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The interactions of transition metal tetrafluoro- 
borates with 2,tWutiditte N-oxide(L) in organic sol- 
vents were studied, under various conditions. A 
number of adducts of the types [CrL,](BF&, 
[ML,] (BF.& (M = Fe, Cu, Zn, Cd), [CoL.,(FBF,)] - 
(BF,)*H@ and [L&LzNiL,](BF,), were isolated 
and characterized. In most cases, these compounds 
are similar to the corresponding metal perchlorate 
complexes (including the square-planar Fe’+ complex, 
which is partially spin-paired (S = I; peff = 3.55 p&J). 
The oruy differences are that the new Co2+ complex 
involves coordinated FBF,, while the 4:1 Co(CrO,), 
analog contains exclusively ionic Clod, and that, 
whereas the diamagnetic, square-planar [NiL4] 
(ClO,), complex remains unchanged for a long time 
before dimerizing to the paramagnetic [LfliL2- 
N&1 (QO& with the [NiL,](BF,), analog the 
monomeric species is unstable, dimerizing within a 
few hours. 7?tese differences were attributed to the 
significantly smaller steric hindrance exerted by BF, 
relative to ClO+ In addition to the preceding adducts, 
a number of products of the types [L3CoF2CoL3] 
IBF,J,, [(F,BF,)L(ROH)MF,M(ROHJL(F,BF,)I 1R 
= CH3 for M = Mn; R = C,H, for M = Ni) and 
MnLF(BF4).4MnF2 were isolated. Formation of 
MF(BF,) or MF, is accompanied by elimination of 
BF, *L from the initially formed adducts. This reac- 
tion seems to be favored when the initial adduct of 
L with M(BFd)2 involves cooordinated tetrajluoro- 
borato ligands [l] . 

Introduction 

The two methyl substituents in 2,6-lutidine 
N-oxide (I; N-lut0; 2,6-dimethylpyridine N-oxide) 
exert considerable steric hindrance during complex 
formation with this ligand. Thus, for instance, N-lut0 
reportedly forms transition metal complexes of the 

[MnL4W03)l WV, P&l WW2 (M = Fe, Co, 
Ni, Cu, zn) P-41, [CoL3(WJW] (CW, [COLSI - 
(ClOa)2 [46], [NiLs](C104)z (only in solution ) 
[7], [ML2(0N02)(0,NO)J (M = Mn, Co, Ni, Zn) 
and ICUL,(ONO~)~] [8] types. This is in contrast 
to the trends observed with non-sterically hindered 
pyridine N-oxides, which easily yield 6:l complexes 
with 3d metal perchlorates [9-121, tetrafluoro- 
borates [13] and nitrates [14]. N-lut0 forms, of 
course, 6:l cationic complexes with Cr3+ and Fe3+ 
[2, 51, but this is consistent with the general trend 
of tripositive 3d metal ions to form complexes with 
high ligand to metal ratios even with sterically 
hindered ligands [2,5, 151. 

c 

CH3 
0 N-+0 

CH3 

(1) 

During attempts at the syntheses of NW0 com- 
plexes with 3d metal tetrafluoroborates, Reedijk et 
al. reported that the HBF4 salt of the ligand, i.e., 
(N-lutO-H-N-lutO)‘(BF4)-, contaminated with minor 
amounts of authentic metal complex, is precipitated 
instead [16]. In the same paper it was mentioned 
that, under different synthetic conditions, M(BFdX, 
(n = 2 or 3) adducts with N-lut0 could be obtained 
in pure form [ 161, but these studies have not been 
reported so far. On the other hand, it is now well 
established that reactions of the type 

M(BF4)2 + nL-+ MF(BF4)L_, t BF3L or 

(M(BF,)* + mL + MF2Lm1 + 2BF3L (1) 

are especially facile in the presence of ligands contain- 
ing bulky substituents near the donor site [17-251. 
Particularly suitable ligands for reaction (1) are 
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TABLE I. Analyses of Complexes Formed by Interaction of N-lutO(L) with Metal Tetrafluoroborates. 

Complex Color Analysis, Found (Calc) % 

C% H% N% Metal% B% F% 

Crb(BF4)3 

MnLF:(BF&CHsOH 

MnLF(BF4)*4MnF, 

FG(BF4)a 

CoL4(BF4)a.H20 

CoL3F(BF4) 

NiL4(BF4)2 

NiLF(BF4)*C&OH 

tiL4@1’4)2 

ZnL4W4h 

CdL4(BF4 )2 

Light green 

Off-white 

Pinkish white 

Light brown 

Blue-purple 

Brown 

Light green 

Bright light green 

Turquoise 

White 

White 

48.16 

(47.98) 
29.97 

(30.32) 
13.37 

(12.82) 
46.16 

(46.58) 
44.57 

(45.25) 
47.51 

(47.22) 
46.44 

(46.39) 

32.54 
(32.31) 
45.73 

(46.09) 
45.65 

(45.97) 
42.96 

(43.19) 

5.49 

(5.18) 
4.22 

(4.14) 

1.41 
(1.38) 
4.78 

(5.03) 
5.35 

(5.15) 
4.80 

(5.09) 
4.16 

(5.01) 

4.28 

(4.52) 
5.11 

(4.97) 
4.63 

(4.96) 
4.84 

(4.66) 

8.24 5.32 

(7.99) (4.95) 
4.26 17.87 

(4.42) (17.34) 
2.25 41.76 

(2.14) (41.90) 
7.80 7.51 

(7.76) (7.73) 
7.54 8.17 

(7.72) (7.93) 
1.63 10.56 

(7.86) (11.03) 
7.55 8.32 

(7.73) (8.10) 

4.24 17.80 
(4.19) (17.54) 
7.45 8.74 

(7.68) (8.71) 
1.72 9.31 

(7.66) (8.94) 
7.31 13.98 

(7.20) (14.44) 

2.80 
(3.09) 
3.65 

(3.41) 
1.70 

(1.69) 
3.15 

(2.99) 
2.73 

(2.91) 
2.12 

(2.02) 
3.24 

(2.98) 
3.45 

(3.23) 
2.70 

(2.96) 
3.41 

(2.96) 
2.42 

(2.78) 

22.06 

(21.69) 
30.24 

(29.98) 
38.44 

(37.67) 
20.69 

(21.05) 
20.33 

(20.45) 
18.24 

(17.78) 
21.43 

(20.97) 

28.77 
(28.39) 
21.21 

(20.83) 
20.59 

(20.78) 
19.93 

(19.52) 

several substituted amines, namely triethylene- 
diamine, quinuclidine [ 171 , 3,Sdimethylpyrazole 
[18, 20, 211 and substituted derivatives [23], 
N-ethylimidazole 1221 and 3-hydroxypyridine [ 191. 
The only other type of ligand that reportedly gives 
reactions of type (1) at least with CO(BF,)~, is N- 
lut0 [24, 251. It was of interest to us to investigate 
the interactions between transition metal tetrafluoro- 
borates and N-lut0, especially in view of the difficul- 
ties previously encountered during attempts at the 
precipitation of authentic M(BF,), adducts with this 
ligand [ 16, 24, 251. Accordingly, work in this direc- 
tion was undertaken, and our findings are reported 
in the present paper. 

Experimental 

Chemicals 
N-1utO (Baker grade) was utilized as received. 

Reagent grade transition metal tetrafluoroborates 
(in the form of the solid hydrated salt for M = Co2+, 
Ni2+, Cu’+, Zn2+ or its aqueous solution for M = 
Cr3+, Mn2+, Fe2+, Cd?+), triethyl orthoformate (teof) 
and organic solvents were generally used. 

Preparation Methods 
Procedure A: This was essentially the same 

method we used for the isolation of 3d metal per- 
chlorate complexes with N-lut0 [2], viz.: The metal 

salt is dissolved in excess teof, a dehydrating agent 
[26] ; a few drops of acetone are added for salts not 
completely soluble in teof (CAUTION: The amount 
of acetone added should be restricted to the exact 
minimum required for complete dissolution of the 
salt, because in the presence of excess acetone reac- 
tions leading to the precipitation of [(N-lutO),H]- 
(BF,) are favored. When the reaction has taken the 
latter direction, the solution turns purple before the 
precipitation of the pale violet crude [(N-lutO),H] - 
(BF,), in a manner similar to that described by 
Reedijk et al. for reactions of CO(BF~)~ with N-lut0 
in ethanol-teof (5:3 v/v) solution [16]. It was found 
during this work that if the metal salt is dissolved in 
alcohol and the stoichiometric amount of teof is 
then added for dehydration, no reactions leading to 
formation of the HBF4 salt of N-lut0 are observed 
upon interaction of the metal salt solution with the 
ligand). The metal salt solution is stirred at 50 “C 
for 2 hr, and an excess of N-lut0 (ligand to salt molar 
ratio 8: 1 for Cr3+ and 6:l for M2’) is then added. 
The following crystalline adducts precipitate 
immediately, under these conditions: Cr(N-lutO)6- 
(BF4)3, Co(N-lut0)4(BF4),*Hz0 and M(N-lutO),- 
(BF,), (M = Ni, Cu, Zn, Cd). The Ni2+ complex is 
initially obtained in the form of a violet powder, 
which is presumably a monomeric, square-planar and 
diamagnetic species of the [Ni(N-lut0)4] (BF4)2 
type (2, 3,5). This product, unlike its [Ni(N-lutO),] - 
(ClO4)2 analog, which is fairly stable [2,3,5] , is par- 
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corresponding metal perchlorate complexes [2, 3, 
5, 521, i.e., [Cr(N-lut0)6] (BF4)s, [M(N-lut0)4] - 
(BF,), (M = Fe, Cu, Zn, Cd) and [(N-lutO)aNi(N- 
lut0)2Ni(N-lut0)s] (BF4)4. For the pentacoordinated 
Ni*+ complex, a dimeric N-IutO-bridged structure, 
similar to that proposed for the corresponding 
Ni(C104)* complexes with N-lut0 [2, 3, 51 and 
N-pic0 [49], is considered as most probable. M-L, 
-M bridging of this type is very common for Cu*+ 
complexes with aromatic amine N-oxides [64], and 
occasionally also occurs in complexes of other 3d 
metal ions, including Ni**, with N- [2, 3, 5, 651, 
P- (66, 671 or As- [68, 691 oxide ligands. [Cu(N- 
lute),] (BF4)* is presumably square-planar, as is the 
case with all known [CuL4] X2 (X = Cl04 or BF,) 
complexes with aromatic amine N-oxides [2, 3, 5, 
10-12, 53, 701, while [Cr(N-lut0)6] (BF4)a is low- 
symmetry hexacoordinated [2,3, lO-12,53,61,71] 
and [M(N-lut0)4](BF,)2 (M = Zn, Cd) are most 
probably tetrahedral [2, 3, 721. For [Fe(N-lut0)4]- 
(BF4)*, which is partially spin-paired (S = l), as was 
also the case with the Fe(C104)* analog [2, 31, a 
square-planar configuration is most likely. In fact, 
the presence of a d-d transition maximum at 975 
nm rules out the possibility of a tetrahedral structure 
[73], while the position of v,+_~ favors coordination 
number four. Furthermore, it appears that the S = 1 
spin configuration for Fe*+ is common in square- 
planar compounds [2, 3, 74, 751. The only adduct 
differing from its metal perchlorate analog is [Co(N- 
lutO),(FBF a)] (BF4)*H20. The high-spin 4: 1 N-lut0 
complex with CO(C~O~)~ is obviously not penta- 
coordinated, as demonstrated by its d-d transition 
spectrum, and has been considered as square-planar 
of the type [Co(N-lut0)4] (C104)2 (since it shows the 
v~,,_~ mode at 416 cm-‘) by these laboratories 
[2, 3, 51, whereas Herlocker proposed that it is octa- 
hedral, involving weakly coordinated perchlorate [4]. 
Other CO(CIO~)~ complexes with N-lut0, formed in 
the solid-state or in solution, are [Co(N-hrt0)3(0,- 
C102)] (Clod) and [Co(N-lutO),] (C104)* [&6] ; both 
these compounds are pentacoordinated, exhibiting 
d-d transition spectra very similar to that of the 
new Co(BP,), complex; moreover, the IR spectrum 
of the 3:l complex of Co(C104), shows clearcut 
evidence in favor of the presence of coordinated 
perchlorate [5]. A likely interpretation of the struc- 
tural differences between the 4:l adducts of N-lut0 
with CO(CIO~)~ and Co(BF4)* is that the arrangement 
of the ligands in [Co(N-lutO),]*’ may provide suffi- 
cient steric hindrance as to impede the coordination 
of a -CC103 group, but can allow the accommoda- 
tion of a smaller anionic ligand, such as -FBFs, 
in the first coordination sphere of the Co*+ ion. 
The importance of the size of the anionic groups is 
also manifested by the fact that, while the dia- 
magnetic, monomeric, violet form of Ni(N-lutOk- 
(C104)2 is stable for a long period of time (one 

year in the atmosphere and considerably longer 
in UQCUO), the corresponding monomeric violet 
Ni(BF4)* complex is converted completely to the 
paramagnetic light green dimer within a few hours 
(vi& supa). The perchlorate anions, although not 
coordinated to Ni’+, apparently shield this ion effec- 
tively from the approach of N-lut0 ligands of a 
neighboring square-planar [Ni(N-lut0)4] *+ species, 
and the dimerization of the complex proceeds very 
slowly. The smaller tetrafluoroborate ions do not 
seem to exert a similar shielding effect, and the 
dimerization of the Ni(BF,)* complex is quite 
rapid [5] . 

A final point that should be made is that, owing 
to the fact that all the synthetic work herein reported 
was carried out in the atmosphere, we have not been 
able to isolate and identify the BFa(N-lut0) by- 
product, when reactions of type (1) were occurring 
(i.e., M = Mn, Co or Ni). This is probably due to the 
fact that BF, adducts with aromatic amine N-oxides 
are air-sensitive [76]. We plan to repeat these 
reactions under inert conditions in the future, in an 
attempt at isolating and identifying the above by- 
product. 
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