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The PMR spec t ra  of acidified solutions of meta l loa t rane-3 ,7 ,10- t r ione  dihydrates  

N(CH~COO)3~.2H20 containing a group-IIIB metal  atom (M=AI, Ga, In, TI) in DzO were  
studied. The equivalence of the three  a t rane hal f - r ings  in all of the investigated molecules  
and of the methylene protons in each ha l f - r ing  was proved. Spin-spin coupling of Z~ and 
2~ with protons,  which is apparent ly  rea l ized  through a T1 ~- N t ransannular  coordinate 
bond, is observed  in the PMR spec t rum of tha l la t rane-3 ,7 ,10- t r ione  (M= TD. The factors  
that de termine  the magnitudes of the chemical  shifts of the methylene protons  a re  discussed.  

In one of our preceding communicat ions [2], we descr ibed  the synthesis  of meta l loa t rane-3 ,7 ,10-  
t r iones  containing a group-IIIB metal  atom (I): 

0 

I 

a M=A1; b M=Ga;  c M=. 'n;  d M = T I  

The aim of the p resen t  communicat ion was a study of the s t ruc ture  of I by means of PMR spec t ros -  
copy. Up until now, only a few publications [3-5] have been devoted to an investigation of the s t ruc ture  of 
meta l loa t rane-3 ,7 ,10- t r iones  by PMR spectroscopy.  

The PMR spect ra  of It demonst ra te  th~.t all ~.f the invest igated compounds are  monorneric  in aqueous 
solution and contain an in t ramolecular  M ~- l bond ,6]. 

The methylene protons in the PMR spec t ra  cf acidified solutions of I in D~O (pH-< 3) a re  r ep re sen ted  
(see Table 1) by a na r row singlet at ~" 6.27 (Alh 6.23 (Ga), and 6.60 (In). This conf i rms the spectroscopic  

proof  of the equivalence of the th ree  M--O--CO--CH2--N ha l f - r ings  in their  molecules  [6]. The equiva-  
lence of the protons  in each of the a t rane haLf-"ings indicates the p resence  of rapid  conformational  t r ans i -  

* See [1] for communication XXXII. 
~We were  unable to obtain the spec t rum of bora t rane-3 ,7 ,10- t r ione  (M= B), since it  i s  only slightly solu-  
ble in water .  
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TABLE 1. Chem i -  
cal Shifts in the 
PMR Spect ra  of 
Meta l loa t r ane -  
3 ,7 ,10- t r iones  (I) 

M ~cR .pprn 

A1 6,27 
Ga 6,23 
In 6,60 
TI 6,42* 

* Two doublets :  
J205 =387 Hz, 

TIH 
J203TIH = 384 Hz. 

t ions of these f i v e - m e m b e r e d  he te rocyoles  that  average  the posit ion of the p ro -  
tons of the methylene  group re la t ive  to the C= O bond. 

The PMR s pe c t rum of tha l la t rane-3 ,7 ,10- t r ione  is  e x t r e m e l y  interest ing.  
The protons  of the CH z groups in i t  a r e  r e p r e s e n t e d  by two doublets with a com-  
mon center  at 6.42 T. The ra t io  of the in tensi t ies  of the l ines  of the doublets (7 : 3) 
co r r e sponds  to the natura l  ~~ and Z~ isotope ra t io  (the nuclear  spin on each 
of them is 1/2). Consequently,  the spli t t ing of the l ines of the methylene protons 
is  due to the i r  sp in-sp in  coupling (SSC) with thal l ium-205 and 203 (J20~T1, H = 38 7 

Hz, J20~TI,H=384 Hz). This so r t  of coupling s e e m s  of pa r t i cu la r  in te res t .  The 

high ionic c h a r a c t e r  of the T I - O  bond in the tha l la t rane-3 ,7 ,10- t r ione  molecule  
(~T1-O =85%) [6] should, in analogy with thal l ium t r i ace ta te ,  hinder  par t ic ipat ion 
of this bond in t r a n s f e r  of the SSC between the T1 and H nuclei through four bonds 
( T 1 - O - C O - C - H ) .  I t  can the re fo re  be a s sumed  that  the indicated coupling in 
tha l l a t rane-3 ,7 ,10- t r ione  is  r ea l i zed  through three  bonds (TI~- N - C - I - I ) .  

The par t ic ipa t ion  of a Tl~-  N coordinate  bond in t r a n s f e r  of the SSC between the T1 nuclei and the 
protons  of the methylene  group at tached to the ni t rogen a tom has  a l r eady  been proved  in in t e rmolecu la r  
organic  complexes  of thal l ium with amines  [7]. However ,  our obse rved  case  of this so r t  of coupling, which 
is  t r a n s m i t t e d  through an in t r amoleeu la r  M ~-N bond, has  been detected for  the f i r s t  t ime.  

The chemica l  shifts of the methylene protons  in the PMR spec t ra  of I cha rac t e r i ze  the s t rength of 
the M ~- N bonds in the i r  molecu les  to a l e s s e r  extent  than the TNC H value in the spec t r a  of me ta l loa t r anes  

2 
[8, 9]. This  i s  due to the substant ial  contribution of the magnet ic  an iso t ropy  of the C = O bonds to the shie ld-  
ing constants  of the methylene  group protons .  This contribution should depend on the na ture  of the M atom, 
owing to the d i f ference  in the e lec t ronic  s t ruc tu re  of this bond (the ionic cha rac t e r  of the M - O  bond and 
the c h a r a c t e r  of the M - O  bonds and the e lec t ronegat iv i ty  of the M atom) in the i r  molecu les  and also to the 
d i s s i m i l a r  re la t ive  posi t ion of the C =O bonds and protons  (because of the change in the th ree -d imens iona l  
s t ruc tu re  of molecu les  of I on pass ing  f rom M = A1 to M = T1). 

C--O--M 
In addition, the TCH 2 values  of I should depend on the s tate  of the oil grouping. 

All of  this makes  it  imposs ib le  to suff icient ly r e l i ab ly  de te rmine  the o rder  of the change in the 
s t rength  of the NI ~ N bonds in the inves t iga ted  compounds.  

Neve r the l e s s ,  the apprec iab ly  l a r g e r  shielding of the methylene pro tons  in the P1HR spec t r a  of Ic 
and Id (M=In,  TI) as com pa red  with Ia and Ib (M=A1, Ga) is in ag reemen t  with the IR-spec t roscopic  data 
[6, 10], which show that the d o n o r - a c c e p t o r  in terac t ion  between the M and N a toms  weakens as the a tomic 
number  of M in I i n c r e a s e s .  

The PMR s p e c t r a  of I in aqueous solut ions with higher pH values (5-7) a t t es t  to apprec iable  hydro ly-  
s is  of these  compounds to f ree  amino t r i ace t i c  acid. A s im i l a r  phenomenon was p rev ious ly  studied in de-  
tail  in the case  of 1 -hyd roxy - l -oxomolybda t r ane -3 ,7 ,10 - t r i one  [3-5]. 

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

The synthes is  of the s ta r t ing  me ta l loa t r ane -3 ,7 ,10 - t r i ones  was prev ious ly  desc r ibed  in [2]. 

�9 The PMR s p e c t r a  of acidif ied sa tu ra ted  solutions of I in D20 (pH 1-3) were  obtained with a P e r k i n -  
E l m e r  R-12A s p e c t r o m e t e r  (60 MHz) at  36 ~ with t e r t -bu ty l  alcohol as the in ternal  s tandard.  The chemical  
shif ts  we re  m e a s u r e d  with an a c c u r a c y  of • 0.02 ppm and a re  p resen ted  on the r scale .  

The pH values  of the solutions were  de te rmined  with an LPU-01 pH m e t e r  with a g lass  e lec t rode  at  
20• 1 ~ 

1, 

2. 
3. 
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