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PREPARATION AND REACTIVIW OF -E 
PEROX0 COMPLEXES OF ZIRooNIUM<IV) 
AND URANIUM(V1) 

M. Sa idu l  Islam:, Motahera Begum, Harandra Nath Roy, 
S. C. Pa l  and Sayenuddin Ahmed 

Department of Chemist ry ,  Ra jshah i  U n i v e r s i t y ,  
Ra jshah i  6205, Bangladesh 

ABSTRACT 

New peroxo complexes o f  z i rcon ium(1V)  and 

uranium(1V) w i t h  d i b a s i c  a c i d s  and n i t r o g e n  c o n t a i n i n g  

h e t e r o c y c l i c  bases have been prepared.  The genera l  

compos i t ions  o f  t h e  complexes are  [M(02)(DB)(L)21 and 

[M’0(02)(DB)(L)2] ,  where M, M’ a re  Zr(1V)  o r  U ( V I ) ,  DB = 

d i a n i o n  o f  homophthal ic  a c i d  o r  ma lon ic  a c i d  and L = 

q u i n o l i n e  (Q) o r  i s o q u i n o l i n e  ( I Q ) .  These complexes were 

c h a r a c t e r i z e d  on t h e  b a s i s  o f  e lementa l  ana lyses ,  

c o n d u c t i v i t y  measurements, magnet ic  measurements, TLC, 
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18 ISLAM ET AL. 

GLC, i n f r a r e d  s p e c t r a l  s t u d i e s  and by r e a c t i o n s  w i t h  a l l y 1  

a l c o h o l ,  t r i p h e n y l p h o s p h i n e  and t r i p h e n y l a r s i n e .  The 

z i r con ium complexes were found t o  be o c t a h e d r a l ,  whereas 

t h e  uranium complexes were seven-coord inated.  

1 N P T 1 . W  

Stud ies  on peroxo complexes have rece ived  

cons ide rab le  encouragement i n  recent  years due t o  t h e i r  

a p p l i c a t i o n  as o x i d a n t s  i n  s y n t h e t i c  o r g a n i c  chemistry'-".  

Many o f  t h e  peroxo complexes a re  t h e  source o f  a c t i v e  

oxygen atoms and can be used as c a t a l y s t s  o f  oxygen 

i n s e r t i o n  r e a c t i o n s  and as o x i d a n t s  f o r  o r g a n i c  and 

i n o r g a n i c   substrate^'-'^. Peroxo complexes have r e c e n t l y  

been shown t o  be a c t i v e  spec ies  i n  t h e  copper c a t a l y z e d  

o x i d a t i o n  o f  a l c o h o l  t o  ketone and o x i d a t i v e  c leavage o f  

pyrocat  echo 1'.  

Keeping t h i s  f a c t  i n  mind, we have submi t ted  

h e r e i n  t h e  s y n t h e s i s  and p r o p e r t i e s  ( v i z .  oxygen t r a n s f e r  

reac t  i o n  t o  v a r i o u s  s u b s t r a t e s )  o f  some newer peroxo 

complexes o f  Z r (1V)  and U(V1) w i t h  amine bases [ q u i n o l i n e  

( Q )  and i s o q u i n o l i n e ( 1 Q ) l  and d i b a s i c  a c i d s  [homophtha l i c  

a c i d  ( P t h )  and ma lon ic  a c i d ( M a l ) ] .  The s t r u c t u r e  and 

p r o p e r t i e s  o f  these complexes were analysed w i t h  t h e  h e l p  

o f  e lementa l  ana lyses ,  magnet ic  moment, c o n d u c t i v i t y ,  TLC, 

GLC and I R  s p e c t r a l  s t u d i e s .  
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PEROXO COMPLEXES OF ZIRCONIUM(1V) AND URANIUM(V1) 19 

RESULT-S..M-!_ D _ I e s S I - Q N  

The complexes a re  formed by t h e  f o l l o w i n g  s teps :  

Z r ( N 0  ) + 2L + DBH2 + H202 -* [ Z r ( 0 2 ) ( D B ) ( L ) 2 1  + 4HN03 

UO2(NO3I2 + 2L + DBH2 + H202 ----. [UO(02)DB)(L)21 + 2HN03 

3 4  

+ H20 

Where DBH2 = homophthal ic  a c i d  o r  ma lon ic  a c i d  and L = 

q u i n o l i n e  (a )  o r  i s o q u i n o l i n e  (IQ). 

Condu Cf.iLV_i._fY 

The ana 

p r o p e r t  i es o f  these 

y t i c a l  da ta  and o t h e r  phys i ca  

complexes a re  g i v e n  i n  Table I .  A l l  o 

t h e  complexes a re  i n s o l u b l e  i n  water  bu t  s o l u b l e  i n  DMF, 

DMSO and n i t robenzene.  The molar  conductance va lues  o f  

these complexes i n  DMSO i n d i c a t e  t h e i r  n o n - e l e c t r o l y t i c  

behaviour  and f u r t h e r  revea l  t h e  cova len t  bond between t h e  

an ion  and t h e  meta l  atoms. 

I R _S t ud i e s  

I R  s p e c t r a l  da ta  a re  shown i n  Table 1 1 .  The 

complexes showed absorp t i ons  f o r  v(C=O) bands a t  1600-1630 

cm-I i n  comparison w i t h  t h e  f r e e  a c i d  carbony l  group a t  

1700 cm-’. T h i s  r e d u c t i o n  o f  f requency i s  i n d i c a t i n g  t h e  

l i n k a g e  between meta l  and oxygen atom. Again, d i s t i n c t  I R  

abso rp t i on  a t  430-471 cm” i n d i c a t e s  meta l  oxygen bond 

f ~ r m a t i o n ’ ~ .  I n  these complexes C - 0  s t r e t c h i n g  modes o f  

v i b r a t i o n  occur  a t  1381-1411 cm-l i n d i c a t i n g  t h e  

c o o r d i n a t i o n  between meta l  and oxygen atomsi5. The 
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ISLAM ET AL. 

F i g .  1 .  Genera l  S k e l e t a l  S t r u c t u r e s  o f  t h e  Complexes 

L = Q o r  I Q :  08 = P t h  or  Mal.  

appearance o f  t h e  a b s o r p t i o n  a t  360-340 cm" i n d  c a t e s  a 

m e t a l  n i t r o g e n  bond''. The m e t a l  p e r o x o  g r o u p i n g  g i  i e s  r i s e  

t o  t h r e e  I R  a c t i v e  v i b r a t i o n a l  modes. These a r e  c h i e f l y  

due t o  ~ ( 0 - 0 ) .  v,,,(M-0-0) and v , ( M - 0 - 0 ) .  These 

c h a r a c t e r i s t i c  v i b r a t i o n  modes f o r  complexes ( 1  ) - ( 4 )  

appear  a t  825-845 cm-' and f o r  t h e  complexes ( 5 ) - ( 8 )  a t  

805-820 cm-'. r e s p e c t i v e l y .  Thus, t h i s  s t u d y  c o n f i r m e d  t h e  

M ( O t )  q r o u p i n g  and s u g q e s t s  t h a t  v ( 0 - 0 )  modes o f  v i b r a t i o n  

dec rease  w i t h  t h e  i n c r e a s i n g  a t o m i c  number o f  m e t a l  

atoms". I n  t h e s e  comp lexes ,  t h e  ~ ~ ~ ~ ( M - 0 - 0 )  and v , (M-0 -0 )  

modes o f  v i b r a t i o n  apDear a t  664-688 cm-' and 595-622 cm", 

r e s p e c t  i v e l  Y .  A n o t h e r  i m p o r t  a n t  a b s o r p t  i o n  o c c u r s  a t  

910-945 cm-' f o r  t h e  complexes ( 5 ) - ( 8 )  i n d i c a t i n g  a 

d i s t i n c t  M=@ mode o f  v i b r a t i o n  o f  t h o s e  complexes.  F o r  t h e  

Z r  complexes v ( M = O )  v i b r a t i o n s  a r e  a b s e n t .  

From t h e  above d i s c u s s i o n  t h e  g e n e r a l  s k e l e t a l  

s t u c t u r e s  o f  t h e  complexes can be p roposed  as t h e  

f o l l o w i n g  ( F i g .  1 ) .  
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PEROXO COMPLEXES OF ZIRCONIUM(1V) AND URANIUM(V1) 

T a b l e  I .  A n a l y t i c a l  and P h y s i c a l  D a t a  o f  t h e  Complexes.  

5 3 5 . I O  

1545.221 

538.20 
1545.12) 

416.50 

1183.221 

474.30 

1 4 8 3 . 2 2 1  

101.12 

1108.031 

101.15 

l108.031 

6 3 5 . 1 7  

1646.031 

637.35 
l b k 8 . 0 3 )  

250 l d l  

220 id1 

290 l d l  

291 Id1 

I85 Id1  

200 Id1  

190 i d 1  

240 I d 1  

68 16.13 

116.421 

12 18.87 
119.031 

10 18.81 

1 1 9 . 0 0 1  

16 3 3 . 6 1  

133.301 

I 2  3 3 . 6 1  

1 3 3 . 9 2 1  

10 38.84 

1 3 6 . 5 9 1  

69 36.84 
i31.001 

51.22 

i 51.12 I 

51.22 
1 5 7 . 4 0 1  

5 2 . 1 5  

112.001 

5 2 . 1 5  

l i l . 9 0 1  

44.06 

143.92I 

44.06 

1 4 4 . 3 5 1  

39.00 

1 3 9 . 2 1 1  

39.00 

139.251 

3.30 5.13 

13.001 15.061 

3.30 5.13 
1 3 . 5 9 )  1 4 . 9 2 1  

3 . 3 1  1.19 

1 3 . l l l  15.991 

3 . 3 1  5 . 1 9  

13.421 (5.521 

2.54 3 . 9 5  

12.291 l3 . l l l  

2 . 5 4  3.95 
12.121 13.lll 

2.41 4 . 3 3  

12.301 14.401 

2 . 4 1  4.33 
12.31) 14 .25 )  

21 

~ 

Uola! 

Conductance 
1 ohn-lcn2no I e-' 

1 . 6  

6.4 

9.2 

12.4 

4,4 

4.9 

8.4 

1.9 

a 

b E x p e r i m e n t a l  v a l u e s  a r e  i n  p a r e n t h e s e s .  

Pth2- = C8H404, MalZ-  = C3Hz04.  (I = C9HlN, IQ = C9HlN, 

IR Spectra-of-t he React ion  P r o d u e s  

The pe roxo  complexes were f o u n d  t o  l i b e r a t e  i o d i n e  w i t h i n  

1-2 m i n u t e s  on t r e a t m e n t  w i t h  aqueous p o t a s s i u m  i o d i d e .  I n  

v i e w  o f  t h i s  p r o p e r t y ,  t h e  p o s s i b i l i t y  o f  r e a c t i o n  w i t h  

o l e f i n l c  compounds was e x p l o r e d .  A s t o i c h i o m e t r i c  m i x t u r e  

o f  (2) o r  ( 4 )  ( s e e  T a b l e  I )  w i t h  a l l y l  a l c o h o l  d i d  n o t  show 

any r e a c t i o n .  B u t  comDounds ( 5 )  o r  ( 8 )  r e a c t e d  

s t o i c h i o m e t r i c a l l y  w i t h  a l l y l  a l c o h o l  f o r m i n g  g l y c i d o l  as 

i n d i c a t e d  by a seDara te  sDot i n  TLC and an IR band a t  1050 
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22 ISLAM ET AL. 

cm-’ due t o  t h e  C-0-C s t r e t c h i n g  mode. Compounds ( 5 )  o r  ( 8 )  

used as a c a t a l y t i c  o x i d a t i v e  reagent  w i t h  H202 f o r  t h e  

o x i d a t i o n  o f  a l l y l  a l c o h o l  gave g l y c i d o l  as t h e  i s o l a t e d  

p roduc t .  The I R  spect rum o f  t h i s  p roduc t  was i d e n t i c a l  w i t h  

a u t h e n t i c  sample. React ions  w i t h  t r i pheny lphosph ine  o r  

t r i p h e n y l a r s i n e  Tormed t r i pheny lphosph ine  o x i d e  o r  

t r i p h e n y l a r s i n e  o x i d e  showing I R  a b s o r p t i o n s  a t  1190 and 

885 cm-’ due t o  v ( P = O )  and v ( A s = O )  modes, 

The d isappearance o f  t h e  v(0-0) absorp t i ons  a f t e r  t h e  

reac t  i o n  i n  t h e  s p e c t r a  o f  t h e  r e a c t i n g  complexes i n d i c a t e d  

t h e  oxygen t r a n s f e r  t o  t h e  s u b s t r a t e  molecu le .  

Thus, i t  i s  seen t h a t  i n  complexes (5) and ( 8 )  t h e  

meta l  peroxo mo ie ty  i s  no t  so s t a b i l i z e d  as t o  prevent  t h e  

o x i d a t i o n  r e a c t i o n  w i t h  a l l y l  a l c o h o l ,  whereas i n  o t h e r  

complexes t h e  meta l  peroxo mo ie ty  i s  g r e a t l y  s t a b i l i z e d  by 

t h e  presence o f  mono- and b i d e n t a t e  o r g a n i c  l i g a n d s  and 

thus  p r e v e n t i n g  o x i d a t i o n  r e a c t i o n s  t o  occur .  

EXPERIMENTAL 

P h y s i c a l  Measurements 

The I R  s p e c t r a  were recorded on a Pye-Unicam 

SP3-300 i n f r a r e d  spect rophotometer  as K B r  p e l l e t s  i n  t h e  

r e g i o n  4000-600 cm-’ and as N u i o l  m u l l s  sandwiched between 

CsI p l a t e s  i n  t h e  r e g i o n  600-200 cm-’. C o n d u c t i v i t i e s  o f  1 .O 

x lo-’ mole dm-’ s o l u t i o n s  o f  t h e  complexes i n  DMSO were 

measured a t  28°C u s i n g  a WPA CM 3 5  c o n d u c t i v i t y  meter  and 

a d i p - t y p e  c e l l  w i t h  p l a t i n i s e d  e l e c t r o d e s .  Decomposi t ion 
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PEROXO COMPLEXES OF ZIRCONIUM(1V) AND URANIUM(V1) 23 

p o i n t s  of  t h e  complexes were r e c o r d e d  w i t h  an 

e l e c t r o t h e r m a l  m e l t i n g  p o i n t  a p p a r a t u s .  The m o l e c u l a r  

w e i g h t s  o f  t h e  complexes were d e t e r m i n e d  i n  n i t r o b e n z e n e  by 

t h e  c r y o s c o p i  c met hod. Met a1 s were d e t  e rm i  ned 

g r a v i m e t r i c a l l y  and ca rbon ,  n i t r o g e n  and hyd rogen  were 

d e t e r m i n e d  by a s t a n d a r d  l i t e r a t u r e  method. 

Reagents and Chemical  s 

A l l  c h e m i c a l s  were reagen t  g rade  and o b t a i n e d  

f r o m  E .  Merck o r  B.D.H. 

P r e D a r a t i o n  of  t h e  Complexes 

The g e n e r a l  method f o r  t h e  p r e p a r a t i o n  o f  t h e  

complexes EM(02) (DB) (L )21  and [M ’0 (02 )DB) (L )21  [where M i s  

Z r ( 1 V )  and M ’ i S U ( V I ) ]  was t h e  f o l l o w i n g .  

A s o l u t i o n  o f  Z r ( I V )  n i t r a t e  h e x a h y d r a t e ,  ( 0 . 8 9 4  

g,  2 mmol) o r  u r a n y l  n i t r a t e ,  h e x a h y d r a t e  ( 1 . 0 4  g,  2 mmol) 

i n  d i s t i l l e d  w a t e r  ( 2 0  m L )  was m i x e d  homogeneously w i t h  an 

e t h a n o l i c  s o l u t i o n  ( 3 0  mL) o f  d i b a s i c  a c i d  ( 2  mmol) .  A 

s o l u t i o n  o f  q u i n o l i n e  ( 0 . 5 1 6  g.  4 mmol) o r  i s o q u i n o l i n e  

( 0 . 5 1 6  g ,  4 mmol ) was made i n  e t h a n o l  ( 3 0  m L )  and was added 

t o  t h e  i c e  c o o l e d  p r e v i o u s  m i x t u r e ,  f o l l o w e d  by t h e  

s i m u l t a n e o u s  a d d i t i o n  o f  30% H202 ( 3 0  m L )  s o l u t i o n  w i t h  

c o n s t a n t  s t i r r i n g  f o r  30 m i n u t e s .  P r e c i p i t a t i o n  was 

obse rved  and t h e  p r e c i p i t a t e  was f i l t e r e d  o f f  and 

s u c c e s s i v e l y  washed w i t h  w a t e r  and e t h a n o l .  P u r e  compounds 

were o b t a i n e d  a f t e r  TLC and t h e  p r o d u c t s  were d r i e d  i n  a 
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PEROXO COMPLEXES OF ZIRCONIUM(1V) AND URANIUM(V1) 25 

vacuum desiccator over silica gel. The zirconium complexes 

were white to off-white whereas the uranium complexes were 

yellow to yellowish. 

Reactions XLLrn_.anL L41 !K!.th- A 1  1 Y 1~~ 4_l&Oho_l. 

The compound ( 2 )  ( 0 . 2 7 2  9, 0 . 5  mmol) (see Table 

I )  was suspended in 10 mL tetrahydrofuran (THF) and a 

stoichiometric amount (0 .029  g, 0.5 mmol) of allyl alcohol 

was added. The mixture was stirred under reflux at 60°C for 

48 h but failed to produce any reaction product and (2) was 

recovered unchanged. Compound ( 4 )  also failed to give any 

react ion product. 

Reactions _- of  (5) and (.8J. with Ally1 Alcohol 

A stoichiometric amount ( 0 . 0 2 9  g ,  0.5 mmol) of 

allyl alcohol was added to a suspension of compound (5) 

(0 .272  g, 0 . 5  mmol) in THF ( 1 0  mL). The mixture was stirred 

under reflux at 60°C for 36 h .  Microdistillation at 19 mm 

of Hg yielded glycidol (0.306 g, 69%) bp 147-15OoC [IR 

(Nujol) 1055 cm-’ ( S ,  C-0-C)]. The glycidol was firmly 

identified by preparing its phenylurethane derivative,mp 

58-59°C (lit.22 mp 6OoC). Compound ( 8 )  behaved in a similar 

fashion. 

-_____- Reactions of  --_ (3),(5).an-d (8)  yi-th _Tri.phenvleho-sJxh-jn-t 

A solution o f  triphenylphosphine (0 .131 g, 0.5 

mmol) in THF (10  mL) was added to a suspension of complex 
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( 8 )  (0 .328 g, 0 . 5  mmol) i n  THF (20  mL). The m i x t u r e  was 

s t i r r e d  under r e f l u x  f o r  36 h i n  a l l  cases. The progress  o f  

t h e  r e a c t i o n  was mon i to red  by TLC which showed fo rma t ion  o f  

t h e  p r o d u c t .  The produc t  was a y e l l o w i s h  w h i t e  powder and 

was i d e n t i f i e d  as t r i p h e n y l p h o s p h i n e  o x i d e  (mp 156-157 "C) 

b y  mixed m e l t i n g  p o i n t  w i t h  an a u t h e n t i c  sample ( l i t . * '  mp 

157OC). Compound ( 3 )  and ( 5 )  behaved i n  a s i m i l a r  f ash ion .  

React ions  of  ( 1 ] t ( 6 ) s ( ? )  w i t h  T r i p h e n y l a r s i n e  

A s o l u t i o n  o f  t r i p h e n y l a r s i n e  (0.153 g, 0.5 mmol) 

i n  THF ( 1 5  m L )  was added t o  a suspension o f  compound ( 7 )  

(0 .323 g, 0 . 5  m m o l )  i n  THF ( 3 0  m L ) .  The m i x t u r e  was 

r e f l u x e d  f o r  about 24 h and sub jec ted  t o  TLC i n d i c a t i n g  

comple t ion  o f  t h e  r e a c t i o n .  The r e a c t i o n  m i x t u r e  was then  

f i l t e r e d  and r e s i d u e  was c o l l e c t e d .  A f t e r  t rea tment  by 

column chromatography pure  t r i p h e n y l a r s i n e  was ob ta ined ,  mp 

188-189°C ( l i t . ' 8  mp 190-192 "C) .  
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