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Summary  

Seven new copper ( l l )pyr idoxa l  sa l icyloylhydrazone com- 
plexes have been prepared and character ized by vibrational 
and electronic spectra and magnetic measurements .  The u.v. 
absorpt ion  band maxima are compared  with those of  metal 
chelates of  Schiff  bases ob ta ined  f rom condensa t ion  of  pyrid- 
oxal with amines or amino acids. 

Introduction 

The biological activity of  the pyridoxal  moiety  in several 
enzymat ic  react ions is well known 0 - 4 )  and justii'ies the 
considerable  interest in metal chelates of  Schiff  bases obta ined 
from condensa t ion  of pyridoxal  with amines or amino- 
acids(S- 12) 

Recent ly ,  we have been interested in the ligand behaviour of 
pyridoxal  a roy lhydrazones  03) in some tin(IV) and organo- 
tin(IV) compounds  and, as part of an investigation of  metal 

* Author to whom all correspondence should be directed. 

complexes  containing such ligands, we report  the synthesis 
and the character izat ion of  a number  of  pyridoxal  salicyloyl- 
hydrazone  copper(If)  derivatives. This s tudy is a part of  a 
more general research program on the chelating propert ies 
of aromatic  a ldehyde aroylhydrazones  in which metal com- 
plexes of  the  organic ligands O4-17) IISIPOX, (1) and (2), 

have been prepared and characterized by spectroscopic  and 
x-ray techniques.  In HSIPOX, the pyridoxal moiety  confers 
coordinat ion  propert ies  upon the ligand similar to those of 
complexes  investigated as models for several enzymat ic  
processes. 

[11 

A recent  x-ray structural  analysis, of  Cu(SIPOX)CI • H20, 
has shown that  the depro tona ted  form of  HSIPOX acts as a 
t e rden ta te  ligand (18) as illustrated in the (3). 
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 s,P OX 
R e s u l t s  a n d  D i s c u s s i o n  

T h e  s t o i c h i o m e t r i c  f o r m u l a e  o f  t h e  c o m p l e x e s  i so la t ed  

are l i s ted  in T a b l e  1 t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g  ana ly t i -  

cal da ta ,  co lou r s ,  m a g n e t i c  p r o p e r t i e s  a n d  vis ible  a b s o r p t i o n  

b a n d  m a x i m a .  In all t h e  c o m p o u n d s  t h e  m e t a l :  l igand  ra t io  

is 1 : 1. T h e  H S I P O X  m o l e c u l e  is in its d e p r o t o n a t e d  f o r m  
and  o n e  or  m o r e  w a t e r  m o l e c u l e s  a re  p r e s e n t .  

F igure  1 s h o w s  t h e  e l e c t r o n i c  a b s o r p t i o n  b a n d s  o f  t h e  

c o m p l e x e s  a n d  t h e  f ree  l i gand  in t h e  1 9 0 - 4 5 0  n m  r eg ion  

( m e t h a n o l  or  e t h a n o l  s o l u t i o n ) .  T h e  f ree  l igand  s p e c t r u m  is 

well c h a r a c t e r i z e d  by  t w o  m u l t i p l e  b a n d s ,  t h e  f i rs t  o f  w h i c h  

s h o w s  an  a b s o r p t i o n  m a x i m u m  at 227  n m  w i t h  a s h o u l d e r  at  

235  n m ,  t h e  s e c o n d  is m a x i m a l  at  298  n m  w i t h  s h o u l d e r s  at 

g 

x z l  

I 300  I I ~5 200 250 350 400 0 500 
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Figure 1. Electronic spectra ofHSIPOX ( ); 
A, Cu(SIPOX)CI • H20; B, Cu(SIPOX)Br.  H20; C, Cu(SIPOX)I .H20;  
I),Cu(SIPOX)CIO 4 . 3 H20; E, Cu(SIPOX)NO 3. H20; 
1", Cu2(SIPOX)2SO 4 • 2 H20 and G, Cu(SIPOX)SCN • 3 H20. 

288 ,  313 a n d  338  n m .  In b o t h  b a n d s  t h e  t w o  a b s o r p t i o n s ,  

c h a r a c t e r i s t i c  o f  t h e  ortbo-disubstituted b e n z e n e  r ing,  a re  

p r e sen t .  T h e  o t h e r  f o u r  a b s o r p t i o n s  are  a s s i g n a b l e  to  t h e  

s y s t e m  f o r m e d  by  t h e  p y r i d o x a l  m o i e t y  a n d  t h e  h y d r a z i d i c  

n i t r o g e n  c h a i n  w h i c h  can  ex i s t  in t w o  t a u t o m e r i c  f o r m s ,  

(4)  a n d  (5):  

I I 
oH Hc Hc S 

1-12C 0 I 
H2C OH 

"N" "Me 
H "N ~ ~Me 

f4J / 5 )  

Table 1. Analytical data, colours, magnetic data and visible absorption maxima of the copper complexes 

Formula Found (Calcd.)% Colour 106X 'm /aeff '~max 
C H N Cu (c.g.s.u.) (B.M.) (nm) 

Cu(SIPOX)CI • H20 43.35 (43.2) 3.7 (3.9) 10.1 (10.1) 15.1 (15.2) brown 1.231 1.72 720 a) 

Cu(SIPOX)Ilr.  H20 38.8 (39.0) 3.3 (3.5) 9.4 (9.1) 14.0 (13.8) browngreen 1.393 1.83 650 b) 

Cu(SIPOX)I - H20 35.05 (35.4) 3.3 (3.2) 8.6 (8.3) 12.6 (12.5) brown green 1.424 1.85 645 b) 
Cu(SIPOX)CIO 4" 3 H20 35.2 (34.8) 3.7 (3.9) 8.5 (8.1) 12.2 (12.3) hrown green 1.471) 1.88 650 a) 

Cu(SIPOX)NO 3 - HTO 40.8 (40.6) 4.0 (3.6) 12.0 (12.6) 14.6 (14.3) green 1.852 2.11 655 a) 

Cu2(SIPOX)2SO 4 • 2 H20 41.65 (41.9) 4.1 (3.75) 9.7 (9.8) 15.1 (14.8) green 2.1o6 2.25 640 a) 
Cu(SIPOX)SCN • 3H20  40.6 (40.4) 4.4 (4.2) 12.O(11.8) 13.7 (13.7) palcgreen 1.232 1.72 650 b) 

a) EtOtl; b) MeOH. 
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A similar situation has been found in several pyridoxal- 
aminoacid systems for which the four electronic absorptions 
are attributed to rr-rr* transitions (4' v). 

The electronic spectra of all the complexes in the u.v. 
region are quite similar and, from the comparison with the 
free ligand spectrum, the following observations can be made: 
a. the two multiple bands are red shifted with corresponding 
absorption values at c a .  233,256 nm and 312, 338, 343 and 
365 nm respectively; b. the intensity of the second band is 
considerably decreased with respect to that of the first; 
c. at 405 and 425 nm two new intense absorptions appear 
which can be attributed to a M -+ L charge-transfer as well as 
to electronic transitions in the pyridoxal system containing 
the pyridine nitrogen, protonated at the expense of the 
phenolic oxwen atom. This dipolar form, which is frequently 
found in solution for s,milar systems (6' 8), has been con- 
firmed also in the solid state for Cu(SIPOX)CI • H20 by a 
recent x-ray structural analysis 08). Both a and b are a con- 
sequence of the deprotonation of the CONH group and of 
the metal coordination effect. 

With the exception only of Cu(SIPOX)CI • H20, the com- 
plexes exhibit in the visible region a large absorption maximum 
at c a .  650 nm (Table 1), whose position suggests probable 
pentacoordination for copper O9' 20). The 720 nm band for 
Cu(SIPOX)CI • t-120 is consistent with a distorted square 
planar coordination previously established by x-ray analysis. 

Like the electronic spectra, the vibrational spectra of all 
the complexes are very similar, the only differences concern- 
ing the absorptions of the anionic groups (Table 2). In these 
spectra, the disappearance of v(NtI), as a consequence of the 
ligand deprotonation, is not well evident since the stretching 
vibrations of the OH groups fall in the same region. The 

vibrational absorptions of the phenolic and alcoholic hydroxyl 
groups are difficult to assign, even if it seems more correct to 
assign the broad band at c a .  2600 cm -1 to the OH stretching 
of the salicyloyl moiety, which is probably involved in an 
intramolecular hydrogen bond, as already found in 
Cu(SIPOX)CI • t120 08) and in similar systems 0s'~O. The con- 
tribution of the stretching vibration of the NH bond of the 
pyridine nitrogen is probably present in the same band. 

The negative shift of the 'amide I' band {mainly due to 
u(CO)] and the positive shift of the 'amide 1I' and 'amide Ill '  
bands [mainly due to v(CN) and to 6 (Nt-1)] commonly indicate 
that -C(O)NH-group coordinates to metals through oxygen (22' 23) 
In the present copper complexes, both 'amide I' and 'amide ll '  
bands shift to lower frequencies (the 'amide Ill '  band assign- 
ment is difficult owing to the complicated nature of the 
ligand). The decrease of the 'amide I1' band, in apparent 
contrast with the coordination through the oxygen, is a 
consequence of the coupling of the amide bands with those 
of the azomethine groups, whose N-atom seems to be coordi- 
nating, as has already found for other similar systems 03'24). 

Nitrate, perchlorate and sulphate groups are ionic in the 
corresponding complexes, while vl (2105s cm -t ) and 
v3(775w cm -I ) values of the thiocyanate group suggest a 
probable bridging behaviour for this anion in 
Cu(SIPOX)SCN O4'2s). 

The magnetic measurements, carried out at 25 ° using the 
Gouy balance method, corrected by Pascal's constants (26) 
reveal the complexes to be paramagnetic with/dBM values 
(Table 1 ) in agreement with those usually reported for 
magnetically dilute copper(ll) chelates. 

The i.r. spectral data together with the stoichiometry of 
these chelates are in agreement with structure (6) for all the 

Tab le  2.  Se lec t ed  i.r. b a n d s ( c m  -1 ) and  relat ive a s s i g n m e n t s  

G r o u p  t tS IPOX A B C D E F G 

OH 344Om 3 4 3 5 m  342Obr  344Obr  3 4 2 0 b r  3 4 8 0 b r  344Obr  

NH 335Os 

OH 313Ow 3 2 4 0 m  324Om 3280sh  326Om 328Obr  
3 1 2 0 s h  312Osh 

308Om 308Om 308Osh 308Ow 306Ow 308Ow 

292Ow 2 9 2 0 m  292Ow 2 9 2 0 w  292Ow 292Om 

26OObr 27OObr 26OObr 270Obr  27OObr 

CH 305Ow 305Ow 

Ctt  293Ow 2 9 2 0 w  

O H  + NH + 2 8 0 0 b r  2 6 0 0 b r  

a m i d e  I 1165Ors  1660s  
r ing [ 16OOm 1625vs  

r ing 158Osh 159Os 

r ing 157Osh 1575sh  

r ing 156Osh 156Osh 
amide  11 155Ors  

CN 1510s  

r ing 148Ow 149Osh 

r ing 1468sh  147Osh 

r ing 1 4 5 2 m  143Om 

r ing 142Ow 1415vs  

OH 138Om 1385vs 
N N 104Ore 

an ion  

1613s  1 6 1 0 s  162Os ,b r  1 6 1 8 s , b r  162Os ,b r  

1585s  158Os 1593vs  1585s  1593vs  

156Osh 1575sh  1575sh  1575sh  1575sh  

155Osh 157Osh 1567sh  1565sh  

15OOvs 15OOvs 151Ors  1505s  1505vs  

1475sh  1475sh  1495sh  148Om 149Osh 

1 4 5 0 w  1470sh  1 4 6 5 w  1440sh  1455sh  

1 4 3 5 w  1450sh  1 4 4 5 w  

1 4 1 0 w  1 4 3 5 w  1 4 2 5 w  1 4 1 0 w  

137Ors  137Ors  1380vs  138Ors  

114Osh 138Ovs 1145sh  

112Osh 8 2 3 m  111Ors  
1105sh  IO90sh 
1085vs  615s  

6 2 3 s  

162Os,br  

159Os 

1530sh 

1505vs  

1485sh  

1 4 5 5 w  

144Ow 

143Ow 

1380vs  

2105s  

7 7 5 w  

A = C u ( S I P O X ) C I H 2 0 ;  B =  C u ( S I P O X ) B r -  H 2 0 ;  C =  Cu(SIPOX)I  • f t 2 0 ;  D = C u ( S I P O X ) C I O  4 ' 3 H 2 0 ;  E = C u ( S I P O X ) N O  3 - H 2 0 ;  

l: = C u 2 ( S I P O X ) 2 S O  4 • 2 H 2 0 ;  G = C u ( S I P O X ) S C N  • 3 H 2 0 .  
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compounds ,  where the hydrazone  molecule  acts as a depro-  
tona ted  te rden ta te  ligand. These results are conf i rmed by 
the spectral similarities all complexes  show with 

Cu(SIPOX)CI - H20 for which the x-ray analysis has estab- 
lished a t e rden ta te  chelating behaviour.  

Experimental  

The total  copper  was de te rmined  by a tomic absorpt ion  
spec t romet ry  using a Perkin-Elmer Model 303 spec t ropho to -  
meter .  

The C, H and N analyses were made with Perkin-Elmer 
Model 240 au tomated  equ ipmen t  The magnet ic  susceptibil-  
ities, at 25 °, were measured with a Gouy balance (Newpor t  
Ins t ruments) .  The i . r  spectra were recorded on a Perkin- 
Elmer s p e c t r o p h o t o m e t e r  model  457 using the KBr disc 
technique.  Electronic spectra were recorded in solut ion on 
a Perkin-Elmer s p e c t r o p h o t o m e t e r  Mod. 402. 

Preparation o f  the ligamt 

Salicyloylhydrazide (1 mol) and neutral  pyr idoxal  (1 mol) 
were dissolved in absolute EtOH and heated to reflux wi th  
stirring for ca. 30 rain. Af ter  cooling, a yellow microcrystal-  
line p roduc t  was obta ined,  which was fil tered and washed 
with small por t ions  of  cold ether.  The p roduc t  melts at 
ca. 250 ° (dec.). 

Preparation o f  the complexes 

The complexes  were,  in general, prepared by mixing the 
required amounts  of  the inorganic salt and HSIPOX in boil- 
ing EtOH and, when possible, the products  were allowed to 
crystallize. The iodide and th iocyana te  complexes  were 
precipi tated by adding, at room tempera ture ,  KI and KSCN 
to the EtOH solut ions of  the copper  chloride complex.  In 

some cases, the react ion of the copper  salt with the ligand 
gives also small amount s  of a not-wel l -def ined p o w d e r  as a 
b y p r o d u c t  which probably  differs  f rom the main p roduc t  
containing the 1 : 1 copper : l igand  r a t i o  
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