
Pure L? Appl. Chem., Vol. 61, No. 5, pp. 897-902, 1989. 
Printed in Great Britain. 
@ 1989 IUPAC 

New platinum(l1) and platinum(lll) complexes of 
creatinine 
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Chemistry Department, The U n i v e r s i t y ,  S o f i a  1126, l3ulEaria 

A b s t r a c t  - The i n t e r a c t i o n  of P t ( I 1 )  with c r e a t i n i n e  i s  s t u -  
d i e d  i n  d i f f e r e n t  r e a c t i o n  c o n d i t i o n s .  A t  L:M r a t i o  from 4 t o  
10 s e v e r a l  new complexes of P t ( I 1 )  a r e  o b t a i n e d ,  s t u d i e d  by 
s p e c t r o s c o p i c  methods and X-ray d i f f r a c t i o n .  I n  these  monome- 
r i c  s p e c i e s  the  l i g a n d  i s  coord ina ted  only through the  endo- 
genic  n i t r o g e n .  A t  L:M = 1 a slow redox process  t a k e s  p l a c e  
leat i ing t o  the format ion  of s e v e r a l  ( n e u t r a l ,  a n i o n i c  and ca- 
t i o n i c )  b l u e  t o  green  paramacne t i c  s p e c i e s .  The process  pro- 
ceeds on with a marked decrease  of  plI and i s  s e n s i t i v e  t o  t h e  
a c i d i t y ,  t o  t h e  n a t u r e  of t h e  s o l v e n t  (1120, D,O or organic  
s o l v e n t )  and t o  t h e  presence of O2 as  wel l .  A-green monomeric 
s p e c i e s  was i s o l a t e d  and s t u d i e d  by X-ray s t r u c t u r a l  a n a l y s i s .  

1 INTRODUCTION 

C r e a t i n i n e  ( C r e a t ) ,  be ing  a n a t u r a l  m e t a b o l i t e  of c r e a t i n e ,  i s  an important  
b i o l i g a n d .  The presence of s e v e r a l  donor groups i n  i t s  main tau tomer ic  forms 
de termines  i t s  s t r o n g  c o o r d i n a t i o n  c a p a c i t y .  Recent ly  i t s  complexation 

H 

a b i l i t y  towards a number of metal  i o n s :  A g ( I ) ,  H g ( I I ) ,  C d ( l I ) ,  Z n ( I I ) ,  C o ( I I ) ,  
N i ( I I ) ,  C u ( I I ) ,  P t ( I I ) ,  P d ( I 1 )  w a s  s t u d i e d  ( r e f .  1 - 1 1 ) .  The exper imenta l  d a t a  
obta ined  up t o  now by u s  and o t h e r  a u t h o r s  show t h a t  the  complexation a b i l i t y  
of the  l i g a n d  and the  type of the  complexes formed s t r o n g l y  deperid oil t h e  
r e a c t i o n  c o n d i t i o n s .  That w a s  confirmed, f o r  example, i n  the case  o f  C u ( I 1 )  
( r e f ,  2 , h )  and P t ( I 1 )  complexes ( r e f ,  7 , 8 , 1 0 , 1 1 )  obta ined  from water  solu-  
t i o n s .  Recent ly  we have showxi t h a t  N i ( I 1 )  - c r e a t i n i n e  complexes a r e  formed 
only  i n  nonaqueous medium ( r e f .  9 ) .  

On t h e  o t h e r  hand i n  the  course of P t ( I 1 )  - c r e a t i n i n e  i n t e r a c t i o n  redox pro- 
c e s s e s  take p l a c e  too,  r e s u l t i n g  i n  format ion  of  paramagnetic s p e c i e s  of the  
type of "Platinum Blues" ( r e f .  7,8).  

Numerous exper imenta l  d a t a  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  showing on t h e  
s t r o n g  i n f l u e n c e  of the  r e a c t i o n  medium b o t h  on complex format ion  ( r e f .  1 2 )  
and redox r e a c t i o n s  with metal  complexes ( r e f .  13) and e s p e c i a l l y  on s t a b i l i -  
z a t i o n  of i n t e r m e d i a t e  o x i d a t i o n  s t a t e s  - C r ( V ) ,  C u ( 1 )  e t c .  ( r e f .  14-16).  It 
might be expected t h e r e f o r e  formation and s t a b i l i z a t i o n  o f  P t ( I I 1 )  t o  be 
dependent b o t h  on t h e  r e a g e n t s  and on t h e  r e a c t i o n  c o n d i t i o n s ,  here  i n c l u d i n g  
t h e  r e a c t i o n  medium on a f i r s t  p lace .  

I n  t h e  p r e s e n t  paper  r e s u l t s  concerning the  format ion  of d i f f e r e n t  P t ( I 1 )  and 
P t ( I I 1 )  complexes of c r e a t i n i n e  obta ined  a t  d i f f e r e n t  c o n d i t i o n s  a r e  repor ted .  
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2 SYNTHESIS AND STRUCTURE OF MONOMERIC Pt( l l )  COMPLEXES 

Complexes P t ( I 1 )  - c r e a t i n i n e  a r e  formed a s  a r e s u l t  of P t ( I 1 )  i n t e r a c t i o n  
with c r e a t i n i n e  a t  l i g a n d  excess  (L:M = 4 : l )  ( r e f .  7 , 9 , 1 0 ) .  Two t y  e s  of com- 
p l e x e s  were obta ined:  charged P t ( C r e a t ) $ +  and n e u t r a l  c i ~ - P t ( C r e a t Y 2 ( N O ~ ) ~ ,  
depending on t h e  s t  a r t i .ng  P t ( I 1 )  s p e c i e s .  

2.1 Complexation between PtC1:- and creatinine 
A t  l i g a n d  excess  (L:M = 4) c r e a t i n i n e  and PtC12- form a p o s i t i v e l y  charged 
complex, i s o f a t e d  from t h e  s o l u t i o n  by p r e c i p i k a t i o n  with a l a r g e  anions A- 
such a s  C104 or t e t r a p h e n y l b o r a t e  (TPB). The a n a l y t i c a l  d a t a  have shown on 
t h e  format ion  of P t (Crea t )4A2.  

X-ray d i f f r a c t i o n  a n a l y s i s  o f  P t ( C r e a t )  ( C ~ O  ) (monocl inic  c r y s t a l  system, 
space ( y o u p  C2/c) was performed ( r e f .  1 8 ) .  Tke21igand p a r t i c i p a t e s  i n  the  
complex i n  i t s  amino form, the  c o o r d i n a t i o n  be ing  r e a l i z e d  only  through t h e  
endocycl ic  n i t r o g e n .  A square  p l a n a r  c o o r d i n a t i o n  i n  r e s p e c t  of the  four 
n i t r o g e n s  (Pt--N d i s t a n c e  2.00 8)  i s  r e a l i z e d ,  
p e r p e n d i c u l a r  t o  the  PtN4 - plane.  The t i l t i n g  angles  range from 8 2 . 1 ( 8 )  t o  
93.5( 9) '  due t o  bo th  i n t r a m o l e c u l a r  s t e r i c  f a c t o r s  and intermolecula_r  H-hond 
formation between t h e  amiiio-hytlropn atoms and the  oxygens from C l O 4  . The 
p e r c h l o r a t e  i o n s  a r e  surrounded by f o u r  c r e a t i n i n e  l i g a n d s ,  para1 l e l  i n  p a i r s  
( c o o r d i n a t e d  t o  two d i f f e r e n t  Pc(11)  and r o t a c i o n a l l y  d i s o r d e r e d ) .  rhe pa- 
cking o f  t h e  molecules  w i t h i n  the u n i t  c e l l  as wel l  as d e t a i l e d  d e s c r i p t i o n  
of the  s t r u c t u r e  a r e  i n  p r e s s  ( r e f .  10) .  

I n  c o n t r a s t  t o  d i p e r c h l o r a t e  complex s a l t ,  P t ( c ~ ? e a t ) & ( T P B ) ~  i s  an "amorphous" 
substarice.  The s i m i l a r i t y  i n  t h e i r  IH s p e c t r a  i n d i c a t e s  on s i m i l a r i t y  i n  the  
mode o f  c o o r d i n a t i o n  i n  b o t h  complex s a l t s .  The I H  d a t a  obta ined  (Table  1 )  
provide i i i formation f o r  the €1-boiiding i l l  them. I n  P t (Crea t )4(TPB)2  o n l y  one 
type of 13-bond i s  r e a l i z e d ,  namely hetween NH2 arid C=O proups,  while  i n  - 
P t ( C r e a t ) ,  ( C l O 4 ) , ,  t he  a d d i t i o n a l  iiatwork of II-horids between XH2 and C10 
l e a d s  t o  %he appiarence of two couples  of barids f o r  t h e  NI12 s t r e t c h i n g  Ifsym- 
m e t r i c  and asymmetric) v i b r a t i o n s  wid two barids f o r  t h e  NH2 bending v ibra-  
t i o n s  ( r e f .  1 7 ) .  E v i d e n t l y  the 13-bond format ion  i s  r e s p o n s i b l e  for t h e  crys-  
t a l l i n e  s t r u c t u r e  o f  P t (  Crea t )4(C104)2  i n  c o n t r a s t  t o  P t (  Creat)4(TPB)2.  

the l i g a n d  p l a n e s  b e i n g  almost 

TABLE 1 .  S e l e c t e d  I l l  d a t a  f o r  the  P t ( I 1 )  complexes 

Compound \/Pt-N02 L)Pt-N(endo) 

Crea t  

P t  (Cre a t  )4 ( T P H ) ~  

P t   re a t  ) ( ~ 1 0 ~ )  

P t ( NO ) '- 
P t  (Great):! ( N O ~ )  

3254 1660 1685 - 
3040 

3390 1665 
1330 

3410 1675 
3315 

704 - 

725 - 

- 1466 
1397 
1343 

3393 1666 1747sh 1530sh 
3280 1'376 
9443 1721 1520 
3223 1358 

3280sh 1503 
31 71 1328 

42 1 - 

491 br 326 

~~ ~~~ 

I t  should be mentioned t h a t  analogous e l e  e n t a l  and I R  s p e c t r a l  d a t a  were 
obta ined  f o r  t h e  corresponding Pd(Creat):+ complexes too ( r e f .  1 0 ) .  
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2.2 Complexation between Pt(N02)d2- and creatinine 

Using Pt(N0 as a s t a r t i n g  P t ( I 1 )  compound n e u t r a l ,  low s o l u b l e  complex 
cis-Pt(Crea$]:(N02)2 w a s  s y n t h e t i z e d  a s  a c r y s t a l l i n e  powder of monocl inic  
c r y s t a l  system, space group P21/n. The s t r u c t u r e  of t h e  complex as w e l l  as 
t h e  packing i n  the  u n i t  c e l l  a r e  a l r e a d y  d e s c r i b e d  i n  d e t a i l  ( r e f .  1 1 ) .  

I n  t h i s  case  c r e a t i n i n e  aga in  a c t s  as monodentate l i g a n d ,  p r e s e n t  i n  i t s  
amino form and coord ina ted  through t h e  endocycl ic  N-atom. Square-planar  PtN 
c o o r d i n a t i o n  of two c i s -d isposed  NO - groups ft-NaV 2.023(7) 2) and two 
c r e a t i n i n e  molecules  (Pt-N 21.991(8)  ) is r e a l i z e d .  The c r e a t i n i n e  
r i n g s  a r e  p l a n a r  and t i l t e d ( % d ? h g v e q u a t o r i a l  p lane  by 80'. Studying the  
packing of  molecules i n  t h e  u n i t  c e l l  i t  w a s  e s t a b l i s h e d  t h a t  s e v e r a l  types  
of H-bonds a r e  formed ( i n c l u d i n g  NH2,  C=O and NO ) t h u s  s t a b i l i z i n g  t h e  s t r u c -  
t u r e  by a three-dimensional  network of H-bonds. $he I R  d a t a  obta ined  a r e  i n  
agreement with these  r e s u l t s  (Table  1 ) .  The formation of t h i s  network i s  most 
probably r e s p o n s i b l e  n o t  onLy f o r  the  c r y s t a l  s t r u c t u r e  of the  complex b u t  
f o r  i t s  low s o l u b i l i t y  as wel l .  

The a n a l y s i s  of H-bonds formed i n d i c a t e s  on unusual  f u n c t i o n  of t h e  amino 
group. I t  a c t s  as a normal H-bond donor through one of i t s  H-atoms i n  an i n -  
t ramolecular  H-bond wi th  the  carboriyl oxygen, and through t h e  second H-atom - i n  an i n t e r m o l e c u l a r  If-bond wi th  oxygen from NO2.  I n  the  same time the  
n i t r o g e n  of the MI2 group s e r v e s  a s  €I-atom a c c e p t o r  i n  i t s  i n t e r a c t i o n  with 
another  NII 

The c r y s t a l l o g r a p h i c  d a t a  show on d i f f e r e n c e  between N A  d i s t a n c e s  i n  t h e  
NO groups (N-0 1 . 2 4 (  1 )  8, while Nl-0' 1 . 2 1 ( 1 )  a ) ,  t o g e t h e r  with change i n  
t h g i r  t i l t i t i l l ;  to  t h e  PtN4-plane ( 8 3 .  lo/41.60) .  These d i f f e r e n c e s  a r e  most 
probably due t o  t h e  rion-equal p a r t i c i p a t i o n  i n  the  H-bond network r e a l i z e d  i n  
the  c r y s t a l  s t r u c t u r e .  

2- 

4 

2 '  

3 Pt( l l l )  FORMATION AND STABILIZATION DURING Pt(ll)-CREATININE 
INTERACTION 

By means of EPR spec t roscopy i t  w a s  found t h a t  i n  the  course of P t ( I 1 ) - c r e a -  
t i n i n e  i i i t e r a c t i o n  paramacnet ic  s p e c i e s  a r e  formed g i v i n g  r i s e  of a broad 
s i i i g l e t  ( e  = 2 . 5 2  2 0.01 a t  7710, ass igned  t o  P t ( l I 1 )  s p e c i e s .  A t  l i g a n d  
e x c e s s ,  howev r l  these  s p e c i e s  a r e  not  s t a b i l i z e d  and the  r e a c t i o n  r e s u l t s  
i n  P t ( C r e a t ) , &  
of P t ( I I 1 )  and the p o s s i b i l i t i e s  f o r  i t s  s t a b i l i z a t i o n  the  r e a c t i o n  was s t u -  
d i e d  a t  lower L:M r a t i o s ,  A t  L:M = 1 :  1 a b lue  c o l o u r  developed s e v e r a l  hours  
a f t e r  mixirig the  r e a g e n t s  (new bands a t  560,  680, 750, 1200 and 1500 nm were 
observed i n  the spectrum).  The r e a c t i o n  mixture  thus  o b t a i n e d  e x h i b i t s  aniso-  
t r o p i c  EPR spectrum (gl= 2 . 5 4 ,  g , , =  1.98 a t  77K).  These d a t a  a r e  s i m i l a r  t o  
those of o t h e r  paramagnetic "Platinum Blue" complexes ( r e f .  18) .  Polarogra-  
p h i c  and ESCX measurements were performed too.  Both the  v a l u e s  of b i n d i n g  
e n e r g i e s  f o r  P t  4 f  73 .5(2)  and 74 .6(2)  eV and half-wave p o t e n t i a l s  180 
arid 380 mV ( P t  woriEla ng e l e c t r o d e  and SCE a s  a r e f e r e n c e )  a r e  t y p i c a l  f o r  
mixed P t ( I I ) / P t ( I I I )  complexes of "Platinum Blue" type ( r e f .  19 ,20) .  

!2+ formation a s  descr ibed  above. I n  o r d e r  t o  s t u d y  t h e  format ion  

PH 

3 

2 L -3.0 A 

- 2.5 

- 2.0 
1 

- 1.5 

- l:o 

; /&A o J  A - A - 5  

0 2 1, 6 8 10 12 14 16 18 20 [hours] 

Fig.  1 .  Time dependence of pH and absorbance of the  system 
2- P t C 1 4  -Creat  (L:M = I : I )  
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S e v e r a l  days a f t e r  mixing t h e  r e a g e n t s  (L:M = 1 :  1 )  t h e  EPR spectrum of the  
system i n d i c a t e s  on t h e  e x i s t e n c e  o f  a t  l e a s t  t h r e e  paramagnetic s p e c i e s .  I n  
t h e  same time a b l u e  paramagnetic p r e c i p i t a t e  i s  formed spontaneously i n  t h e  
r e a c t i o n  course.  Adding l a r g e  anions (AsF6- or PF6-) and c a t i o n s  (AsPhq' O r  

PPh4+) t o  t h e  r e a c t i o n  mixture ,  p o s i t i v e l y  and n e g a t i v e l y  charged paramagne- 
t i c  plat inum complexes were i s o l a t e d  r e s p e c t i v e l y .  The format ion  of a t  l e a s t  
t h r e e  ol igomer complex s p e c i e s  was a l s o  confirmed by means of HPLC ( g e l  f i l -  
t r a t i o n ) .  

The PtC14 - c r e a t i n i n e  i n t e r a c t i o n  a t  molar r a t i o  1 : 1  w a s  fol lowed spec t ro-  
p h o t o m e t r i s g l l y  a t  333, 
t i a l  PtC14 and the  complex s p e c i e s  formed a r e  l o c a t e d .  The a c i d i t y  of  t h e  
s o l u t i o n  i n  the  r e a c t i o n  course was monitored too. The r e s u l t s  obtained a r e  
r e p r e s e n t e d  on Fig .  1 .  

It can be seen  t h a t  t h e  formation of "Plat inum Blue" complexes i s  connected 
with s i g n i f i c a n t  decrease  of pH, changing from pH 6 at  t h e  beginning t o  pH 3 
a t  t h e  end of t h e  r e a c t i o n .  I n  t h e  same time the k i n e t i s  d a t a  show t h a t  the  
new a b s o r p t i o n  bands i n c r e a s e  t h e i r  i n t e n s i t y  most of a l l  a f t e r  the change i n  
the  a c i d i t y .  The s u b s t i t u t i o n  of water  a s  r e a c t i o n  medium with D 0 leads  t o  
a marked decrease  of t h e  r e a c t i o n  r a t e  (F ig .  2). The k i n e t i c  i s o $ o y i c  e f f e c t  
might be connected e i t h e r  with N-H bond cleavage or with  p a r t i c i p a t i o n  of 
water  i n  t h e  r a t e - l i m i t i n g  s t e p  of the  process  s t u d i e d .  

It m u s t  be emphasized t h a t  i n  the  absence of oxygen ( i n  argon atmosphere) the  
r e a c t i o n  r a t e  decreases  s e v e r a l  t imes and a change of t h e  r e a c t i o n  products  
i s  observed. 

2- 
560 and 680 nm where the  a b s o r p t i o n  bands of t h e  i n i -  

Fig.  2. K i n e t i c  i s o t o p i c  e f f e c t .  Time dependence of absorbance 2- of the system PtC14 -Creat  (L:M = 1 : l )  i n  H20 and D 2 0  

I n  o r d e r  t o  s tudy  the  i n f l u e n c e  of the  a c i d i t y  on t h e  r e a c t i o n ,  i t  w a s  per-  
formed a t  d i f f e r e n t  i n i t i a l  pH-values, 
It was found t h a t  depending on the  a c i d i t y  d i f f e r e n t  s p e c i e s  a r e  obta ined .  
The r e s u l t s  a r e  summarized i n  Table 2 ,  where the pH-values a t  the  beginning  
and the  end of t h e  r e a c t i o n  a r e  shown. 

ad,justed by a d d i t i o n  of KOII o r  I I C l O ~ .  

TABLE 2. Products  ob ta ined  a t  d i f f e r e n t  pH-values 

Remark Absorpt ion bands (nm) pH-value s 

i n i t i a l  f i n a l  

10.0 7 . 0  5 20 KOII added 
- 6  - 3  560,680 no a d d i t i o n s  

4 .2  3.5 680, 740 KOH added i n  the  

3.0 a.  3 680, 740 
r e a c t i o n  course 

2.9 2.4 680 EPR g, z el, 
2.2 1.5 680 EPR g, ,  > R l  
0.9 0.5 390 



New platinum(//) and platinurn(l1l) complexes of creatinine 901 

I n  the  pH-range 10.0 - 7.0 t h e  r e a c t i o n  proceeds s lowly  with t h e  format ion  
of v i o l e t  paramagnetic s p e c i e s .  I n  a c i d i c  media i t  goes on f a s t e r  wi th  d i f f e -  
r e n t  "Plat inum Blues" a s  f i n a l  p roducts .  Thus at  lower pH-values two green  
paramagnetic complexes a r e  formed. The one, i s o l a t e d  at  pH 2.4 shows a mul t i -  
p l e t  EPR s i g n a l  with gL > g,! ,whi le  f o r  t h a t ,  ob ta ined  i n  more a c i d i c  medium 
(pII 1 . 4 )  the  r e v e r s e  p o s i t i o n  g,,) g, w a s  ob ta ined .  I n  s t r o n g e r  a c i d i c  solu-  
t i o n  (pH 0 .3 -0 .9 )  only  diamagnet lc  ye l low complex i s  formed. It  m u s t  be empha- 
s i z e d  t h a t  when b u f f e r  s o l u t i o n s  with pl1 8.0 (ammonia) and 7.2 (HEPES) were 
used,  no r e a c t i o n  t a k e s  p l a c e  at a l l  i n  t h e  system. 

I f  the  r e a c t i o n  i s  c a r r i e d  out  without  any a c i d i t y  c o r r e c t i o n s  i n  the  system 
( i n i t i a l  p H d 6 ,  f i n a l  p H e 3 )  s e v e r a l  b l u e  compounds a r e  formed i n  t h e  solu-  
t i o n ,  s e p a r a t e d  by means of r e v e r s e  phase HPLC. These i n c l u d e  n e u t r a l  s p e c i e s  
p r e c i p i t a t e d  spontanezus ly  a f t e r  s e v e r a l  days,  p o s i t i v e l y  charged, p r e c i p i -  
t a t e d  by AsF - or PFg 
The EPR specerum o f  t h e  n e g a t i v e l y  charged complex, p r e c i p i t a t e d  by AsPhq' 
i n d i c a t e s  t h a t  the complex i s  an ol igomer with more than  f o u r  plat inum atoms 
i n  the  cha in ,  t h e i r  number b e i n g  most probably s i x  (F ig .  3 ) .  

and n e g a t i v e l y  charged,  separared  with AsPh4 O r  PPh4+* 

Fig.  3 .  EPR spectrum of t h e  b l u e  
complex p r e c i p i t a t e d  by AsPh4' 

3 = 2.36 

A f t e r  the  a d d i t i o n  o f  the  l a r g e  c a t i o n  AsPh4' and t h e  f i l t r a t i o n  of t h e  b lue  
p r e c i p i t a t e ,  t h e  pH-value i s  ahout 2.4. A f t e r  one day i n  t h i s  s o l u t i o n  green  
paramacne t i c  c r y s t a l s  a r e  formed. The s t r u c t u r e  of t h i s  complex w a s  s t u d i e d  
u s i n g  X-ray d i f f r a c t i o n  a n a l y s i s ,  The p r e l i m i n a r y  d a t a  obta ined  show on t h e  
formation of monomeric complex (monocl inic  c r y s t a l  system, 
conta in i r ie  one c r e a t j n i n e  molecule ,  t h r e e  c h l o r i d e  i o n s  and one counter  ion  
(P ig .  4 ) .  Hore p r e c i s e  s t r u c t u r a l ,  EPR, magnetochemical m d  e l e c t r o c h e i i ~ ~ c a l  
d a t a  f o r  t h i s  monomeric and t h e  o t h e r  o l igomer ic  s p e c i e s  obta ined  w i l l  he 
publ i shed  soon ( r e f .  21 ) .  

space group P Z ~  ) ,  

Fig.  4. ORTEP drawing of 

[I' t ( C r e  a t  ) C 1 3] ( A s  Phq ) 
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I n  o r d e r  t o  check t h e  assumption f o r  water  p a r t i c i p a t i o n  i n  t h e  r e a c t i o n  
course ,  t h e  PtCl  2‘-creatinine r e a c t i o n  w a s  s t u d i e d  i n  nonaqueous media: i n  
a c e t o n i t r i l e  (An?, a b s o l u t e  methanol,  e t h a n o l ,  methylacetamide (MAA) , HMPA, 
DMF and DMSO. Studying  the  e l e c t r o n i c  s p e c t r a  of t h e  r e a c t i o n  system i t  w a s  
e s t a b l i s h e d  t h a t  i n  anhydrous s o l v e n t s  no i n t e r a c t i o n  took p lace  between t h e  
r e a g e n t s .  I n  the  presence of s m a l l  amounts of water ,  however, redox and com- 
p l e x a t i o n  p r o c e s s e s  occured,  r e s u l t i n g  i n  d i f f e r e n t  r e a c t i o n  products .  I n  DMF 
and DMSO only  diamagnet ic  yel low s p e c i e s  i s  formed, showing i n t e n s e  absor- 
bance a t  335 nm, while i n  An format ion  of b l u e  paramagnetic product  i s  ob- 
s e r v e d ,  absorbing a t  520 and 740 nm. It should be mentioned, however, t h a t  
t h e  paramagnetic s p e c i e s  formed i n  these  c o n d i t i o n s  could n o t  be s t a b i l i z e d .  
I n  c o n t r a s t  t o  water  s o l u t i o n s  where k i n e t i c a l l y  s t a b l e  paramagnetic comple- 
xes  a r e  obta ined ,  t h e  c o n c e n t r a t i o n  of the  b l u e  paramagnet ic  s p e c i e s  formed 
i n  An s lowly  decreased  and a f t e r  a week was very  low, 

I n  water-methanol medium ( 1 : 2  v/v) a r e d  diamagnet ic  plat inum complex w a s  
ob ta ined ,  absorbing a t  390 and 580 nm. 

4 REFERENCES 

1 .  
2.  
3. 
4. 

5. 
6. 
7. 

8 .  
9 .  

10. 

1 1 .  

12. 

13. 

14 .  
15. 
16. 
17. 

18. 
19. 

20 I 

21 4 

A.J.Canty, M.Fyfe, B.M.Gatehouse, I n o r  Chem., , 1467 (1978) .  
M.  R. Udupa, B. Krebs , Inorg .  Chim. Acc*(1978. 
M.R.Udupa, B.Krebs, Inorg.Chim.Acta, z, 153 (1981 1- 
S.Muralidharan, K.S.Nagaraja, M.R.Udupa, Transit.Met.Chem., 2, 2 1 8  
(1984) .  
S.Muralidharan, K.S.Nagaraja, M.R.Udupa, Polyhedrori, 2, 619 (1984) .  
M.Mitewa, P.R.Bontchev, K.Kabassanov, Polyhedron, 4, 1159 (1984) .  
P.R.Bontchev. M.Mitewa, G.Gentclieva, J.MaEicek, O.Angelova, V. l .Xefedov, 
Proc.  1 1  t h  Conf.Coord.Chern., Smolenice,  CSSR, 1987, p. 35. 
F.G.Martin-Gil, J .Mart in-Gil ,  Inorg?.Ckiirn.Acta, x, 191 ( 1987). 
M . M i  tewa. G. Gencheva, P.H. Bon  tchev,  E.  Zhecheva, L).I’letiarid.jiev, V.  1. hefe- 
dov, ( t o . b e  p u b l i s h e h ) .  
M.Mitewa, G.Gencheva, P.R.Rontchcv, O.Angelova, J.IIacicelr, Polyhedron, 
( i n  p r e s s ) .  
J.Macicek, O.Angelova, G.Gencheva, M.Mitewa, P. R.Bontchev, J . C r y s t  .Spec. - Res. ( i n  p r e s s ) .  
V.Gutrnann, The Donor-Acceptor Approach t o  Plolecular I n t e r a c t i o n s ,  Plenum 
P r e s s ,  New York, 1978. 
K.B.lJiberg, Oxidat ion i n  Organic Chemistry,  P a r t  A ,  Acatlernj c P r e s s ,  X e u  
York. 1965. , ~- 
M . M i  tewa, P.K.Bontchev, Coord.Chem.llev., 61 ,  241 ( 1985).  
B.G.Zheliaz!rova, Theor.Exp.Khim. , x, 56071981 ).  
B.G.Zheliazlcova, Inorg.Nucl.Chem.Lett.,  x, 141 (1981) .  
K.Nakamoto, I n f r a r e d  and R a m a n  S p e c t r a  of I n o r g a n i c  and Coordina t ion  
Corn ounds, 3rd Ed., Wiley, New York, 1978. 
J.D?Woolins, P. F. Kel ly ,  Coord. Chern. Rev. , 6J, 1 15 ( 1985).  

*d, R.A.Watton, J.Arn.Chem.Soc., 100, ~- 
J.K.Barton, S.  A . B a r t ,  S.  J .Lippar  3785 
(1978) .  
T.Ramstaed, J . D .  Woolins, M. J.IJeaver, Inorg.Chim.Acta, 124, 187 ( 1986) .  
M.Mitewa, N.D.Yordanov, P.R.Bontchev, G.Gentcheva, V. I .Nefedov, ( t o  be 
p u b l i s h e d ) .  




