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Qanato-copper(IZ) complexes of the type 
Cu(NCO),L {L = 2-chloro- or 2-bromopyridine) and 
clr(NCO),L2 (L = 2-chloro-, 3-chloro-, Ibromo-, 
3-iodo-. 4_chloro-. or 4-bromopyridine) have been 
prepared. The results of various physical methods 
show that Ck(NCO)?L compkxes have distorted five- 
coordinated structures with N-bridging NC0 groups, 
while Ck(NCO),L, complexes, except for Ctr(NCO),- 
0a-PY12. display pseudooctahedral structures, 
probably with axial CkOCN linkages. The complexes 
of both groups are structurally very similar to one 
another and the complexes of 3-halogeno-pyridines 
are even crystal-structurally closely related. One 
exception is cU(NCO)2(2-c1-py)2. being at room 
temperature rather unstable and displaying a square 
pyramidal structure with one N-bridging NC0 group. 

introduction 

A great deal of interest was devoted [l, 21 to 
cyanato-copper(II) complexes with methylsubsti- 
tuted pyridines. Factors influencing the adaptation 
of particular stereochemistries were discussed [2] and 
the possibility of formation of isomeric compounds, 
including distortion isomers, was observed [3]. In 
a further work we examined the preparation of new 
cyanato-copper(II) complexes with halogenopyri- 
dines (abbreviations X-py). These ligands exhibit a 
negative inductive effect and therefore they are much 
weaker bases than methylpyridines [4]. They also 
exercise a variable steric and crystal-structure effect 
depending on the size and the position of the halogen 
atom. Finally they were expected to have a better 
n-acceptor capacity than pyridine or its methyl 
derivatives. The structure properties of the prepared 

*Dedicated to -Professor A, Ok6E on the occasion of his 
75th birthday. 

complexes were studied by use of X-ray diffraction, 
spectrophotometric, ESR and magnetic measure- 
ments. 

Experimental Section 

chemicals 
2Chloro-, 2-bromo-, 3chloro- and 3-bromopyri- 

dine (Merck or Fluka) were purified by distillation 
under reduced pressure. 4Chloro- and 4-bromopyri- 
dine were used as hydrochlorides (Fluka) without 
further purification. 3Iodopyridine was synthetized 
by the method of Rath [5]. 

Bepara tion 
The Cu(NCO)& complexes, except for L = 2-Cl- 

py, were prepared from 25 mmol of Cu(NO&* 
3Hz0 in 30 cm3 of water by mixing with 53 mm01 of 
KOCN in 30 cm3 of water and 55 mmol of ligand L 
in 50 cm3 of methanol. Immediately a precipitate was 
formed, which was stirred for 1 hr; then the mixture 
was futered and the solution was left to crystallize 
in a refrigerator. The light blue solids were collected 
by suction, washed with methanol and dried in a 
desiccator. 

C~(NC0)~(2-Cl-py), was prepared from 25 mmol 
of Cu(N03)Z*3Hz0 in 50 cm3 of water by mixing 
with 53 mmol of KOCN in 50 cm3 of water and 
250 mmol (ca. fourfold excess) of 2chloropyridine 
in 20 cm3 of methanol. The solutions were cooled 
and the procedure was carried out under cooling in a 
dry ice bath. The mixture was left to crystallize in 
a refrigerator, and the navy-blue crystals were 
collected by suction and dried in a desiccator placed 
in a refrigerator. 

The complex Cu(NCO)z(2-Cl-py), is visibly less 
stable than other CU(NCO)~~ complexes (cf: the 
decomposition temperatures, Table I) and can be 
maintained only in coolness. 
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Magnetic Properties 
The magnetic susceptibilities of the Cu(NCO)a~ 

complexes (Table IV) obey the Curie-Weiss law 

X”M”” - NAa = C(T + 0)--r, where NAo = 60 X lo* 
cgsu [20]. The Curie constants, C, and the Weiss 
constants, 8, were calculated by the standard linear 
least squares method. The greatness of the 0 values 
(al~6.5 K) indicates only small interactions occur- 
ring between the Cu(I1) atoms. The magnetic 
moments are therefore only slightly temperature 
dependent. They keep within the range expected 
[20] for magnetically diluted Cu(I1) systems with an 
orbitally nondegenerate ground state. Thus the 
magnetic properties of the complexes under investiga- 
tion are not markedly influenced by the assumed 
pseudobridges Cu-NCO-Cu; a similar fact was 
observed [2e] in the case of Cu(NCO)a(py)a. Never- 
theless, certain trends can be observed in the changes 
of values of the temperature independent magnetic 
moments, /& = 2.83C In Among the structurally 
similar complexes with 3-halogenopyridines these 
values slowly increase in the order of L = 3-Cl-py < 
3-Br-py < 3-I-py. For complexes of differing crystal 
structure with 4-halogenopyridines the value of ,u$: 
strikingly increases from L = 4-Cl-py to 4-Br-py. 

The Cu(NCO),L complexes have, at room 
temperature, high magnetic moments of 2.06 and 
2.08 B.M. for L = 2-Cl-py and 2-Br-py, respectively. 
These are most likely caused by the presence of a 
ferromagnetic interaction between the Cu(I1) atoms, 
being operated via the bridging nitrogen atoms from 
the NC0 groups. This question was thoroughly dis- 
cussed [6b] in order to explain the temperature 
dependence of the magnetic susceptibility for 
Cu(NCO)z(2,4lutidine). 

Discussion 

The results of the preparative study indicate that 
it is essentially more difficult to isolate complexes 
of the type CU(NCO)~L~ with 2-halogenopyridines 
compared with those with 2-methylsubstituted pyri- 
dines. The formation of Cu(NCO)a(2-Cl-py), is 
difficult and succeeds only with a considerable excess 
of Zchloropyridine, while C$NCO)s(2-Br-py)2 could 
not be prepared at all. This fact apparently cannot 
be accounted for only by the steric effect of the 
halogen substituent, inasmuch as the size of the 
chlorine atom is very close to that of the methyl 
group. Furthermore CuCls, CuBr, and Ctr(NOa)Z 
produce with 2chloro- and 2-bromopyridine com- 
plexes of the type CuX& exhibiting tetragonal 
structures [8] according to their electronic spectra. 
It seems therefore that the cause of a preferential 
formation of the Cu(NCO)sL complexes with 2-halo- 
genopyridines -has to be traced to the mutual 

,influence of ligands, steric as well as electronic. This 

influence makes the NC0 groups to apply their 
N-bridging function and results in the adaptation of 
the highly distorted tive-coordination. 

The C~cNW2 L7 complexes, excepting 
C~(NC0)~(2-Cl-py), , are structurally much more 
similar to one another than the complexes of the 
same type with L = 3- or 4-methylpyridine [2aac] 
and 3- or 4ethylpyridine [2e]. The stereochemical 
effect of the halogen atom in position 3 or 4 is there- 
fore less pronounced than in the case of the alkyl 
group in the same position. On the other hand, 
divergences between C~(NC0)~(2-Cl-py), and the 
other Cu(NCO),L, complexes are distinctly greater 
than those between the corresponding methyl- 
pyridine complexes [2a-c] . 

The C&N(L) bonds in the 3- and 4-halogenopyri- 
dine complexes are fairly strong and it appears 
reasonable to suppose that it is the consequence of a 
large dative n-contribution brought about by the 
electron-attracting substituent on the pyridine ring. 
On the other hand, the NC0 group itself has some 
n-acceptor capacity [21] which can well diminish the 
n-contribution in the &-N(L) bonds with methyl- 
pyridines, as they are not too ready n acceptors [22]. 
Thus, in the CU(NCO)~~ complexes with halogeno- 
pyridines and methylpyridines, the Cu-N(L) bonds 
can show a similar strength. The drift of the nelec- 
tron density from the Cu(I1) atom (together with a 
weaker a-donation from the halogenopyridines) 
probably reinforces an axial Cu-OCN interaction, 
which principally is made possible by the packing of 
the crystal structure. 

The relationships between the crystal structures of 
the CU(NCO)~L, complexes suggest that the crys- 
tallostructural effect of the halogen atom makes itself 
felt more strongly in the position 4 than in 3. For 
4llalogenopyridines apparently a considerable 
influence on the crystal structure is exerted by the 
volume of the halogen atom. On the other hand, for 
3-halogenopyridines the influence of the halogen 
atom volume is weaker and between bromine and 
iodine no perceivable difference was revealed, 
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