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Methods were developed for the prepara t ion of the p rev ious ly  unknown heterocycl ic ,  

chelate ,  mixed anhydride of molybdic and aminotr iacet ic  acids [[IOOaCH2N(CH~COO),MoO~ �9 
H20 ] �9 2H20 and its salts .  The s t ruc tures  of these compounds in the crystal l ine state and 
in aqueous solution were established by IR and PMR spectroscopy,  thermography,  and 
potentiometric  t i tration. 

Previously,  one of us and Lapsin '  [2-5] obtained and investigated heterocycl ic  chelate es te rs  of or tho-  

molybdic acid and t r is  (2-hydroxyalkyl)amines - 1-hydroxy- 1-oxomolybdatrans [HO (O~) Mo (OCH~CH2) 3N 
and its C-substi tuted derivatives].  

In the present  research ,  we set out to synthesize and study the s imilar ly  constructed mixed anhydride 
of orthomolybdic and aminotr iacet ic  acids - 1-hydroxy-2-oxomolybdat ran-3 ,7 ,10- t r ione  (I).j" 
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I l l a  l ib  

The formation of complexes of Mo VI and Mo V with aminotr iacet ie  acid and their  stabilities and la- 
bilities were previously studied by PMR spectroscopy [6-8]. However, the pure complexes were not iso-  
lated. 

We have demonstrated that the reaction of aminotr iacet ic  acid (III) with soluble molybdic acid in boil-  
ing water gives a l ight-blue crystal l ine substance (IV) with the C6HI~MoNOll composition. 

Thermographic  investigation provides evidence that the IV molecule contains three water molecules.  
The der iva togram (Fig. 1) shows that one water  molecule is lost on heating to 187 ~ The f i rs t  endothermic 
effect is observed at 187-235 ~ when another 1.5 water  molecules  are lost. Linking of two molecules  of the 
substance apparently occurs  in the p rocess  due to formation Of an oxygen bridge. The second endothermic 
minimum at 235-248 ~ is accompanied by the loss of another 0.5 of a wa te r  molecule, and the third endo- 
thermic  minimum at 248-265 ~ corresponds,  in our opinion, to fur ther  anhydrocondensation of anhydrous 
substance IV with the loss of still another water molecule. 

* See [1] for communication XXVII. 
tHere  and elsewhere,  Nr~O designates t h e - N C H 2 C O O - g r o u p :  
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Soedinenii, No. 5, pp. 606-615, May, 1972. Original ar t icle  submitted May 24, 1971. 
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F i g .  1. D e r i v a t o g r a m s  of 1 - h y d r o x y - l - o x o m o l y b d a t r a n - 3 , 7 , 1 0 - t r [ o n i c  a c i d  ( 1 ) a n d  
i t s  a m m o n i u m  (2), s o d i u m  (3), and  d i s o d i u m  (4) s a l t s .  The  hea t ing  r a t e  was  12 
d e g / m i n  (T i s  the  h e a t i n g  c u r v e ,  DTA i s  the  d i f f e r e n t i a l  hea t ing  c u r v e ,  TG is  the  
we igh t  l o s s  c u r v e ,  and  DTG is  the  d e r i v a t i v e  c u r v e ) .  

F ig .  2. P r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  of 1 - h y d r o x y - l - o x o m o l y b d a t r a n - 3 , 7 , 1 0 -  
t r i o n i c  a c i d  (1) and  i t s  a m m o n i u m  s a l t  (2). 

pH 2 

' o',~ '~  1:2' G '  2;0 ;o8,,ml 
Fig .  3. T i t r a t i o n  c u r v e s  of 1- 
h y d r o x y -  l - o x o m o l y b d a t r a n -  
3 , 7 , 1 0 - t r i o n i c  a c i d  (1) and i ts  
a m m o n i u m  s a l t  (2). 

A c c o r d i n g  to the  ESR data ,  the  m o l y b d e n u m  a t o m  in IV is  in a 
h i g h e r  d e g r e e  of ox ida t i on  (MoVI). An i n v e s t i g a t i o n  of the  PMR and 
IR s p e c t r a  of IV m a k e s  i t  p o s s i b l e  to e s t a b l i s h  i t s  s t r u c t u r e .  

The PMR s p e c t r u m  of an aqueous  so lu t i on  of IV (Fig .  2) c o i n -  
c i d e s  wi th  the p r e v i o u s l y  d e s c r i b e d  [8] s p e c t r u m  of the  c o m p l e x  f o r m e d  
in aqueous  m e d i a  in the  r e a c t i o n  of III wi th  m o l y b d i c  a c i d .  At p H -  < 5, 
the  s p e c t r u m  con ta in s  a s ing le  p e a k  f r o m  the m e t h y l e n e  p r o t o n s  (5.91~).  
Th i s  i n d i c a t e s  the  s y m m e t r i c a l  s t r u c t u r e  of the  IV m o l e c u l e s  in w a t e r  

a t  pH-< 5 and the e q u i l v a l e n c e  of a l l  the Mo OCOCH2N hal f  r i n g s  of i t s  
f r a m e w o r k  (des igna t ed  as  Mo r ~ N  in the  s chemes ) ,  which e x c l u d e s  the  
p o s s i b l e  1 - h y d r o x y -  1 - o x o m o l y b d ( V I ) a t r a n - 3 , 7 , 1 0 - t r i o n e  t r i h y d r a t e  
s t r u c t u r e  (I). We wi l l  a s s u m e  that  in aqueous  so lu t i on  IV e x i s t s  e i t h e r  
a s  the  h y d r a t e d  1 , 1 - d i o x o m o l y b d ( V I ) a t r a n - 3 , 7 , 1 0 - t r i o n i e  a c i d  (IIa) o r  
a s  a c i d  IIb.  In  fact ,  IV in aqueous  so lu t ion  i s  an a c i d  wi th  pK a 4.7 tha t  
i s  c a p a b l e  of f o r m i n g  s a l t s .  

The s p e c i f i c  e l e c t r i c a l  conduc t iv i t y  of a 0.001 M so lu t ion  of IV 
is  5.833 �9 10 -4 ~2 �9 c m  -1 and c o n f i r m s  tha t  th i s  compound  i s  an e l e c t r o -  
l y t e .  The s p e c i f i c  a c t i v i t y  of IV i n c r e a s e s  m a r k e d l y  on d i lu t ion .  

The  m o l y b d e n u m  a t o m  in the  an ion  of IV has  an o c t a h e d r a l  c o n f i g u r a t i o n .  The e q u i v a l e n c e  of 

the  t h r e e  MoOCOCH~N half  r i n g s  in I Ia  and  the  p r o t o n s  wi th in  each  of t h e m  can  be e x p l a i n e d  by f a s t  d y n a m i c  
i n t e r c o n v e r s i o n s  of  the  t h r e e  p o s s i b l e  c o n f i g u r a t i o n s  of the h e x a c o o r d i n a t e d  c o m p l e x  [9]. 

fL N'-~" ] -  
0/~.~ o / 0  
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It is more  likely, however, that IV has s t ructure  IIb. The equivalence of the methylene protons of the 
free bonded (to the molybdenum atom) CH2COO groups in this case can be explained by their rapid exchange. 
One water  molecule enters  into the inner sphere of the molybdenum atom in the IIb molecule, while amino- 

~triacetic acid f igures as a tridentate ligand ra ther  than as a tetradentate ligand. Two molecules of c r y s -  
tallization water  are  tied up with the oxygen atoms of the CH2COO groups of the hydrogen bond. The in- 
c reased  acidity of IIb should be explained by the I effect of the Mo ~- N and Mo ~- OH 2 bonds, which promote 
protonation of the hydrogen atom in the free carboxyl group and protonation of the Mo ~-OH2[Mo-OH)-H +] 
group. 

When the pH of the solution of IV increases  above five, the intensity of the proton signals in the PMR 
spect rum decreases ,  and a peak of the CH 2 protons of the aminotr iacetate  anion appears at s t ronger  field. 
This is evidence for the part ial ly ionic charac te r  of the Mo-O(COCH2) bonds in IV, which, at pH > 5 are  in- 
clined to cleavage accompanied by breaking Of the Mo ~-N coordinate bond. 

In the crystal l ine state, IV most  likely has the IIb s t ructure ,  which is confirmed by IR spectroscopy 
(Table 1). The spect rum of IV contains two absorption bands at 3450 and 3528 cm -1, which correspond to 
the stretching vibrations of the hydroxyl group in the molecules of coordinately bonded and crysta l l izat ion 
water.  The peak at 1740 cm - t  cor responds  to the absorption of the free carboxyl group. The absorption 
band at 920 cm -1 corresponds  to the stretching Vibrations of the Mo=O bond [10, 13]. 

The react ion of III with ammonium molybdate in boiling water  gives a color less ,  cr~'stalline substance 
(V) with the composition C6H15MoN2010.5 [mol. wt. (by cryoscopy in water) 229, 231]. The specific conduc- 
tivity of a 0.001 M solution of V is 5.049 10 -4 ~2 �9 cm -1 and increases  on dilution. When a solution of V is 
highly diluted, V dissociates  into five ions with disintegration of the arran skeleton. In dilute solution, V 
therefore  has the proper t ies  of an acid with pK a 3.7. 

There  are two discontinuities (the f i rs t  at the equivalence point at pHi6 .7 ,  the second, which is only 
slightly expressed,  at pH ~10) on the t i tration curve of V (Fig. 3). Ammonium molybdate gives the same 
t i trat ion curve.  The t i trat ion curve of IV, which does not contain ammonium ions, has only the f i rs t  ex- 
p ressed  discontinuity at pH 6.9 (Fig. 3). The t i trat ion curves of H2MoO 4 and N(CH2COOH)3 (a 4" 10 -3 ~VI so- 
lution of III has pH 3.0) were obtained for comparison.  There  is one expressed  discontinuity (equivalence 
point at pH 6.7) on the t i trat ion curve of III. The amount of alkali consumed during neutralization at the 
equivalence point is 2 mole; i.e., 2 moles of alkali are  consumed per  mole of III. 

Compound V contains 2.5 molecules of crysta l l izat ion water,  which was confirmed by thermography,  
by a study of the PMR spect ra  of solutions of V in D20 , and by IR spectroscopy [14]. 

The dehydration curve of V is presented in Fig. 1 by the der ivatogram.  Up to 210 ~ V loses one mole-  
cule of crysta l l izat ion water  and loses the second molecule at 210-232 ~ . The last  0.5 mole of water  is e l im-  
inated at 281 ~ Ammonia is l iberated at a higher t empera tu re  at which decomposit ion of the substance is 
a lready occurr ing.  The endothermic minimum at 210-232 ~ which corresponds  to the loss of a second mole- 
cule of water,  is accompanied by the evolution of a gas.  

Compound Va, which has the same s t ructure  as V but is the monohydrate,  can be obtained by dehydra-  
tion of V by heating to constant weight under a high vacuum or in refluxing decalin. The IR spect ra  of the 
two compounds are  pract ical ly  identical. 

There are  two signals in the PMR spect rum of acidified aqueous solutions of V (Fig. 2) - a singlet of 
the CH 2 protons ff 5.91) and a triplet  of the protons of the NH4 + ion ('r 3.01; J14 = 55 Hz). As in the case of 
IV, increasing the pH of the medium leads to the appearance of the peak of the anion of free acid III and, of 
course,  to the disappearance of the fine s t ruc ture  and, eventually, to merging of the signal of the NH4 + pro-  
tons with the H20 peak. 

The PMR spect ra  of solutions of IV and V in dimethyl sulfoxide contain a broad signal of the CH 2 pro -  
tons, which attests to the presence  of a cer ta in  amount of paramagnet ie  Mo V impurity.  The ESR method 
confirms that this sort  of impurity is a compound of pentavalent molybdenum, the percentage of which in a 
0.5 M solution of IV or  V does not exceed 10 -l~ mole / l i te r .  The Mo V impurity is not detected by ESR spec-  
t roscopy in aqueous solutions and in crys ta ls  of pure IV or V. The transit ion of hexavalent molybdenum 
to the pentavalent state consequently occurs  due to the reducing action of dimethyl sulfoxide on IV and V. 

The equality of the chemical  shifts of the methylene protons in the PMR spect rum of IV and V attests  
to the identical s t ruc ture  of their anions; i.e., it is evidence that V has the ammonium salt s t ructure  (IIa) 
in solution. 
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T A B L E  2. Sa l t s  of V with  A m m o n i a  and A m i n e s  

Salt Amine 

VI NHa 
VII N (CHa)a 

VIII CsHIIN 
IX ' CIoHs'N~ 
X C12HsNz 

I Found, ~ ! 

Empirical formula [ r i H 1 N I Mo 

I 23,9 C6HIsMoNaOg. H20 18,6 4,9 i11,3 
CgH2oMoN~O9 27,1 4,8 I ~0,0 23,1 
C,,H~=MoN~O~, H~O r29.8 5,G 18:~ 2o,9 
C~6HIgMoN409 [3717 3,7 18,5 
CzsHIgMoN40,9 140,9 3,4 10,6 18,8 

Calc., % Yield, 
, : :  

18,6 4,4 10,9 24,8 95 
26,4 4,9 10,3 123,4 90 
29,1 5,3 9,2 21,11 92 
37,9 3,8 11,0 18,9 86 
40,7 3,6 10,5 18,0 95 

In add i t ion ,  the p r e s e n c e  of the  NH4 + ion in the  V m o l e c u l e  can  be judged  f r o m  the a b s o r p t i o n  bands  
at  3000-3200 c m  -1. 

A band  a t  415-435 c m  -1, which  m i g h t  have been  a s s i g n e d  to the v i b r a t i o n s  of the Mo *- N c o o r d i n a t e  
bond,  is  o b s e r v e d  in the l o w - f r e q u e n c y  r e g i o n  of the  IR s p e c t r a  of a l m o s t  a l l  of the  i n v e s t i g a t e d  c o m p o u n d s .  
However ,  i t  is  m o r e  l i k e l y  tha t  t h i s  v i b r a t i o n  i s  d i s p l a y e d  in  the  s t i l l  l o w e r - f r e q u e n c y  r e g i o n .  

Since  an a b s o r p t i o n  band  at  890 c m  -1, which  c o r r e s p o n d s  to the M o = O  v i b r a t i o n s  in the  [MoO4] 2- 
an ion  [8, 10] (895 and 935 cm-1) ,  is  O b s e r v e d  in the  s p e c t r u m  of  (NHr we a s s i g n e d  the bands  a t  918 
c m  - i  (V) and 900 c m  -1 (VI) to  the  v i b r a t i o n s  of the M o = O  bonds  [10, 13]. 

In a c c o r d a n c e  with  the  r e s u l t s  of IR s p e c t r o s c o p y  and t h e r m o g r a p h y ,  the  s t r u c t u r e  of the  m o n o h y -  
d r a t e d  f o r m  of  a m m o n i u m  s a l t  I Ia  can  be  a s c r i b e d  to c r y s t a l l i n e  Va, whi le  the  s t r u c t u r e  of the  d i h y d r a t e  of 
IIa ,  the  two m o l e c u l e s  of  which  a r e  l i n k e d  by the h y d r o g e n  bonds  of s t i l l  a n o t h e r  m o l e c u l e  of c r y s t a l l i z a t i o n  
w a t e r ,  c an  be  a s c r i b e d  to V. 

+ I 4- 
H4N[N (CH=COO) aMoO2] �9 H20 H20 �9 Va �9 �9 �9 H--O--H -.. Va �9 H20 

Va V 

As shou ld  have been  e x p e c t e d ,  the  a b s o r p t i o n  of the f r e e  COOH group  at  1740 c m  -1 i s  a b s e n t  in the  
IR s p e c t r u m  of c r y s t a l l i n e  V, but  e x t r e m e l y  i n t e n s e  p e a k s ,  which  c o r r e s p o n d  to the  Vas and u s (COO-) v i b r a -  
t ions  r e s p e c t i v e l y ,  a r e  p r e s e n t  a t  1630 and 1400 c m  -~. Th i s  m a y  ind i ca t e  the  p r e s e n c e  in  the  V m o l e c u l e  
of t h r e e  e q u i v a l e n t  CH2COO- g r o u p i n g s ,  the  bond of which  with the  m o l y b d e n u m  a t o m  has  p r e d o m i n a n t l y  
ionic  c h a r a c t e r .  

An i n t e n s e  a b s o r p t i o n  band,  which  i s  r e l a t e d  to the NH4 + v i b r a t i o n s ,  i s  o b s e r v e d  a t  1400-1450 c m  -1 
in the s p e c t r a  of V and the d i a m m o n i u m  s a l t  VI d e s c r i b e d  b e l o w  [as wel l  a s  in the  s p e c t r u m  of (NH4)2MoO4]. 

The s t r u c t u r e  of V i s  a l s o  c o n f i r m e d  by  i t s  f o r m a t i o n  d u r i n g  the  n e u t r a l i z a t i o n  of IV with  a m m o n i u m  
h y d r o x i d e .  

D i a m m o n i u m  s a l t s  VI -X  (Table  2) a r e  f o r m e d  when V r e a c t s  wi th  e x c e s s  bo i l i ng  a m m o n i u m  hyd rox ide ,  
t r i m e t h y l a m i n e ,  o r  p i p e r i d i n e .  Compound  VI i s  a l s o  f o r m e d  in the  r e a c t i o n  of IV wi th  e x c e s s  a m m o n i a .  

Sa l t s  VI and  VIII  con ta in  one m o l e c u l e  of c r y s t a l l i z a t i o n  w a t e r ,  wh i l e  s a l t  VII i s  a n h y d r o u s .  

D i a m i n e s  - c e , a , - d i p y r i d y l  (IX) and o - p h e n a n t h r o l i n e  (X) - f o r m  s i m i l a r  s a l t s  tha t  do not  con ta in  c r y s -  
t a l l i z a t i o n  w a t e r .  The  s t r u c t u r e s  of VI and X can  be r e p r e s e n t e d  by  the f o r m u l a s  

(NH~ +) 2iN (CH2COO) aMoO2 (OH) 12-, H20, 
VI 

{phen H +) (NH4+) iN (CH2COO) aMoO~ (OH)] 2-, 
x 

(phen = phenanthroline) 

which  a r e  c o n f i r m e d  by the  p r e s e n c e  in the  IR  s p e c t r u m  of only one v e r y  s t r o n g  Vas (COO-) a b s o r p t i o n  band  
a t  1630 era-1 .  The  s a l t  of V with o - p h e n a n t h r o l i n e  (X) has  a s i m i l a r  s t r u c t u r e ,  and  i t s  IR  s p e c t r u m  con ta in s  

�9 only one Uas (CO0- )  band  a t  1630 c m  -~. SaI t s  VII and  IX con ta in  a f r e e  c a r b o x y I  g roup ,  which  i s  i n d i c a t e d  
by  the weak  a b s o r p t i o n  band  in the  IR  s p e c t r u m  at  1730 e m  -1. The s i m u l t a n e o u s  p r e s e n c e  of  a s t r o n g  band  
at  1630 e m  -1 m a k e s  i t  p o s s i b l e  to a s c r i b e  the  fo l lowing  s t r u c t u r e  to it. 

(BH +) (NH4+)[HOOCCH=N (CH2COO)2MoOa] 2- 

VII B=N(CHa)a IX B=CI~HsN~ 
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Two intense bands at  1610 and 1650 cm -1 a r e  contained in the spec t rum of the sa l t  of V With p iper id ine  
(VIII) in the region  of the carboxyl  group v ibra t ions .  This makes  it poss ib le  to a s c r i b e  the following s t r u c -  
tu re  to this  sal t .  

(CsH12N +) (NH4+)[OOCCH2N (CH~COO)2MoO2(OH)] 2- �9 It20 
~(III 

The reac t ion  of III with an equ imola r  amount of molybdic  acid  (or i ts  anhydride)  in the p re sence  of 1 
mole of NaOH in aqueous solution gives  the monosodium sa l t  of IV (XI). 

N (CI-I2COOH) 3+ H2MoO4 + NaOH --+ Na+[HOOCCIt2N (CH2COO) ~Mo02 (OH)l- +2H20 
XI 

The s t r u c t u r e  of sa l t  XI is conf i rmed  by the p r e s e n c e  of the absorp t ion  band of a f ree  carboxyl  group 
at 1750 cm -1 in i ts  IR spec t rum.  The d e r i v a t o g r a m  of XI (Fig. 1) contains one endothermic  min imum at 
115-152 ~ which c o r r e s p o n d s  to the loss  of 1 mole of wa te r .  In the p r o c e s s ,  XI is  apparen t ly  conver ted  to 

t 
Na+[N (CH2COO) ~MoO2]-. 

The disodium sal t  of IV (XIII) is fo rmed  in the r eac t ion  of III with sodium molybdate  in aqueous so-  
lution. 

N (CH2COOH) s+Na2MoO4 --§ Na2+[N (CH2COO)3MoO2(OH)] 2-. H20 
XlI 

The s t ruc tu r e  of ~his compound is conf i rmed  by i ts  d e r i v a t o g r a m  and IR absorp t ion  spec t rum,  which 
contains  one very  intense Vas (CO0-) band at 1665 cm -1. Thus the XII molecule  contains th ree  equivalent  
a r ran  half  r ings ,  the bond of which with the molybdenum atom is p r i m a r i l y  ionic.  

The d e r i v a t o g r a m  of XII (Fig. 1) contains an endothermic  min imum at 153-190-240 ~ which c o r r e -  
sponds to the l o s s  of 1.5 molecu les  of water .  The substance  decomposes  with gas  evolution on heating to 
300 ~ . 

Lead and m e r c u r i c  ace t a t e s  give white p r e c i p i t a t e s  with IV and V in aqueous media ,  the composi t ion  
of which is 

M[N (CH~COO)~MoO2]2, wherei M = Pb, Hg. 

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

Star t ing Reagents .  Amino t r i ace t i c  ac id  was obtained by the method in [15] and pur i f i ed  by r e c r y s -  
t a l l i za t ion  f rom wate r .  Ammonium molybdate  was a chemica l ly  pure  p r e pa r a t i on .  The soluble molybdic  
ac id  was obtained by the method in [11]. 

Ana lys i s .  Carbon and hydrogen were  de t e rmined  by combust ion in one weighed sample  in a s t r e a m  
of oxygen both without a ca ta lys t  and in the p r e s e n c e  of ch romium oxide.  Nitrogen w a s  de te rmined  by the 
Dumas mic romethod  using nickel  oxide or  cobal t  oxide. Molybdenum was de te rmined  as  the oxide r e m a i n -  
ing a f t e r  thorough ca lc inat ion  of the subs tance  in a s t r e a m  of oxygen at 1000e. In addit ion to this ,  mo-  
lybdenum was de t e rmined  as follows.  A weighed sample  of the substance was t r e a t e d  with concent ra ted  
HNO 3 and, a f te r  slow evapora t ion  , was ca lc ined  thoroughly a t  600-700 ~ twice for  30 rain (g rav ime t r i c  f o rm  
of MOO3). 

The c r y s t a l l i z a t i o n  wa te r  was de t e rmined  by heating a weighed sample  of the substance in a s t r e a m  
of dry,  oxygen- f ree  n i t rogen  with subsequent  absorp t ion  of the wate r  vapors  by magnes ium p e r c h l o r a t e .  

The po ten t iomet r i c  t i t r a t ion  was c a r r i e d  out with a TTT-1  automat ic  t i t r a t o r  with an SBR-2 t i t r i g r aph  
and a TTA-2 t i t r a t ing  appara tus .  The substance  was t i t r a t ed  with 0.4 N and 2 N KOH solut ions,  which were  
p r e p a r e d  f rom Ag20 and KC1. The KOH solut ions  did not contain carbonate  i m p u r i t i e s .  

De r iva tog rams .  The d e r i v a t o g r a m s  were  obtained with the de r iva tograph  of the s y s t e m  in [12]. 

PMR Spectra .  The PMR spec t r a  of 0.5 M solut ions were  obtained with a P e r k i n - E l m e r  R-12A spec -  
t r o m e t e r  (60 MHz) at 36 ~ t e r t -Bu ty l  a lcohol  ff 8.77 ppm) was used as the in te rna l  s t andard  for  the aqueous 
solut ions,  while cyclohexane was used as the in terna l  s t andard  for the dimethyl  sulfoxide solut ions.  
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To determine the crysta l l iza t ion water  by integration, the intensities of the signals of H20 and the 
CH 3 protons of the s tandard were compared  before and af ter  the addition of the substance to a solution of 
ter t -butyl  alcohol in heavy water.  The amount of excess  water was then compared with the intensity of the 
peak of the methylene protons of the substance.  The accuracy  in the integration was no lower than 2.5~0. 

IR Spectra. The IR spect ra  of KBr pellets were recorded  with a UR-10 spect rophotometer  at 400- 
3500 cm -1. 

Mixed Anhydride of Orthomolybdic and Aminotr iacet ic  Acids (IV; IIb�9 3H20 ). An 11.2-g (0.07 mole) 
sample of soluble molybdic acid was added gradually with s t i r r ing  to a refluxing solution of 13.4 g (0.07 
mole) of III in 500 ml of water,  af ter  which the mixture was refluxed for another 8 h. The result ing dark-  
blue solution was filtered, and the fi l trate was evaporated to dryness  in a ro tary  vacuum evaporator .  The 
residue was suspended in alcohol, and the suspension was evacuated. The solid was dried and r ec rys t a l -  
l ized f rom water  to give 17.5 g (66~0) of blue c rys ta l s .  Found: C 19.1; H 3.5; Mo 26.5; N 3.5%. C6Ht3MoNO11. 
Calculated: C 19.4; H 3.5; Mo 25.8; N 3.8~. 

Ammonium Salt of IV W). A 3.92-g (0.02 mole) sample of ammonium molybdate was added with s t i r -  
r i n g t o a  refluxing solution of 3.82 g (0.02 mole) of III in 500 ml of water,  during which vigorous ammonia 
evolution was observed.  The result ing blue solution was f i l tered hot, and the fil trate was evaporated with a 
ro tary  vacuum evaporator .  The solid residue was suspended in alcohol, and the suspension was fi l tered 
by suction. The solid was vacuum dried and rec rys ta l l i zed  f rom hot water to give 8.9 g (87%) of white 
c rys ta l s .  Found: C 19.4; H 3.8; Mo 26.0; N 7.5%. C6H12MoN2019.1.5H20. Calculated: C 19.0; H 3.9; Mo 
25.2; N 7.4%. 

Diammonium Salt of V WI). A 1.0-g (2.5 mmole) sample of V was added to 10 ml of 20~0 ammonium 
hydroxide, and the mixture was refluxed for  1 h. The solution was evaporated to dryness  in a vacuum ro-  
tary  evaporator ,  and the solid residue was suspended in alcohol. The alcohol suspension was f i l tered by 
suction, and the solid was vacuum dried and recrys ta l l i zed  f rom 50~0 alcohol to give 0.91 g (95%) of color-  
less  c rys t a l s .  

Tr imethylammonium Salt of V (VII). A 1.0-g (2.5 mmole) sample of IV was added to a mixture of 5 
ml of t r imethylamine and 3 ml of water .  The result ing yellowish solution was refluxed fo r  15 min, cooled, 
and fi l tered.  The fi l t rate was evaporated to dryness,  and the solid residue was rec rys ta l l i zed  f rom 50% 
alcohol to give 0.95 g (90~0) of co lor less  shiny c rys ta l s .  

Piperidine Salt of V (VIII). A to ta l  of 10 ml of a mixture of piperidine and water  (1: 1) was added to 
1.0 g (2.5 mmole) of V, and the solution was refluxed for  1 h. The solvent was removed by vacuum disti l la-  
tion to dryness ,  and the residual  l ight-yel low crys ta l s  were recrys ta l l i zed  f rom p ipe r id ine -wa te r  (1 : 3). 
The c rys ta l s  were removed by suction fil tration and vacuum dried to give 1.2 g (92~0) of pure product.  

Salt of V with c~,c~'-Dipyridyl (IX). A 0.41-g (2.5 mmole) sample of a,o~'-dipyridyl was added to a 
solution of 1.0 g (2.5 mmole) of V in 20 ml of water .  The precipi tate  was removed by suction filtration, 
washed with water  and alcohol, and vacuum dried to give 1.20 g (86%) of slightly rosy c rys ta l s .  

Salt of V with o-Phenanthrol ine (X). A 1.0-g (2.5 mmole) sample of V was dissolved in 20 ml of water,  
and a solution of 0.45 g (2.5 mmole) of o,  phenanthroline in 10 ml of water  was added. The precipi tate  was 
removed by suction fi l trat ion and rec rys ta l l i zed  f rom 50% alcohol. The c rys ta l s  were vacuum dried to give 
1.36 g (95%) of co lor less  c rys ta l s .  

Monosodium Salt of IV (XI). A solution of 7.19 g (0.05 mmole) of MoO 3 and 2.0 g (0.05 mole) of NaOH 
in 10 ml of water  was added to a hot solution of 9.5 g (0.05 mole) of III in 400 m_l of water,  and the mixture 
was refluxed for  4 h. The result ing l ight-blue solution was evaporated to dryness  in a vacuum evaporator ,  
and the solid residue was suspended in alcohol. The suspension was fi l tered by suction, and the solid was 
rec rys ta l l i zed  f rom hot water  to give 13.0 g (70%) of color less  c rys ta ls  that became pinkish-flesh colored 
o n s t a n d i n g i n t h e a i r .  Found:C 21.2; H 2.1; N 4.2%. CsHsMoNOgNa. Calculated: C 20.2; H 2.2; N 3.9~o. 

Disodium Salt of IV (XII). A solution of 7.19 g (0.05 mole) of MoO 3 (or 7.89 g of H2MoO4) and 4.0 g 
(0.1 mole) of NaOH in 20 ml of water  was added to a hot solution of 9.5 g (0.05 mole) of I in 400 ml of water.  
The mixture was refluxed for  4 h, and the result ing blue solution was evaporated in a vacuum ro tary  evap- 
ora tor .  The solid residue was suspended in alcohol, and the suspension was f i l tered by suction. The solid 
was then rec rys ta l l i zed  f rom 50% alcohol to give 15.0 g (76%) of pinkish c rys ta l s .  Found: C 18.1; H 2.7; 
N 3.3~. C~H10NMoO10Na 2. Calculated: C 18.1; H 2.5; N 3.5%. 

555 



L I T E R A T U R E  C I T E D  

1. M. G .  Voronkov and S. V. Mikhailova, Khim. Geterots ikl .  Soedin., 1606 {1971}. 
2. M. G .  Voronkov and A. F. Lapsin' ,  Khim. Geterotsikl .  Soedin., 561 (!967). 
3. M. G .  Voronkov, Vestnik Akad. Nauk SSSR, 38, No. 10, 48 {1968). 
4. M.G.  Voronkov {Woronkow), G. I. Zelchan (Seltschan), A. F. Lapsin'  {Lapsina), and V. A. Pestuno- 

r ich (Pestunowitsch), Z. Chem., 8, 214 (1968}. 
5. V .A.  Pestunovieh, M. G. Voronkov, G. I. Zelchan, A. F. LapMn', l~. Ya. Lukevits, and L. I. Libert ,  

Khim. Geterots ikl .  Soedin., No. 2, 349 (1970). 
6. S. Chaberek, R. L. Gustafson, R. C. Courtney, and A. E. Martell,  J. Am. Chem. Soe., 8_! , 515 (1959). 
7. S . I .  Chan, R. J. Kula, and D. T. Sawyer, J. Am. Chem. Soe., 86, 337 (1964). 
8. L . V .  Haynes and D. T. Sawyer, Inorg. Chem., 6, 2146 (1967). 
9. I . B .  Be r suke r  and A. V. Ablov, The Chemical Bond in Complexes [in Russian], Kishinev (1962), p. 100. 

10. P . C . H .  Mitchell, Quart.  Rev., 20, 103 (1966). 
11. Yu. V. Karyakin, Pure Chemical Reagents [in Russian], Goskhim[zdat, Moscow {1947), p. 256. 
12. F. Paulik, I. Paulik, and L. Erdey,  Z. Anal. Chem., 160, 241 (1958). 
13. K. Nakamoto, In f ra red  Spectra of Inorganic and Coordination Compounds, Wiley {1970). 
14. P . J .  Lucchesi  and W. A. Glasson, J. Am. Chem. Soeo, 78, 1347 (1956). 
15. Yu. A. Bankovskii and A. F. Ievin'sh,  Izv. Akad. Nauk Latv. SSR, 107 {1957). 

556 


