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Deprotonated and Non-Deprotonated Cobalt(II) Complexes 
of the Bis-amide Tetradentate Ligand N,N'-(Dipicolyl)-l,8- 
naphthylene Diamine. Three Different Modes of Coordina- 

tion by the Ligand 
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The. preparation and some properties of the cobalt(II) complexes 
Co(LI-I2)C12"2H20, Co(LH.~)(NCS)2 and CoL'H20 (where LH~=N,N'- 
(dipieolyl)-l,8-naphthylenediamine) are reported. On the basis of magnetic 
moments, visible reflectance and IR data, the structure is proposed to be 
pseudo-octahedral for Co(LH2)C12 �9 2 H20~ pseudo-tetrahedral for 
Co(LH2) (NCS)2 and square planar for CoL" H20. 

[Keywords: Bis-amide tetradentate ligand; Deprotonated complexes; N,N'- 
( Dipicolyl ) 1,8- naphthylenediamine ; I.R. ] 

Deprotonierte und N ieht-deprotonierte Co ( I i ) - K omplexe dee vierzdihnigen B{s- 
amid- Liganden N ,~ T' ( Dipicolyl )- l ,8-naphthyldiamin. Drei verschiedene Koordi- 

nationstypen 

Es werden die Darstellung und einige Eigenschaften der Kobalt(II)- 
Komplexe Co(LH2)C12'2 It20, Co(LHa) (NCS)2 und CoL" H~O [LH 2 = ~,',N'- 
(dipieolyl)-1,8-naphthylendiamin] diskutiert. Auf der Grundlage yon magneti- 
sehen Momenten, yon Daten der sichtbaren Reflektions- und II~-Spektren wird 
eine pseudooetaedrisehe Struktur s Co(LH2)C] ~ . 2 H20, eine pseudotetraedri- 
sehe ffir Co(LH2)(NCS)2 und eine planar quadratisehe ffr CoL-H20 vor- 
geschlagen. 

Introduction 

Many studies have been made on the cationic and non-ionic 
complexes of several secondary 2-picolinamidesl, 2. I t  has been shown 
that  deprotonated amide groups coordinate readily to transition metal 
ions through the amide-N atom forming a very stable delocalized 
electronic system, while coordination of the neutral 2-picolinamides 
occurs either through the amide-N or through the amide-O atom. 
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Most research on metal  secondary  amide complexes has been limited 
to those containing one amide group per molecule of l igand ; exceptions 
are Ref. 2,3. I n  a previous publ icat ion 4 we reported the synthesis of  
N,N' - (d ip icoly l ) - l ,8-naphthylenediamine  (LH2-Fig. 1). L H  2 has inter- 
esting ligating possibilities because a) it has six donor  atoms,  hence it is 
a potent ia l  hexaden ta te  l igand and b) the  pro tons  on the N-a toms  can 
be removed  and depro tona ted  complexes prepared.  We also prepared  
and studied the complexes CuL and N i L  4 ; the depro tona ted  l igand acts 
as a te t radenta te ,  N4, system. 

N 0 

Fig. 1. The ligand N,N'-(dipicolyl)-l,8-naphthylenediamine 

Since recent ly  there  has been some debatea,  a over the  coordinat ion 
site of secondary  amide groups, it is interest ing to s tudy  the mode of  
bonding of the  above l igand to cobMt(II) .  

Experimental 
LH2 was prepared as described previously 4. 

Co(LH~)CI~' 2 H20 and  Co(LH~) (NCS)2 

To a vigorously stirred, warm solution of 1.0 g LH2 (2.7 retool) in absolute 
ethanol (60 ml) was added dropwise 2.7 mmol CoX 2 (X = C1, SCN) dissolved in 
warm absolute ethanol (30 ml). Precipitates were immediately obtained. After 
the addition of 50 ml of absolute ethanol, the reaction mixtures were refluxed 
for 30 rain. The precipitates were filtered off after cooling to room temperature, 
washed with ethanol (3 • 10ml), acetone (4 x 5ml) and ether (2 x 5rot) and 
finally dried over P4010 in vacuum to yield 1,16 g of pink Co(LH2)C12 " 2 H20 
(81~) and 1.32 g of blue Co(LH2) (NCS)~ (90~), respectively. 

CoL" H~O 

A warm ethanolic solution (70 ml) of 1.0g of LH2 (2.7 mmol) was mixed with 
a warm aqueous solution (50 ml) of 0.35g of CoC12 (2.7 retool). To the solution 
obtained an aqueous solution (20 ml) of 0.21g of NaOH (5.3 retool) was added 
dropwise, under vigorous stirring. A brown precipitate was immediately 
obtained. The precipitate was filtered off after 5h, washed and dried as 
described above to yield 0.50g of the desired product (42~o). 
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Magnetic susceptibilities in the solid state were measured at room tempera- 
ture by the Faraday method, using a Cahn-Ventron balance, model RM-2. 
Mercuric tetrathiocyanato-cobaltate(II) was used as the magnetic suscepti- 
bility standard. Diamagnetic corrections were effected using Pascal's constants. 
The visible diffuse reflectance spectra (750400nm) of the finely powdered 
solids were recorded on a Bausch Lomb-Shimadzu Speetronie 210 UV speetro- 
photometer, fitted with a standard reflectance attachment and spectroscopic 
grade MgO in the reference beam, at room temperature. 

The other physical measurements were carried out as previously reported G. 
The conductivity of the solutions was measured within 10 min of dissolution. 

Results and Discussion 

The prepared complexes (Table 1), which gave satisfactory elemen- 
tal analyses, are crystalline and stable in the normal  labora tory  
atmosphere.  They are insoluble in nonpolar  solvents, alcohols and 
C6HsNO2, slightly soluble in H~O and CHINO2, and soluble in DMF 
and DMSO; they decompose in dilute mineral acids. 

From the Al~ I values obtained, we can conclude tha t  CoL" H20 is a 
non-ionic complex. For  the chloride or th iocyanate  ions in Co(LH2)X2 
to be not coordinated, the non-deprotonated complexes would have 
abnormal ly  low A M values in both  solvents 7. On the other hand, a non- 
ionic formulat ion cannot be ruled out because DMF and DMSO have 
strong donor capabilities, which frequently lead to displacement of 
anionic ligands and change of the electrolyte type  s. 

Both the magneticS, 10 and visible reflectance10,11 da ta  indicate tha t  
Co(LH~)C12"2H20 has a pseudo-oct~hedral high-spin configuration, 
while Co(LH2)(NCS)2 has a pseudo-tetrahedral  structure. The depro- 
tonated complex has ~eN--2.89 B.M. consistent with a square planar  
s tereochemistry on cobalt9,10. Planar  cobal t(II)  complexes normally 
have magnetic moments  in the range of 2.4 2.9 B.M.9, as a result of the 
large orbital contr ibution 12. Square planar  low-spin cobal t(II)  com- 
plexes can be classified into complexes of the (ds2)1 ground state  and 
those of the (duz) 1 ground state  is. An absorption max imum at  470 nm is 
a t t r ibuted  to a transit ion from low-lying filled d-orbitals to the e m p t y  
dz2_y2 ~ antibonding orbitaP3. However,  this band could also be 
a t t r ibuted  to a transit ion from the ligand =-orbitals to the metal  dyz 
orbital  14. 

Table 2 gives some characteristic and diagnostic I g  bands of the 
complexes. In  general, the spectra are very complex, but  a careful 
s tudy can lead to fairly impor tan t  s tructural  conclusions. 

In  the , O - - H  region the spectrum of Co(LHe)C12" 2 H~O exhibits 
medium, relatively sharp max ima  at  3 535 and 3 440 em -1, a t t r ibutable  
to the presence of coordinated water  molecules 15. In  the spectrum of 
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C o L ' H 2 0  a very broad continuous absorption, covering the whole 
3 550-3 150 em -1 region, indicates tha t  lattice water  is present 15. 

The spectrum of L H  2 shows (Table 2) the characteristic bands of a 
secondary hydrogen-bonded acid amide 16. 

As would be expected, the N - - H  stretching band is absent  in the 
deprotonated complex. The , N - - H  bands, which are present in the 
spectra of Co(LH2)C12" 2 H20 and Co(LHe) (NCS)2, suggest coordination 
of the ligand without  deprotonat ion of the amidie hydrogens. The shift 
of this band to lower frequencies may  indicate coordination of theeaide- 
N atoms ; however, this decrease in , N - - H  could also be due to stronger 
hydrogen bonding to the anions or O-atoms by  the amidic hydrogens, 
when compared to the hydrogen bonding in the pure ligand. The band 
at  3 330 cm -1 in the spectrum of Co(LH2) (NCS)2 probably  indicates the 
presence of an uncoordinated amide group. 

The da ta  reveal tha t  the amide I,  I I ,  and I I I  bands of 
Co(LH2)C12 �9 2 H20 shift towards the region expected for the amide O- 
coordination J, 5". Co(LH2)(NCS)2 shows absorption bands indicative of 
both  coordinated and uncoordinated amide groups a. 

The in-plane and out-of-plane deformation bands of the pyridine 
ring occur at  622 and 410 cm -1, respectively, for free L H  2. For  our three 
complexes they shift to higher frequencies, indicative of coordination to 
eobal t(II)  is. The bands at  623 and 411cm -1 in the spectrum of 
Co(LH2) (NCS)2 indicate tha t  one of the two pyridine rings is not 
coordinated19; this is also supported by the splitting of the mid- IR  
spectral bands due to the pyridine groups 20. Bands due to C o - - N  ( P y )  

stretching vibrations appear  below 250 cm 1 (the low frequency limit of 
the ins t rument  used) 21. 

The NCS groups in Co(LH2) (NCS)2 seem to be coordinated via the 
N-atom, since , C - - N  and ~(NCS) are observed in the regions expected 
for N-coordination 6. , C - - N  at 2 075 cm -1 indicates the absence of 
bridged - - S C N - -  groups or free th iocyanate  ions. 

The bands at  308 and 282 em -1 are assigned to v Co--NCS. These 
frequencies are consistent with a te t rahedral  environment  around 
cobal t(II)  e2. The complex probably  belongs to the symmet ry  group C2v, 
which requires two , Co--NCS to be I R  active. No strong bands, which 
would be assigned to C o ~ l  stretching modes are observed above 
250 cm 1 in the spectrum of the chloro complex. 

* However, Farona et al.17 have shown that the positions of the , N--H,  
amide I, I I  and I I I  bands do not provide unequivocal evidence for the nature of 
the metal-amide bond and the observed shifts in frequency constitute only very 
tenuous evidence on which to base a clear structural conclusion. 
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Conclusions 

A square planar geometry  is most  likely for the deprotonated 
complex (Fig. 2a). Deprotonat ion would lead to a planar system having 
a considerable degree of electron delocalization. This mode of coordina- 
tion is similar to tha t  found by  other workers3, 23. 

For  complexes of neutral  amides, several s tructural  possibilities 
exist. Some authors believe tha t  O-coordination is more favoured than  
N-coordinationS, ~, ~9,u. Examples  of neutral  N-coordinated amide com- 
plexes have been. reported3,24, 25. Most of those workers have proposed 

~,,"c o',,~ 
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a 

Co 
/ I N  < ;N o N:, v 2cl- 

b 

Fig. 2. The most probable structural arrangements for a CoLH~O and 
b Co(LH2)C12 - 2 H20 

an "iminol"  form, with the proton bonded to the O-atom; this form of 
some acid amides may  be stabilized on coordination to certain metal  
ions. The "iminol" form coordination of an amide group seems to be an 
intermediate  for deprotonated  N-coordination26. 

In  the ease of our lig~nd, eobal t ( I I )  does not  promote  amide 
deprotonat ion on coordination. In  Co(LH2)CI~.2H~O , LH~ acts as a 
t e t radenta te  ligand. In  Co(LH2)(NCS)2, LH2 shows a bidentate  be- 
haviour,  being coordinated through one amide group and one ring-N 
atom. A coordination behaviour employing the two amide-O atoms 
would involve a decrease in the potential  chelating ability of LH2 a. 
Hence, in the octahedral  chloro complex a N4 function would be 
expected (Fig. 2b). However,  on the basis of the Ii~ evidences alone, a 
N202 function of L H  2 cannot  be ruled out. I t  is feasible a tha t  the amidie 
hydrogen is involved in hydrogen bonding between both amide-N and 
amide-O atoms, but  chloride ions or water  molecules may  also be 
involved. 

The iminol form of coordination is ruled out in our non-deproto- 
nated complexes, because of the non-appearance of the v e = N and 
v C- -O bands 24. 
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