ica l  and ca ta ly t ic  a c t i v i t i e s  of the m e t a l l o a t r a n e -  
3 , 7 , 1 0 - t r i o n e s  that  a r e  d e r i v a t i v e s  of t e r v a l e n t  and 
h igher  va l ency  m e t a l s ,  and a lso  a study of the i r  com-  
p lex  compounds.  

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

Star t ing  m a t e r i a l s .  The syn theses  were  c a r r i e d  out 
with c h e m i c a l l y  pure  sa l t s  of t e r v a l e n t  me ta l s  with 
vo la t i l e  ac ids  ( ch lo r ides ,  ace ta t e s ) ,  o r  with f r e s h l y -  
p r e p a r e d  hydroxides  of these  m e t a l s ,  and with amino-  
t r i a c e t i c  acid (pure fo r  analys is )  r e c r y s t a l l i z e d  twice  
f r o m  hot wa te r .  

A desc r ip t i on  of the f ive methods  of syn thes i s  of II 

or  t he i r  hydra tes  is given below. 
1) An aqueous solut ion of the me ta l  sal t  is added to 

a hot aqueous solut ion of an e q u i m o l a r  amount of a m i -  
no t r i a ce t i c  acid.  Af te r  cool ing,  the wa te r  and the vo-  
l a t i l e  acid f o r m e d  a r e  d i s t i l l ed  off in a r o t a r y  vacuum 
e v a p o r a t o r  with hea t ing  to 40 ~ C. The dry  r e s idue  is 
suspended in ethanol ,  f i l t e r ed  off with suct ion,  washed 
with hot wa t e r  (in the case  of the II hydra t e s  insoluble  
in H20) and with alcohol  and e the r  and is dr ied  in 
v a c u u m .  

2) An aqueous solut ion of the meta l  sa l t  is added to 
a hot solut ion of an e q u i m o l e c u l a r  amount  of I. The 
solut ion is s lowly evapora t ed  to half  vo lume .  The c r y s -  
ta l s  that  depos i t  on cool ing a re  f i l t e r e d  off with suct ion,  
washed with hot wa te r ,  e thanol ,  and e the r ,  and dr ied  
in vacuum.  

3) A m i x t u r e  of e q u i m o l e c u l a r  amounts  of the meta l  
hydroxide  and I is heated  with an e x c e s s  of boi l ing 
w a t e r  fo r  2 - 3  h r .  All the hydroxide  p a s s e s  into solu-  
t ion,  which then depos i t s  a p r e c i p i t a t e  of II. In the case  
of the w a t e r - s o l u b l e  hydra tes  of II, the t r a n s p a r e n t  
solut ion obtained a f t e r  the d i s so lu t ion  of the meta l  
hydroxide  is  f i l t e r ed  and evapora ted .  The c r y s t a l s  of 
II depos i ted  a r e  f i l t e r ed  off, and t r e a t e d  s i m i l a r l y ,  and 
a r e  then washed with ethanol and e the r  and dr ied  in 

vacuum.  
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4) An equimoleeular  mixture  of the metal  and I is 
heated in boil ing anhydrous d imethyl formamide  or  di-  
methyl sulfoxide for  2-~3 hr.  The p rec ip i t a te  that de-  
posi ts  is f i l t e red  off with suction, washed with ethanol 
and ether ,  and dr ied in vacuum. The II obtained is 
purif ied by r ec ry s t a l l i z a t i on  f rom dimethyl formamide  

5) Hot solutions of equimolecular  amounts of metal  
sal t  and the t r i sod ium or  t r i po ta s s ium sal t  of I a re  
mixed. The mixture  is heated to the boil for  2 -3  hr ,  
f i l t e red ,  evaporated,  and slowly cooled to 0 ~ C. The 
p rec ip i t a te  that deposi ts  is f i l te red  off with suction, 
washed with hot water ,  ethanol, and e ther ,  and dr ied 
in vacuum. 

6) The II �9 nH20 obtained by the above methods 
{apart from method 4) a r e  converted into the anhydrous 
II by heating in a vacuum of 1 mm at 160-220 ~ C to 
constant weight. 
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