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(Rece|~ed 15 O¢~ber 1969) 

V~HILE MANY s o l v a t e s  of u ranyl  a c e t y l a c e t o n a t e  have been desc r ibed ,  con- 

s i d e r a b l e  confus ion  e x i s t s  with r e spec t  to the composit ion and s t r u c t u r e s  

of c e r t a i n  of these  compounds. Thus the a c e t y l a c e t o n e  adduct of u ranyl  

a c e t y l a c e t o n a t e  (1) u s u a l l y  formulated UO2(AA)2.HAA (HAA = a c e t y l a c e t o n e )  

has been r epo r t ed  by Szoke (2) to e x i s t  in  an a l t e r n a t i v e  form des igna ted  

H[U02(AA)3] in which th ree  b i d e n t a t e  a c e t y l a c e t o n a t e  l igands  are presumed 

to be in an e q u i v a l e n t  environment ,  Furthermore,  while the i n f r a r e d  

spectrum (3) and heat  of s o l v a t i o n  (4) of an ammonia adduct formulated 

LD2(AA)2.R~t3 have been r epo r t ed ,  ana lyses  were not given and the method of 

s y n t h e s i s  employed has been shown (5) to y i e l d  a product  which con ta ins  a 

t h i r d  molecule of a c e t y l a c e t o n e .  We r epo r t  here the r e s u l t s  of the a p p l i -  

c a t i on  of i n f r a r e d  ( i . r . )  and proton magnet ic  resonance (pom. r . )  methods 

i~ an a t tempt  to r e s o l v e  these  anomalies .  The ace ty l ace tone  adduct of 

u ranyl  a c e t y l a c e t o n a t e  ( found:  C, 31.74; H, 3.85;  U, 41.80%; calcdo for 

C15H2208U: C, 31.71;  H, 3.90;  U, 41.88%) and the product  of the r e a c t i o n  of 

uranyl  n i t r a t e  and a c e t y l a c e t o n e  in the presence  of ammonia (found:  C, 31 .8 t ;  

H, 3°96; N, 2.52; U, 41.70%; calcd,  for C15H23N07U: C, 31.77; H, 4°08; 

N, 2°47; U, 41.95%) were prepared by the methods (1, 5) p r e v i o u s l y  desc r ibed .  

The i . r .  spec t r a  of anhydrous UO2(AA) 2 and i t s  a c e t y l a c e t o n e  adduct 

(Fig. l a , b )  show tha t  the C-O and C-C s t r e t c h i n g  f r equenc ie s  of the former 

( in  the range 1500-]620 cm -1) are doubled in the spectrum of the adduct 
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FIGURE i. 

(a)  UO2(AA) 2 

(b) UO2(AA)2oHAA 
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FIGURE 2. 

(a)  UO2(AA) 2 

( b )  UO2(AA)2.HAA 
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i n d i c a t i n g  a t h i r d ,  un ique ly  bonded molecule of a c e t y l a c e t o n e .  The p .m. r .  

spec t r a  (Fig.  2a ,b)  lead to a s i m i l a r  conc lus ion  s i nc e  the s i g n a l s  a r i s i n g  

from the methyl and>CH pro tons  are s p l i t  and a s i g n a l  far  downfield of 

TMS is a s s o c i a t e d  with the hydrogen-bonded e n o l i c  OH group ( i t  i n t e g r a t e s  

for a s i n g l e  proton and is removed by D20 exchange).  The i . r .  spectrum 

of the adduct in the U=O s t r e t c h i n g  frequency reg ion  e x h i b i t s  no complexity 

which could be a sc r ibed  to n o n - l i n e a r i t y  of the O=U=O group and the com- 

b ined  ev idence  sugges ts  t ha t  the adduct has the s t r u c t u r e  ( I )  analogous to 

t h a t  e s t a b l i s h e d  (6) by x - ray  d i f f r a c t i o n  for  UO2(AA)2.H20. 

H3C"- C~ ..... H 

I 
Ctt a 

0 UO 2 0 
• t 

' 

  2(AA)2 

H~C-CO-(}I=C(C}I3)O- I~4+ 

(I) (II) (III) 

Szoke r e p o r t s  (2) the format ion  of H[UO2(AA)3](II) v i a  a two s tage  

s y n t h e s i s  in the f i r s t  of which ammonia was p r e s e n t  for  pH c o n t r o l .  Since 

ammonia is known to r e a c t  with UO2(AA) 2 to form a complex formula ted  by 

Hager (5) on the bas i s  of i t s  m i c r o a n a l y s i s  as the ammonium s a l t  ( I I I )  we 

cons idered  i t  l i k e l y  t h a t  the products  of the r e a c t i o n s  l ead ing  to ( I I )  and 

( I I I )  are i d e n t i c a l .  By r e p e a t i n g  Hager ' s  s y n t h e s i s  of ( I I I )  we ob ta ined  

a product  having an i . r .  spectrum i d e n t i c a l  with tha t  r epo r t ed  by Szoke for 

( I I )  i n c l u d i n g  the presence  of bands in the N-H s t r e t c h i n g  reg ion .  While 

the i . r °  spectrum of our product  (Fig.  lc)  could be const rued as c o n s i s t e n t  

with the fo rmu la t i on  ( I I I ) ,  the N-H s t r e t c h i n g  f r equenc ies  are somewhat 

high for a qua te rnary  ammonium ion. The p .m. r ,  spectrum (Fig.  2c) on the 

other  hand, confirms tha t  n e i t h e r  ( I I )  nor ( I I I )  r e p r e s e n t s  the co r rec t  

fo rmula t ion  of the p roduc t ;  i n s t ead  the spectrum is c o n s i s t e n t  with the 
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p - k e t o i ~ i n e  adduct  of  u rany l  a c e t y l a c e t o n a t e  (IV) which p robab ly  a r i s e s  from 

the  r e a c t i o n :  

[U)2(ND3)2(n20) 2].~2o + ~ + NB 3 

2 (AA) 2 

//o ...... H \  

~- B3C ~¢ N--I-I + 21-I + + 2NO 3- + 71-120 ..... ( 1 ) 
\ / 

C~C 
/ \ 
H CIi 3 

(IV) 

Thus the  spec t rum shows the  e x i s t e n c e  o f  two methyl  groups which a r e  in 

d i f f e r e n t  envi ronments  from one ano ther  and from the  methyl  groups in the  

c h e l a t e  r i n g s .  Fur thermore  the  s i g n a l  a t  10.71 p .p .m,  downf ie ld  of  TMS 

i s  a s c r i b e d  to  the  hydrogen-bonded N-H p ro ton  s i n c e  i t  i s  removed by D20 

exchange,  w h i l e  the  spec t rum between 5 and 6 p .p .m,  i n d i c a t e s  the  e x i s t -  

ence o f  two >CH p ro tons  in a s i m i l a r  envi ronment ,  a t h i r d  in a unique 

envi ronment  and a f r e e  N-H p ro ton .  Ha ge r t s  r e p o r t e d  uranium a n a l y s e s  and 

our own a re  moreover in  b e t t e r  agreement  with (IV) than wi th  ( I I I ) .  

The compound fo rmu la t ed  in two pape r s  (3, 4) as UO2(AA)2. NB 3 i s  

a lmos t  c e r t a i n l y  a l s o  c o r r e c t l y  fo rmu la t ed  as (IV) s i n c e  i t  was p r e p a r e d  

by Bager*s  method, a n a l y s e s  were not  r e p o r t e d  and the  p u b l i s h e d  i . r .  

spec t rum conforms to  t h a t  g iven  by ( IV) .  These c o n s i d e r a t i o n s  l ead  to the  

q u e s t i o n  a f  whether  s lmple  adducts  of  the  t ype  UO2(~-diketone)2.RNH 2 a re  

capab le  of  be ing  s y n t h e s i z e d .  A l l  a t t emp t s  in t h i s  l a b o r a t o r y  to  p r e p a r e  

DO2(AA)2. NH3 have f a i l e d ,  (IV) be ing  o b t a i n e d  under a v a r i e t y  of  c o n d i t i o n s .  

By c o n t r a s t ,  we f i n d  t h a t  u r any l  d iben z oy lme tha na t e  y i e l d s  only  the  s imple  

adduct  UO2(DBM)2.SB 3. Fur the rmore ,  s i n c e  t e r t i a r y  a l i p h a t i c  amines are  

i n c a p a b l e  o f  forming p - k e t o i m i n e s ,  r e a c t i o n  (1) was c a r r i e d  out  us ing  t r i -  

me thy l -  and t r i e t h y l a m i n e  in p l a c e  of  ammonia. In both cases  the  s imple  



Vol. 6, No. 2 ACETYLACETONE AND B-KETOIMINE SOLVATES 2"5 

adducts UO2(AA)2.NR 3 (R = (]{3; C2H5) were obtained. Repetition of reaction 

(I) with a large series of primary and secondary amines which are capable 

of ~-ketoimine formation always yielded products which are the analogues 

of (IV). 
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