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Monomeric and dimeric copper(II) complexes con-
taining the Schiff bases derived from 2-pyridinecar-
baldehyde and histamine (2-Pca=Hist), 2-(2-amino-
ethyl)pyridine (2-Pca=2-Aep), or f-alanine (2-Pca=(
Ala), and oxalate (0x,), oxamate (om), azide, thiocy-
anate, or cyanate ions have been prepared and charac-
terized based on their electronic, infrared and electron
spin resonance spectra, and magnetic susceptibilities.

The structure of the monomeric copper(Il) com-
plex, [Cu(2-Pca=Hist)(N3),] has been determined
by the X-ray diffraction method. The crystal of
[Cuf2-Pca=Hist)(N4),] is triclinic, with a=10.262-
(8), b=9.177(6), c=7.688(5) A, a=104.42(4), 3=
94.09(4), v=92.64(4)°, Z=2, and space group PI.
The fivecoordinate geometry around copper(Il) ion
is intermediate between trigonal-bipyramid and
square-pyramid.

The half-field absorption in the AM,= 2 region of
powdered X-band ESR spectra was scarcely observed
for [Cu(2-Pca=2-Aep)(N3),], [Cu{2-Pca=2-Aep)
(NCS)y], [Cuf2-Pca=2-Aep)(NCO),] and [Cuf2-
Pca=Hist{N3),]. The compounds [ Cu,( 2-Pca=Hist),-
(N3/3]CI'2H20and[Cu2(2~Pca=Hist}2(N3)2](C104}2
which are considered to have a dimeric structure
exhibited the half-field absorption in the same region.
However, an exchange interaction was hardly ob-
served down to 4.2 °K in the magnetic susceptibility
measurement for [Cu,(2-Pca=Hist),(N3)3]Cl*2H,O0.
The susceptibility of an oxalate-bridged copper(ll)
complex, [Cu,f2-Pca=Hist),{0x)](ClO,),, showed
an antiferromagnetic interaction (J=-21.5 cm™!)
and the X-band ESR spectrum for the powdered
sample showed a very weak absorption for the triplet
state of such a dimer in the AM, = 2 region.

Introduction

A number of azide or oxalate-bridged tinuclear
copper(II) complexes have hitherto been studied with
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a view to understanding the strongly coupled bi-
nuclear copper(Il) sites in some copper proteins
[1—13]. These studies indicate that the magnitude
of the antiferromagnetic exchange interaction
depends strongly upon the geometry around copper-
(II) ions. Recently we studied the preparation and
characterization of monomeric and dimeric copper-
(II) complexes containing the Schiff bases (I-III)
derived from 2-pyridinecarbaldehyde and histamine,
(2-Pca=Hist), 2-(2-aminoethyl)pyridine, (2-Pca=2-
Aep), or B-alanine, (2-Pca=g-Ala), and oxalate (0x),
oxamate (om), azide, thiocyanate or cyanate jons.
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This paper also describes the crystal and molecular
structure of the monomeric copper(Il) complex
with the Schiff base composed of 2-pyridinecarb-
aldehyde and histamine, and two azide ions, [Cu(2-
Pca=Hist)(N;),].

Experimental
Preparation of Copper(Il) Complexes

[ Cuy(2-Pca=Hist),(0x)](ClO4),, 1

To a mixture of 2-pyridinecarbaldehyde (1.07 g,
10 mmol), histamine dihydrochloride (1.84 g, 10
mmol) and copper(ll) perchlorate hexahydrate (3.70
g, 10 mmol) in 10 cm? of water was added a saturated
aqueous solution of oxalic acid dihydrate (1.26 g,
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10 mmol). The resulting mixture was adjusted to pH
6 by NaOH aqueous solution and stirred at room tem-
perature for 1 h. After cooling a dark green crystal-
line product was isolated by filtration. Recrystalliza-
tion from water gave blue-green crystals of 1.

[Cuy(2-Pca=2-Aep),{0x)](ClO,),, 2

This complex was prepared according to a similar
procedure as described for the complex 7, by using 2-
pyridinecarbaldehyde (0.54 g, 5.0 mmol), 2-(2-amino-
ethyDpyridine (0.61 g, 5.0 mmol), copper(Il) per-
chlorate hexahydrate (1.85 g, 5.0 mmol) and oxalic
acid dihydrate (1.26 g, 10 mmol). Recrystallization
froni water gave blue crystals of 2.

[Cuof 2-Pea=0-Ala),(ox )] - 3H,0, 3

To a mixture of 2-pyridinecarbaldehyde (0.54 g,
5.0 mmol), S-alanine (0.45 g, 5.0 mmol), and copper-
(II) nitrate trihydrate (1.2 g, 5.0 mmol) in 10 ¢cm? of
water was added a saturated aqueous solution of
oxalic acid dihydrate (0.63 g, 5.0 mmol), being
adjusted to pH 6 by NaOH aqueous solution. The
reaction mixture was then stirred at room tempera-
ture for 30 min. After it had been filtered, the filtrate
was evaporated to dryness. The green solid obtained
was recrystallized from water—ethanol (1:1 by
volume).

[ Cu,(2-Pca=Hist),{om)]{Ci04),-H,0, 4

To a mixture of 2-pyridinecarbaldehyde (0.54 g,
5.0 mmol), histamine dihydrochloride (0.92 g, 5.0
mmol), and oxamic acid (0.22 g, 2.5 mmol) in 100
cm?® of warm water (50 °C) was added copper(II) per-
chlorate hexahydrate (1.85 g, 5.0 mmol). The
resulting mixture was adjusted to pH 7 by NaOH
aqueous solution and stirred at 60—70 °C for 1 h.
After filtration, the filtrate was evaporated to dryness
to give a green-blue crystalline product, which was
recrystallized from water—ethanol (2:1 by volume).

[Cusf2-Pca=2-Aep),(om)}](ClO,),, 5

This complex was obtained as described for 4
using 2-(2-aminoethyl)pyridine (0.61 g, 5.0 mmol)
instead of histamine dihydrochloride. Recrystalliza-
tion was carried out by using aqueous ethanol (1:1
by volume).

[Cu,(2-Pca=Hist),(N);] Cl- 2H,0, 6

2-Pyridinecarbaldehyde (0.54 g, 5.0 mmol), hista-
mine dihydrochloride (0.92 g, 5.0 mmol), copper(II)
nitrate trihydrate (1.2 g, 5.0 mmol) and a saturated
aqueous solution of sodium azide (1.6 g, 25 mmol)
were mixed in water (10 cm?), and the resulting solu-
tion was adjusted to pH 6 with NaOH aqueous solu-
tion. The reaction mixture was stirred at room tem-
perature for 30 min to give a yellow-green product,
which was recrystallized from water.

[ Cuy( 2-Pea=Hist ),(N3 )3/ Br+1.5H,0, 7

2-Pyridinecarbaldehyde (0.38 g, 3.5 mmol), hista-
mine (0.40 g, 3.5 mmol), copper(Il) bromide (0.78 g,
3.5 mmol), a saturated aqueous solution of sodium
azide (0.46 g, 7.0 mmol) and 10 cm? of water were
mixed together and stirred at room temperature for
30 min. The product was filtered and recrystallized
from water.

[Cuyf2-Pca=Hist),(N3)3] N3+ 1.5H,0, 8

2-Pyridinecarbaldehyde (0.38 g, 3.5 mmol), hista-
mine (0.40 g, 3.5 mmot), copper(ll) nitrate trihydrate
(0.85 g, 3.5 mmol) and a saturated aqueous solution
of sodium azide (1.14 g, 17.5 mmol) were mixed
together in water (10 cm®) and stirred at room
temperature for 30 min. The isolated product was
recrystallized from water.

[Cu, 2-Pca=Hist),(N3),[{ClO,),, 9

2-Pyridinecarbaldehyde (0.54 g, 5.0 mmol), hista-
mine dihydrochloride (0.92 g, 5.0 mmol), copper(Il)
perchlorate hexahydrate (1.85 g, 5.0 mmol) and a
saturated solution of sodium azide (0.65 g, 10 mmol)
were mixed together in water (10 cm?), being
adjusted to pH 6 with NaOH aqueous solution. The
reaction mixture was stirred at room temperature for
30 min to give a green product which was recrystal-
lized from water.

[Cuf2-Pca=Hist){N;),], 10

Except that a saturated aqueous solution of 0.65 g
(10 mmol) of sodium azide was used, a similar proce-
dure to that in the preparation of complex 6 was
adopted. Recrystallization was carried out using water.

[Cu(2-Pca=2-Aep)(N3)](ClO,4, 11

This was prepared in the same way as 9, by using
2-(2-aminoethyl)pyridine instead of histamine di-
hydrochlioride.

[Cuf2-Pca=2-Aep)(N3),],

B-Ala)(Ns)]-H,0, 13

These were prepared by the same method as 10
using 2-(2-aminoethyl)pyridine and §-alanine, respec-
tively, instead of histamine dihydrochloride.

12 and [Cuf2-Pca=

[ Cu,f2-Pca=Hist ), NCS); [NCS, 14
This was prepared by the same method as 6 using
sodium thiocyanate.

[ Cu( 2-Pca=Hist )(NCS)]3/4ClO4* 1/4NCS, 15 and
[ Cuf2-Pca=2-Aep)(NCS)] 3/4Cl0O 4+ 1/4NCS, 16
These were prepared by the same method as 9.

[Cu(2-Pca=2-Aep)(NCS),[, 17 and [Cuf2-Pca=

B3Ala)(NCS)]-H,0, 18

These were prepared by the same method as 10
using 2-(2-aminoethyl)pyridine or B-alanine respec-
tively, and sodium thioecyanate.
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[ Cuf2-Pca=3-Ala){NCO)], 22
This was obtained in the same way as 9 by use of
cyanate instead of azide.

[ Cuf 2-Pca=Hist)(NCO },], 20
This was prepared by the similar way as /0 by
using 2-(2-aminoethyl)pyridine.

[Cuf 2-Pca=2-Aep )(NCO)]Cl04-1/2H,0, 21
This was ohtained in the same way as 9. Recrystal-
lization was carried out using aqueous ethanol.

[ Cuf2-Pca=c-Ala){NCO)], 22

To a mixture of 2-pyridinecarbaldehyde (0.54 g,
5.0 mmol), B-alanine (0.45 g, 5.0 mmol) and copper-
(I1) nitrate trihydrate (1.2 g, 5.0 mmol) in 10 cm? of
water was added a saturated solution of sodium azide
(0.65 g, 10 mmol). The resulting mixture was
adjusted to pH 7 by NaOH aqueous solution and
stirred at room temperature for 30 min. After filtra-
tion, the filtrate was evaporated to dryness. The
green-blue product obtained as a syrup was rubbed
with ethanol, and the resulting crystal was filtered.
This was recrystallized from aqueous ethanol.

The analytical data for the compounds described
above are listed in Table I.

TABLE I. Analytical Data for the Complexes.
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Measurements

IR spectra were obtained with a Hitachi EPI-2
infrared spectrophotometer with KBr disk. Visible
absorption spectra in nujol were recorded on a
Shimadzu MPS-5000 spectrophotometer. Magnetic
measurements at room temperature were carried out
by employing the Gouy method. The magnetic suscep-
tibility measurements over the range of liquid helium
to room temperature were carried out as described in
a previous paper [14]. The powdered X-band ESR
spectra at room temperature were recorded at 9.5
GHz microwave irradiation, 6.3 G modulation
amplitude, and 100 KHz modulation frequency with
a JEOL JES-FE1X. The g values were calibrated
based on Li- TCNQ (g = 2.0025).

Crystal Data of [ Cuf 2-Pca=Hist}{N3),], 10
[CuCy;H,,Nyo], F. W. = 347.9, triclinic, 2= 10.262
(8), b=9.177(6), ¢ = 7.688(5) A, a = 104.42(4), B =
94.09(4), 7 =92.64(4), U=697.9(8) A%, F(000)=
354,Z=2,D,=1.64gcm >, D.=1.66, space group
P1, u(MoKa)=164 cm !, AMoKa)=0.7107 A.

X-Ray Data Collection of 10
The crystal chosen for data collection and lattice
constants had dimensions of 0.26 X 0.29 X 0.38 mm.

Compound

C(%)

Found (Calcd.)

H(%)

N(%)

Found (Calcd.)

Found (Calcd.)

1 [Cuy(2-Pca=Hist)4(0x)](Cl04), 35.43 (35.39) 2.93 (2.97) 13.91 (13.76)
2 [Cuy(2-Pca=2-Aep),(0x) [(ClO4), 40.31 (40.20) 3.13 (3.14) 10.19 (10.05)
3 [Cuy(2-Pca=g-Ala),(ox)] - 3H,0 38.37 (38.52) 3.62(3.89) 9.17 (8.99)
4 [Cua(2-Pca=Hist),(om)](Cl04),-H,0 34.74 (34.66) 3.17 (3.27) 15.11 (15.16)
5 [Cuy(2-Pca=2-Aep),(om)](ClO4), 40.28 (40.24) 3.34 (3.26) 11.53 (11.74)
6 [Cua(2-Pca=Hist),(N3)3]Cl-2H,0 36.74 (36.43) 3.91 (3.90) 32.78 (32.84)
7 [Cuy(2-Pca=Hist),(N3)3]Br-1.5H,0 34.65 (34.74) 3.62 (3.59) 31.48 (31.31)
8 [Cuy(2-Pca=Hist)5(N3)3]N3-1.5H,0 36.46 (36.56) 3.79 3.77) 38.80 (38.78)
9 [Cuy(2-Pca=Hist)5(N3),](ClO,4), 32.91 (32.60) 2.94 (2.99) 24.84 (24.20)
10 [Cu(2-Pca=Hist)(N3),] 38.27 (37.98) 3.56 (3.48) 40.54 (40.27)
11  [Cu(2-Pca=2-Aep)(N3)|ClO, 37.55 (37.50) 3.05 (3.15) 20.29 (20.19)
12 [Cu(2-Pca=2-Aep)(N3),] 43.57 (43.50) 3.65 (3.66) 35.27 (35.13)
13 [Cu(2-Pca=p-Ala)(N3)]-H,0 35.93 (35.94) 3.69 (3.69) 23.27(23.27)
14  [Cu,(2-Pca=Hist),(NCS)3]NCS 41.11 (41.09) 3.12(3.19) 21.83 (22.12)
15 [Cu(2-Pca=Hist)(NCS)]3/4Cl04-1/4 NCS 35.70 (35.80) 2.94 (2.95) 18.09 (17.90)
16 [Cu(2-Pca=2-Aep)(NCS)]3/4Cl04-1/4NCS 40.75 (40.55) 3.13 (3.11) 14.18 (14.11)
17 [Cu(2-Pca=2-Aep)(NCS),] 45.84 (46.07) 3.31 (3.36) 17.61 (17.92)
18 [Cu(2-Pca=g-Ala)(NCS)]-H,0 37.66 (37.91) 3.43(3.19) 13.31 (13.27)
19  [Cu(2-Pca=Hist)(NCO)]ClO4 35.34 (35.56) 2.89 (2.99) 16.89 (17.28)
20 [Cu(2-Pca=2-Aep)(NCO),] 50.17 (50.20) 3.64 (3.66) 19.73 (19.52)
21 [Cu(2-Pca=2-Aep}NCO0)]ClO4-1/2H,0 39.81 (39.53) 3.02(3.32) 13.22(13.13)
22 [Cu(2-Pca=g-Ala}(NCO)] 42.30(42.47) 3.22(3.21) 14.87 (14.86)
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It was mounted in an arbitrary orientation on a
Philips PW1100 automated diffractometer. The
PW1100 programs obtained 15 accurately centered
reflections and an orientation matrix, and then identi-
fied a triclinic cell. The space group P1 was assumed
throughout the structure analysis and confirmed by
the successful refinement of the structure. The
intensity data (26 < 50°) were collected at room tem-
perature by the use of graphite-monochromated
MoK« radiation. The w-scan mode was employed.
The scan range was (1.0 +0.2 tand)° and the scan
speed 0.033° s™!; the background was counted for 15
s at each side of the scan range. During the data col-
lection, the intensities of three standard reflections
were monitored every 4 h in order to check the
orientation and stability of the crystal. The com-
pound remained quite stable. A total of 2164 reflec-
tions having F2 2> 30(F2) were considered as ob-
served. The intensities were corrected for Lorenz
polarization effects but not for absorption [15].

Structure Solution and Refinement

The Cu atom was located from a Patterson synthe-
sis. The other non-hydrogen atom positions were ob-
tained from successive difference-Fourier syntheses.
The block-diagonal least-squares refinement with
anisotropic temperature factors for all the non-
hydrogen atoms gave R =0.041 and R'= [ZwAF?/

~ TABLE II. Atomic Coordinates (X 105 for Cu and x 104 for
others) of Non-hydrogen Atoms with Estimated Standard
Deviations in Parentheses.

Atom x ¥y z Beq*
Cu 31646(3) 18223(3) 21658(4) 22
N(1) 1973(2) 694(3) 6675(3) 31
N(2) 2295(2) 1338(2) 4171(3) 25
N(3) 1905(2) 3494(3) 2056(3) 27
N4) 3914(2) 2648(3) 223(3) 24
N(5) 4933(2) 1339(3) 3111(3) 33
N(6) 5829(2) 2251(3) 3531(3) 31
N(7) 6747(3) 3099(3) 3988(4) 50
N(8) 2295(3) —105(3) 80(3) 31
N(9) 1857(2) —-1231(3) 392(3) 28
N(10) 1426(3) —2339(3) 653(4) 47
C() 907(3) 1424(3) 6274(4) 32
C(2) 2786(3) 662(3) 5393(4) 28
C(3) 1087(3) 1802(3) 4714(4) 27
C4) 199(3) 2513(3) 3596(4) 34
C(5) 835(3) 3920(3) 3204(4) 35
C(6) 2091(3) 4135(2) 794(4) 31
C(7) 3205(3) 3698(3) —-277(4) 217
C(8) 3509(3) 4308(3) —-1676(4) 33
C(9) 4598(3) 3832(3) —-2574(4) 36
C(10) 5319(3) 2777(3) —2064(3) 32
C(11) 4959(3) 2196(3) —659(3) 28

*Equivalent isotropic temperature factors (x10); W. C.
Hamilton, Acta Crystallogr., 12, 609 (1959).

SwF2]1/2 =0.065. The hydrogen atoms defined by
the geometry of the complex were found at calcu-
lated positions (N—H, C—H = 1.0 A). Continued refi-
nement converged at R =0.023 and R'=0.034. In
the final cycles of the refinement, the hydrogen
atoms were included with a common isotropic tem-
perature factor B =4.0 A?, but their parameters were
not refined. The function minimized was Zw(F, —
|F1)?, where w = 1/0?(F,) was used. All the para-
meter shifts were less than 0.5¢. The atomic scattering
factors for Cu, N, C and H atoms were taken from
Ref. 16, with correction for anomalous scattering for
the Cu atom. The final difference Fourier map was
featureless and showed no peaks greater than 0.3
e*A™3. Observed and calculated structure factors,
thermal parameters, and hydrogen atom coordinates
are available from the authors. Final atomic coor-
dinates for non-hydrogen atoms are given in Table II.
The computer programs used in the calculations were
a local version of UNICS [17]. Figures were drawn
by the use of ORTEP [18]. Calculations were
performed on a FACOM 230-60 computer at Osaka
City University and on a ACOS-700 computer at the
Crystallographic Research Center, Institute for
Protein Research, Osaka University.

Results and Discussion

Copper(11} Complexes with ox or om

The copper(II) complexes containing ox or om as
bridging ligands were prepared by treating copper(II)
perchlorate or nitrate with the respective reagents
to form Schiff bases and oxalic or oxamic acid in
water. The color of crystals, absorption maxima for
the d—d transition band in nujor and IR data for
ve=o absorptions of these compounds are tabulated
in Table III. The magnetic moment of complex / was
1.84 BM. at room temperature (288 °K), which is
close to the value for copper(Il) complexes without
interaction. The temperature-dependence of the
magnetic susceptibility for this complex is repre-
sented in Fig. 1. The susceptibility increased with
decreasing temperature until it reached a maximum at
ca. 26 °K, and then decreased. The magnetic para-
meters can be estimated as g = 2.14, Na = 60 X 107¢
cgs emu and J = —21.5 cm™ ! from the best fit of the
xa values to the Bleaney—Bowers equation [19],

Ng2g? 1
= . + Na
3kT 1+1/3 exp(=2J/kT)

XA N

where J denotes the exchange integral between
copper(1l) ions in binuclear copper(Il) complexes.
This indicates that there is an antiferromagnetic
exchange interaction between the two copper(II) ions
in the complex I. Although the half-field absorption
of the AM;=2 region in the powdered X-band ESR
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TABLE III. Colors, Electronic and IR Spectra of the Complexes.
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Complex No. Color Amax(nm) IR (cm™1)
vC=0 vasym(N3) vC=N
1 bluegreen 720 1630
2 blue 68¢C 1640, 1650
3 blue-green 695 1630
4 blue 675 1630-1640
5 blue 708 16301640
6 green 680 2120, 2070
7 green 678 2100, 2060
8 green 683 2120, 2070
9 brown-green 640 2100
10 brown-green 710 2100
11 dark green 613,720 (sh) 2080
12 yellow-green 765 2080
13 dark green 660 2100
14 green-blue 640 2150, 2090
15 blue 597 2120
16 blue 650 2130
17 yellow-green 693 2140
18 blue-green 710 2160
19 grey-blue 605 2250
20 green 735 2240
21 blue 640 2230
22 dark bluegreen 657 2260
— presumption. Felthouse et al. previously proposed
10000 three types of structures for the y-oxalato copper(II)

5000

X, X 10%(cgs emu)

o] 100 200 300
TiK)

Fig. 1. The temperature-dependence of magnetic susceptibili-
ty of copper(1l) complex I. The solid line shows the theoreti-
cal susceptibility calculated by egn. 1 with the parameters
described in the text.

spectrum was rarely observed, the interaction of the
two copper(Il) ions is expected to be rather strong as
inferred from the J value (—21.5 ecm™!). An observa-
tion of this kind was reported for the imidazolate-
bridged binuclear complex, Na[Cu,Gly-Gly),(im)] *
6H,0, in which the J value was —19 ecm™! [20].
These magnetic susceptibility and ESR data suggest
that the oxalate dianion in complex I bridges two
copper(Il) ions in a bis-bidentate fashion. The result
of elemental analyses also supports the above

dimers with tridentate ligands containing N,N and N
(or O) donor atoms [8]:

P
/Qu / Cu N
Io O\C i OE N (o /O‘“>
\(I:/ N Oxcifxo <L clu (i) ¢ L Cu J‘)
o—I|— O0—
NG/ / C‘u /) \L
N N N
L)
v v vl

The copper(II) complexes of type VI show subnormal
magnetic moments at room temperature [11], while
those of type V are known to exhibit a weak anti-
ferromagnetic exchange interaction between two
copper(Il) ions. Accordingly, the structure of the
complex 1 (J=—-21.5 cm™ ') is supposed to be IV or
an intermediate of IV and V, although the ESR
spectrum (Fig. 2) at AM =1 region shows that the
geometry around each copper(II) ion appears to be
square-pyramidal with d,2_2 ground state (g, =2.23,
g, =2.10) [21,22].

The ESR spectra in the AM =2 region of the
other copper(Il) complexes (2—5) containing ox or
om exhibit a signal comparable with that of complex
1. These complexes 2-5 are also expected to have
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Fig. 2. ESR spectrum for copper(I) complex ] at room tem-
perature: power 3 mW, amplitude 5.

dimeric structures bridged by ox or om, and the
coordination geometry around each copper(Il) ion
can be regarded as intermediates between a trigonal-
bipyramid, IV and a square-pyramid, V.

Copper(Il} Complexes with Azide, Thiocyanate or
Cvanate Ion

A comparison of spectroscopic data for the com-
plexes with azide, thiocyanate or cyanate (6—22) is
represented in Table III. Among these, the compound
10 is a five<oordinate monomeric copper(Il)
complex, of which the geometry around copper(Il)
has been determined as an intermediate structure
between trigonal-bipyramid and square-pyramid (Fig.
7) as will be mentioned in the following section. The
ESR spectrum of a powdered sample of complex 70
is given in Fig. 3. The AMg =1 region indicates the

Fig. 3. ESR spectrum for copper(I) complex 10 at room
temperature: power § mW, amplitude 1.

rhombic ESR spectrum with g; =2.23,g, =2.12 and
g3 = 2.04 and the AM, = 2 region does not exhibit the
half-field absorption. A similar phenomenon is also
observed for complexes, [Cu(2-Pca=2-Aep)(N3),]
(12), [Cu(2-Pca=2-Aep)(NCS),] (I7), and [Cu(2-
Pca=2-Aep)(NCO),| (20), hence these are concluded
to have monomeric structures. The IR spectra of the
monomeric azide-containing complexes 70 and ]2
exhibit one v,e,,(N3) absorption at 2080-2100
cm™!. In the cases of /7 and 20, one C—N stretching
vibration of thiocyanate or cyanate group was found
in the region 2140—2240 cm™!.

On the other hand, the IR spectra of compound 6
and 7 show two v,qm(N3) absorption in the 2060
2120 cm™!, suggesting that there are two kinds of
azide groups with different bonding modes in their
structures. The half-field AMg=2 transitions at ca.
~1500 G were observed for 6 and 7 in the ESR
spectra. This implies the presence of an exchange
interaction between the two copper(Il) ions, though
the magnetic susceptibility data (Fig. 4) down to

600 1
el
E
© 4q00
"
o
(&}
T a
=
200 w
0 100 200 300

T(K)

Fiz. 4. The temperature-dependence of magnetic susceptibili-
ty of copper(11) complex, 6.

4.2 °K for the compound 6 showed only a very small
exchange interaction (0>J 2 —0.5 cm™!). Based on
elemental analysis, IR and ESR spectra and magnetic
susceptibility data, the structure for the cations in
[Cu,(2-Pca=Hist),(N3)3;]Cl-2H,0 (6) and [Cu,(2-
Pca=Hist),(N3)3]Br-1.5H,0 (7) can be proposed as
structure VII. The ESR spectra (d,:_,z ground
states) at AMg =1 region of these complexes may
support this structure (Fig. 5). It seems likely that the
compound & has also the same structure VII from the
facts that a AM =2 signal can be seen at ~1500 G
and Ay ., due to d—d transition is similar to those for
6 and 7 (Table III).

N-—

(] o/

N——N
S——

vi

The IR spectrum of the complex 9 exhibited a
Strong Vueym{(N3) band (Table III), and the magnetic
moment per copper(ll) ion was estimated to be 1.84
B.M. at room temperature (291 °K). The AM,=2
transition was observed at half-field, as illustrated in
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500G

(B)

Fig. 5. ESR spectra of copper(Il) complexes, 6 (A), 7 (B),
and & (C) at room temperature.

. |9
l

1006

15006

—

5006

Fig. 6. ESR spectrum for copper(Il) complex 9 at room tem-
perature: power 5 mW, amplitude 2 (AMg= 1 signal) and 320
(AM, = 2 signal).

N(S)

Fig. 7. The molecular structure of [Cu(2-Pca=Hist}(N3);],
10.
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Fig. 6. Based on these data and the ESR spectrum
(Fig. 6, gy =222, g, = 2.06), at AM; = 1 region, the
structure for the complex 9 is considered to be a
dimer as illustrated in the structural formula VIII,

Vil

The complex [Cu(2-Pca=2-Aep)(N3)](ClO,4),, 11
showed AM, = 2 signal of a weaker intensity than that
for the complex 9. However, the ground state of the
compound ]] seems to be d,2, hence the local
geometry around copper(Il) ion of this complex is
considered to have a distorted trigonal-bipyramidal
structure. The copper(Il) complex I3 containing 2-
Pca=8-Ala and azide ion did not show the AM =2
signal at ~1500 G. The magnetic moment of this
complex was 1.87 B.M. at room temperature (290
°K). From the behavior in AM =1 signal (dy2_,2
ground state) and the preliminary experiment [23]
on variable-temperature magnetic susceptibility as
well as the above results, compound 13 is considered
to have the dimeric .structure indicated in VIII.

The ESR spectra of the complexes (14, 15, 16, 18,
19, 21, and 22) with Schiff base I, II, or III and thio-
cyanate or cyanate ion indicate the d,:_y> ground
state, and the AMg=2 signals have hardly found
except for 18 and 9. The IR spectrum of 14 is
similar to that for [Cu,(2-Pca=Hist),(N3)3]N;-
1.5H,0 (8). Thus, the complex 14 is considered to
have the dimeric structure VII like the complexes
6—8. Although there are no other evidences for
dimeric structure of the other complexes (15, 16, 18,
19, 21 and 22) except the very weak AM; = 2 signals
in ESR spectra, we suppose that these compounds
also have a binuclear structure similar to 9.

The Crystal and Molecular Structure of Monomeric
Copper(ll) Complex [Cu(2-Pca=Hist)(N3),/, 10

Figure 8 shows a perspective view of the complex.
Selected interatomic distances and angles are given
in Table IV. The complex is best described as an
intermediate between a trigonal bipyramid and a
square pyramid. From the trigonal bipyramidal
viewpoint, N(2) and N(4) atoms occupy the apical
positions. The Cu atom deviated 0.11 A toward N(2)
from the equatorial plane defined by the N(3), N(5),
and N(8) atoms. One of the equatorial bond (Cu—N
(8)=2.176 A) is longer than the other two and the
N-Cu—N angles in the equatorial plane are 109.64°,
146.00°, and 103.45°. The N(2)—Cu—N(4) angle is
170.46°. The Cu—N(2) bond and the equatorial plane
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TABLE 1V. Interatomic Distances (A) and Angles (°) with Estimated Standard Deviations in

Parentheses.

Cu—N(2) 1.968(2) A N(2)—Cu—N(3) 91.17(8)°
Cu-N(3) 2.065(2) N(2)—Cu—~N(4) 170.46(8)
Cu~N(4) 2.017(2) N(2)—Cu—-N(5) 92.69(8)
Cu—-N(5) 2.015(3) N(2)—-Cu—N(8) 96.47(8)
Cu-—N(8) 2.176(3) N(3)—Cu—N(4) 79.80(8)
N(1)-C(1) 1.365(4) N(3)—-Cu—-N(5) 146.00(8)
N(1)-C(2) 1.332(3) N(3)—Cu—-N(8) 103.45(8)
N(2)-C(2) 1.332(3) N(4)—-Cu—-N(5) 93.12(8)
N(2)-C(3) 1.388(3) N(4)—Cu—N(8) 88.69(8)
C(3)-C4) 1.489(4) N(5)—Cu~-N(8) 109.64(8)
C(4)-C(5) 1.526(4) Cu—-N(2)-C(3) 125.8(2)
N(3)-C(5) 1.464(4) N(2)-C(3)-C(4) 121.5(2)
N(3)-C(6) 1.274(4) C(3)—-C(4)-C(5) 112.9(3)
C(6)—C(7) 1.469(4) N(3)-C(5)-C(4) 109.5(3)
N(4)-C(7) 1.347(3) Cu—-N(3)-C(5) 126.3(2)
N(4)-C(11) 1.337(3) Cu-—-N(3)-C(6) 113.6(2)
C(7)-C(8) 1.378(4) N(@3)-C(6)-C(7) 117.6(3)
C(8)—C(9) 1.386(4) N(4)-C(7)-C(6) 114.4(2)
C(9)-C10) 1.361(4) Cu-N@)-C(7) 114.1(2)
C(10)-C(11) 1.3834) Cu—N(5)-N(6) 122.4(2)
N(5)-N(6) 1.184(3) N(5)—N(6)-N(7) 176.5(3)
N(6)-N(7) 1.169(4) Cu—N(8)-N(9) 123.2(2)
N(8)-N(9) 1.192(3) N(8)—-N(9)-N(10) 178.4(3)
N(9)—-N(10) 1.159(4)

Short contact distances (A)

N(8):--N(1) (x, y, -1 +2) 2.890(3) A
C(7)---N() (x, y, -1 +2) 3.276(3)
C(1)---C)(—x, -y, 1 -2) 3.258(5)

Fig. 8. The crystal structure of [Cu(2-Pca=Hist)(Nj);]
viewed along the ¢ axis.

make an angle of 86.22°, while the Cu—N(4) bond
and the plane make an angle of 82.76°. In the square
pyramidal approximation, the apical position is
occupied by the N(8) atom, whereas the basal plane

is defined by the N(2), N(3), N(4), and N(5) atoms,
the deviations of the atoms from the plane being N(2)
0.27, N(3) —0.21, N(4) 0.27, and N(5) —0.26 A. The
Cu—N(8) apical bond is longer than the four basal
bonds. No atom approaches the Cu atom within 4.0
A on the opposite side of the pyramid.

The pyridine and imidazole rings are planar within
+0.005 A. The [Cu, N(3), N(4), C(6), C(7)] ring is
also nearly planar (maximum deviation of atom is
0.042 A). The angle between this plane and the
pyridine ring is 3.2°. The [Cu, N(2), N(3), C(3), C(4),
C(5)] ring is of the boat conformation.

Within the azide groups the N—N bonds close to
the Cu atom are longer than the other more distant
N—N bonds [24]. The Cu—N-—N and N—N—N angles
are 122.8° and 177.4°.

Figure 8 gives the projection of the crystal struc-
ture viewed along the c axis. The crystal consists of
discrete [Cu(2-Pca=Hist}(N;3),] complexes. Short
contact distances less than 3.3 A are given in Table IV,

Acknowledgements

We thank Miss Reiko Kobayashi for her collabora-
tion in the preparation of some of the compounds.



Cu(ll) Complexes of Terdentate Schiff Bases

References

1

10
11
12

Y. Agnus, K. Louis, and R. Weiss, J. Am. Chem. Soc.,
101, 3381 (1979).

V. McKee, J. V. Dagdigian, R. Bau, and C. A. Reed, ibid.,
103, 7000 (1981).

N. F. Curtis, J. Chem. Soc. A, 1584 (1968).

N. F. Curtis, [. R. McCormick, and T. N. Waters, J. Chem.
Soc. Dalton Trans., 1537 (1973).

D. M. Duggan and D. N. Hendrickson, /norg. Chem., 12,
2422 (1973).

G. R, Hall, D. M. Duggan, and D. N. Hendrickson, ibid.,
14,1956 (1975).

T. R. Felthouse, E. J. Laskowski, D. S. Bieksza, and D. N.
Hendrickson, J. Chem. Soc. Chem. Commun., 777
(1976).

T. R. Felthouse, E. J. Laskowski, and D. N. Hendrickson,
Inorg. Chem., 16, 1077 (1977).

T. R. Felthouse and D. N. Hendrickson, ibid., 17, 444
(1978).

M. G. B. Drew, M. McCann, and S. M. Nelson, J. Chem.
Soc. Chem. Commun., 481 (1979).

K. Nonoyama, H. Ojima, K, Ohki, and M. Nonoyama
Inorg. Chim. Acta, 41, 155 (1980).

M. Nonoyama and K. Nonoyama, J. Inorg. Nucl. Chem.,
43,2567 (1981).

>

13
14
15

16
17
18
19
20
21
22

23
24

167

M. G. B. Drew, M. McCann, and S. M. Nelson, J. Chem.
Soc. Dalton Trans., 1868 (1981).

Y. Nakao, W. Mori, N. Okuda, and A. Nakahara, Inorg.
Chim. Acta, 35, 1 (1979).

J. Hornstra and B. Stubbe, PW1100 Data Processing
Programs, Philips Research Laboratories, Eindhoven,
Holland.

‘International Tables for X-Ray Crystallography’, Kynoch
Press, Birmingham (1974), Vol. IV, pp. 71, 148.

‘The Universal Crystallographic Computation Program
System’, The Crystallographic Society of Japan (1969).
C. K. Johnson, ‘ORTEP’, Report ORN1.-3794, Oak Ridge
National Laboratory, Oak Ridge, Tenn., 1965.

B. Bleany and K. D. Bowers, Proc. Roy. Soc., A214, 451
(1952).

Y. Nakao, W. Mori, T. Sakurai, and A. Nakahara, Inorg.
Chim. Acta, 55, 103 (1981).

M. Kimura, S. Suzuki, W. Mori, and A. Nakahara, ibid.,
56, 83 (1981).

H. M. J. Hendricks, P. J. M. W. L. Birker, G. C.
Verschoor, and J. Reedijk, J. Chem. Soc. Dalton Trans.,
623 (1982).

W. Mori, Y. Nakao, S. Suzuki, A. Nakahara, K.
Matsumoto, and S. Ooi, unpublished results.

G. W. Bushiiell and M. A. Khan, Can. J. Chem., 52, 3125
(1974).



