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Structure of (Chloro)(di-2-pyridylmethane)(di-2-pyridylmethanol)copper(II)
Perchlorate

By M. T. GarLawnD, 1. Y. LE MAROUILLE, E. Sropive® anp J, Manzurt

Université de Rennes 1, Laboraroire de Cristallochimie, UA au CNRS n° 254, Campus de Beaulien,
33042 Rennes CEDEX, France

Abstraet. |CuClC | H,N}C, H NOICIO,, M, =
354-87, monoclinic, P2./0c, a=13.397{4), b=
14663 (D), c=13191 (A, f=11681(1)°, V=
2313(MA, Z=4, D, =1.393Mgm~}, Mo Ka)
=0-T1I073 A, w=1-215mm~', F(OOD)=1132, T=
291 K. Final R =0-074 for 2231 unique observed
reflections. This high R value can be explaid® by the
disordered perchiorate anion around which many low
spurious peaks sull remain after least-sguares con-
vergence. The coordination sphere of Cu can be
described as an elongated octahedron owing to the
Jahn-Teller effect. The basal plane is formed by four N
atoms provided by the pyridine rings of the di-2-
pyridylmethane  and  of the di-2-pyridylmethanol
moieties respectively. The octahedron is completed by
two large apical distances provided by the Cu—~CI(1)
bond and by the Cu—0{1) bond, corresponding to the
oxygen atom of the dipyridylmethanol.
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Introduction. Synthetic copper complexes serve as
suitable models for the natural copper centres in
metalloproteins when they mimic some physical or
chemical property of the protein site, In the case of the
monooxygenases one atom of oxygen is reduced to
water while the other is transferred to the substrate
(Sigel, 1981). The title compound is an example of
monooxygenase activity, since it is obtained as a
product of the reaction of di-2-pyridylmethane with
molecular oxygen. The hydroxylation reaction is
catalysed by the presence of copper(Il}) and chloride
ions. :

Experimental. A 1 mmol sample of copper(II) perchlor-
ate complex [CulAN),(H,0),[{ClO,), was dissolved
with 1 mmol of copper(II} chloride in freshly distilled
methano! and slightly refluxed. After this, 3 mmel of
di-2-pyridyimethane dissolved in the same solvent

- were added to the warm reaction mixture and heated.

The reaction mixture was air-saturated, since no
precautions were taken to degas the solutions. When
cooled, bright blue erystals were formed. The infrared
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spectrum did not show the typical stretching frequency
of the carbonyl group at 1600-1700cm~!, thus
indicating that oxidation to a ketone had not taken
place (Urbach, Knopp & Zuberbiihler, 1978).

Crystal dimensions 0-15 x 0-17 x 0-08 mm; Nonius
CAD-4 four-circle diffractometer, cell dimensions from
20 values of 25 reflections, 6-17 < 8 < 11-65°, 3602
integrated reflections collected up to singfl <
0-595 A-', w28 scan technique, scan width (1.0 +
0:35tan)®, Osh<15, 0=k<17, =ll=i=sIl;
variable scan rate with max. scan time 60s per
reflection; no significant decline in intensities of three
standard reflections; decay 3-2% during 4%h of
irradiation; no absorption correction and no time-decay
corrections applied, 3406 unique reflecGons after
averaging (Ry, = 0.020); 2231 reflections with F2 >
3o(F%); structure solution by MULTANSO (Main,

Fiske, Hull, Lessinger, Germain, Declercg & Woolfson, _

1980) refined by fuil-matrix least squares based on F,,
weights based on counting statistics: 1/w = a%(F)
=4{le*() + (0-0513)/I} (Stout & Jensen, 1968);
atomic scattering factors for neutral atoms from
Interndtional Tables for X-ray Crystallography (1974);
H atoms placed at idealized positions with fixed
isotropic thermal parameters and not refined (5 AY);
anisotropic thermal parameters for all other atoms

Table 1. Fractional atomic coordinates and equivalen:
isotropic B(A®) with e.s.d.’s in parentheses

Boa=1X.5,8.8,

£ » z
Cu 0-26139 (§) @ 19527 {7} Q53352 1M
Cli1) 0-3321 (1t el 247 07355 ()
[nt e 0:2507 (2} —0:2975 42} 04955 (1) B-
o1 0-2126 (%) 0-3310 {5} - 3H4E {5} .
Qi 0190 (1) 0:725 (1} UiSO[H -
oz 0:2279 (8) -0-37414{7) 0:43 -
ol o i —0-240 {2} 0.3 .
24y 0.2432 (&) —0-2448 (8] - 5
N1 0-1820 () 0-2977 (5} Q. -
NiZ) 1039558 (5) 0-2505 (5] 0 :
b3y 0-3340(5) 0-1161 (5) 04350 (6 2.8
NI 0.1207 (5) 01187 (6) 0.4541 (6] 34
cil D-1259 (%) 0.28221T) 0-6334 18) I
Ci2) 0-0764 (T) 0-1541 (%) 0-6E47 (5) 4o
(3 0-0908 (%) 0-4425 (8) 06166 19] L
Ci4) 0- 1453 {8} @457117) 0573915} 4103
Cis) 0-1925 {7} 3826 (T) 0524517 b TE]
s3] 0:3792 (6} Q3673 (6) Q554241 25102
cim 0463947 0:4297 (1 02897 {8} 3-3(2)
CI8) 0-571947) 03004 () 06357 (8} 4000
Ci% 0-3802 (7} Q310547 0:6936 (4} 1.5
crio} 4555 (7] 0-2533 (%) 0-0499 (7} 2.9
Clil} 02599 (7) 0-3924 (7} 0.4779 (8} 13
O G910 (7) 0-1522(7) 0-4070 (7) 1.8
LR U431 (T 0-1003 (7} 0345k (8] 3y
Cil41 14130 [8) 0-0110(7) 0:3343 (3] B
< Cl15) 0- 3‘3“:;] =0-0252 (/) 0.IRA4 1B LIE3
Cile 0-312 00230 () 04441 (8) 2.7(2
i 0-1287(7 ) 00282 (7) EELRE 31
i D-0355 (B} —0-024318) 0-J848 (%) i
Ci19 —0-0653 {8} 00189 11 ©-3356 (%)
cizm 00724 {8} 01072 18) 01470 {43
CLin O-019Z 4T O L5788 DA04T (E)
cin 0-242047} ~0:0130{7) 04873 1)

* Isotropically refined temperature [actors.
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except for the two disordered O atoms of the perchlor-
ate anion; refinement converged to R =0.-074 and
wR = (-095; poodness of fit § = 2-647 for 298 refined
parameters; largest shift over e.s.d. in last cycle 0-50;
largest residual peak in final Fourier map 0-88 e A~}
except for two peaks of 1.34 and 1-1 e A~ provided by
the disorder of the two O atoms from the perchlorate
anion. All computer programs from the Enraf~MNonius
package (Frenz, 1978). Final atomic coordinates are
given in Table 1 and bond lengths and angles in Table
Pies

* Lists of structure factors, anisotropic thermel parwmeters,
least-squares-planes data and H-atom parameters have been
deposited with the British Library Document Supply Centre as
Supplementary Publication Mo, SUP 43235 (26 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CHI 2HU, England.

Table 2. fntramolecular bond lengths (A) and bond
angles (°) with e.s.d.'s in parentheses

Cu-CH 1 2607 (1 CN-C3) 1384010
Cu-0(1) :mm Cid-Cid
Cu=Nil} 204548 Cid-CI8)
Cu—N(2} 2.027(2)  CH-Crin
Cu—Ni3} 2.057 (5} Ci) =Ty
Cu-Ni4) 2415 Cre-Cmly
CH 20027 135107 CIT=-Cidy
Ci(2)-0423} 1-515(15) C(E=Ci%)
CUD-024) 1-362071  C8-Clid
C=CE 1420 (8] COB-CE
N{=Cily Cria=Cildg
N{1-C(3) Cllap-C(15)
MN{Z-Cia} ClEi=Ci18)
MNi2-C{10) Cl18=C122)
N3=C12) 1-Ci1E
Mi3=Ci16) 17=Ciii
N=Ci1T) ClE-cri9)
Ni4=Ci2n om
Cli-Ci2p 1400 0 10) C"’D] Cizn
CI{I-Cu-0t 1} 155001} CiN-Cil- sl
CHE=Cu=N{t ki
ClI=Cu—nidy 91700

CHI-Cu—Ni3) ICHH\II

Cia1-CiT- C\"I
?I— ECi9

0{ 2i=CHI)- 0023
O223-Cl2)- (241
D23 = CIHT=0024)
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Discussion. The structure consists of discrete [Cu-
CI{C,,H (N)(C,,H,NO)I* cations (Fig. 1} and per-
chlorate anions. The crystal is stabilized by van der
Waals contacts between the O atom of the 2,2'-
dipyridylmethanol and the Cl atom.

The coordination sphere can be described as an
elongated octahedron where the basal plane is formed
by the four N atoms of the di-2-pyridylmethane
moiety and of the di-2-pyridylmethanol moiety. The
octahedron is completed by two large apical distances
provided by the Cu—CI(1) bond and by the Cu—O(1)
bond corresponding to the alcohol group [Cu—CI(1)
=2.607(2) and Cu—O(1)=2-660(5) A,” compared

with the basal copper—ligand bonds: Cu—N(l)="

2045 (5), Cu—N(2) = 2-027 (4),
2057 (5) and Cu—N(4) = 2-041 (5) Al

The unweighted mean plane through the four N
atoms of the complex, N{1)}—=N(2)—N{3}—N(4), shows
a lack of planarity with out-of-plane displacements of
0-063, —0-065, 0-064 and —0-062 A respectively,
while the copper atom is displaced by 0.223 A in the
direction of the Cl atom. The dihedral angle between the
planes through Cu—N(1)-N(2) and Cu—N(3)-N(4) is
18-19, indicating a distortion towards tetrahedral
geometry.

The bidentate ligand di-2-pyridylmethane forms a
six-membered chelate ring with the Cu atom which is
non-planar. The dihedral angle formed by the two
pyridyl rings is 64-0°. Fackler (1985) found a dihedral
angle of 59-1° for the same ligand in a distorted
tetrahedral  copper(l) complex, bis{di-2-pyridyl-
methane)copper(I) perchlorate.

The tridentate ligand di-2-pyridylmethancl also
forms a six-membered ring with the Cu atom which is
non-planar. In this case the two planar pyridyl rings
form a dihedral angle of 65-8°.

Cu—N(@3)=

EI‘&I

[ y

oo

T

Fig. 1. A perspective view of the molecule with atom numbering;
hydrogen excluded for clarity.

[CUCH(C, H,yN)(C, HLN,0)ICIO,

The carbon atoms, C(22) and C(11), which bridge
the two pyridyl rings in both ligands are in opposite
directions with respect to the basal plane of the
octahedron.

The distance of the C(11)—0(1) bond in the alcohol
group is 1.420 (8) A, which is comparable with the
usual distance for these groups (Turpeinen, Hamal&inen
& Ahlgrén, 1985). The Cu—O(1) bond is 2-660 (5) A,
which is much longer than the usual value reported for
Cu—0O distances in alcohol groups. For example,
Viossat, Khodadad, Rodier & Cadiot (1985) report
Cu—0 bonds whose values are 2-146(4) and
2.165 (3) A for neutral ethanol ligands and 2.009 (2) A
for an anionic ethanolato ligand.

The values usually reported for terminal Cu—Cl
bonds have a mean value of 2-2 A (Viossat, Khodadad,
Rodier & Cadiot, 1985; De Munno & Bruno, 1984).
The complex studied presents a terminal Cu—CI(1)
bond of 2:607 (2) A. A similar high value is found in
dichlorol{N-pyridylmethylene)histamine-N,N"N" lcopper
hemihydrate reported by Nepveu & Walz (1985).

The high thermal parameters indicate that the anion
is disordered, as is commonly observed for perchlorate.

Distances and angles of the di-2-pyridyl-
methane ligand are approximately as expected and
require no further comment.
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