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cUL,C12 complexes are formed by interaction of 
nicotinic (n = 4) or isonicotinic (n = 1) acid N-oxide 
and CuCl? solutions in ethanolktriethylorthoformate. 
The I:4 CuC12 adduct with nicotinic acid N-oxide 
seems to be a dimer of the [L3ClCuL2CuC1L3]Qz 
type, with both terminal and bridging, exclusively 
N-O oxygen-bonded ligand groups. This compound 
exhibits a subnormal ambient temperature magnetic 
moment (1.20 ptI) and temperature-dependent 
paramagnetic behavior. The I:1 CuCl? adduct with 
isonicotinic acid N-oxide is apparently polymeric 
([CuLC7a],), with the ligand functioning as triden- 
tate, bridging, coordinating through all three (Na 
and COO) of its oxygens. This formulation is 
supported by the magnetic evidence, i.e., normal 
ambient temperature ueff of 2.06 pB, and measurable 
antiferromagnetic exchange at lower temperatures. 

Introduction 

Nicotinate and isonicotinate N-oxide (N-nic0 
and N-inic0, respectively) complexes with 3d metal 
ions have been synthesized and characterized by these 
laboratories [l-3] . More recently, work aimed at the 
syntheses of 3d metal salt (perchlorate [4], chloride 
or acetate) adducts with the corresponding neutral 
ligands (nicotinic (N-nicOH) and isonicotinic (N- 
inicOH) acid N-oxides) was undertaken. During 
these studies, two rather unusual adducts of CuCIZ 
with these ligands were isolated. Cu’+ chloride or 
bromide usually form 1: 1 and 1:2 adducts with 
aromatic amine N-oxides [5-71. Most of the 1: 1 and 
certain 1:2 adducts of these types are N-oxide-bridged 
dimers (I) and exhibit subnormal magnetic behavior; 
spin-spin coupling in these compounds occurs by a su- 

perexchange mechanism, operating via the orbitals of 
the bridging oxygen atoms [5-71. Among the numer- 
ous dimeric 1: I complexes of type (I) reported, Muto 
et al. have isolated the following compounds, involving 
ligands of interest to the present study: [CuC12(N- 
nicOH)] 2 ; [CuX,(L)] 2 (X = Cl,Br; L = N-nicO&H, , 
N-inicO&Hs). All these complexes are characterized 
by very low ambient temperature (298 K) magnetic 
moments, ranging between 0.28-0.54 PB, and were 
precipitated by briefly heating a mixture of stoichio- 
metric quantities of the anhydrous Cu*+ halide and 
the ligand in ethanol [7]. 

- ‘cu’ - 
/\ 

Under our synthetic conditions, 3.2 mmol of the 
ligand (N-nicOH or N-inicOH) were mixed with 30 ml 
of a 3:2(v/v) ethanol-triethyl orthoformate (teof) 
mixture and heated to 60 “C for 2-3 hr. 1 mmol 
anhydrous CuC12 was treated in the same manner 
with 10 ml of ethanol-teof mixture. Then, the warm 
mixture of the ligand with the solvent mixture 
(containing some undissolved amount of ligand) 
was filtered through a sintered-glass funnel and the 
filtrate was immediately mixed with the CuC12 
solution. The resulting mixture was refluxed for 1?4 
hr, and the precipitate formed at the end of this 
treatment was separated by filtration, washed with 
warm ethanol-teof, and stored in an evacuated 
desiccator over anhydrous CaS04. The new yellow- 
green complexes have the following stoichiometries: 
C~Cl~(Nnic0H)~: Analysis, found (talc.)%: C 4 1.39 
(41.72); H 3.02(2.92); N 7.80(8.11); Cl 
10.55(10.26); Cu 9.49(9.20); CuC12(N-inicOH): 
Analysis: C 26.68(26.34); H 1.82(1.84); N 
5.25(5.12); Cl 25.59(25.92); Cu 23.70(23.23). The 
N-nicOH complex is rather sparingly soluble in organic 
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TABLE I. Spectral and Magnetic Data for CuCl2 Adducts with N-nicOH and N-inicOH. 

CuC12 (N-nicOH)d CuCl2 (N-inicOH) 

Solid-state (Nujol mull) 

electronic spectrum, nma 

Infrarbd Data, cm-l 
UC=0 
vc-Ob 

b 
VN-O 

vcu-o(N-0) 
vcu_o(c=o or C-O) 

wu-Cl 

Magnetic Data 

202vvs, 214vvs, sh, 222vvs, 27Ovs, b, 282vs, sh, 222vs, sh, 277vvs, 296ws,vb, 314ws, sh, 

307~s. sh. 333~s. b. 415s. b. 675m, sh, 720m, sh, 347ws, vb, 88Os, wb 
760m; 81.5mw, ;h 

1726s 

1448m, 1391m 

1201m, sh, 1194m 

382w, b, 330m, 289m 

T, K 106xF, cgsu /+ff. PB T, K 106x~, cgsu wf. PB 

299.9 600 1.20 

243.9 627 1.11 

206.7 678 1.06 
170.7 707 0.99 
117.9 870 0.91 

100.4 963 0.88 
81.7 1096 0.85 

1713vw, 1694vw, 1590~~s 

1397ws, b, 1370s 

121Ovs, 1204~s 

44Os, 381m 

362m, 320m 

282m, 237m 

296.8 1780 2.06 
278.5 1888 2.06 
259.6 2004 2.05 
241.8 2143 2.04 
222.8 2293 2.03 

204.7 2491 2.03 

187.2 2693 2.02 

169.3 2941 2.00 
151.5 3236 1.99 

133.9 3625 1.98 
116.9 4092 1.96 

99.4 4714 1.94 

81.2 5493 1.90 

79.7 5477 1.88 

Abbreviations: s, strong; m, medium; w, weak;b, broad; v, very; sh, shoulder. 
‘Electronic spectra of the ligands, nm: Nujol mulls: N-nicOH: 204vs, 217vs, 269vvs, 29Ows, vb, 31Ovs, sh; N-inicOH: 218vs, sh, 

261vvs, sh, 284ws, b, 311vs, sh (3); aqueous solutions: N-nicOH: 220,260, 306sh; N-inicOH: 216,280 (22). bLigand ix bands, 
cm-’ : N-nicOH: VC=O 1710~s; VC-0 1436~s; “N-0 1270~s; N-inicOH: VC=O 172Ovs, 1708~s; UC-O 1439~s; UN-0 129Ovs (8). 

media, including nitromethane (molar conductivity of 
a 10F3 M solution of the complex in this solvent at 
25 “C is A, = 76 R-’ cm2 mol-‘), while the new 
N-inicOH complex is insoluble in all common organic 
solvents. 

Pertinent infrared and electronic spectral data, as 
well as magnetic susceptibility measurements at 80- 
300 4( (obtained courtesy of Dr. A. B. P. Lever at 
York University in Toronto) are shown in Table I. 
The ir evidence is clearly indicative of coordination 
of the N-oxide ligands though the N4 oxygen in 
both complexes (shifts of UN-0 to lower wave- 
numbers, relative to the location of this mode in the 
uncomplexed pyridine carboxylic acid N-oxides [8] ) 
[9]. The N-nicOH complex seems to involve ligand 
groups coordinating only though the N-O oxygen, 
with the C=O and CCO(H) oxygens remaining 
uncoordinated (positive vcZo frequency shift and a 
split vo-o absorption with maxima at both higher and 

lower wavenumbers relative to vc_o in free N-nicOH). 
In the case of the N-inicOH complex, in addition to 
coordination through the N-0 oxygen, the ligand 
appears to be also coordinated through the C=O 
[ 10-131 and possibly the C4(H) oxygen, as sug- 
gested by the negative vcco and vc_o frequency 
shifts. Tentative metal-ligand band assignments in 
the lower frequency ir region are compatible with 
coordination numbers six for the N-nicOH com- 
plex [l-3, 14-161 and five for the new N-inicOH 
complex [ 1-3, 17, 181. Significantly large splittings 
of the vou-o(N-0) bands of CuC12(N-nicOH)4 are 
indicative of the presence of both terminal and bridg- 
ing N-O oxygen-bonded N-nicOH ligands [19]. The 
d-d transition spectrum of CuC12(N-nicOH), is 
characterized by a split, broad absorption, with 
the most intense bands located at 675-760 nm; the 
splitting of the ‘E, + 2T2g transition presumably 
arises from low symmetry components in the ligand 
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field [ 1, 201; the complex is, thus, hexacoordinated, 
but not purely octahedral (approximate Dq of 1393 
cm-‘). As far as the d&d transition spectrum of CuClz 
(N-inicOH) is concerned, the broad band with its 
maximum at 880 nm is very similar to that observed 
in most dimeric 1:l complexes of CuC12 with 
aromatic amine N-oxides [7] ; the crystal structure of 
complexes of this type has been shown to involve 
coordination number five, arising by the presence of 
“long” Cu-Cl bonds between adjacent dimeric units 
of type (I) [21]. The two new Cu*+ complexes 
exhibit similar UV spectra to those observed for the 
CuL2*xH20 compounds (L = N-nicO- or N-inicO_) 
[l-3], i.e., shifts and splittings of the 71 + n* and 
n + rr* transitions of the ligands (3, 22), and charge- 
transfer bands at 333-347 nm [23]. As was also 
the case with the N-nicO- or N-inicO_ 3d metal com- 
plexes [l-3], the maximum of the charge transfer 
band of the new N-nicOH complex appears at signifi- 
cantly higher energy than the corresponding 
maximum in the N-inicOH complex. The view that 
this is due to the substantially weaker electron- 
withdrawing effect of the metu- relative to the para- 
COOH substituent (upyNo constants: 3-COOH 0.335; 
4-COOH 0.608 [24]) was previously advanced [ 1,3] . 

The ambient temperature magnetic moment of 
CuC12(N-nicOH)Q is clearly subnormal (1.20 I.IB) and 
temperature-dependent, showing a p,rr decrease of 
0.35 PB at 300-80 K. The magnetic evidence is, 
thus, in favor of a structure involving bridging of 
type (I) for this complex [5-7,251. The hexacoordi- 
nated structure (II), which includes both terminal 
and bridging N-O oxygen-bonded N-nicOH ligands, 
as well as both coordinated and ionic chloro groups 
(since the AM value for the complex in nitromethane, 
ie., 76 W’ cm* mol-‘, is typical for a 1: 1 or 2:2 
electrolyte [26]), is compatible with the overall 
evidence. It should be noted that the isolation of a 
1:4 complex of CuC12 with an aromatic amine 
N-oxide is unprecedented. On the other hand, the 
1 :l complex of CuC12 with N-inicOH exhibits a 
normal ambient temperature magnetic moment 
(2.06 pB). The decrease of peff with decreasing 
temperature for this compound is considerably 
smaller than that observed for the N-nicOH complex 
at 30&80 K; thus, at 300-135 K the geff of CuC12- 
(N-inicOH) decreases by ca. 0.01 /JB for each 
temperature decrease of about 20”, while at 135 
80 K it shows a somewhat sharper decrease. These 
features are considered as favoring a polymeric struc- 

OH 
ture involving -Cu-0-NCsH4C=O-Cu bridges 
rather than a structure of type (I). In fact, Cu*+ 
compounds, characterized by the presence of biden- 
tate bridging aromatic amine or amine N-oxide 
ligands, do not necessarily exhibit subnormal room 
temperature magnetic moments, but show measurable 
antiferromagnetic exchange at lower temperatures 
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(occurring by an extended 77 pathway mechanism, 
involving overlap of the n and IT* orbitals of the 
heterocyclic ligand with the symmetric and anti- 
symmetric combinations of the copper orbitals) 
[25, 27-291. Hence, the overall evidence is in favor 
of a structure like (III) for the new N-inicOH com- 
plex, involving two linear polymeric units with biden- 
tate bridging (N-O and C=O oxygen-bonded) ligand 
groups, and coordination number five arising by 
coordination between C-O(H) oxygens and Cu*+ 
ions of neighboring linear chains. It is worth men- 
tioning that the formation of a 1 :l CuC12-aromatic 
amine N-oxide polymeric adduct, comprising triden- 
tate bridging ligand groups rather than the common 
dimeric structure (I) is quite unusual and apparently 
due to the pronounced tendency of isonicotinic acid 
and its derivatives to function as bi- or tri-dentate 
bridging ligands [3,30] , 

Cl2 

H‘O \~ HO 1\ 

-O=‘c~N-O;Cu;O=‘C~N-0-:C~,- 

Cl Cl Cl Cl 

( III) 
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