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Bis(iminodiacetamide)copper(II) perchlorate was newly synthesized, and the crystal structure was deter-

mined from three-dimensional X-ray data collected on a diffractometer.

The structure was refined by block-

diagonal least-squares methods to give R=0.08 for the 950 observed reflections. The crystals are monoclinic
with the space group of P2,/c. There are two formula units per unit cell with a=6.183, 6=17.617, ¢=8.900 A,
and f=110.2°. The complex is centrosymmetric, in which the two ligand molecules coordinate to the central
copper atom through two imino nitrogen atoms and two of the four amide oxygen atoms in frans positions, ex-

hibiting a square-planar coordination.

The other two amide oxygen atoms are weakly bonded to the copper

atom above and below this square-plane, thus completing an s-facial distorted (elongated) octahedral coordina-
tion. The complex cations are held together through hydrogen bonds to form infinite chains along the a axis.
These chains are connected with one another by perchlorate ions through hydrogen bonds, thus forming three-

dimensional networks.

A number of bivalent copper complexes of bidentate
ligands exhibit an elongated octahedral structure of D,,
symmetry.2=" There are some complexes of terdentate
ligands in which the length of the four coordination
bonds in the same plane are longer than those of the
other two coordination bonds, such as [Cu(dien),]-
(NO,), (dien=diethylenetriamine).®) Such an un-
usual structure is sometimes called a ‘“‘compressed”
distorted octahedral structure.?) The complex of the
other terdentate ligand, such as [Cu(ida),]?~ (ida=
iminodiacetate), was, however, reported on the basis
of a spectroscopic investigation, to have an elongated
octahedral structure.l® Two of the factors that dif-
ferentiate the structures of these complexes may be
as follows: the iminodiacetate ion'" has a smaller
stability constant of complex formation than diethyl-
enetriamine,!® and the force constant of Cu-O is
generally smaller than that of Cu-N.1®

Iminodiacetamide, HN(CH,CONH,),, (abbreviated
as idaaH,) can act as a terdentate ligand. It can also
function as a neutral ligand, forming a cationic complex
like diethylenetriamine. It can coordinate to a metal
atom through two oxygen and one nitrogen atoms like
the iminodiacetate ion. It is difficult to decide by the
spectroscopic method whether or not the distorted oc-
tahedral coordination around the copper atom is “com-
pressed.” A copper complex of iminodiacetamide,
Cu(idaaH,),(ClO,),, was subjected to X-ray crystal
analysis in order to clarify this point and to facilitate
the assignments of the infrared spectra.

Experimental

Preparations. Iminodiacetamide was prepared as white
needles by the reaction of diethyliminodiacetate and am-
monia in ethanol. The melting point, 142 °C, and the results
of chemical analysis agreed with the reported values.?

The complex was prepared by mixing 0.07 g of the ligand
with 0.09 g of copper(II) perchlorate dissolved in water and
then by concentrating the mixture in vacuo at room tempera-
ture. The crystals thus obtained were washed with a small
amount of water. Yield, 0.06 g.

Found: C, 18.00; H, 3.46; N, 15.67; Cu, 11.90%. Calcd
for CgH,;sN;O,Cu(ClO,),: C, 18.00; H, 3.56; N, 15.75;

* Present address: College of Liberal Arts, Kanazawa
University, Marunouchi, Kanazawa 920.

Cu, 11.929,.

Determination of the Cell Constants and Collection of the Intensity
Data. The cell constants were determined by the least-
squares methods based on the 20 values measured on a single-
crystal diffractometer using CuKo radiation (A=1.5418 A). A
crystal with a diameter of about 0.2 mm was sealed in a glass
capillary. The intensities were collected on a Hilger-Watts
automatic four-circle diffractometer, using Ni-filtered CuKo
radiation. The w-20 step-scan technique with Aw=0.02°
and a counting time of 1 sec per step were used. The scan
range was 0.8° in the 0—57° region and 1.2° in the 57—75°
region. At each end of the scan, the backgrounds were
measured for 10sec in the 6<57° region and for 15 sec in
the 6>>57° region. The fluctuations in intensity of the three
standard reflections measured every 100 reflections were
about 29, during the data collection. A total of 1600 in-
dependent reflections were measured up to §=75°; of them,
650 had an intensity less than ¢’s above the background.
Thus, 950 independent non-zero reflections were used in the
analysis. They were converted to |F| by applying Lorentz
and polarization corrections. No corrections were made for
absorption or extinction (ur=0.2).

The crystal data are:

Cu(CHN;0,),(ClO,),, F.W. 524.72, monoclinic, a=6.183
(2), 6=17.617(4), ¢=8.900(2) A, p=110.2(1)°, U=908 A3,
D,=194, D;=192gcm3, Z=2.

The systematic absences are #0/ with / odd and 0k0 with %
odd. Hence, the space group is P2, /c.

Solution and Refinement of the Structure

The copper atoms must lie on a set of twofold special
positions, since there are only two formula units in a
unit cell. The complex must thus have a center of
symmetry. The coordinates of the chlorine atoms were
determined from the prominent peaks in a Patterson
map; those of all the other atoms except the hydrogens
were determined by a three-dimensional electron density
map calculated on the basis of the copper and chlorine
atoms.

The block-diagonal least-squares refinements were
carried out for the 950 reflections with equal weights.
After five cycles of refinement with isotropic thermal
parameters, the R-value became 0.12. Further re-
finements with anisotropic thermal parameters finally
reduced the R-value to 0.08.

The atomic scattering factors were taken from the
“International Tables for X-ray Crystallography.’”%)
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TapLE 2. FINAL ATOMIC PARAMETERS AND THEIR ESTIMATED STANDARD DEVIATIONS

Values are given X 10% Positional parameters are expressed as fractions of the lattice parameters. The

estimated standard deviations are in parentheses and refer to the last decimal positions of the respective

values in this table and other subsequent tables.

Thermal parameters are in the form: exp [— (h%fyy +&2Bo + 2Bys+ hkfrs + hiBys+ Eifss)]
Atom X J z Bu Bas Bss B Bis Bis
Cu 0 0 0 198( 1) 12( 1) 85( 1) 16( 3) 108( 2) 14( 4)
Cl 2123(1) 1877(1) 4403 (1) 268( 1) 16( 1) 113( 2) —9(3) 161(2) —11(5)
o (1) 2212(2)  —189(1) —1078(3) 230(.2) 8( 2) 119( 4) 30( 8) 116( 5) 17(11)
o(7) 3076 (3) —88(2) 2650 (4) 262( 4) 17( 1) 86(2) —44(9) 98( 6) —5(13)
O (10)  2001(3) 1637(2) 2853 (4) 702(11) 47( 5) 120( 7) 48(17) 346( 7) —44(18)
O(11) —225(4) 2020(2) 4285 (3) 365(12) 43( 5) 381(11) 99(18)  425(19) 46 (24)
O (12) 3075(3) 1311(2) 5622(2) 476( 8) 37( 6) 187(12) 112(14)  184(17) 79(19)
O(13) 3390(3) 2557(2) 4835 (2) 729(19) 38( 7) 386(19) —301(19) 309(35) —107(26)
N#4) 453(2) —1106(2) 638(2) 199( 4) 12( 1) 73( 2) 20( 9) 54( 6) 4(13)
N (8) 4578(3) —1089(1) —1504(2) 192( 2) 19( 2) 112( 3) —0(12) 226( 2) —8(15)
N (9) 2274(3) —505(2) 4812(2) 339(10) 43( 2) 94( 3) —70(16) 194(12) —17(19)
C(2) 3130(3) —843(2) —846(3) 214( 7) 18( 1) 87(4) —47(11) 27(11) —7(17)
G (3) 2528(2) —1395(4) 296 (2) 231( 3) 20( 3) 93( 5) 6(14) 186( 3) 160(18)
C (5) 691(3) —1192(1) 2347(1) 213( 8) 16( 1) 57( 2) —55(12) 152(10) —3(15)
C (6) 2086(2) —549(2) 3282(2) 205( 5) 14( 2) 83( 4) —9(11) 100( 5) 8(16)

\
opnl
Fig. 2. Thermal ellipsoids of atoms at 509, probability
level.
Fig. 1. Projection of the structure along the b axis. Computation Center of Nagoya University.

Dashed lines indicate hydrogen bonds.

The calculations of the data reduction and the
Fourier syntheses were carried out by means of pro-
grams written by Dr. Sasaki. The block-diagonal
least-squares refinements and the calculations of the
bond distances and angles were done with the HBLS-4
and DAPH programs written by Dr. Ashida. The
thermal ellipsoids were drawn by means of the ORTEP
program of Dr. Johnson. All the calculations were
performed on a FACOM 230-60 computer at the

The observed and calculated structure factors are
listed in Table 1,** and the final atomic parameters,
in Table 2.

Results and Discussion

A projection of the structure along the b axis is shown
in Fig. 1. The anisotropic thermal ellipsoids of the

** Table 1 has been deposited with the Chemical So-
ciety of Japan (Document No. 7414).
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TABLE 3. BOND DISTANCES AND ANGLES
Cu-0 (1) 1.952(2) A 0 (1)-C (2)-C (3) 118.9(3)
Cu-N (4) 2.021(2) C (2)-C (3)-N (4) 109.6(4)
Cu-0 (7) 2.471(3) C (3)-N (4)-Cu 108.3(3)
0 (1)-C (2) 1.269(3) C (5)-N (4)-Cu 110.0(2)
C (2)-C (3) 1.543(5) C (3)-N (4)-C (5) 112.5(3)
C (3)-N (4) 1.506 (5) N (4)-C (5)~C (6) 109.1(2)
N (4)-C (5) 1.484(3) C (5)-C (6)-O (7) 121.1(3)
C (5)-C (6) 1.492(3) C (6)-0O(7)-Cu 97.7(3)
C (6)-0 (7) 1.261(4) O (1)-C (2)-N (8) 124.6(3)
C (2)-N (8) 1.301(3) N (8)-C (2)-C (3) 116.6(3)
C (6)-N (9) 1.328(4) O (7)~C (6)~N (9) 122.4(3)
Cl1-0 (10) 1.420(3) N (9)-C (6)-C (5) 116.5(3)
Cl-O (11) 1.441(3) Perchlorate ion
Cl-0 (12) 1.441(2) 0 (10)-Cl-O (11) 105.5(2)
Cl-0 (13) 1.409(3) O (11)-Cl-0 (12) 108.3(2)
Complex ion O (12)-Cl-0O (13) 109.8(2)
O (1)-Cu-N (4) 85.5(1)° 0 (13)-C1-O (10) 110.9(2)
0 (1)-Cu-O (7) 91.1(1) 0 (10)-Cl-0 (12) 113.3(2)
N (4)-Cu-O (7) 71.7(1) O (11)-C1-O (13) 108.8(2)
Cu-O (1)-C (2) 115.2(2)
TaBLE 4. INTERMOLEGULAR CONTAGTS LESS THAN 3.5 A o Neg)
O(131)-O(101)  3.401(4) A  N(8)-O(10v) 2.933(3) lg;&g 4
O(111)-C(311)  3.214(5) O(11)-C(2%)  3.335(3) 3 T nesSa
O(131)-C(511)  3.406(3) O(11)-O(1Y)  3.381(5) Cu'rss 3 @)
O(111)-C(5111)  3.439(3) N(4D)-0O(11V1) 3.307(3) o5
O(111)-N(4111)  3.307(3) N(41)-O(1371) 3.268(3) PNoaz =
O(131)-N(4111)  3.268(3) C(31)-0(11V1) 3.214(5) N
N(81)-N(41V)  3.469(3) C(51-0(11V1) 3.439(3) ”
N(81)-O(17) 3.337(3) C(51)-0(13V1) 3.406(3) 0%y § @%N‘*”
N(81)-O(7Y) 2.910(4) o C@l“\é's
I at x > z cur 2 (b)
II x 1/2—y 1/24+z 2 103.1_ C(5)
111 _x 124 12—z %‘ﬁ%
v 1+x y z “@
A% 1—x -y —z
7
VI —x —1/24-» 1/2—z ”2&22'%0
y 17.5 Crro'h
atoms are shown in Fig. 2. The bond distances and Cuss. 3 (c)
angles are listed in Table 3, and the intermolecular D " 3C~.
contacts, in Table 4. %, 6
” 1:‘9%

The complex is centrosymmetric, with two ligand
molecules coordinating in trans positions through two
imino nitrogen atoms, N(4), and two of the four amide
oxygen atoms, O(l). The other two amide oxygen
atoms, O(7), lie above and below the plane defined by
the N(4), O(1), and Cu atoms, thus completing an
s-facial octahedral coordination.

The bond distances and angles of the two chelate
rings, Cu-O(1)-N(4) (Chelate ring A in Fig. 2) and
Cu~O(7)-N(4) (Chelate ring B), are shown in Fig. 3
along with those of cis-bis(glycinato)copper(II) mono-
hydrate.’® All the distances and angles except for
the C(2)-O(1) double bond in the Chelate ring A
agrec with those of the glycinato complex. This in-
dicates that no large influence duc to terdentate co-
ordination is introduced in the Chelate ring A.

The Cu-O(7) distance (2.47 A) in the Chelate ring
B is much longer than the Cu-O(1) distance in the
ring A, indicating a weak bonding interaction, a ‘“‘semi-

Fig. 3. Bond distances and angles of (a) Chelate ring
A, (b) Chelate ring B and (c) ¢is-Cu(H,NCH,C00),-
H,0.1©

coordination bond,”® between Cu and O(7). The
O(7)-Cu-N(4) angle (71.7°) is too small to be a normal
angle between the coordination bonds. Hence, the
structure of the complex is not simply elongated but
is distorted octahedral.

The equations of the planes defined by Cu and the
coordinating atoms (coordination planes) are listed in
Table 5. The Chelate rings, A and B, are not planar
and show considerable deviations of carbon atoms from
each of the coordination planes, while the chelate ring
of the glycinato complex is almost coplanar.l® Judg-
ing by the model, this difference may be due to the C=O
double bond in these chelate rings rather than to fused-
ring formation.
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TaABLE 5. EQUATIONS FOR THE GOORDINATION PLANES IN
THE GHELATE RINGS A AND B, AND THE DEVIATIONS
OF THE ATOMS THEREFROM
Planes are expressed in the form: DX+ EY+ FZ=0,
where X, Y, and Z are coordinates in A measured

along the a, b, and ¢* axes respectively

Chelate ring A B
At defini
B Cu, O(1), N(#H) G, O(7), N(4)
D 0.4911 —0.8925
E 0.2494 0.0831
F 0.8346 0.4434
Deviation of
the atoms from 2 0.118A C() 0.958A
the plane C(3) 0.316 C(6) 0.887

The complex cations are connected through hydrogen
bonds between N(8') and O(7"), forming infinite chains
along the a axis. These chains are held with one ano-
ther by perchlorate ions through hydrogen bonds
of the N-H:--O type between O(13') and N(4") and
between O(10Y) and N(8") (Table 4). The crystal
thus consists of three-dimensional networks of hydrogen
bonds connecting the complex and perchlorate ions
with one another.

The perchlorate ion is regularly tetrahedral, and
the thermal motions of the four oxygen atoms are larger
than those of the atoms in the complex ion.

The infrared and visible spectra of nickel(II) and
cobalt(II) complexes of iminodiacetamide could be
well assigned on the basis of the structural features of
this complex. These results will be published else-
where.1?)

The author wishes to acknowledge valuable discus-
sions with Professor Kazuo Yamasaki of Nagoya Uni-
versity. He also wishes to thank Professor Jiro Tanaka,
Dr. Noriyoshi Sakabe, and Dr. Kyoyu Sasaki of Nagoya
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University for the use of the Hilger-Watts four-circle
automatic diffractometer and the computation pro-
grams. Part of the expenses were met by a grant
from the Matsunaga Science Foundation, to which
the author’s thanks are due.
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