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Chemistry of metal p-diketonates 

Ram C. Mehro t ra  

Chemical Labora to r ies ,  U n i v e r s i t y  o f  Rajasthan, J a i p u r  302004 

Abs t rac t  - The chemis t ry  o f  me ta l  -d i ke tona tes  b road ly  f o l l o w s  t h e  p a t t e r n  

i n  1887. Three t ypes  o f  me ta l  p - d i k e t o n a t e  complexes : ( i )  oxygen bonded, 
( i i )  carbonbonded and ( i i i )  b o t h  oxygenand carbonbonded havebeensynthes ised 
by a v a r i e t y  o f  rou tes .  Out o f  these, t h e  r e a c t i o n s  o f  v a r i o u s a - d i k e t o n e s  
and -ke toes te rs  w i th  s imp le  and b i m e t a l l i c  a l kox ides  i n  d i f f e r e n t  s t o i c h i o -  
m e t r i c  r a t i o s  i n  benzene medium have been e x p l o i t e d  f o r  s y n t h e s i z i n g  n o v e l  
d e r i v a t i v e s  o f  t h e  f i r s t  t y p e  and a l s o  f o r  t h row ing  l i g h t  on t h e i r  s t r u c t u r a l  
f ea tu res .  A b r i e f  ment ion  has been made o f  a new c l a s s  of metalla-derivatives 
o f a - d i k e t o n e s .  

o f  deve lopmen to f i no rgan icchemis  ! r y  as awho le ,  s i n c e  t h e i r  f i r s t  s y n t h e s i s  

INTRODUCTION 

The chemis t r y  o f  m e t a l p - d i k e t o n a t e s  b road ly  f o l l o w s  t h e  p a t t e r n  o f  development o f  i n o r g a n i c  
chemis t r y  as a whole ( r e f .  1 ) .  Beg inn ing  w i th  t h e  syn thes i s  o f  these d e r i v a t i v e s  f o r  t h e  f i r s t  
t i m e  i n  1887 ( c e n t e n n i e l  ? ) ,  t h e  n a t u r e  o f  bonding and c h e l a t i o n  was e l u c i d a t e d  ( r e f .  1-9) i n  
s e v e r a l  prominent schoo ls  beg inn ing  w i t h  those o f  Werner and Morgan. The suggest ion  o f  a r o m a t i c i t y  

-d i ke tona te  r i n g  by C a l v i n  and Wi lson  ( r e f .  10)  i n 1 9 4 5  aroused a n o v e l  i n t e r e s t  i n  these 
d e r i v a  in the! ives .  

The s t r o n g  c h e l a t i n g  tendency o f  these monovalent b i f u n c t i o n a l  l i g a n d s  l e d  t o  t h e  s y n t h e s i s  
o f  a number o f  n e u t r a l  complexes, [M(A),] (where M = c e n t r a l  element and A = a p - d i k e t o n e  l i g a n d )  
wi th predominant cova len t  c h a r a c t e r i s t i c s ,  i . e . ,  s o l u b i l i t y  i n  o rgan ic  s o l v e n t s  and v o l a t i l i t y  

( c f . ,  add ing  'w ings '  t o  t h e  me ta l s )  a t  a t ime  when such examples o f  cova len t  d e r i v a t i v e s  o f  
e l e c t r o p o s i t i v e  meta ls  were much l e s s  known. These c h a r a c t e r i s t i c s  have been e x t e n s i v e l y  
e x p l o i t e d  i n  s o l v e n t  e x t r a c t i o n  and chromatographic techn iques .  Cur ren t  i n t e r e s t  i n  me ta l  
p -d i ke tona tes  a l s o  a r i s e s  f rom t h e i r  a p p l i c a t i o n s  as con tac t  s h i f t  reagents  ( r e f .  11) i n  
n.m.r. spectroscopy and as l a s e r m a t e r i a l s .  

With i n c r e a s i n g  a p p l i c a t i o n s  o f  s o p h i s t i c a t e d  s t r u c t u r a l  de te rm ina t ion  techn iques  s i n c e  
1950's,  t h e c l a s s i c a l  w o r k o f  Co t tonandHo lm ( r e f .  12)  i n 1 9 5 8  o n t r i m e r i c  n i c k e l a c e t y l a c e t o n a t e s  
opened a new chapter  i n  t h i s  d i r e c t i o n .  The work o f  Lewis,  e t  a l .  ( r e f .  1 3 )  has conf i rmed a 
bonding mode th rough 3-C atom i n  t h e  complex, K [Pt (acac)  C l ] ,  which was i n i t i a l l y  descr ibed 
by Werner i n  1901. 

A new chapter  i n  t h e  f i e l d  o f a  c l o s e l y  a l l i e d  me ta l  t h i o - j - d i k e t o n a t e  d e r i v a t i v e s  was i n t r o d u c e d  
by Chaston a n d L i v i n g s t o n e  ( r e f .  14) i n 1 9 6 9 ,  fo l l owed  by e x t e n s i v e  work i n c l u d i n g  a f e w p u b l i c a -  
t i o n s  ( r e f .  15-21) f rom our  l a b o r a t o r i e s  a lso .  

S ince  t h e  f i r s t  r e p o r t  on m e t a l l a - d e r i v a t i v e s  o f p - d i k e t o n e s  by Lukehar t  i n  1975, these n o v e l  
compounds have a t t r a c t e d  cons ide rab le  a t t e n t i o n  ( r e f .  22).  These can be represented  by t h e  
genera l  formula,  LJ4(RCO)(R'CO); i n  wh ich  two a c y l  groups occupy ad jacen t  c o o r d i n a t i o n  s i t e s  
on ameta la tom.  Resonance o f t h e  d e r i v a t i v e s  as i n d i c a t e d  below: 

2 

( LnM i s  a mo ie ty  o f  t h e  t ype  cis-(OC)4Re or  4-C5H5)(OC)Fe], con fe rs  an acy l /carbene 
h y b r i d  e l e c t r o n i c  s t r u c t u r e  on t h e  molecule.  These can be f o r m a l l y  compared t o  t h e  conven- 
t i o n a l  o rgan ic  B-d ike tonate  anions, i n  which t h e  sp2 CH meth ine  group has been rep laced  
by t h e  ' i s o l o b a l '  ( re f .23 )  me ta l  fragment. F o l l o w i n g  e a r l i e r  p u b l i c a t i o n s  on t h e  same l i n e s ,  
work has now been i n i t i a t e d  on t h e  r e a c t i o n s  o f  these meta l la -B-d ike tones  with mono- and 
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b i - m e t a l l i c  a l kox ides  for  syn thes i s  o f  d e r i v a t i v e s  o f  t h e  t ypes  (R0)2Ti$,  Z r A 4 ,  (R0)2NbA3, 
A2Cr(&OPr1)2CrA2 , where ' A '  i s  (OC)4Re(MeCO); . 

CLASSIFICATION 

M e t a l  B -d i ke tona te  d e r i v a t i v e s  may be c l a s s i f i e d  i n t o  t h e  f o l l o w i n g  t h r e e  broad c a t e g o r i e s  
depend ingupon themodeo fbond ingo fa -d i ke tona temo ie t i esw i thmeta la tom:  

(i) Oxygen bonded p-diketonate complexes 
Th is  i s  t h e  most common mode o f  bonding w i thJ -d i ke tona to  l i g a n d  a c t i n g  as (a )  b i d e n t a t e  

c h e l a t i n g  wh ich  i s  by f a r  t h e  most common form (I-), ( b )  u n i d e n t a t e  (2_) and ( c )  n e u t r a l  l i g a n d  
(3  ; r e f .  2 4 )  : 

L r 1 

(ii) Carbon bonded p-diketonate derivatives 
I n  a number o f  t h e i r  p - d i k e t o n a t e  d e r i v a t i v e s ,  e lements l i k e  su lphur ,  selenium, t e l l u r i u m ,  
mercury and g o l d  p r e f e r  a bond ing  th rough t h e  c e n t r a l  carbon atom o f  t h e  l i g a n d  r a t h e r  than  
t h e  ca rbony l  oxygen atoms (Land?) :  

4 Me - 

[ E 5 ; n=l  or  2 ( r e f . 2 5 ) ;  E-Se ; - 5 ( r e f .  27)  
n = 2 ( r e f .  2 6 )  ] 

(iii) Both oxygen and carbon bonded complexes 
Since 1962, a l a r g e  number o f  carbon b o n d e d j - d i k e t o n a t e  complexes o f  l a t e r  t r a n s i t i o n  me ta l s  
l i k e  s i l v e r ,  maganese, n i c k e l  and p la t i num a l s o  have been cha rac te r i zed ,  a l t hough  i n  some 
o f  these a long  wi th  a carbon bonded)-diketonate l i g a n d ,  a n o t h e r j - d i k e t o n a t e  l i g a n d  c h e l a t e s  
t h e m e t a l  th rough carbony loxygens.  

The f i r s t  C-3 bonded p l a t i n u m  complex was i d e n t i f i e d  as Me3Pt(acac-C-3) (bpy) by Swallow and 
T r u t e r  ( r e f .  28 )  i n  1962. L a t e r  t h e  complex K [ P t ( a c a ~ ) ~ C l ]  (assumed t o  i n v o l v e  an O-unident-  
t a t e  acac l i g a n d  by Werner i n  1901) was shown by I R  and NMR ( r e f .  29) as w e l l  as X-ray 
( r e f .  30) s t u d i e s  t o  be a C-3 bonded d e r i v a t i v e s .  Some o t h e r  t ypes  o f  C-bonded complexes have 
s i n c e  been i d e n t i f i e d  and a r e  i l l u s t r a t e d  below: ( a )  C-3, bonded (6 ; r e f .  6 & 31) ; (bh$-(C,C')  
bonded (1. ; r e f .  32) ; ( c % a l l y l i c  c o o r d i n a t i o n  ( 8  - ; r e f .  33) and ( d )  t e r m i n a l  carbon bonded 
(9 ; r e f .  34) :  
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EtO' 
8 - 

A BRIEF RESUME OF WORK CARRIED OUT IN OUR LABORATORIES 

1. Reactions of metal alkoxides with p-diketonates and p-ketoesters 
The marked r e a c t i v i t y  o f  me ta l  a l kox ides  towards hydroxy compounds l e d  us t o  l o o k  i n t o  t h e  
r e a c t i o n s  o f  me ta l  a l kox ides  w i th  j!-diketones, ,B-ketoesters and a l l i e d  reagents.  A l a r g e  
number o f  n o v e l  d e r i v a t i v e s  w i th  me ta l s  sometimes d e p i c t i n g  uncommon c o o r d i n a t i o n  numbers 
have been syn thes i sed  d u r i n g  t h e  course o f  t h i s  work, e l u c i d a t i o n  o f  t h e  s t r u c t u r a l  f e a t u r e s  
o f  which by more s o p h i s t i c a t e d  physico-chemical  i n v e s t i g a t i o n s  should p r o v i d e  a r i c h  f i e l d  
o f  research  f o r  c o o r d i n a t i o n c h e m i s t s i n t h e c o m i n g y e a r s .  

TheJ-diketones i n  genera l  d e p i c t  a f a c i l e  r e a c t i v i t y  towards me ta l  a l kox ides ,  i n  which t h e  
a l koxy  groups undergo f a c i l e  replacements by t h e  eno la te  forms o f  t hea -d i ke tones  o r j - k e t o e s t e r a .  
F o l l o w i n g  t h e  p i o n e e r i n g  work o f  Schmidt ( r e f .  35) ,  Reeves and Mazzeno ( r e f .  36) as w e l l  as 
o f  Yamamoto and Kambara ( r e f .  37),  Mehro t ra  and coworkers ( r e f .  38-41) made a d e t a i l e d  s tudy  
o f  t h e  r e a c t i o n s  o f  t i t a n i u m  a l k o x i d e s  w i t h  4 -d ike tones ,  f luoro-)3-diketones and p - k e t o e s t e r s  
i n  d i f f e r e n t  mo lar  r a t i o s .  The r e a c t i o n s  i n  1:l  and 1:2 molar  r a t i o s  were f a c i l e  r e s u l t i n g  
i n  mono- and z s - c h e l a t e s  r e s p e c t i v e l y .  F u r t h e r  r e a c t i o n  was slow and a l though  t h e  t h i r d  
a lkoxy  group was rep laced,  y e t  t h e  f i n a l  p roduc t  decomposed immedia te ly  t o  y i e l d  t i t a n y l  
- b i s ( p - d i k e t o n a t e ) .  Out o f  t h e  above, t h e  f luoro-,&diketonates were compara t ive ly  v o l a t i l e  
and canbe  d i s t i l l e d  i n  vacuo. 

Con t ra ry  t o  t h e  conc lus ions  o f  Fay e t  a l .  ( r e f .  42 & 431, Brad ley  and Hol loway ( r e f .  44 & 45) 
c h a r a c t e r i z e d  t h e  above d e r i v a t i v e s  as cis produc ts .  Compounds l i k e  T i X  ( acac l2  e x i s t  o n l y  
i n  
o f  t h e  a lkoxy  groups d i d  r a i s e  t h e  a c t i v a t i o n  energy f o r  i n t r a m o l e c u l a r  exchange o f  l i g a n d s  
i n  these f l u x i o n a l m o l e c u l e s ,  y e t  t h e  fo rma t ion  o f t r a n s f o r m  was n o t  enhanced. 

I n  t h e  r e a c t i o n s  o f  m e t a l a l k o x i d e s  w i th ,B -d i ke tones the  a l k o x i d e i s m i x e d w i t h  a s t o i c h i o m e t r i c  
amount o f  t h e  des i red  l i g a n d  i n  benzene medium and a f t e r  f r a c t i o n a t i o n  o f  t h e  benzene-alcohol  
azeotrope, t h e  co r respond inga-d i ke tone  or  ,B-ketoester d e r i v a t i v e  can be i s o l a t e d  by removal  
o f  excess benzene by evapora t i on  ( r e f .  46).  The advantage o f  t h i s  method i s  t h e  p o s s i b i l i t y  

( o p t i c a l l y  a c t i v e )  forms over  a wide tempera ture  range. A l though s t e r i c  h indrance 
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t o  prepare complexes w i t h  d i f f e r e n t  coord inat ion numbers us ing the  des i red s to i ch iomet r i c  
r a t i o  o f t h e l i g a n d .  A f e w o f s u c h r e a c t i o n s a r e r e p r e s e n t e d b y t h e  fo l lowingequat ions:  

-"\ R ( 1  L'- c' 

( i )  

( i i )  

( i i i )  M=Ti,n=4 ; R=Et ,Pr i  ; R'=Me,R"=Me,Ph , OMe,OEt ;R'=CF3,R'!=CF3,C6H5; m - I  ,2 ( r e f .  38-41) 

( i v )  M=Zr,n=4 ; R'=Me,R"=Me,Ph,OMe; R'=R"=CF3;;m=1-4 ( re f .52 & 53) 

( v )  M=Cr,n=3; R=Me,Et ; R'=Me,R"=Me,Ph ; R'=CF3,R"=C H S ;m = 1-3 ( r e f .  54) 

( v i )  M=Nb,Ta; n=5 ; R'=Me,R"=Me,Ph,OMe,OEt; R'=R"=Ph ; m=l-3 ( r e f .  55-58) 

( v i i )  M=Ni,n=2; R=Me,Pri ; R'=Me,R"=Me,Ph ; R'=CF3,R"=C H S ; m=1,2 ( r e f .  59) 

(v i i i )M=Sn,  n=4 ; R=Pri ; R'=Me,R"=Me,Ph ; R'=R"=Ph ; m=1,2 ( r e f .  60) 

( i x )  

M=Al,n=3 ; R=Et,Pri; R'=Me,R"=Me,Ph,OEt; m=l-3(ref. 47-50) 

M=Ga,n=3 ; R=Pri ; R'=Me,R="Me,OMe,OEt ; m=1-3 ( r e f .  51) 

4 3  

4 3  

M=La ( r e f .  61) ; P r  ( r e f .  62); Nd,Sm ( r e f .  63) ; Gd,Er,Y,Yb ( re f .64)  ; n-3 ; R=Pri ; 

R'=Me, R"=Me,Ph,OMe,OEt ; R'=R"=Ph ; m = 1-3. 

MzEtSn, BuSn, n=3; R=Pri ; R'=Me, R"=Ph ; R'=R"=Ph, m=1,2 ; R'=R"=Me,m=l-3 ( r e f .  65) 

M=Et2Sn,8u Sn, n=2 ; R=Et  ; R'=Me,R"=Me,Ph, OMe; m=1,2 ( r e f .  66) 
( x )  

( x i )  

( x i i )  M=Et  Sn,8u3Sn, n= l  ; R=Et  ; R'TMe, R"=Me,Ph,OMe ; m = l  ( re f .66)  

( x i i i )  M=Ph3Sb, n-2 ; R=Me ; R'=Me, R"=Me,Ph ; R'=R"=Ph ; m = l  ( r e f .  67) 

(b )  

2 
3 

[ (COD)Rh(OMe)12 + 2HOCR'C=CHC(O)R" 4 2(COD)RhOCRtC(CH)(0)R" + 2MeOH 

[ (COD-Me)Pt(OMe)12 + 2HOCR9C=CHC(0)R" _j 2(C0D-Me)PtOCR1C(CH)(O)R" + 2MeOH 

R '  = Me, R" = Me,Ph ; R'=R"=Ph ( r e f .  68) 

I n  a d d i t i o n  t o  the reac t i ons  o f  simple (mono-metall ic)alkoxides,  those o f  b i - m e t a l l i c  and 
t e r - m e t a l l i c  alkoxides have been inves t i ga ted  extens ive ly  y i e l d i n g  a wide v a r i e t y  o f  novel  
(and i n  many cases v o l a t i l e  ) de r i va t i ves ,  a few o f  which are i l l u s t r a t e d  below: 

[HL or  HL'= a j3-diketone or  j3-ketoester l i g a n d  ; when n = 2, M=Be,Zn,Cd 
( r e f .  70), Mg,Ca,Sr,Ba ( re f .46) ,  Mn( I I ) ,  Fe( I1)  ( r e f .  69 & 71), Co( I1)  
( re f .  72a), N i ( I 1 )  ( re f .  72b), Cu(I1) ( r e f .  72c), Sn( I1)  ( r e f .  73) e tc .  
when n=3 M=Al,Ga,In ( r e f .  46), Cr(ILI) ( r e f .  72d), etc. ; w h e ~ n - 4 ,  
M = Sm(IVj, Th(IV), U(I'V) ( r e f .  73b) etc.] .  

S im i la r  products have been obtained by gradual replacements o f  t h e  te rm ina l  isopropoxy groups 
by the  same or  d i f f e r e n t p - d i k e t o n a t e  l igands i n  d e r i v a t i v e s l i k e :  

I n  a l l  these, a maximum o f  two te rm ina l  isopropoxide groups can be replaced byp -d i ke tona te  
moiety as i n  the  bis-j3-diketonate products, t he  metal niobium/tantalum a t t a i n s  coord inat ion 
number e i g h t  ( M r N X e f .  74) ; M = C r  ( r e f .  75). 

S im i la r ,  monomeric v o l a t i l e  products are obtained ( re f .  76) by gradual replacement o f  t e rm ina l ,  
isopropoxy groups byp-d iketonate l i gands  i n  de r i va t i ves  wi th the general formula M(Zr2(0Pri)9.)n. 
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I n  these r e a c t i o n s  a l so ,  t h e  z i r con ium atom appears t o  a t t a i n  t h e  maximum c o o r d i n a t i o n  
number e i g h t .  F o r c i n g  t h e  replacement r e a c t i o n  f u r t h e r  b r i n g s  about d i s p r o p o r t i o n a t i o n  
o f  t h e  b i m e t a l l i c  i sop ropox ide  i n  t h e t e r m i n a l m e t a l j 3 - d i k e t o n a t e  and c e n t r a l  me ta l  i sop ropox ide ;  
t h e  l a t t e r  can t h e n  undergo f u r t h e r  replacement r e a c t i o n s  by j3 -d ike tone l i g a n d s  as a s imp le  
monometal l ic  i sopropox ide .  

2. Some salient contributions from our laboratories 
The syn thes i s  o f  t i t a n i u m  d i a l k o x i d e  b&-)3-diketonates and t h e i r  d i s t i n c t l y  monomeric n a t u r e  
( r e f .  77) i n  a number o f  o rgan ic  s o l v e n t s  and c o n v e r t i b i l i t y  i n t o  t i t a n i u m  d i c h l o r i d e  =-j3- 
d ike tona tes  by f a c i l e  r e a c t i o n s  w i t h  hydrogen c h l o r i d e  l e d  t o  s e r i o u s  doubts about t h e  w e l l -  
e s t a b l i s h e d  n o t i o n s  about t h e  t r i m e r i c  n a t u r e  o f  [TiX2(acac)2]  3, r e p o r t e d  i n  t h e  beg inn ing  o f  
o f  t h i s  cen tu ry  independent ly  by Rosenheim ( r e f .  78) and D i l t h e y  ( r e f .  79).  T h i s  p roduc t  
had been assigned an i o n i c  s t r u c t u r e  o f  t h e  t ype [T i (acac )  ] 
form of TiC12(acac) 
and Z rC l (acac )3  , og ia ined  e a r l i e r  i n  t h e  cor respond ing  r e a c t i o n s  o f  ace ty lace tone  w i th  
s i l i c o n  or z i r con iumte t r ach lo r ides .  The on ly  evidence adduced i n  suppor t  o f t h e  above s t r u c t u r e  
was t h a t  t h e  p roduc t  on t rea tmen t  w i t h  f e r r i c  c h l o r i d e  r e a d i l y  g i v e s  a p roduc t  o f t h e  compos i t i on  
[ T i ( a c a c )  ][FeC1 3 ,  t h e  fo rma t ion  o f  which cou ld  be e a s i l y  exp la ined  on t h e  b a s i s  o f  t h e  
f o l l o w i n g  p l a u s i b l e  r e a c t i o n :  

[ T i ( a c a ~ ) ~ ] i  [ T i C 1 6 ] 2 -  + 2FeC13 _j 2 [ T i ( a c a ~ ) ~ ] [ F e C l ~ I  + T i C 1 4  

[ T i C 1 , I 2 -  , which i s  t h e  t r i m e r i c  
mere ly  on t h e  b a s i s  o f  analogy w!t6 t h e  produc ts ,  SiCl(acac)3HC1 

3 4 

On r e p e a t i n g  t h e  exper imen ta l  work o f  Rosenheim and D i l t h e y ,  t h e  a n a l y t i c a l  r e s u l t s  o f  t h e  
p roduc ts  ob ta ined  d i d  correspond t o  TiC12(acac)2 and [ T i ( a ~ a c ) ~ ] [ F e C l ~ ] .  However, on a c t u a l  
measurement o f  mo lecu la r  we igh ts  o f t h e  d e r i v a t i v e  T i C l  ( acac )2  i n  a number o f  common o rgan ic  
so l ven ts ,  t h e  observed exper imen ta l  va lue  was found t o  correspond t o  t h e  s imp le  monomeric 
TiC12(acac)2.  Further, t h e  d e r i v a t i v e  was found t o  be n o n - e l e c t r o l y t e  i n  these so l ven ts ,  
thereby  r u l i n g  o u t  t h e  p o s s i b i l i t y  o f  t h e  above t r i m e r i c  i o n i c  form [T i (acac )  3 [ T i C 1 6 ] 2 -  , 
as suggested by e a r l i e r  workers and quoted even i n  undergraduate text-books. 

The p roduc t  o f  t h e  r e a c t i o n  between t i t a n i u m  t e t r a c h l o r i d e  and excess o f  'ace ty lace tone was, 
t h u s s h o w n t o b e  as implehexa-coord ina tedder iva t ive  TiC12(acac)2.  Th iswas  a l s o  i n  c o n f o r m i t y  
w i t h  a cons ide rab le  amount o f  work on t h e  r e a c t i o n s  o f  t i t a n i u m  t e t r a c h l o r i d e  w i t h  reagents 
hav ing  a c t i v e  hydroxy groups l i k e  a l c o h o l s  ( r e f .  80) and c a r b o x y l i c  a c i d s  ( r e f .  E l ) ,  i n  which 
two o f  t h e  f o u r  c h l o r i n e  atoms on t i t a n i u m  t e t r a c h l o r i d e  were shown t o  be much more r e a c t i v e .  
The c o n v e r t i b i l i t y  o f  T iC12(acac)2  i n t o  monomeric T i ( 0 E t )  (acac )2  by t h e  r e a c t i o n  w i th  e thano l  
i n  t h e  presence o f  a base f u r t h e r  l e n t  suppor t  t o  t h e  s i m i l a r i t y  i n  t h e  monomeric n a t u r e  o f  
t h e  two a l l i e d d e r i v a t i v e s .  

The fo rma t ion  o f  t h e  p roduc t  [ T i ( a ~ a c ) ~ ] [ F e C l ~ ]  from t h e  r e a c t i o n  o f  TiC12(acac)2 and FeC13 
has been shown t o  be much more compl icated. E f f o r t s  have been made t o  e l u c i d a t e  i t  i n  a number 
o f  p u b l i c a t i o n s  ( r e f .  82 & 83) d e a l i n g  w i t h s y n t h e s i s  a n d i s o l a t i o n o f t h e p r o d u c t s , T i C 1 3 ( a c a c )  
i n  a d d i t i o n  t o  T i C l  (acac)2  as w e l l  as FeC12(acac), FeCl (acac)2  and Fe(acac)3 and t h e  2 
observa t i ons  o f  f o rma t ion  o f  t h e  p roduc ts  wi th t h e  compos i t ion ,  [ T i ( a ~ a c ) ~ ] [ F e C l  3 by t h e i r  
mutua l  i n t e r a c t i o n s .  

2 

i 
3 2  

2. 

4 

I n  t h e  r e a c t i o n  o f  s t a n n i c  c h l o r i d e  w i th  ace ty lace tone  i n  ch lo ro fo rm a t  room temperature,  
t h e  produc t  i s o l a t e d  corresponds i n  compos i t ion  t o  S n C l  .Hacac which was found t o  be s t a b l e  
even up to  60-70° under 0.1 mm p ressu re  b u t  decomposed above 90-100° t o  g i v e  s t a n n i c  d i c h l o r i d e  
- bis(ace ty1ace tona te )  as f o l l o w s  ( r e f .  84): 

4 

2SnC1 .Hacac + SnC12(acac)2 + SnC14 + 2HC1 4 
S tann ic  d i c h l o r i d e  bA(ace ty1ace tona te )  has been prepared a l t e r n a t i v e l y  by r e f l u x i n g  s t a n n i c  
c h l o r i d e  and ace ty lace tone  i n  benzene or  ch lo ro fo rm and i t  has a l s o b e e n s h o w n t o  beamonomer ic  
cova len t  compound ( r e f .  85) .  

I n  s t i l l  ano ther  f i e l d ,  t h e  s imp le  techn ique o f t h e  r e a c t i o n s o f m e t a l a l k o x i d e s w i t h  J-diketones 
and B-ke toes te rs  appears t o  have p rov ided  a very  conven ien t  r o u t e  for  t h e  p r e p a r a t i o n  o f  
anhydrous l a n t h a n i d e  d e r i v a t i v e s  f o r  t h e  f i r s t  t i m e  i n  1965. E a r l i e r  methods used f o r  t h e  
p r e p a r a t i o n  o f  l an than ide  t&s-j3-diketonates were examined c r i t i c a l l y  by Pope e t  a l .  ( r e f .  86)  
and by M o e l l e r  e t  a l . ( r e f .  87) ,  who have c o n c l u s i v e l y  e s t a b l i s h e d  t h a t  t h e  p roduc ts  f rom 
aqueous s o l u t i o n s  were i n v a r i a b l y  hydra tes ,  from which g e n e r a l l y  hydroxy d e r i v a t i v e s  were 
ob ta ined  on dehydra t i on  even under m i l d  c o n d i t i o n s .  A t tempts  were a l s o  made t o  syn thes i ze  
these d e r i v a t i v e s  i n  non-aqueous media a l s o  by ( i )  t h e  r e a c t i o n  o f  lan thanon meta l  w i t h  excess 
ace ty lace tone  u s i n g m e t a l e v a p o r a t i o n t e c h n i q u e  ( r e f .  88)  or ( i i )  by t h e  r e a c t i o n o f l a n t h a n i d e  
hyd r ides  ( r e f .  89 & 9 0 )  wi th  excess ace ty lace tone i n  t h e  presence o f  a c e t i c  ac id .  L i s s  and 
Bos ( r e f .  91) have r e c e n t l y  c la imed t o  have i s o l a t e d  a c r y s t a l l i n e  =-chelate by t h e  former 
method, y e t  accord ing  t o  t h e i r  own d e s c r i p t i o n ,  unusua l  p r o p e r t i e s  l i k e  l a r g e  number o f  
e x t r a  peaks i n  i n f r a r e d  spec t ra ,  t h e  observed low m.p. (94O) and loss i n  we igh t  when t h e  d e r i v a t i  
ves a r e  exposed t o  a i r ,  p robab ly  i n d i c a t e  t h e  presence o f  some v o l a t i l e  f r a c t i o n s  i n  t h e i r  
p r o d u c t s w h i c h m i g h t h a v e  been formed i n  t h e  s i d e  decomposi t ion r e a c t i o n s e a r l i e r .  
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As i n d i c a t e d  e a r l i e r ,  t h e  r e a c t i o n s  o f  lan thanon i sop ropox ides  w i t h a - d i k e t o n e s  ( r e f .  61-64) 
a r e  s t r a i g h t f o r w a r d  and y i e l d  n o t  o n l y  t h e  pure  ahhydrous=s-j3-diketonates, b u t  a l s o  t h e  
mixed i sop ropox ide  ) -d ike tonates .  These l a n t h a n i d e  i sop ropox ide  p -d i ke tona tes  i n te rchange  
t h e i r  i sopropoxy  groups wi th p -d i ke tones  andp-ke toes te rs  i n  d i f f e r e n t  molar r a t i o s  t o  y i e l d  
a v a r i e t y  o f  mixed as w e l l  as=-chelates. 

These tLs -J -d i ke tona tes  have been found t o  be d i m e r i c  p roduc ts ,  which a r e  n o t  as h i g h l y  
hygroscop ic  as t h e  anhydrous d e r i v a t i v e s  c la imed t o  have been ob ta ined  e a r l i e r  by dehydra t i on  
o f  hydra ted  produc ts ,  Ln(acac) 2H 0 from aqueous medium. A p l a u s i b l e  e x p l a n a t i o n  f o r  
t h i s  d i f f e r e n c e  has been sugge&ed ? r e f .  64) by t h e  au tho r .  Y(acac)3(0H2)2, La(acac)3(OH2 and 
H o ( T T A ) ~ ( O H ~ ) ~  have been shown ( r e f .  92-94) t o  d e p i c t  t h e  two water mo lecu les  on oc ta-coord ina-  
t i o n  p o s i t i o n s  o f  t h e  square face  o f  an a n t i p r i s m  ( F i g .  1 ) .  Mere removal  o f  t h e  two water  
molecules under t h e  m i l d e s t  c o n d i t i o n s  p o s s i b l e  ( t o  avo id  s i d e - h y d r o l y s i s  o f  t h e  p roduc ts ) ,  
would l eave  an open u n a l t e r e d  s t r u c t u r e  w i th  two c o o r d i n a t i o n  s i t e s  vacant,  r e n d e r i n g  i t  
ex t remely  s u s c e p t i b l e  t o  atmospher ic mo is tu re .  By c o n t r a s t ,  t h e  anhydrous d i m e r i c  p roduc ts  
syn thes ized th rough t h e  a l k o x i d e  r o u t e  a r e  f a i r l y  s t a b l e  towards atmospher ic mo is tu re  and 
cou ld  p o s s i b l y  have a s t r u c t u r e  o f  t y p e  ( r e f .  90) shown i n  F i g .  2 i n  which two square a n t i p r i s m s  
share  one square face: 

F i g .  1 S t r u c t u r e  o f  Ln(acac)3(0H2)2  F i g .  2 S t r u c t u r e  o f  anhydrous 
un i t .  [ Ln( acac) 312. 

D e t a i l e d  physico-chemical  i n v e s t i g a t i o n s  have been i n i t i a t e d  r e c e n t l y  on t h e  s t r u c t u r a l  
f e a t u r e s  o f  o t h e r  a l k o x i d e  8 -d i ke tona te  systems. Fo r  example, i t  has beenshown ( r e f .  95) by I R  
and N M R ( ~ ~ A ~ ,  and I 3 C )  s t u d i e s  t h a t  t h e  v o l a t j l e  p roduc ts  ob ta ined  by t h e  r e a c t i o n s  
o f  6 -d i ke tona tes  and 8-ke toes ters (HL)  w i th  ZrA1(OPrl)7 can be represented  by 

( P r i O ) 3 Z r ( ~ - O P r i ) 2 A l , ( ~ ) 2  , i n d i c a t i n g  t h a t  t h e  isopropoxy  groups a t  t h e  aluminium a r e  
p r e f e r a b l y  rep laced  i n  t,hese r e a c t i o n s .  F o l l o w i n g  t h e  e a r l i e r  s t u d i e s  ( r e f .  52 & 53) on 
(Pri02A1(~-OPri)2Zr(OPri)2(~-OPr1)2A1(OPri) an a t tempt  ( r e f .  96) has been made t o  th row 2 .  l i g h t  on t h e  d i f f e r e n t  i somer i c  spec ies  formed by i t s  r e a c t i o n s  w i t h a - d i k e t o n e s  anda-ke toes te rs .  

I n  a d d i t i o n  t o  t h e g - d i k e t o n e ,  th io-)-diketone and a l l i e d g - k e t o e s t e r  d e r i v a t i v e s ,  work i s  
b e i n g  extended t o  a number o f  o t h e r  s i m i l a r  l i g a n d s  i n  t h e  a u t h o r ' s  l a b o r a t o r i e s ,  e.g., 
p -amino th iona tes  ( r e f .  97) ,  )3-ketoaminates ( r e f .  98) and a l ky lace topy ruva tes  ( r e f .  99) .  

S p e c i a l  r e f e r e n c e  may be made t o  a s e r i e s  o f p u b l i c a t i o n s b y  R a i a n d c o w o r k e r s o n t h e p y r a z o l o n e  
complexes o f  t i t a n i u m  ( r e f .  IOO), boron  ( r e f .  I O I ) ,  z i r con ium ( r e f .  102) and t i n  ( r e f .  103) 
a n d t w o r e c e n t  rev iews  ( r e f .  1 0 4 & 1 0 5 )  w i th  r e l e v a n t  r e f e r e n c e s b y t h e a u t h o r .  

The au tho r  i s  g r a t e f u l  t o  a l a r g e  number o f  co l leagues,  e s p e c i a l l y  Drs.  K.C.Pande, D.M.Puri, 
G.Srivastava, A.K.Rai, R.K.Mehrotra, B.C.Pant, V.D.Gupta, T.N.Misra, S.N.Misra, P.N.Kapoor, 
S.Jain,  U.B.Saxena, J.M.Batwara, S.R.Binda1, B.P.Bachlas, U.D.Tr ipa th i ,  A.Singh, D.P.Gaur, 
P.C.Bharara, R.Bohra, B.S.Saraswat, P.Rupani, B.P.Baranwa1, K.N.Mac\endra,J.Singh, V.K.Jain, 
S.K.Saini, M.Aggarwa1, R.Ja in  f o r  t h e i r  ded ica ted  research  e f f o r t s  i n  our  research  schoo ls  
a t  t h e U n i v e r s i t y  ofLucknow,Gorakhpur,  Ra jas thanandDe lh i .  
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