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A series of I-substituted quinoline N-oxides (4ZQNO) 
and isoquinoline N-oxide (IQNO) have been found 
to react with copper(H) acetate to form the dimeric 
complexes [CU(CH,(COO),~~ZQNO]~.~H~O where 
Z is CH30, CH3, H and Cl. The complexes were 
characterized by elemental analyses, electronic and 
infrared spectra and magnetic measurements. These 
data are all consistent with the d-bonding model. The 
contributions of ligand steric effects and o- and n- 
bonding strengths to the magnitude of the copper- 
copper interaction are discussed. The isoquinoline N- 
oxide complex dehydrates over a period of time, result- 
ing in crystal degradation to a powder. This is ac- 
companied by a structural reorganization wherein the 
acetate groups probably change from bridging to mono- 
dentate. This results in a change in the magnetic mo- 
ment from u = 1.34 B.M. to u = 2.00 B.M. with time. 

Introduction 

Numerous studies3 have been conducted on dimeric 
transition metal carboxylate complexes of the type 
[M(RC0&L12 because of the interest in metal- 
metal bonds. There are three independent factors 
subject to variation within these series of complexes, 
and their resultant influence on the strength of the 
metal-metal interaction may be assessed as these are 
changed. The metal, M, has been the subject of several 
investigations, while the ligand, L, and the substituent, 
R, have been widely varied. We3a previously found 
that the copper(I1) acetate complexes of 4-substituted 
pyridine N-oxides exhibited a regular trend between 
the magnitude of the copper-copper interaction and 
the basicity of the pyridine N-oxide. The magnitude 
of this interaction increased as the basicity of the ligand 
decreased. This was attributed to n-back bonding.‘” 
Since it has previously been shown that quinoline N- 
oxides are better4 n-back bonding ligands than the 
analogous pyridine N-oxides, it was of interest to 
examine copper(I1) acetate complexes with the 4- 
substituted quinoline N-oxides. As this study was being 
completed we became aware of a similar though. less 
detailed investigation. 3b-d Where overlap occurs, there 
is good agreement among these works. 

Experimental 

Synthesis 
The ligands were synthesized as previously describ- 

ed4= and purified by vacuum distillation or recrystal- 
lization from acetone immediately prior to use. The 
complexes were each prepared in two ways. An example 
of each is given below. 

A suspension of 5 g (1.25 x 1(r2 mol) copper(I1) 
acetate monohydrate and 9.1 g (6.27 x 1w2 mol) 
quinoline N-oxide in 100 ml of 95% ethanol, 10 ml 
2,2-dimethoxypropane and a few drops of glacial acetic 
acid was heated for 30 minutes or until dissolution was 
essentially complete. This solution was filtered hot and 
allowed to cool to room temperature, at which time 
large green crystals volunteered. These were filtered, 
washed with anhydrous diethyl ether and vacuum dried 
at room temperature to yield 5.6 g (64%) [Cu(OAc), . 
QN012 .HzO. 

[CU(CH~CO~~. IQNO], .3H20 
Twenty-five ml of 2,2-dimethoxypropane was added 

to a solution containing 0.732 g (1.83 x 1F3 mol) 
copper(I1) acetate in 250 ml boiling anhydrous meth- 
anol. To this blue solution was added 1.332 g (9.19~ 
1r3 mol) isoquinoline N-oxide in 25 ml methanol 
plus 10 ml 2,2dimethoxypropane. The resultant green 
solution was concentrated to approximately 150 ml, 
filtered to remove unreacted copper(I1) acetate and 
cooled to room temperature. Anhydrous diethyl ether 
was added to this solution to initiate precipitation. 
The green microcrystalline precipitate was filtered, 
washed with anhydrous diethyl ether and vacuum dried 
at room temperature over phosphorus pentoxide to 
yield 0.95 g (73 %) [CU(OAC)~IQNO]~. 3H20. 

Carbon, hydrogen and nitrogen analyses were per- 
formed by Chemalytics, Inc., Tempe, Arizona. Copper 
analyses were obtained using EDTA.’ The data are 
listed in Table I. 

Physical Measurements 
Electronic spectra were run on nujol mull suspensions 

(the complexes) or 40% sulfuric acid in ethanol solu- 
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TABLE I. Elemental Analyses and Decomposition Points for the Complexes [CU(CH~CO~)~ .L],. 

L D.p. “C %C %H 

Calc. (Found) Calc. (Found) 

4CHzOQNOb 195-200 47.17(46.90) 4.21(4.06) 
4CHaQNO 197-200 49.36(49.69; 49.67) 4.40(4.51; 4.42) 
QNO’ 203-206 46.51(46.87; 46.84) 4.17(3.91; 4.02) 
4ClQNO 208-2 11 43.24(42.95) 3.32(3.23) 
IQNOd 203-207 44.15(43.66) 4.52(4.76) 
IQNOb 195-200 45.30(45.64) 4.35(4.40) 

* All complexes are green. b Dihydrate. ’ Monohydrate. d Trihydrate. 

%N 

Calc. (Found) 

3.92(3.66) 
4.11(4.10) 
4.17(4.14) 
3.88(3.74) 
3.96(3.91) 
4.06(4.14) 

%Cu 

Calc. (Found) 

16.95(16.75) 
18.64(18.98) 
18.93(19.44) 
17.58(17.57) 
17.97(17.98) 

- 

TABLE II. Electronic Spectral Data for the Complexes [Cu(CH3C0& .L12. 

L Band I (kK) 

4CHaOQNO 13.99 
4CHaQNO 13.76 
QNO 13.99 
4ClQNO 14.18 
IQNO” 13.57 
IQNOb 13.95 

a Trihydrate. b Dihydrate. 

Band II (kK) 

28.17 
28.82 
28.82 
28.17 
29.59 
28.41 

‘L, + rLb (kK) 

Ligand H+ 

31.85 
30.96, 31.75 
31.20, 32.40 
31.25 
35.71, 31.30, 30.21 
35.61, 31.30, 30.21 

Complex 

36.76 
32.05 
33.67 
31.55 
33.33 
33.33 

‘Bb @K) 

Ligand H+ Complex 

44.84 40.00 
38.17 44.44 
42.90 41.15 
37.03 41.32 
44.44 38.91 
44.44 38.91 

TABLE III. Magnetic Data for the Complexes [CU(CH,CO~)~ .L],. 

L lo6 xs 106Xm 106&’ T(“K) pa B.M. pKad 

Cwsu) (wsu) (cge-0 

4CH,OQNO 1.89 708 881 295 1.39 1.62 
4CHaQNO 1.94 661 817 296 1.34 1.44 
QNO 2.25 736 880 295 1.40 0.86 
4ClQNO 1.76 636 797 296 1.33 0.47 
IQNO” 1.83 647 811 297 1.34 1.01 
IQNOb 2.25 796 900 293 1.47 1.01 
IQNO’ 4.51 1596 1699 293 2.00 1.01 

a Fresh sample, trihydrate dimer. b Sample one month old, dihydrate dimer. ’ Sample seven months old, monohydrate 
monomer. d Reference 3a. 

tions (the ligands) using Beckman DB-GT and Cary 
14 recording spectrophotometers. The results are given 
in Table II. 

The magnetic moments were determined by the 
Gouy technique at 7K Gauss. The compound Hg[Co 
(SCN),] was used as a calibrant. The diamagnetic 
corrections were calculated from Pascal’s constants. 
The effective magnetic moments were calculated using 
the expression pen = 2.839 [hm’-N,)T]1’2, where 
N, represents the temperature-independent paramag- 
netism associated with the copper ion; a value of N, = 
60 x lo-6 cgesu being used. The results listed in Table 
III are the averages of three independent measure- 
ments on different samples from at least two separate 

preparations with a maximum variance of f0.03 Bohr 
magnetons in the derived magnetic moments. 

Infrared spectra of the ligands and their complexes 
as nujol mulls were obtained in the 4000-600 cm-’ 
region on a Beckmann IR-8 recording spectrometer 
and were calibrated with known frequency bands of 
polystyrene. The data are listed in Table IV. 

Decomposition points were determined with a Mel- 
temp melting point apparatus and are uncorrected. 

4 

Results and Discussion 

The elemental analyses indicate that the complexes 
have the formula [CU(CH&O~)~ + L] . nH,O. Except 
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L State VNOB AVNO vc00<assym) vc00-tvm) 6 NO A&o 

4CH,OQNO Nujol 1288 -8 1618 1441 832 -10 
1434 sh 

4CHaQNO Nujol 1208 -2 1623 1434 844 -21 
1616 sh 1416 sh 

QNQ Nujol 1238 -3 1618 1429 805 -13 
1225 797 sh 

4CIQNO Nujol 1300 0 1616 1437 840 -16 
1256 

IQNOb Nujol 1180 +2 1618 1428 822 -4 
IQNO” KBr 1178 +4 1619 1425 821 -3 
IQNO’ Nujol 1168 +14 1610 1417 815 -11 
IQNO’ KBr 1167 +15 1614 1415 814 -10 

a Frequencies and frequency shifts are in cm-‘. For the free N-oxide frequencies, see H. Shindo, C/rem. Pharm. Bull. 
(Tokyo), 8, 845 (1960). The carboxylate frequencies were assigned as before.‘” AvNo = vNo free ligand - vNo complex, 
AsNo = BNO free ligand - dNo complex. b Trihydrate. ’ Dihydrate. 

for the isoquinoline N-oxide complex they are all 
hygroscopic, as are their pyridine N-oxide analogs.’ 
Their structure is established as that of the parent 
dimeric copper(I1) acetate monohydrate, as evidenced 
by the frequencies of vcoo, vNo; the magnitude of 
the magnetic moments ,u~~, and the presence of the 
28-29 kK band in their electronic spectra (Tables 
II-IV). For all cases except isoquinoline N-oxide, vNo, 
the nitrogen-oxygen stretching frequency was the same 
as that of the free ligand or shifted slightly to higher 
energy. For isoquinohne N-oxide, VNo shifts to lower 
energy upon complexation. We anticipated a shift to 
lower energy for two reasons, the first being a simple 
mass effect and the second being a lowering of the 
nitrogen-oxygen bond order. This occurred in the 
complexes of pyridine N-oxides with copper(I1) ace- 
tate, where shifts of 2549 cm-’ were observed.3a 
When quinoline N-oxides interact with methanol and 
only a u-bond is formed, VNo shifts to lower energy6 
by 4-28 cm-‘. Collectively, these facts are consistent 
with the existence of metal-to-ligand n-back donation, 
as was previously found for the Co(I1) and Ni(I1) 
complexes of quinoline N-oxides.4 The correlation be- 
tween vNo and (SpyNo that was apparent for the pyri- 
dine N-oxide complexes3a is not evidenced for the 
quinoline N-oxide complexes. This is most likely due 
to the fact that VNo is not a pure vibration in the 
quinoline N-oxides.’ 

When the copper(I1) acetate complexes of 4-sub- 
stituted pyridine N-oxides were investigated,’ it was 
argued that n-back bonding plays an important role in 
determining the magnitude of the copper-copper inter- 
action. The quinoline N-oxides are slightly stronger 
bases4” than the pyridine N-oxides indicating a greater 
ability to u-bond. The second aromatic ring in the 
quinoline N-oxide system increases its ability to delocal- 
ize electrons relative to pyridine N-oxide, resulting in 

a greater capacity for n-back bonding.4 The greater 
steric bulk of the quinoline N-oxides should reduce 
the o donor ability relative to the pyridine N-oxides. 
For corresponding complexes then, if basicity (a) ef- 
fects predominate, the effective magnetic moments of 
the quinoline N-oxide complexes should be greater than 
those of the pyridine N-oxide complexes. If, on the 
other hand, steric or rr-electronic effects predominate, 
these effective magnetic moments should be smaller 
than for the pyridine N-oxide complexes. As shown in 
Figure 1 there is a general trend in the magnetic sus- 
ceptibility with basicity for both series of complexes 
where x,,,’ decreases as the basicity decreases. Since 
n-bonding should decrease with increasing internuclear 
distance more rapidly than sigma bonding, the fact 
that the quinohne N-oxide complexes have magnetic 
moments similar to the pyridine N-oxide complexes 
implies that n-bonding is important for these complexes. 

The electronic spectral data (Table II) support this 
contention. In this table the intraligand transitions 
(‘L,, ‘Lb and ‘Bb) of the complexes are compared 
with those of the protonated ligands. Were only u- 
interactions occurring, these spectra should be very 
similar since the transitions are essentially ring rr-rr* 
and n-z* transitions and not isolated N-O moiety 
transitions.* 

An interesting note concerns the isoquinoline N- 
oxide complex. Even though the basicity of isoquino- 
line N-oxide is greater and the steric hindrance less 
than that of quinoline N-oxide, the magnetic suscepti- 
bility of the isoquinoline N-oxide complex is less than 
that of the quinoline N-oxide complex. Over a period 
of time, dehydration takes place, resulting in degrada- 
tion of the crystalline complex to a powder. As this 
occurs, the magnetic susceptibility gradually increases 
from 1.34 B.M. for the freshly prepared sample (tri- 
hydrated) to 2.00 B.M. for a seven-month-old sample. 

I 
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Figure 1. Plot of pK, for the dissociatior?” of HL+ versuS 
lo6 x,,,’ for the complexes ICu(CH,CO,),.L],. (.) L = 
4ZpyN0, (A) L = 4ZQNO. 

This reaction is intriguing, as usually N-oxide com- 
plexes are hygroscopic.g Changes are also evident in 
the electronic and infrared spectra (Table II and IV). 
All these data are consistent with a structural reorgani- 
zation upon dehydration. It has been previously noted” 
that monomeric pseudo-tetrahedral complexes of cop- 
per(I1) having oxygen donors with similar sizes and 
basicities to the amine oxides, such as CuC12[(C6H& 
AsOl and CuBr2[(C6H5)JPO]Z, exhibit effective 
magnetic moments in the neighborhood of 2.00 B.M. 
The N-oxide bridged complex [CuC12(4-NOz-CgH6 
NO)12 exhibits a moment of 1.99 B.M.” In copper 
(II) complexes of malonic acid, the effective magnetic 
moment increases as the number of coordinated water 
molecules increases.6 One could then account for the 
data on the isoquinoline N-oxide complex by a time- 
dependent rearrangement involving a change from a 
dimeric form to some form of monomeric structure, the 
exact nature of which must await X-ray analysis. 

Conclusions 

By comparing the data for the quinoline N-oxide 
series of complexes to that obtained for the pyridine 
N-oxide seriesPa one can make the following conclu- 
sions. Even though the basicities of the two series of 
ligands differ somewhat4 their donor abilities toward 
copper(I1) acetate are similar, as is true for cobalt(I1) 
and nickel(I1) complexes. Since there are greater 
steric effects in the quinoline N-oxide series than in 
the pyridine N-oxide series, this suggests that there is 
a greater amount of n-back bonding in the quinoline 
N-oxide complexes than in the pyridine N-oxide com- 
plexes. Thus, the magnetic susceptibilities, x,,,‘, for 
both series of ligands follow the same trend with pKa4, 
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that is, as the basicity increases x,,,’ increases regularly, 
as exhibited in Figure 1. Consequently, n-back bonding 
seems to be more important in determining the magni- 
tude of the metal-metal interaction than steric effects. 

Steric effects are nonetheless observable and might 
explain the behavior of the isoquinoline N-oxide com- 
plex, which apparently changes crystal structure with 
time. These are crystal packing force effects (steric 
effects in the crystal lattice) rather than steric effects 
on the metal-ligand interaction, as isoquinoline N- 
oxide should possess less steric interaction at the donor 
site and greater steric interaction in the lattice than 
Quinoline N-oxide. 

These data are all consistent with the d-bonding 
model for the metal-metal interaction and suggest that 
the strength of this interaction increases as the electron 
density at copper decreases. Thus, by n-back donation 
into the N-oxidex antibonding orbitals, electron density 
is being removed from orbitals which are essentially 
copper-copper antibonding in character. 
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