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Synopsis. Copper(II) acetate monoadducts, Cu-
(CH,COO),-L (L=thiazole, benzothiazole, benzoxazole, 2-
methylbenzothiazole, 2-methylbenzoxazole, 2,4-dimethyl-
thiazole, or 2,4,5-trimethylthiazole) were prepared, and
they all show antiferromangnetism (—2J=318—344 cm™1)
of copper(II) dimer type. The variation in magnetic
interaction with the steric nature of the ligand, L, is dis-
cussed.

The recent X-ray studies on dimeric copper(II)
carboxylate adducts with pyridine analogues have dem-
onstrated that ortho-substituents in the pyridine ring
of the ligands make copper atoms displace out of the
plane of the four carboxylate-oxygen atoms toward
the nitrogen atom by the mutual repulsion between
the substituents and the oxygen atoms.1»? Under such
conditions the steric effect is expected to enhance the
metal-metal distance; in fact, the Cu-Cu distance in
dimeric copper(II) acetate adducts with pyrldme (py),
quinoline (quin), and 2-picoline (2-pic) increases in
the order, py (2.630A)®<quin (2.652 A)1)<2-pic
(2.671 A),‘*) as expected from the effectiveness of the
steric effect. However, no significant correlation has
been observed between the Cu-Cu distance and the
magnitude of the singlet-triplet separation (—2/) in
these adducts. In this work we prepared seven cop-
per(II) acetate adducts, Gu(CH;COO),-L, where L=
thiazole (tz), benzothiazole (btz), benzoxazole (boz),
2-methylbenzothiazole (2-mbtz), 2-methylbenzoxazole
(2-mboz), 2,4-dimethylthiazole (2,4-dmtz) or 2,4,5-tri-
methyloxazole (2,4,5-tmoz), and measured their mag-
netic susceptibilities as a function of temperature in
order to obtain information on the effect of the ortho-
substituents in L upon the magnetic interaction.

Experimental

Synthesis. A typical synthetic method is as
follows. A solution of the ligand L (5mmol) in ethanol
(5ml) was added to a solution of Cu(CH,COO),-H,0O
(5mmol) in ethanol (30ml). After keeping the solution
overnight at ca. 5°C in a freezer, the separated green
crystals were collected, washed with ethanol and dried at
ca. 60°C. 1. Cu(CH;COO),-(tz). Found: C, 31.66; H,
3.57; N, 5.05; Cu, 23.69%. Caled for C,H,NO,SCu: C,
31.52; H, 3.40; N, 5.25; Cu, 23.82%. 2. Cu(CH;COO),-
(btz). Found: C, 41.66; H, 3.70; N, 4.34; Cu, 20.019%.
Calcd for C,,H,;;NO,SCu: C, 41.70; H, 3.50; N, 4.42; Cu,
20.06%. 3. Cu(CH,COO),-(boz). Found: C, 43.80; H,
3.84; N, 4.45; Cu, 21.03%. Calcd for C;;H;;NOs;Cu: C,
43.93; H, 3.69; N, 4.66; Cu, 21.13%. 4. Cu(CH;COO),-
(2-mbtz). Found: C, 43.43; H, 3.95; N, 4.16; Cu, 19.229%,.
Calcd for C;,H,;NO,SCu: C, 43.57; H, 3.96; N, 4.23;
Cu, 19.21%. 5. Cu(CH,COO),:(2-mboz). Found: C,
45.65; H, 4.12; N, 4.46; Cu, 20.26%. Calcd for C;,H,,
NO;Cu: C, 45.79; H, 4.16; N, 4.45; Cu, 20.19%. 6.
Cu(CH,COO),- (2,4-dmtz). Found: C, 36.87; H, 4.50; N,
4.67; Cu, 21.71%. Calced for CyH,;;NO,SCu: C, 36.67;
H, 4.44; N, 4.75; Cu, 21.55%. 7. Cu(CH;COO),-(2,4,5-
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Fig. 1. Variation of magnetic susceptibilities with tem-
perature.
A: Cu(CH;COO),-(tz),
@: Cu(CH,COO),: (2-mbtz),
(2,4-dmtz).
The solid curves were obtained as described in the
text.
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Fig. 2. Variation of magnetic susceptibilities with tem-
perature.
@®: Cu(CH,;COO),: (boz), 0O: Cu(CH,COO0),- (2-
mboz), A: Cu(CH;COO),-(2,4,5-tmoz).
The solid curves were obtained as described in the
text.

tmoz). Found: C, 40.90; H, 5.10; N, 4.73; Cu, 21.65%.
Calcd for C;gH,;;NO,Cu: C, 41.02; H, 5.16; N, 4.78; Cu,
21.70%.

Physical Measurement. Magnetic susceptibilities in the
temperature range of 80—300 K were determined by the
Gouy method. The correction for diamagnetic contribu-
tions was made by the use of Pascal’s constant.®) The
cryomagnetic data are shown in Figs. 1 and 2 as plots of
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TABLE 1. MAGNETIC DATA
Complex g —2J/cm—1
1 Cu(CH;COO),- (tz) 2.20 344
2 Cu(CH,;COO),- (btz) 2.20 344
3 Cu(CH;COO),- (boz) 2.19 344
4 Cu(CH;COO),- (2-mbtz) 2.20 318
5 Cu(CH;COO),- (2-mboz) 2.20 327
6 Cu(CH;COO),- (2,4-dmtz) 2.20 322
7 Cu(CH,COO),-(2,4,5-tmoz) 2.20 327

the corrected molar magnetic susceptibility (x,) us. the
temperature (7).

Results and Discussion

Complexes 1—7 were readily isolated by the reaction
of Cu(CH,COO),-H,O with the ligand in ethanol.
However, under the similar conditions no adduct for-
mation was observed between copper(II) acetate and
benzo[b]thiophene or benzofuran. This finding indi-
cates that the nitrogen atom in the ligand L is most
probably the donor atom.

The variable-temperature magnetic susceptibility
data were analyzed by the Bleaney-Bowers equation,

N[, 1 [ —2J\]7
XA = KT |:1+—3—CX W) + Na. (1)

where each symbol has the usual meaning. As can
be seen in Figs. 1 and 2, the thermal magnetic data
are well represented by Eq. 1. The g and —2 ] values
listed in Table 1 were evaluated from the best-fit of
the experimental data to Eq. 1, assuming Na=60 X
10~ cgs emu mol-?! (1 cgs emu mol-1=4x x 10-% m?3
mol~). On the basis of the magnetic behavior, a
dimeric structure similar to that found in copper(II)
acetate monohydrate can be assigned for the present
acetate complexes.

Coordination of thiazole, benzothiazole or benzo-
xazole to the dimeric copper(II) acetate units will
cause an increase in antiferromagnetic interaction as
is seen in the —2] value of the adducts, 344 cm™1,
a value somewhat larger than those reported for the
well-characterized dimeric copper(II) acetate adducts
(284—325 cm™1).% It is also noted that the —2]
value of complex 2 is just the same as that of complex
1; this suggests that the steric nature of the adjacent
benzo group in benzothiazole does not exert any ap-
preciable effect upon the magnitude of —2J. This
observation is in accord with the fact that the —2]
of 320 cm~! determined for [Cu(CH,COO),-quin], is
practically identical with that of 325 cm~! found for
[Cu(CH3;COO0), pyl,.¥ On the other hand, the —2 ]
values for complexes 4—7 were found to fall in a
rather low range of 318—327 cm-1. For the mech-
anism of the magnetic interaction in dimeric copper(II)
carboxylates, two models have been proposed: Cu-Cu
direct exchange interaction, and superexchange in-
teraction through the bridging carboxylato groups.
The predominance of the latter mechanism has been
recognized by some experimental evidence,’-% but it
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has also been suggested that the effect of the former
interaction is not entirely negligible.!® The direct
interaction would be expected to decrease with in-
creasing Cu-Cu separation, whereas the superex-
change interaction may be affected by such structural
features as the distances and angles within the Cu-
O-C~O-Cu bridge and the geometry around the metal
atom. In the present adducts, Cu(CH,COO),-L,
the presence of methyl group at the 2-position of
thiazole- or oxazole-ring will make the Cu-Cu distance
increase with the displacement of the copper atom
from its basal coordination plane toward the nitrogen
atom in L, and will reduce both the direct and super-
exchange interactions. Thus, this steric effect seems
to be the main factor for the decrease in the —27
values of complexes 4—7 by 17—26 cm~! as compared
with those of complexes 1—3.

Finally, it should be noted that the —2 J of complex
1 (344 cm™1) is higher than that of [Cu(CH;COO),:
pyl: (325 cm™1).9 The pK, of the terminal ligand
of the former complex (2.44)' is lower than that of
the latter (5.32).12 We have also evaluated the —2 ]
of 341 cm! for dimeric copper(II) acetate adduct with
3,5-dichloropyridine (pK,=0.67).13) These facts are
not in accord with the observation that, in the pyridine
and picoline adducts of copper(II) propionate, the
value of —2J decreases as the pK, of the terminal
ligand decreases.!?) Thus, these magnetic data sug-
gest that the —2/ in dimeric copper(II) carboxylate
adducts is not a simple function of the base strength
of the terminal ligand.
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