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A study of the PMR s p e c t r a  of 1 ,1-dioxomolybdat ranic  acids makes  it  poss ib l e  to p ropose  p ro to -  
t rop ic  i somer i za t i on  of the i r  molecu les  in solutions,  during which the Mo*-O coordinate  bond 
is  r ed i s t r ibu ted  between the th ree  oxygen a toms of the 2-hydroxyethyl  groups,  t he reby  a v e r -  
aging the t h r ee -d imens iona l  and e lec t ronic  s t r u c t u r e s  of each of the a t rane  half  r ings .  This 
s o r t  of r e a r r a n g e m e n t  is  a b imo leeu l a r  p r o c e s s ,  and i ts  r a t e - d e t e r m i n i n g  step p r o v e s  to be 
a t tack on the convalent ly  bonded (with the molybdenum atom) oxygen by a solvated  proton.  
The ra t e  of i s o m e r i z a t i o n  depends subs tant ia l ly  on the p r o t o n - a e c e p t o r  capaci ty  of the solvent.  

We have obtained chela te  compounds,  to which we ass igned  the 1 - h y d r o x y - l - o x o m o l y b d a t r a n e  s t r u c -  
tu re  (1), by reac t ion  of molybdenic anhydride, molybdenic  acid, or  ammonimm molybdate  with t r i s  (2-hy- 
d roxya lky l )amines  [1]. 
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(~ Denotes an unsubstituted or substituted -CH2CH 2-grOup) 

A subsequent  x - r a y  dif f ract ion invest igat ion of the s imp le s t  compound of this type showed that  the 
length of one Mo--OC bond (2.34 ~)  is cons iderab ly  g r e a t e r  than that  of the o ther  two Mo--OC bonds (1.91 
and 1.94 ~) .  At the s a m e  t ime,  the lengths of the Pr162 remain ing  bonds between the molybdenum and oxygen 
a toms  a re  cons ide rab ly  l e s s  and a l m os t  ident ieal  (1.80 and 1.75 ~) .  This indicates  that  both of these  bonds 
a r e  M o ~ O  bonds and that  the M o - O H  bond is not p r e sen t  in the molecule .  On the bas i s  of this.  the com-  
pounds that  we synthes ized  should be ass igned  the l . l - d i o x o m o l y b d a t r a n i c  acid s t r u c t u r e  (If). 

The pro tona ted  hydrogen a tom in c r y s t a l s  of compounds of this type r e m a i n s  bonded to the oxygen 
a tom of the 2-hydroxyethyl  group, which f o r m s  an elongated coordinate  bond with the cen t ra l  molybdenum 
atom.  Both of the coordinate  bonds in the II  molecu le  (Mo ~-N and Mo ~-O) a r e  in the t r ans  pos i t ion  r e l a -  
t ive  to the Mo=:O bonds.  The H[MoO2(OCH2CH2)3 N] s t ruc tu re  ass igned to it in [2], which has  a delocal ized 
proton,  is  l e s s  l ikely, inasmuch as all  t h ree  Mo--OC bonds should be  approx imate ly  equivalent  in this case .  

1 ,1-Dioxomolybdat ranic  acid has weakly acidic p r o p e r t i e s  (a 0.1 N aqueous solution has  pH 5.5). We 
were  able to i so la te  only a sa l t  of this acid with p i p e r i d i n e -  C6HI3MoNO 5 �9 CsHIIN-  which was obtained as 
c o l o r l e s s  c r y s t a l s  that  decomposed  without mel t ing  at  N 280~ 

* See [6] fo r  communica t ion  XXXV. 
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TABLE 1. P a r a m e t e r s  of the PMR Spect rum of a 5% Solution of 
1 ,1-Dioxomolybdatranic  Acid in d6-Dimethyl Sulfoxide 

Chemical shifts, ~', ppm J, Hz 

HA] HB HC HD }NCH2CH20-:AB[]CD 1AC "~D 1BC :BD NCH~ OCH2 H* 
i 

00010  0o 079j044 532 54 37  0]0 j 2 

The v ibra t ions  of the M o ~ O  bond in the IR s p e c t r a  of acids II appea r  as a doublet at 900-930 cm -1. 
This  indicates  the c is  s t ruc tu re  of the dioxo group of MoO3 [3] and is in good a g r e e m e n t  with configuration 
II, which was es tab l i shed  by  means  of x - r a y  diffract ion ana lys i s .  

Notwithstanding the x - r a y  diffract ion data [2], which revea l  the c l ea r ly  i nc rea sed  length of one of the 
M o - O  bonds in the 1 ,1-dioxomolybdat ranic  acid c rys ta l ,  the PMR spec t rum*  of an aqueous solution of it  in-  
d ica tes  equivalence of the th ree  a t rane  half  r ings,  the pro tons  of which r e sona te  as a single mult iplet  of 
the A2B 2 type (TCH2N 6.59 p p m  and ~OCH2 6.05 ppm).  This m a y  be in te rp re ted  as a consequence of dis-  
socia t ion of the 1 ,1-dioxomolybdat ranic  acid molecule  and its rapid  i n t r amolecu l a r  i somer i za t ion  in aque- 
ous solution, during which the Mo ~ O  coordinate  bond is red i s t r ibu ted  between th ree  oxygen a toms,  
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t he reby  averag ing  the t h r ee -d imens iona l  and e lec t ronic  s t ruc tu re s  of each of the half  r ings .  

Consequently,  the s t r u c t u r e  of 1 ,1-dioxomolybdat ranic  acid in aqueous solution can be r e p r e s e n t e d  by 
fo rmula  III. We had hoped that in dimethyl  sulfoxide (DNISO) the fo rmat ion  of a quite s t rong hydrogen bond 
between the hydroxyl  p ro ton  of the 1 ,1-dioxomolybdatranic  acid molecule  and DMSO would make  it  poss ib le  
to loca l ize  the Mo ~ O coordinate  bond and enable  us to spec t roscop ica l ly  detect  the nonequivalence of the 
a t r ane  half  r ings .  
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In fact, the r e sonance  of the pro tons  of the two a t rane  half  r ings in the PMR spec t rumr  of 1,1-dioxo- 
molybda t ran ic  acid in anhydrous d6-DMSO is r e p r e s e n t e d  by  a mul t ip le t  of the ABCD type, while the r e s o -  
nance of the pro tons  of the th i rd  a t r ane  half  r ing  is  r e p r e s e n t e d  by two t r ip le t s  of a degenera te  A2B2 sys tem.  
This  const i tutes  evidence for  a cons iderable  t h r ee -d imens iona l  and e lec t ronic  d i f ference  between the a t rane  
half  r ings  with covalent  and coordinate  bonds between the molybdenum and oxygen a toms .  In the l a t t e r  of 
these ,  the geminal  pro tons  in the OCH 2 and CH2N groups  a r e  equivalent because  of averaging  during rapid  
conformat iona l  t r a n s f o r m a t i o n s  of the f lexible half  ring, which is fo rmed  by two coordinate  bonds (O ---Mo 
and N-*Mo) .  In the two r ema in ing  half  r ings  the magni tudes of the chemica l  shif ts  and the s p i n - s p i n  coupl -  
ing constants  for  the gemina l  p ro tons  a r e  subs tant ia l ly  different  in both the OCH 2 groups and the CH2N 
groups .  The r e a s o n  fo r  this so r t  of nonequivalence m a y  cons is t  in the conformat ional  r ig idi ty  of these  non- 
p l ana r  half  r ings .  The shielding of the i r  protons  is apprec iab ly  lower  (see Table  1) than is the case  for  the 
co r respond ing  pro tons  of the m o r e  f lexible half  r ing of the molecule .  

It  is e x t r e m e l y  impor tan t  to note that  the s ignal  of the "hydroxyl"  p ro ton  is v e r y  na r row  without any 
hits  of s p i n - s p i n  coupling with the OCH 2 pro tons .  This so r t  of coupling should be  obse rved  in the case  of 
the fo rmat ion  of a s t rong  hydrogen bond between the hydroxyl  p ro ton  and the DMSO molecule .  Consequently, 
our  r e su l t s  repudia te  the poss ib i l i ty  of the re tent ion  of a covalent  bond between the labi le  hydrogen and the 
oxygen a tom of the 1 .1-dioxomolybdat ranic  acid molecule ,  the reby  providing evidence in favor  of p ro tona-  
t ion of the DMSO molecu les .  

* The s p e c t r u m  was obtained with a BS487B s p e c t r o m e t e r  with an opera t ing f requency of 80 MHz. 
The PMR spec t r a  w e r e  obtained with the par t i c ipa t ion  of S. N. Tandura  and M. F .  La t in .  
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Thus p ro to t rop ic  r e a r r a n g e m e n t  of the 1 ,1-d ioxomolybdat ranic  acid molecu le  in a solution in d ry  
DMSO occurs  e x t r e m e l y  slowly, and the molecule  i tself ,  due to the high p r o t o n - a c c e p t o r  capaci ty  of the so l -  
vent, ex is t s  exc lus ive ly  in the d i s soc ia ted  fo rm.  

H~. / 0 ~  ~?~0__ 1 
\c / -o~,~ ~c/HC | 

The addition of small amounts of D20 (<0.5%) to a solution of 1,1-dioxomolybdatranio acid in DMSO 
slowly leads to smoothing out of the fine structure of the I)MR spectrum (particularly for the OCH 2 protons). 
The subsequent  addition of heavy  w a t e r  leads  to a gradual  broadening of all  of the s ignals  and then to m e r g -  
ing of t hem into two t r ip le t s  - fo r  the CH2N and OCH 2 pro tons .  This indicates  that  the r a t e  of p ro to t rop ic  
r e a r r a n g e m e n t  of the 1 ,1-d ioxomolybdat ranic  acid molecu le  i n c r e a s e s  as the pe r cen t age  of wa te r  in solu- 
t ion i n c r e a s e s .  

An i n c r e a s e  in t e m p e r a t u r e  a lso  br ings  about the s ame  effect.  At ~ 150 ~ the s ignals  of all  of the CH2N 
pro tons  in the PMR s pec t rum  a r e  united in a common  t r ip le t ,  while the s ignals  of the OCH2 protons  a r e  
united in an unreso lved  t r ip le t .*  The broadening of the l a t t e r  is apparen t ly  a s soc ia t ed  with the p r e s e n c e  
of s p i n - s p i n  coupling of the OCH 2 pro tons  with the labi le  proton,  the posi t ion of which is  ave raged  at high 
t e m p e r a t u r e s  with r e s p e c t  to all  of the oxygen a toms of the acid molecule .  The chemica l  shif ts  of the OCH 2 
and CH2N protons  a r e  equal to the a r i thmet ic  m e a n  of the values obse rved  in the s p e c t r u m  at r o o m  t e m -  
p e r a t u r e .  Cooling of the s am p l e  leads  to r e s t o r a t i o n  of the ini t ial  s p e c t r o g r a m s .  

The r e su l t s  m a k e  it poss ib le  to a s s u m e  that  p ro to t rop ic  i somer i za t i on  of the 1 ,1-d ioxomolybdat ranic  
acid molecule  is a b imo lecu l a r  p r o c e s s ;  i ts  r a t e - d e t e r m i n i n g  step p r o v e s  to be a t tack  on the covalent ly  
bonded (with the molybdenum atom) oxygen by a so lva ted  proton.  
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1 ,1-Dioxomolybda t rane-3 ,7 ,10- t r ion ic  acid, which we a lso  synthes ized [4] and to which the II s t r u c -  
t u r e  (~=--CH2C(-----O)--) should a lso  be  ass igned,  is a lso  a 1 ,1-dioxomolybdat ranic  acid der iva t ive .  
Judging f r o m  the P i e r  s pec t rum  of an aqueous solution of it, rapid  p ro to t rop ic  i s o m e r i z a t i o n  is a l so  in-  
he ren t  in i t s  molecu les .  It  i s  p r e c i s e l y  this s t r u c t u r e  r a t h e r  than the p l ana r  s t r u c t u r e  or  conformat ional  
labi l i ty  of the a t rane  half  r ings of this  molecule ,  as was p rev ious ly  supposed [4, 5], that  leads to equivalence 
of the gemina l  p ro tons  in the PMR s pec t rum  of 1 ,1 -d ioxomolybda t rane-3 ,7 ,10- t r ion ic  acid. in con t ras t  to 
de r iva t ives  of methy l iminoace t ic  and e thy lened iamine te t race t ic  acid [5], in which this so r t  of i somer i za t i o n  
cannot occur .  
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* P a r t i a l  decomposi t ion  of 1 ,1-d ioxomolybdat ran ic  acid is obse rved  at higher  t e m p e r a t u r e s .  
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