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The methyl stbstituent in 3-methylisoquinoline 
N-oxide (L) exerts significant steric hindrance as to 
stabilize complexes involving L to metal ratios of less 
than six with 3d metal(H) perchlorates, as follows: 
[MLS(OC10,)](C104) (M = Mn, Ni); [CoL,(OClOJ] - 
(ClO,)*H,O; [ML,(OClO,)] (ClO,) (M = Fe, Cu); 
and [ZnL,(OClO,)] (C104).3H,0 (tetrahedral). In 
the case of Cr3’ and Fe3’ perchlorates, complexes of 
the [ML,] (C104)3 type have been isolated; however, 
~~L~1OClO3)(OH~)](ClO~)~, ~FeL4(OClO~)&~lO4) 
and [FeL3(OC103)(OH,)z] (ClO,) complexes can be 
also stabilized, under the influence of the steric 
effects of L. Finally, during interaction of L with 
Fe(C104)3, a mixture of approximately 9 parts of the 
perchloric acid adduct of L( [L,H] (ClO,)) and I part 
of [FeL6](C104)3 was recovered from the filtrate, 
after separation of the precipitate of the latter 
complex. 

Introduction 

F’yridine N-oxide (N-py0) and 3- or 4-substituted 
derivatives do not introduce any significant steric 
hindrance during coordination. For instance, their 
complexes with 3d metal perchlorates are of the 

typ2e+s J$kl~jO4?,,+ oM”+ = Sc3+, V3+, Cr3+, Mn’+, 
Fe , NI ,Zn’+), [CULT] (ClO4)2 [2-lo], 
and,‘in ce;tain cases (L = N-pyO,4-picoline N-oxide), 
[CuL,] (ClO4)2 [S-8, 111. On the other hand, ortho- 
substituted pyridine N-oxides exert significant steric 
hindrance during metal complex formation. Thus, 2- 
picoline N-oxide (2-methylpyridine N-oxide; N-pic0) 
reportedly forms complexes of the types [CoL,]- 
(C104)2 [8, 121, [NiL4] (C104)* (polymeric, proba- 
bly N-oxide-bridged) [ 131 and [ML4(0N02)] (NO,) 
(M = Co, Ni) [14], while 2,6-lutidine N-oxide (2,6- 

dimethylpyridine N-oxide; N-lutO), which introduces 
even more severe steric hindrance, has been found to 
yield [MnL4(0C103)] (C104), [ML] (ClO4)2 (M = Fe, 
Co, Ni, Cu, Zn) [Is], [~~~~(~~~~~~)](~~~~), 
[CoL,] (ClO,), [161, D’&@NWOW)I (M = 
Mn, Co, Ni, Zn) and [CUL~(ONO~)~] [17] com- 
plexes. Similar steric effects, leading to relatively low 
ligand to metal ratios, have been also reported for 
2-acetyl- [ 18],2-methylamino- and 2-dimethylamino- 
[ 191 pyridine N-oxides, and 2-pyridylcarbinol 
N-oxide [20]. 

Among fused ring N-py0 derivatives, the N-oxides 
of isoquinoline (N-iq0; I) and quinoline (N-q0; II), 
corresponding, respectively, to a meta, para- and an 

I II III 

ortho, meta-disubstituted N-py0, do not appear to 
exert steric hindrance during complex formation with 
3d metal perchlorates. In fact, both these ligands 
yield 6: 1 complexes with M3’ (M = Cr, Fe) and M2+ 
@I = Mn, Fe, Co, Ni, Zn) perchlorates and 4:l com- 
plexes with Cu(ClO4)2 [21-231. 4- or 6-substituted 
N-q0 derivatives also form 3d metal perchlorate com- 
plexes, involving the preceding stoichiometries [21- 
231. Moreover, both N.py0 and N-q0 form 5: 1 com- 
plexes with TiO(C104)2 and 6: 1 complexes with ZrO- 
(ClO4)2 [24-261; however, whereas N-py0 yields a 
8: 1 complex with Th(C104)4 [25], the corresponding 
N-q0 complex involves a 6:l ligand to thorium ratio 
[26]. The introduction of a somewhat more 
pronounced steric effect by N-q0, relative to N-py0 
or NdqO, is also demonstrated by the fact that N-q0 
forms 1 :l adducts with Co’+ and Ni2+ acetylace- 
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subsequently separated by treatment with CHzClz In 
connection with the fact that the lsolatlon of 6 1 
complexes of 3-m-N-lq0 with Cr3+ and Fe3+ per- 
chlorates 1s possible, it should be mentioned that 
other sterlcally hindered hgands, which do not 
produce 6 1 complexes with M2+ perchlorates, have 
been found to form [ML,] 3+ catlomc complexes 
(M = Cr, Fe) (e g , N-lut0 [ 15, 171, hexamethylphos- 
phoramlde [Crl]) 

Infrared and Conductance Data 
The UN-0 vibrational mode of pyrldme N-oxides 

1s shifted to lower wavenumbers upon metal complex 
formation (coordmatlon through the N-O oxygen) 
[42, 431 Nevertheless, m the cases of N-q0 and 
N-lq0 metal complexes, sumlar negative UN._o 
frequency shifts are not always observed, owing to 
slgmficant overlap of the N-O stretching mode with 
aromatic rmg vibrations of the hgand [21, 23, 441 
This overlap creates also dlfflcultles m assigning the 
vN_o mode For example, for N-lq0 this mode has 
been assigned at 1180 [21,23,27,34], at 1256 [44] 
and as a doublet at 1260, 1206 cm-’ [32] by dlf- 
ferent groups 3-m-N-lq0 extiblts five mam absorp- 
tion maxuna in the UN-0 region (1280-l 160 cm-‘) 
(Table II) The new metal complexes show small 
positive frequency shifts of the free hgand bands at 
1276 and 1215 cm-‘, and small negative frequency 
shifts of the hgand bands at 1190 and 1169 cm-‘, 
while the absorption at 1259 cm-’ remams practl- 
tally unaffected In addition, the spectra of the new 
complexes show a new band at 1151-l 145 cm-’ 
Although no unambiguous UN-0 assignment for the 
free hgand seems possible, it 1s considered as hkely 
that this mode 1s associated with either or both of the 
absorptlons at 1190 and 1169 cm-‘, and that the 
appearance of two to four bands at 1186-l 145 cm-’ 
m the IR spectra of the metal complexes is, at least 
partially, due to the anticipated negative vN_o 
frequency shifts In the 8N_o region, the hgand 
shows a band at 830 cm-‘, this absorption 1s 
mtenslfled and shifted to 835-840 cm-’ m the 
spectra of the metal complexes 

The hydrated metal complexes exhibit VoH 
absorptlons of two different types m the region above 
3200 cm-’ The 4 1 Cr3’ and 3 1 Fe3’ complexes 
show a relatively sharp medium to strong VoH band, 
attributable to the presence of aqua hgands [45], 
while the spectra of the Co’+ and Zn2+ compounds 
are characterized by a much weaker and extremely 
broad absorption, covermg the whole 3560-3200 
cm-’ region (Table II), and most probably due to the 
exclusive presence of lattice water [46] The v3 and 
v4 fundamental vlbratlonal modes of ionic ClOi 
appear as single bands only m the spectra of the 6 1 
M3+ complexes, which were expected to contam 
exclusively lomc perchlorate, and that of the grey 
Fe3’ product [47] In the spectra of the rest of the 
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