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The preparation and some properties of the deprotonated complexes of 
oxamic acid with Au(III) and Rh(IiI) are reported. 011 the basis of analytical 
results, conductometric measurements, magnetic moments and spectral data 
(IR and UV-visible), a square planar structure is proposed for K[AuL(OH)2] 
and octahedral for K3[RhL3]" 3 HyO (where LH~ = oxamic acid). L 2 acts as a 
bidentate, non-bridging ligand. 

[Keywords: Gold(III ) ; Oxamato complexes; Primary amide; 
Rhodium(Ill)  ] 

Komplexe der OxamidsO:ure mit A u ( I l I )  und R h ( i l l )  

Es wird fiber die Darstellung und einige Eigensehaften yon deprotonierten 
Komplexen der Oxamids~ure mit Au(III) und Rh(III) berichtet. Auf der 
Grundlage von analytischen Ergebnissen, LeitfS~higkeitsmessungen, magneti- 
schen Momenten und IR- und UV(vis)-spektroskopischen Daten wird ffir 
K[AuL(OH)e] eine quadratiseh planare und fiir Ka[RhLa]-3H~O eine 
oktaedrische Struktur vorgeschlagen (LH2 = Oxamidsgure). L 2- reagiert als 
zweizghniger, nicht tiberbriickender Ligand. 

Introduction 

Many studies have been made on the complexes of both carboxylic 
acids and primary amides. Complexes of ligands containing both of 
these functional groups have not been widely studied. The simplest 
such ligand is oxamie acid (LH 2 = HyNCOCOOH ). 

Oxamic acid has tumor  growth inhibition properties, mainly in its 
derivatives and salts1 ; this effect is probably due to the inhibition of 
action of lactic dehydrogenase. The spectral evidence indicates that  
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L H  2 does no t  exist  as the zwi t te r ion  in the solid stage 2. Laser R a m a n  
and  I R  spectra  ( 4 0 0 0 4 0 c m  1) of crysta l l ine  LH2 are cons is ten t  with 
hyd rogen -bonded  chains,  which consist  of a l t e rna te  acid and amide  
dimeric  uni ts ,  each hav ing  a local center  of s y m m e t r y  3. 

Oxamic  acid has in te res t ing  l iga t ing possibilit ies,  because a) it  m a y  
coordina te  as L H -  to the  meta l  ions th rough  both  O-a toms 4 or one 
n i t rogen  and  one oxygen a and  b) the p ro ton  on the N - a t o m  can be 
removed  and  dep ro tona t ed  L 2 complexes prepared  6. The synthesis  of a 
b inuc lear  Cu(II )  complex wi th  a ~,-oxamato-bridge was repor ted  

recent l  S .  
The p roduc t  of the  reac t ion  be tween  K2[PtC14J and  oxamic acid, the  

so called " p l a t i n u m  oxamate  b lue" ,  is t h o u g h t  to consist  of P t -  
con ta in ing  po lyan ions  wi th  a r e s u l t a n t  P t - - P t  in t e rac t ion  along the 

polymeric  or oligomeric chain 5, s, 16. 
As a c o n t i n u a t i o n  of our  in te res t  in the s tudy  of the me ta l - amide  

interact ions~,  6, 9, we s tudied  the mode of bond ing  of oxamic acid 

coordina ted  to A u ( I I I )  and  t~h(III) .  

Experimental 
K[AuL(OH)2] 

A definite amount of KAuC14 (0.5 g) was treated with a 2 M K H C Q  solution 
on a water bath, with constant stirring. At p H  = 8 red-brown, hydrated Au203 
precipitated according to the equation: 

2 KAuC1 a + 6 K H C Q  ~ Au2Q" 3 H20 + 6 CQ + 8 KC1 

The reaction mixture was cooled to 15°C and LH2, in a ratio 1:2 
Au(III) :LH2, and 10~ excess was added; this system was stirred vigorously 
and heated for 10 rain. The resulting, clear, chestnut-brown solution (pH = 3-4) 
was cooled and kept at 0°C without delay, otherwise metallic gold may 
precipitate as a result of a redox reaction between Au(III) and LH . Then a 
solution of 3 M KOH was added dropwise (pH was followed with a pH-meter). 
The addition of the base caused a rise in p H  at first, followed by a fall, a fact 
indicating the gradual deprotonation of the amide group. The final pH should 
be 13. With the addition of the first portions of KOH the color changed from 
chestnut to dark brown. After 4=5 rain (the time required for the completion of 
the reaction) the color was yellow-brown. At that point activated charcoal was 
added and the solution was shaken and filtered for removal of any suspensions. 
Precooled ethanol (20 ml) was added and, aider stirring, a reddish-brown oily 
layer separated. The supernatant liquid was discarded and the layer was 
washed with cold ethanol (3 x 10 ml) and dried over P4Om in vacuum to yield 
chestnutred crystals of K[AuL(OH)2] (45~). 

Ks [t~hL3] 3 H20 

To an aqueous Rh2Oa suspension (obtained as above from RhC13" 3 H20) 
LHe was added in proportion 1 : 3 Rh(III) : LH2 and a 10~ excess ; the mixture 
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was refluxed for 3 h with stirring. The suspension dissolved gradually, yielding 
a bright orange-red solution (pH = 3 4): 

Rh203 + 6 H2NCOCOOH ~ 2 Rh(H2NCOCO0)3 + 3 H20 

At 30 °C a solution of 3 M KOH was added in a quanti ty sufficient for the 
precipitation of Rh~03 (final pH = 13). The solution was cooled to 15 °C : 

Rh(H~NCOCOO)a + 3 KOH --~ K3[Rh(HNCOCO0)3 ] + 3 H20 

The addition of cold ethanol resulted in the appearance of a yellow 
suspension, which changed to a viscous, oily layer, adhering to the bottom of 
the reaction flask. The mother liquor was removed and the product was washed 
with ethanol (3 x 10 ml). A very pure product was obtained by dissolving the 
precipitate in water and recrystallizing it with the addition of an equal volume 
of alcohol; this dried over P4010 in vacuum at 50 °C for 3 h to yield golden- 
yellow hygroscopic crystals of the desired product (65,5~o). 

Characterization 

Gold was determined spectrophotometrically as [AuBr4]-, at x = 380 nm, 
by dissolving the sample in concentrated HBr. Rhodium was determined 
spectrophotometrically, by the SnCI~ method, at X = 475nm. C, H, N, K 
analyses and the physicochemical measurements were carried out as previously 
reported a, 6, 9 

Results and Discussion 

The  p r e p a r a t i o n  of  K [ A u L ( O H ) 2 ]  requi res  a low t e m p e r a t u r e ,  
because  the  r a t e  of  d e g r a d a t i o n  of  the  amid ic  b o n d  is negl ig ible  (the 
Nessler t e s t  for ammonia ,  is nega t ive ) ,  a l t h o u g h  a t  th is  t e m p e r a t u r e  one 
of  the  amid ic  h y d r o g e n s  is ionized b y  the  base.  B o t h  complexes ,  which  
gave  ve ry  s a t i s f a c t o r y  e l emen ta l  ana lyses ,  are  h igh ly  c rys ta l l ine  
subs tances ,  as r evea led  b y  a s te reoscopic  e x a m i n a t i o n  (1 × 400). T h e y  
are  soluble  in wa te r ,  DMF and  DMSO and  inso luble  in e thanol ,  ace tone  
and  e ther .  The  aqueous  so lu t ions  of b o t h  complexes  are  a lka l ine  
(pH = 9 10). The  a d d i t i o n  of  Ba  2+, Sr 2+ and  Ca ~÷ in aqueous  so lu t ions  
of  K [ A u L ( O H ) 2 ]  causes the  f o r m a t i o n  of v e r y  insoluble  p r e c i p i t a t e s  of 
t he  genera l  f o rmu la  MH[AuL(OH)2J2"xH20. F r o m  the  A M va lues  
ob ta ined ,  we m a y  conc lude  t h a t  K [ A u L ( O H ) 2 J  behaves  in w a t e r  as an 
1 : 1 e lec t ro ly te ,  while  K3[RhL3J • 3 H20  as a 3 : 1 one 1°. Some phys ico-  
chemica l  d a t a  of  t he  new complexes  are  g iven  in Tab le  1. 

The  new complexes  are  d i a m a g n e t i c .  The  v i s ib le -UV so lu t ion  
s pec t r a  of  A u ( I I I )  and  R h ( I I I )  wi th  oxamic  acid  m a y  involve  in t ra -  
ligand~ charge  t r ans fe r  and  d -d  t r a n s i t i o n s  which  are  found  a t  decrea-  
sing ene rgy  and  in t ens i ty .  The  vis ib le  a b s o r p t i o n  spec t r a  of R h ( I I I )  
complexes  m a y  be e x p e c t e d  to  consis t  of  t r ans i t i ons  f rom the  1Alg 
g round  s t a t e  to  o the r  s ingle t  s ta tes .  A l t h o u g h  the  en t i re  energy- leve l  
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pat te rn  for Rh ( I I I )  is not known in full detail, the two absorption 
bands a t  405 and 315rim, found in the spectrum of K3[P~hL3J • 3 H20 
may  represent transitions to the upper  states aT lg and IT2g11. Thus, the 
inherent tendency of the octahedrat  d 6 configuration to adopt  the low- 
spin t6g arrangement ,  together  with the relatively high ligand field 
strengths in these complexes of tripositiVe higher-transifion2serieS ions 
as well as the fact  tha t  the 4 d 6 configuration is more prone to spin- 
pairing than  the 3d  6 one, provide a combinat ion of factors tha t  
evidently leaves no possibility of there being any high-spin octahedral  
complex of Rh( I I I ) .  

Table 2 gives some characteristic and diagnostic I R  bands of oxamic 
acid and its complexes. In  the , O - - H  region the spectrum of 
K3[RhL~] • 3 H20 exhibits a very  broad absorption, covering the whole 
3 600 3 150 cm 1 region, and a t t r ibutable  to exclusively lattice water  12. 
The non-existence of coordinated water  is also confirmed by the 
absence of the rocking and wagging modes of water  13. The ~ O - - H  in the 
spect rum of K[AuL(OH)2 ] appears  as a strong band at 3 420 cm -1 14 

The characteristic vibrat ional  modes of the - - O H  (of LH2) and 
NH2 groups are absent from the spectra of the complexes. The It~ 

spect rum o f L H  2 shows two strong bands at  3 350 and 3 242 cm -1, which 
are due to the asymmetr ic  and symmetr ic  N - - H  stretching vibrat ions 
of the - - N H 2  group 2, 3. The , N  H band in the complexes is overlapped 
by the , O - - H  bands. 

The ,O H of' organic acids, in the monomeric state, is expected in 
the 3 500 3 000 cm -1 region, but  strong hydrogen bonding in the solid 
s tate  can cause lowering and broadening of the band. This band appears  
in the spectrum of LH.~ as the usual very  broad absorption covering the 
2 900-2 400 cm 1 region with several sub-maxima,  which are also typical  
of O - - H  stretching modes. These bands disappear after chelation, for 
the complexes examined. 

The earbonyl  stretching region in the spectra of the complexes is 
different (Table 2). The motions of the carbonyl  groups are likely 
coupled. The bands, at  ca. 1685, 1600 cm-1 for K3[AuL(OH)2J and at  
1625cm 1 for K 3 [ R h L 3 J ' 3 H 2 0  are due to these modes and are 
assigned simply as vC=O.  However,  W a l l a c e  and W a g n e r  2 observed 
only one very strong broad band a t  1606cm -1 for K2[CuL2] ; they 
assigned this band to an overlapping of both  of the II~ active ,C = 0  
modes. N a l c a m o t o  and A r m e n d a r e z  1~ observed a strong broad doublet  in 
the 1 660-1600 cm -1 region in the spectra of some oxamido chelates. 
The frequencies of the ,C = 0 bands in our spectra rule out the existence 
of oxamato-br idges 7. 

The region of the free l igand's spectrum between 450 and 225 em 1 
has only two bands at 332 and 317 cm 1. This would indicate tha t  other 
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bands observed in this spectral  region (Table 2) would be assignable to 
meta l - - l igands  stretching frequencies. 

Metal ligand vibrat ions are difficult to assign on an empirical 
basis, since their frequencies are sensitive to the metal  and often they 
couple with low frequency modes in metal  chelates; some ligand 
vibrations,  act ivated by complex formation,  may  appear  in the same 
region as the meta l - - l igand  vibrations. Of the several bands observed 
in the fa r - IR  spectra, some may  be assigned to ,M-N,  , M - O ( L  2 ) and 
,Au-OH.  

On the basis of the overall evidence presented, we may  conclude 
tha t  oxamic acid, as L ~ , acts as a bidentate  N,O non-bridging ligand. 
On these grounds 4-coordinate square planar  and 6-coordinated octa- 
hedral ar rangements  of the [AuO3N'] and [RhO3N3] types can be 
suggested for K[Au(CeO3NH )(OH)el and K3[Rh(C~O3NH)a ] '3H.~O, 
respectively, in the solid state. 
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