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Fig. 1. PLUTO drawing showing three units of the chain structure
of CuOTf(cyclooctene), with the adopted numbering scheme.

with the longer S—O bonds corresponding to Cu—O
interactions; bridging triflate anions have also been
found in CuOTf(benzene),,, (Dines & Bird, 1973). The
cyclooctene ligands have a boat-twist conformation and
are nearly each other’s mirror images (¢f. the torsion
angles in Table 2).

The most interesting aspect of the present structure is
the copper—olefin interaction. The distances from Cu to
the midpoints of the two double bonds are nearly equal
(2-05 A ave.), although one of the two 7 bonds is
coordinated somewhat asymmetrically (see Table 2).
According to ab initio calculations (Merchan,
Gonzalez-Luque, Nebot-Gil & Tomas, 1984) such a
deformation from the ideal geometry costs very little
energy; thus, it may simply be caused by packing forces
here. Values for the Cu'-olefin bond lengths reported to
date have been deposited. They are seen to vary over a
range of 1-88-2.2 A, and the present complex fits in at
the upper part of the range. As far as it is possible to
generalize from this limited set of data, it appears that
bis(olefin)copper(I) complexes have longer Cu-—olefin
bonds than mono(olefin) complexes. In accord with
this, CuOTf(cyclooctene), easily loses one molecule of

Acta Cryst. (1987). C43, 23002303
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cyclooctene, but the last molecule is retained
tenaciously. Tris(olefin)copper(I) complexes are prob-
ably only isolable for very strongly coordinating olefins.

This work was supported in part by the Netherlands
Foundation for Chemical Research (SON) with finan-
cial aid from the Netherlands Organization for the
Advancement of Pure Research (ZWO).
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Structures of Catalytically Related Species Involving Copper(II) Halides.
IV. Bis(2,6-diamino-3,5-dichloropyridinium) Tetrachlorocuprate(ll)
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Abstract. 2C,H(CI,N{.CuCl?~, M,=563-4, mono-
clinic, P2,/c, a=8-931(4), b=13-584(7), c=
16054 (5) A, B=92.77 (3)°, V= 1945 (1) A3, Z = 4,

0108-2701/87/122300-04301.50

D.=192gcm™3, A(MoKo)=0-71069A, u=
22-6 cm™!, F(000)= 1116, T=295K, R = 0-040 for
2056 unique observed reflections with F > 30(F). The

© 1987 International Union of Crystallography
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structure consists of the substituted pyridinium cations
and distorted CuCl}~ anions. The dichlorinated
pyridinium cations were formed by the catalytic action
of copper(Il) chloride upon the parent 2,6-diamino-
pyridinium cation. The two independent cations are
essentially identical. The ring C—N bonds average
1-355 (8) A, while the external C—N bonds are slightly
shorter at 1-337(9) A. The C—Cl bonds average
1-727 (6) A. The CuCl2~ anion assumes an intermedi-
ate geometry between square planar and tetrahedral,
with nearly D,, symmetry. The Cu—CI bonds average
2.263(5)A with trans CI—Cu—Cl bond angles averag-
ing 156-6 (6)°.

Introduction. Copper halides are known to catalyze a
variety of organic reactions (Lockhart, 1983; Ng &
Leung, 1981). The oxidation and polymerization of
phenols is catalyzed by copper(I) chloride and pyridine
in methanol (Hay, Blanchard, Endres & Eustance,
1959; Finkbeiner, Hay, Blanchard & Endres, 1966) and
the active species has been identified as Cu,Cl,-
(OH)(OCH,)py, (Davies & El-Sayed, 1983). The
crystal structure of the corresponding bis(methoxide)
complex has been determined (Willett & Breneman,
1983), as well as the phenoxide precursor (Marengo-
Rullan & Willett, 1986). This system plays a role model
for copper-oxidase activity (Jameson & Blackburn,
1975). Reactions involving tertiary amines have been
shown to proceed via a free-radical mechanism
(Zhelyazkova, 1981). Copper alkyl halides also prove
to be effective in dimerization of primary alkyl groups
(Tamura & Kochi, 1971). We have observed a number
of instances where copper(II) bromides have shown
different types of reactivity. Salts crystallized from
organic solvents frequently show a precipitate of an
insoluble copper(I) bromide upon redissolution in
water, which rapidly reoxidizes to copper(Il) in the
presence of dissolved O,. In our studies of copper(II)
halide salts of substituted pyridinium ions, we have
observed the bromination of 2-amino-n-methyl-
pyridinium rings (n =3 or 6) (Place & Willett, 1987;
Grigereit, Ramakrishna, Place, Willett, Pellacani, Man-
fredini, Menabue, Bonamartini-Corradi & Battaglia,
1987). In this paper, the crystal structure of the reaction
product obtained from the reaction of 2,6-
diaminopyridine with CuCl,.2H,0 in dilute HCI is
reported.

Experimental. The salt was prepared by refluxing a 2:1
mole ratio of 2,6-diaminopyridine and CuCl,.2H,0 in
an equal volume HCl/ethanol solution. Crystals were
grown by slow evaporation of a dilute HCI solution.
Yellow crystal 0-20 x 0-25 x 0-10 mm. Nicolet P2,
diffractometer upgraded to P3F specifications. Cell
dimensions from 25 reflections with 27 < 26 < 35°.
2692 measured reflections, 2524 unique reflections, 1°
w scan, variable speed, 3-9° min~' minimum,
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29-3° min~! maximum, 26, =45°, 0<h<9, 0<
k<14, —16<1<16, R, =0-022. Two standard
reflections (212, 233) measured every 100 reflections;
variations within statistical fluctuations (Campana,
Shepherd & Litchman, 1981). Empirical absorption
corrections assuming ellipsoidally shaped crystal, trans-
mission factors 0-711 minimum, 0-972 maximum. Cu
and Cl positions via direct methods with SHELXTL
package (Sheldrick, 1986) on a Data General Eclipse
S140/E computer. Remaining atoms from resulting
difference syntheses. Least-squares refinement on F2 for
2056 observed reflections [F > 30(F)] with anisotropic
thermal parameters for non-H atoms. H atoms were
located on difference maps and their locations con-
strained to C—H and N—H distances of 0-96 A and
isotropic thermal parameters fixed at U= 0-06 A2
(amino groups) or at approximately 20% larger than
the corresponding heavy-atom parameter. R = 0-040,
wR =0-037, w=1/[6*(F) + g|FI?], g=0-0009. 226
parameters. |4/a,,,,| = 0-04. Goodness of fit = 1-514,
APmax = 0-3 ¢ A=3 near Cu. Atomic scattering factors
from International Tables for X-ray Crystallography
(1974).*

Discussion. Atomic parameters are given in Table 1.
The crystal contains substituted pyridinium cations and
CuCl2~ anions. Hydrogen bonding (Fig. 1 and Table
2¢) between the pyridinium protons and the chloride
ions provides lattice stability. The amino groups
activate the para positions for halide substitution, and
thus the Cl atoms occupy the 3 and 5 positions of the
pyridinium ring. Similar para activation in mono-
substituted aminopyridinium cations (Place & Willett,
1987; Grigereit et al., 1987) was previously observed.
However, halide substitution of the monoamino-
pyridinium ions occurred only in the presence of
copper(Il) bromide. The increased activation of the ring
system for the 2,6-diaminopyridinium cation allows for
the chlorine substitution. The geometries of the two
crystallographically independent cations (Fig. 1 and
Table 2) are essentially identical. The ring C—N
distances, 1-355 (8) A average, are somewhat shorter
than the ring C—C distances, 1-382 (8) A. This leads to
distortion of the ring system with the N(ring)—C—
N(external) angles less than 120° [117-2 (7)° average]
and both the C—N(ring)—C and the N(external)-C—C
angles ‘'much larger than 120° [125-4 (6) and
125-9 (6)° averages, respectively]. The least-squares
planes of both pyridinium cations are nearly normal to
the crystallographic b axis, forming stacks along the b
axis.

* Anisotropic thermal parameters, H-atom positions, a stereo-
view and a listing of observed and calculated stucture factors have
been deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 44262 (17 pp.). Copies may

be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Table 1. Atomic coordinates (x10%) and equivalent
isotropic thermal parameters (A2 x 10%) for
[C,H,CI,N,],[CuCl,]

The equivalent isotropic U is defined as one third of the trace of the
orthogonalized U;; tensor.

x y z U
Cu 7668 (1) 1767 (1) 8310 (1) 34 (1)
CI(1) 9107 (2) 493 (1) 7863 (1) 50 (1)
CI(2) 6019 (1) 679 (1) 8804 (1) 45 (1)
CI(3) 6927 (2) 2975 (1) 9178 (1) 44 (1)
Cl(4) 8582 (2) 2803 (1) 7384 (1) 53(1)
C(1) 2431 (5) 1306 (4) —138(3) 37(Q2)
C(2) 1398 (5) 1421 (3) 495 (3) 33(2)
C(3) 1908 (5) 1685 (3) 1288 (3) 36 (2)
cé4 3397 (5) 1848 (3) 1474 (3) 36 ()
C(5) 4416 (5) 1746 (3) 852 (3) 34(2)
N(6) 3873 (4) 1495 (3) 79 (3) 36(2)
N(7) 2079 (5) 1044 (3) —914 (3) 43(2)
CI(8) —473 (2) 1223 (1) 240 (1) 53 (1)
Cl(9) 4066 (2) 2150 (1) 2465 (1) 55(1)
N(10) 5914 (4) 1851 (3) 951 (3) 47(2)
c(1n 2873 (6) 416 (4) 6679 (3) 3702
C(12) 3912 (5) 647 (4) 6099 (3) 37(2)
C(13) 3439 (6) 967 (3) 5316 (3) 37(2)
C(14) 1950 (6) 1098 (4) 5114 (3) 36 (2)
C(15) 896 (5) 956 (4) 5705 (3) 36 (2)
N(16) 1414 (5) 607 (3) 6462 (3) 39(2)
N(17) 3171 (5) 56 (3) 7448 (3) 47(2)
CI(18) 5786 (2) 468 (1) 6384 (1) 56 (1)
Cl(19) 1311(2) 1459 (1) 4125 (1) 55 (1)
N(20) —585 (4) 1102 (3) 5600 (3) - 47(2)

Fig. 1. View of the asymmetric unit of [C;H¢CI,N;1,[CuCl,].

The CuCl%- anion assumes a geometry intermediate
between tetrahedral and square planar. The frans
Cl—Cu—Cl angles are relatively large, with CI(1)—
Cu—Cl(3)=157-2(1)° and Cl(2)—Cu—-Cl(4)=
156-0 (1)°. These values typically range from 130° for
large, bulky, non-hydrogen-bonding cations to 180°
(planar) for cations which are capable of forming many
hydrogen bonds (Smith, 1976). This is rationalized in
terms of charge-compensation effects where, in the
absence of hydrogen bonding, electrostatic repulsions
between the chloride ions force a nearly tetrahedral
geometry. Hydrogen bonding removes charge from the
chloride ions, allowing the anion to relax back towards
the square-planar configuration favored by crystal-field
effects (Willett & Geiser, 1984). The distortion ob-
served is consistent with these observations.

This work was supported by NSF grants DMR-
8219430 and INT-8219425. The X-ray diffraction
facility was established through grants from the
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Table 2. Molecular geometry for [CH,Cl1,N,],[CuCl,]

(a) Bond lengths (A)

Cu—Cl(1) 2.292 (2) Cu—CI(2) 2.257(1)
Cu—CI(3) 2.272 (1) Cu—CI(4) 2.230 (2)
C(1)-C(2) 1-413 (7) C(1)-N(6) 1-342 (6)
C()-N(7) 1:320 (6) C2)-C(3) 1379 (7)
C(2)—CI(8) 1722 (5) C(3)-C(4) 1366 (7)
C(@4)—-C(5) 1:390 (7) C(4)—-CI(9) 1723 (5)
C(5)-N(6) 1355 (6) C(5)-N(10) 1347 (6)
c(1)-Cc(12)  1.383(7) C(I)-N(16)  1.358(6)
CUD-NAT)  1.341(7) c(12-Cc(13)  1-377(7)
Cc12)-CI(18)  1.730(5) C(13)—C(14) 1-365 (7)
C(14)-C(15)  1-383(7) CU4-CI(19)  1.732(5)
CUI5)-N(16)  1:364(7) C(15-NQ0) 1340 (6)

(b) Bond angles (°)

CI(1)~Cu-CI(2) 90-1 (1) CI(1)—-Cu—CI(3) 157-2 (1)
C1(2)—Cu—CI(3) 92.5(1) Cl(1)—Cu—Cl(4) 92-2 (1)
C1(2)-Cu—Cl(4) 156-0 (1) C1(3)—Cu—Cl(4) 94.6 (1)
C(2)—C(1)-N(6) 116-4 (4) C(2)-C(1)-N(D 125-1 (4)
N(6)—C(1)-N(7) 118-5(5) C(1)-C(2)—C(3) 119-6 (4)
C(1)-C(2)-CI1(8) 118-2 (4) C(3)-C(2)—-C1(8) 122.2 (4)
C(2-C(3-C@ 121:2(5) C(3)—C(4)—C(5) 119-4 (5)
C(3)—-C(4)—CI1(9) 122.1(4) C(5)—C(4)>-C1(9) 118.5 (4)
C(4)—C(5-N(6) 117-7 (4) C(4)—-C(5)-N(10) 125-8 (5)
N(6)—C(5)-N(10) 1164 (4) C(1)-N(6)—C(5) 125.6 (4)
C(12)—=C(11)=N(16) 116-8 (4) C(12)—=C(11)=N(17) 126-4 (5)
N(16)—C(11)-N(17) 116-8 (5) C(11)-C(12)-C(13) 120-0 (5)
C(11)-C(12)—CI(18) 117-5(4) C(13)—C(12)—CI1(18) 122:4 (4)
C(12)—C(13)—C(14) 120-7(5) C(13)—C(14)—C(15) 120-4 (5)
C(13)—C(14)-CI(19) 121-9(4) C(15)—C(14)-CI(19) 117-7(4)
C(14)—C(15)-N(16) 116-6(4) C(14)—C(15)-N(20) 126-4 (5)
N(16)—C(15)-N(20) 117-0(5) C(11)—-N(16)—C(15) 125-1(4)
(¢) Hydrogen-bonding distances (A)

N(6)—CI(2) 3-077 (5) H(6)—CI(2) 2.179
N(7)-CI(1) 3.310(5) H(74)-CI(1) 2.542
N(10)—CI(3) 3.392 (5) H(10B)-CI(3)  2-466
N(10)—Cl1(4) 3.265 (5) H(104)-Cl(4) 2-535
N(16)—CI(1) 3.126 (5) H(16)-CI(1) 2.178
N(17)-CI(4) 3.455(5) H(17B)-Cl(4) 2-496
N(20)-CI(3) 3.351(5) H(204)-CI(3) 2.566

National Science Foundation (CHE-8408407) and The
Boeing Company.
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Abstract. [Ni(C(H¢N,0S),l, M,=395-1, rhombo-
hedral, R3, a=10-689 (2)A, a=282-04(2)°, V=
1188-9 (4) A3, Z =3, D, =1.65(7), D, =
1-655 Mg m~3, A(Mo Ka) =0-7107 A, u=
1-492 mm~!, F(000) = 606, T =293 K, R =0-028 for
929 observed reflections. The Ni'! ion is in a distorted
square-planar ligand field formed by the N,S,
chromophore. The planar furan rings are in a sym-
metric arrangement. The thiosemicarbazonato group is
nearly planar.

Introduction. The o-(N)-heterocyclic carboxaldehyde
thiosemicarbazones constitute a class of agents which
possess both antineoplastic and antiviral activity. The
correlation between antitumor activity and chelating
ability of such compounds has been reported (Michaud
& Sartorelli, 1968). Metal chelates of Pt!', Pd"" and Ni"
with several ligands containing carboxaldehyde thio-
semicarbazones have been synthesized in order to study
the nature of the bonding and the stereochemistry.
2-Furaldehyde thiosemicarbazone has already been
prepared (Sah & Daniels, 1950) and the title compound
was prepared using this ligand.

Experimental. Crystals from alcohol, approximate
dimensions 0-15 x 0-25 x 0-4 mm; D,, by flotation;
Nonius CAD-4F-11M diffractometer; graphite-mono-
chromated Mo Ka radiation; w/26 scan mode, scan
speed 1° min~'; < 23.5°, h0 to 12, k—12 to 12,
I1—12 to 12. 3472 reflections collected, 929 judged
significant (| F,| > 30!F,|). Lattice parameters from 25
reflections (12 < 26 < 36°); three standard reflections
(512, 402 and 115) every 1000s, 3% variation in

* NCL Communication No. 4235.
+ To whom all correspondence should be addressed.
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intensity. No correction for absorption. Structure was
solved by direct methods, MULTAN78 (Main, Hull,
Lessinger, Germain, Declercq & Woolfson, 1978) using
a modified procedure (Tavale & Guru Row, 1986).
Full-matrix least-squares refinement (LALS; Gantzel,
Sparks & Trueblood, 1961) of scale factor, positional
and anisotropic thermal parameters (H atoms fixed
geometrically, isotropic thermal parameters, not
refined) converged to R =0-028 and wR = 0-028;
2w(lF,l — |F,1)> minimized, w=(8-5+ 1-0IF,l +
0-0141F,12~'. Max. (4/0) =0-1. Final dp excursions
<10-21 e A=3. No correction for secondary extinction.
Atomic scattering factors from International Tables for
X-ray Crystallography (1974).1

Discussion. The atomic parameters with their e.s.d.’s
and equivalent isotropic thermal parameters are given
in Table 1. Bond lengths and bond angles involving
non-H atoms are given in Table 2. Fig. 1 gives a
perspective view of the molecule along with the
numbering of atoms. Ni' is in the distorted square-
planar ligand field of the N,S, chromophore as in
[1,1'-(2,4-butanedione dihydrazono)-di-2,2'-phenyl-
ethanethiolato(2—)Inickel(II) (Hansen & Larsen,
1977), [2,5-hexanedione bis(4-phenylthiosemicarba-
zonato)lnickel(II) (Nandi, Chaudhuri, Mazumdar &
Ghosh, 1984) and in bis(diiminosuccinonitrilo)nickel(11)
(Peng, Wang & Chiang, 1984). The thiosemicarbazone
group is planar with Ni—S=2-149 (1)A and Ni—
N(2)=1-921 (2) A. The coordination around Ni is

T Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
44264 (10 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.
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