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Abstract

The condensation of one primary amino group of the appropriate triamine: bis(2-aminoethyl)-amine (DET),
bis(3-aminopropyl)-amine (DPT) or bis(3-aminopropyl)-methylamine (MeDPT), with the appropriate aldehyde:
pyridine-2-carboxaldehyde (pya), 3-formylisoquinoline (iga) or 2-aminobenzaldehyde (aba), has yielded six new
quadridentate N,-type ligands: pyaDET, pyaDPT, pyaMeDPT, iqaMeDPT, abaDET and abaDPT. The ligands
have been isolated as corresponding copper (II) complexes of the general formula [CuLI]l or [CuLI]I-MeOH.
The crystal structures of [Cu(pyaDPT)I]I-MeOH, [Cu(pyaMeDPT)I]I-MeOH and [Cu(igaMeDPT)I]I complexes
have been determined by single crystal X-ray diffraction techniques. The geometry around the copper center is
intermediate between idealized square-pyramidal and trigonal-bipyramidal symmetry, with the trigonality
increasing on going from [Cu(pyaDPT)IJI-MeOH to [Cu(igaMeDPT)IJI. Crystallographic data:
[Cu(pyaDPT)I]I-MeOH: triclinic, P1, a=8.398(3), b=9.503(3), c=12.191(5) A, a=86.96(3), B=85.68(3),

=78.73(3)°, R=0.076; [Cu(pyaMeDPT)I]I-MeOH: monoclinic, P2,/c, a=9.670(4), b=12.351(6), c =17.074(5)
}., B=95.60(3)°, R=0.058; [Cu(iqaMeDPT)I]I: monodlinic, P2,/n, a=11.210(3), 5=10.920(4), c=17.323(5) A,
B=96.11(2)°, R=0.045.

Introduction R —
—0 HyN N HoN

The monocondensation products of o, w-diamines and \ (CHy),

carbonyl compounds, wherein one primary amino group NH  Nf TN NA
. . . J/

forms an imine or enamine bond and the other one HyC / HiC  (CHyp,
is unchanged and prone for the subsequent reactions,
have been shown [1, 2] to have a good potential as R = CFy: (faDET)H m=2 n=2 apDET
the precursors for generation of unsymmetrical flexible R = CHy: (acacDET)H m=2,n=3 apEPT
ligands capable of binding transition metal ions. Little m=3 n=3 acpDPT
is known, however, about analogous monocondensation
products derived from linear triamines. Wallis and
Cummings [3] reported that the complexes
[M(tfaDET)]PF, (M= Cu, Ni) incorporating the ligand NH BN
(ttaDET)H (Scheme 1) formed upon partial hydrolysis OH HyN 27T
of the corresponding symmetrical dicondensation prod- j _
uct (tfa),(DET)H, in the presence of nickel(I) or —N\—/NH N N\CH
copper(Il) ions in alkaline or acidic medium. The K) 3
complexes [M(acacDET)]X (M=Cu, Ni, X=1I, PF)
were obtained in a similar way in acidic medium [3]. (salDET)H abaMeDPT

*Author to whom correspondence should be addressed. Scheme 1.
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Prince and Stotter [4] prepared the complexes
[Ni(acpDET)](ClO,),, [Ni(acpDPT)](ClO,),, Ni(acp-
EPT)](ClO,), and [Cd(acpDPT)CI|CIO, by the in situ
reaction of 2-acetylpyridine, the appropriate triamine
and metal salt. Sheldrick and Stotter [5] grew mono-
crystals of the [Ni(acpDPT)}(ClO,), adduct with 2-
acetylpyridine and determined its crystal and molecular
structure, confirming the presence of monocondensation
products incorporated into the complex molecule. Ro-
tondo and Priolo [6] observed that the presence of
copper(Il) in the reaction mixture of salicylaldehyde
and bis(2-aminoethyl)-amine favored the monoconden-
sation, which led to the product [Cu(salDET)]PF,.
Very recently, we have shown [7] that the abaMeDPT
ligand can be prepared by the direct condensation
of 2-aminobenzaldehyde and bis(3-aminopropyl)-
methylamine with no template metal ion present in the
reaction mixture. The crystal structure of its copper
complex [Cu(abaMeDPT)I]I showed an equatorial ar-
rangement of the quadridentate ligand around the metal
center in a distorted square-pyramidal geometry.

Scarcity of synthesized and structurally characterized
metal complexes with monocondensation products de-
rived from linear aliphatic triamines, and their inter-
esting chemical and physical properties, prompted us
to search for further compounds of this type. In this
paper we report the synthesis and characterization of
six new copper(1Il) complexes with the ligands depicted
in Scheme 2. Crystal structures of the three complexes
[Cu(pyaDPDI]I-MeOH, [Cu(pyaMeDPT)I]I-MeOH
and [Cu(iqaMeDPT)I]I have been determined.

NN
(CHy, Z
X =Y =7 =H: pyaDET
X =Y =7Z =H: pyaDPT
X =Y =H, Z=CHy: pyaMeDPT
= -CH=CH-CH=CH-, Z = CHy: 1qaMeDPT

NH,5 HyN
B _(CHy),
N NH
N\ s
(CHy),,
n=2:
n=3:

abaDET
abaDPT

Scheme 2.

Experimental

Reagents

Bis(2-aminoethyl)-amine (DET), bis(3-aminopropyl)-
amine (DPT) and bis(3-aminopropyl)-methylamine
(MeDPT) were dried over potassium hydroxide and
distilled, fractions 116-117, 124-125 and 105-106 °C/
8 Th being collected, respectively. Pyridine-2-carbox-
aldehyde (pya) was distilled, the fraction 61-62 °C/8
Th being collected. 3-Formylisoquinoline (iga) and 2-
aminobenzaldehyde (aba) were prepared by the lit-
erature methods [8, 9]. All other chemicals were reagent
grade and used without further purification.

Complexes

Equimolar amounts (0.025 mol) of the appropriate
aldehyde (pya, aba, iga) and triamine (DET, DPT,
MeDPT) were refluxed in methanol (70 ml) for 1 h.
Copper sulfate pentahydrate (0.025 mol) in methanol
(50 ml) was added to the resulting solution, followed
by barium iodide (0.025 mol) in the same solvent (50
ml). The mixture was then stirred at reflux for 30 min
and filtered while hot. A dark-green solid separated
upon cooling and was removed by filtration. An ad-
ditional portion of solid was obtained upon concen-
tration of the filtrate. Both portions were combined
and recrystallized from methanol to give a dark-green
crystalline solid of the copper complex in 30-40% yield.
The following complexes were prepared this way.

[Cu(pyaDET)I]I (1). Anal. Found: C, 23.6; H, 3.1;
N, 10.8. Calc. for C,(H,;(CulLN,: C, 23.6; H, 3.2; N,
11.0%.

[Cu(pyaDPT)I]I-MeOH (2). Anal. Found: C, 27.2; H,
4.2; N, 9.6. Calc. for C;3H,,Cul,N,O: C, 27.4; H, 4.3;
N, 9.8%.

[Cu(pyaMeDPT)I]I-MeOH (3). Anal. Found: C, 28.7,
H, 4.5; N, 9.6. Calc. for C,,H,,Cul,N,O: C, 28.8; H,
4.5; N, 9.6%.

[Cu(igaMeDPT)I]I (4). Anal. Found: C, 33.9; H, 4.0;
N, 9.1. Calc. for C,;H,,Cul,N,: C, 33.9; H, 4.0; N,
9.3%.

[Cu(abaDET)I]I-MeOH (5). Anal. Found: C, 25.8;
H, 4.0; N, 9.9. Calc. for C,,H,,Cul,LN,O: C, 25.9; H,
4.0; N, 10.1%.

[Cu(abaDPT)I]I (6). Anal. Found: C, 28.5; H, 4.0;
N, 10.1. Cale. for C;sH,,CuLLN,: C, 28.3; H, 4.0; N,
10.2%.



Physical measurements

Carbon, hydrogen and nitrogen contents were de-
termined on a Carlo Erba elemental analyser MOD
1106. Field desorption mass spectra were recorded on
a Varian Mat 711 spectrometer with accelerating voltage
8 kV, extracting voltage —3 kV, and emitter current
10 mA. IR spectra of the solid samples dispersed in
Nujol and hexachlorobutadiene were run on a Perkin-
Elmer 621, and electronic spectra on a Perkin-Elmer
UV-Vis 402 spectrophotometer. Conductance mea-
surements were performed on a K-58 conducting bridge
constructed at the Technical University of Warsaw.

X-ray crystallography

Single crystals of [Cu(pyaDPT)I]I-MeOH (2),
[Cu(pyaMeDPT)I]I-MeOH (3) and [Cu(iqgaMeDPT)I]I
(4) were studied by X-ray diffraction techniques. An
air stable crystal of the appropriate copper complex
was mounted on a glass fiber with epoxy glue and
mounted on a four-circle automated Siemens-Nicolet
R3m/V diffractometer using graphite monochromated
Mo Ka radiation (A=0.71073 A). The crystal data for
the three complexes are reported in Table 1. An w26
scan mode was used for data collection and reflections
with 3<26<50° for 3 and 3<26<54° for 2 and 4 were
collected. A variable scan speed from 1.5 to 14.65°
min™' in w and a constant scan width of 1.20° was
used. With the acceptance criteria F>40(F), 2793
unique reflections were retained for 2, 2713 for 3 and
3198 for 4, respectively. Lorentz and polarization cor-
rections were applied to the intensities and, only for
2, an empirical absorption correction, based on mea-
surements of six reflections at y=270° for different
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azimuthal angles (y-scan) was made, and the trans-
mission factor ranged from 0.06 to 1.00. The structures
were solved using three-dimensional Patterson and
Fourier techniques and refined by full-matrix least-
squares methods with anisotropic temperature factors
for all the non-hydrogen atoms, excluding MeOH atoms
for 2 and 3. The positions of the hydrogen atoms were
calculated geometrically and floated on the positions
of the adjacent atoms, with a common refined tem-
perature factor of 0.065, 0.070, and 0.076 A in 2,3
and 4, respectively. In the refinement procedure the
quantity minimized was Zw(|F, | — |F.|)* with the weight-
ing scheme of the type w™!= 0?(F) +gF?, g being 0.0024,
0.0054 and 0.0008 for 2, 3 and 4, respectively. Final
R and R,, indices were: 0.076 and 0.097 for 2, 0.058
and 0.080 for 3, and 0.045 and 0.054 for 4, while the
goodness-of-fit was 1.92, 0.99 and 1.39, respectively,
and the corresponding data-to-parameter ratios were
15.9:1, 14.2:1, and 14.6:1, respectively. All calculations
were carried out using the programs Siemens SHELXTL
PLUS (Release 4.1) on a Digital® MicroVAX 3300
computer. The final atom coordinates are listed in Table
2.

Results and discussion

Refluxing equimolar amounts of the corresponding
triamine and aldehyde in methanol in the absence of
metal ions yields the monocondensation products
pyaDET, pyaDPT, pyaMeDPT, iqaMeDPT, abaDET
and abaDPT (Scheme 2) readily, as evidenced by ob-
servation of the molecular peak in FD mass spectrum
of the reaction mixture. A subsequent in situ reaction

TABLE 1. Crystal data for the complexes [Cu(pyaDPT)IJI-MeOH (2), [Cu(pyaMeDPT)I]I- MeOH (3) and [Cu(iqgaMeDPT)I]I (4)

Compound [Cu(pyaDPT)HI}I-MeOH (2)
Empirical formula C13H,CulLbN,O
Color, habit green, irregular shape
Size (mm) 0.2x0.2x0.03
Crystal system triclinic
Space group P1
Unit cell dimensions
a (A) 8.398(3)
b (A) 9.503(3)
¢ (A) 12.191(5)
a () 86.96(3)
B () 85.68(3)
v (°) 78.73(3)
Volume (A% 950.7(6)
VA 2
Formula weight 565.7
Density (calc.) 1.976
(Mg m™?)
Absorption coefficient 4.369
(mm™?)

F(000) 538

[Cu(pyaMeDPT)I]I-MeOH (3)
C; HysCul,N,O

green parallelopipeds
0.16X0.16X0.24

[Cu(iqaMeDPT)I]I (4)
C7H,Cul,N,

green parallelopipeds
0.12x0.12x0.16

monoclinic monoclinic
1)21 /e le /n
9.670(4) 11.210(3)
12.351(6) 10.920(4)
17.074(5) 17.323(5)
95.60(3) 96.11(2)
2029.5(14) 2108.6(11)
4 4

579.7 600.7
1.897 1.892
4.096 3.943

1108 1152
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of the ligands with copper(II) sulfate and barium iodide
affords the complexes 1-6 (Table 3) of the general
formula [Cu(L)I]I or [Cu(L)I]I-MeOH. The complexes
are moderately soluble in methanol, acetone, acetonitrile
and dimethylformamide.

In the IR spectra of the copper complexes (Table
3) several absorption bands in the 3030-3300 cm™!
region are observed. These bands, assigned to the
v(N-H) vibrations, appear at lower frequencies than
for non-hydrogen-bonded primary and secondary
amines, due to the involvement of amino groups in the
coordination of the central metal ion. Three complexes,
2, 3 and 5, predicted as methanol solvates on the basis
of elemental analysis, show additional broad bands at
3400-3470 cm~! resulting from the methanol OH
stretching modes. Absorption bands assignable to the
(C=N) vibrations appear at 1630-1660 cm™".

The complexes behave as 1:1 electrolytes in methanol
solution. At the concentration of 1X1072 mol dm~?
the molar conductance of five complexes, 1-4 and 6
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(Table 3) is contained within the 80-115 Q! cm® mol !
range proposed for 1:1 electrolytes dissolved in methanol
[10]. The slightly higher value obtained for 5§ (123 QO
cm? mol~' probably reflects a subsequent partial dis-
sociation of the [Cu(L)I]" cation.

UV-Vis spectra of the copper complexes recorded
in solid state as Nujol mulls show no gross differences
from the solution spectra, except for marked broadening
of the absorption bands. In solution, each complex
displays a single d—d transition band in the visible
region. The position of this band varies from 575 to
807 nm depending on the ligand, and suggests that
even minor changes within the ligand molecule may
affect the overall coordination geometry around the
copper center. Since a square-pyramidal geometry has
been found for the recently reported [Cu(aba-
MeDPT)I|I complex having a d—d transition band at
622 nm [7], we focused our attention on molecular
structure determination of the complexes 2, 3 and 4,
absorbing at higher wavelengths.

TABLE 3. Spectral data and molar conductances for the copper complexes

Compound v® (em™Y) Amax ° (Nm) Am©
(log €) (@~ cm? mol™?)
WO-H) »(N-H) AC=N), {C=C)
S(N-H)
[Cu(pyaDET)IJI (1) 3240 1662 220(4.60) 114
3160 1602 279sh
3080 1582 280(3.88)
294sh
625(2.25)
[Cu(pyaDPT)I]I-MeOH (2) 3420 3240 1650 218(4.63) 107
3180 1630 289(4.06)
3105 1608 345sh
746(2.38)
[Cu(pyaMeDPT)I]I- MeOH (3) 3395 3190 1650 216(4.58) 9
3165 1605 286(4.02)
3085 1567 333sh
807(2.65)
[Cu(iqaMeDPT)I]I (4) 3222 1647 220(4.60) 94
3168 1633 262(4.07)
3075 1600 365sh
420sh
685(2.15)
[Cu(abaDET)IJI-MeOH (5) 3470 3280 1650 220(4.69) 123
3150 1615 244sh
3070 1580 258(4.23)
1560 417sh
575(2.17)
[Cu(abaDPT)I]I (6) 3210 1640 220(4.60) 100
3120 1615 262(4.07)
3030 1575 365sh
1530 420sh
685(2.15)

*Prominent IR absorption bands in 1500-1700 and 3000-3500 cm ™" regions.
‘Molar conductances in 1X107* mol dm

for the other compounds, sh denotes shoulder.

YUV-Vis spectra in acetonitrile for 4 and in methanol
=3 methanol solution.
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TABLE 4. Selected bond lengths (3)

[Cu(pyaDPT)I]I-MeOH (2) [Cu(pyaMeDPT)II-MeOH (3) [Cu(iqaMeDPT)I]I (4)
1(1)-Cu 2.806(2) 1(1)~Cu 2.766(2) 1(1)-Cu 2.761(1)
Cu-N(1) 2.109(10) Cu-N(1) 2.133(7) Cu-N(1) 2.121(5)
Cu-N(2) 2.007(10) Cu-N(2) 1.986(7) Cu-N(2) 1.979(6)
Cu-N(3) 2.091(10) Cu-N(3) 2.113(7) Cu-N(3) 2.115(6)
Cu-N(4) 2.011(11) Cu-N(4) 1.995(7) Cu-N(4) 1.982(6)
N(1)-C(5) 1.347(15) N(1)-C(5) 1.331(12) N@1)-C(5) 1.387(8)
N(2)-C(6) 1.251(17) N(2)-C(6) 1.261(12) N(2)-C(6) 1.278(9)
N(2)-C(7) 1.464(20) N(2)-C(7) 1.496(15) N(2)-C(7) 1.473(9)
N(3)-C(9) 1.484(19) N(3)-C(9) 1.479(13) N(3)-C(9) 1.500(10)
N(3)-C(10) 1.467(15) N(3)-C(10) 1.488(12) N(3)-C(10) 1.503(10)
N(4)-C(12) 1.464(16) N(3)-C(13) 1.506(12) N(3)-C(13) 1.497(9)
C(5)-C(6) 1.424(20) N(4)-C(12) 1.467(12) N(4)-C(12) 1.464(10)
C(7)-C(8) 1.499(21) C(5)-C(6) 1.477(14) C(5)-C(6) 1.469(10)
C(8)-C(9) 1.492(21) C(7)-C(8) 1.509(17) C(7)-C(8) 1.486(10)
C(10)-C(11) 1.543(19) C(8)-C(9) 1.463(15) C(8)-C(9) 1.501(12)
C(11)-C(12) 1.483(21) C(10)-C(11) 1.539(15) C(10)-C(11) 1.493(13)
C(11)-C(12) 1.459(17) C(11)-C(12) 1.512(13)

TABLE 5. Selected bond angles (°)

[Cu(pyaDPT)I]I-MeOH (2) [Cu(pyaMeDPT)I]I-MeOH (3) [Cu(iqgaMeDPT)I]I (4)
I(1)-Cu-N(1) 105.6(3) I(1)-Cu-N(1) 110.5(2) I(1)-Cu-N(1) 114.7(1)
I(1)-Cu-N(2) 94.0(3) I(1)-Cu-N(2) 94.0(2) I(1)-Cu-N(2) 94.5(1)
N(1)-Cu-N(2) 78.8(4) N(1)-Cu-N(2) 79.0(3) N(1)-Cu-N(2) 79.6(2)
I(1)-Cu-N(3) 100.6(2) I(1)-Cu-N(3) 106.3(2) I(1)-Cu-N(3) 112.1(2)
N(1)-Cu-N(3) 153.3(3) N(1)-Cu-N(3) 142.4(3) N(1)-Cu-N(3) 132.5(2)
N(2)-Cu-N(3) 94.1(4) N(2)-Cu-N(3) 91.5(3) N(2)-Cu-N(3) 88.9(2)
1(1)-Cu-N(4) 96.1(3) I(1)-Cu-N(4) 94.5(2) I(1)-Cu-N(4) 92.7(2)
N(1)-Cu-N(4) 89.5(4) N(1)-Cu-N(4) 90.9(3) N(1)-Cu-N(4) 90.7(2)
N(2)-Cu-N(4) 166.2(4) N(2)-Cu-N(4) 168.6(3) N(2)-Cu-N(4) 169.7(2)
N(3)-Cu-N(4) 93.2(4) N(3)-Cu-N(4) 93.4(3) N(3)-Cu-N(4) 95.2(2)
Cu-N(1)-C(1) 130.6(8) Cu-N(1)-C(1) 131.5(7) Cu-N(1)-C(1) 131.1(5)
Cu-N(1)-C(5) 111.0(8) Cu-N(1)-C(5) 111.3(6) Cu-N(1)-C(5) 111.2(4)
Cu-N(2)-C(6) 115.5(9) Cu-N(2)-C(6) 117.2(6) Cu-N(2)-C(6) 117.2(5)
Cu-N(2)-C(7) 123.8(8) Cu-N(2)-C(7) 122.1(6) Cu-N(2)-C(7) 123.5(4)
C(6)-NQ2)-C(7) 120.6(11) C(6)-N(2)-C(7) 120.6(8) C(6)y-N(2)-C(7) 119.2(6)
Cu-N(3)-C(9) 115.9(8) Cu-N(3)-C(9) 113.5(6) Cu-N(3)-C(9) 113.6(4)
Cu-N(3)-C(10) 114.1(8) Cu-N(3)-C(10) 113.8(6) Cu-N(3)-C(10) 115.3(5)
C(9)-N(3)-C(10) 108.9(10) C(9)-N(3)-C(10) 104.8(7) C(9)-N(3)-C(10) 104.9(6)
Cu-N(4)-C(12) 120.0(8) Cu-N(3)-C(13) 105.2(6) Cu-N(3)-C(13) 104.1(4)
N(1)-C(5)-C(6) 114.8(10) C(9)-N(3)-C(13) 109.1(7) C(9)-N(3)-C(13) 109.7(6)
C(4)-C(5)-C(6) 124.4(11) C(10)-N(3)—C(13) 110.4(7) C(10)-N(3)-C(13) 109.2(6)
N(2)-C(6)-C(5) 119.7(12) Cu-N(4)-C(12) 120.7(6) Cu-N(4)-C(12) 119.3(5)
N(2)-C(7)-C(8) 110.5(12) N(1)-C(5)-C(6) 114.6(8) N(1)-C(5)-C(6) 113.0(6)
C(T)-C(8)—C(®) 114.0(12) C(4)-C(5)-C(6) 122.4(9) C(4)-C(5)—C(6) 122.9(6)
N(3)-C(9)-C(8) 114.8(13) N(2)-C(6)-C(5) 117.8(8) N(2)-C(6)-C(5) 118.6(6)
N(3)-C(10)-C(11) 113.5(10) N(2)-C(7)-C(8) 110.7(9) N(2)-C(7)-C(8) 109.2(6)
C(10)-C(11)-C(12) 113.3(10) C(7)-C(8)-C(9) 113.6(10) C(7)-C(8)-C(9) 114.6(7)
N(4)-C(12)-C(11) 113.7(11) N(3)-C(9)-C(8) 119.2(8) N(3)-C(9)-C(8) 117.4(7)
N(3)-C(10)-C(11) 115.9(8) N(3)-C(10)-C(11) 115.7(7)
C(10)-C(11)-C(12) 114.7(8) C(10)-C(11)-C(12) 114.1(7)
N(4)-C(12)-C(11) 113.1(8) N(4)-C(12)-C(11) 111.3(6)

The three structures, 2, 3 and 4, consist of a discrete
[Cu(L)I]* complex cation, an uncoordinated iodide
anion, and in the case of 2 and 3 of a methanol solvent
molecule. Selected bond distances are given in Table

4, selected bond angles in Table 5, and views of the
complex cations in Fig. 1. In each cation a copper
center is coordinated by a neutral ligand molecule
through its four nitrogen atoms plus an iodide anion



Fig. 1. Perspective views of the complex cations showing the
atom-labelling system and thermal ellipsoids at the 50% probability
for [Cu(pyaDPT)I]I-MeOH (2) (top), Cu(pyaMeDPT)-MeOH
(3) (center) and Cu(igaMeDPT) (4) (bottom).

at the fifth coordination site. The stereochemistry of
the CuN,I core is transient between square-pyramidal
and trigonal-bipyramidal symmetry, with the trigonality
increasing in the order 2, 3 and 4 (Reedijk’s structural
parameter 7 [11] 0.21, 0.44 and 0.62, respectively). For
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the sake of uniformity, it is viewed in this paper as a
distortion from trigonal-bipyramidal symmetry with
N(1), N(3) and I(1) atoms occupying the equatorial
coordination sites, and with N(2) and N(4) as apical
atoms. The main distortions from the bipyramidal con-
figuration for the three complexes results from the non-
linearity of the N(2)-Cu-N(4) axis (mean 168.2°). More-
over, the angle N(1)-Cu-N(3) in the equatorial plane
exhibits a dramatic distortion from the ideal trigonal
angle of 120° (153.3, 142.4 and 132.5° for 2, 3 and 4,
respectively), and consequently the N(1)...N(3) sep-
aration is very large (4.09, 4.02 and 3.88 A, respectively).
The mean N(1)-Cu-N(2) ‘bite’ angle is only 79.2° and
in the three complexes the Cu atom lies ¢. 0.10 A out
of the trigonal plane towards N(4). In the coordination
polyhedron the N, ligand forms three (5,6,6)-membered
chelate rings adopting the planar—chair—chair confor-
mation. The average in-plane Cu-N distances 2.100,
2.123 and 2.118 A for 2, 3 and 4, are c. 0.1 A larger
than the average Cu~N out-of-plane distances Cu-N(2)
and Cu-N(4) (2.009, 1.991 and 1.981 A, respectively),
and are similar to those observed previously for other
trigonal-bipyramidal copper(ll} monocationic com-
plexes containing four nitrogen donor atoms [12-24].
In the three complexes the Cu-I(1) bond distance (2.806,
2.766 and 2.761 A for 2, 3 and 4, respectively) is longer
than the Cu-I covalent bond (1.33+1.35 A), and those
found, for example in [Cu(bipy),I]* (2.675 A [16] and
2.697 A [24]) or in [Cu(phen),I]* (2.672 A [22]), which
have almost a regular set of trigonal-bipyramidal angles.
The structures of the three complexes are strictly anal-
ogous as shown by fitting of the CuN,I core of 3 with
that of 4 (weighted r.m.s. deviations are only 0.103 A)
and with that of 2 (weighted r.m.s. 0.104 A), while
superimposition of the common skeleton yields the
corresponding deviations of 0.208 and 0.145 A, re-
spectively (see ‘Supplementary material’ for views of
the fittings). Besides the ionic forces due to the ionic
character of the structure, the cohesion of the crystals
is achieved through usual van der Waals interactions,
even if a short contact between uncoordinated counter-
anion I(2) and methanol oxygen atom (3.54 and 3.44
Ain 2 and 3, respectively) could suggest that the solvent
is strongly associated with the iodide ion. The closest
approach of I(2) to the copper center is 4.75, 4.88 and
485 A in 2, 3 and 4, respectively.

Supplementary material

The supplementary material is available upon request
from author G.B. and includes: full tables of bond
lengths (Table 4A) and angles (Table 5A), selected
relevant mean-planes data (Table 6), calculated hy-
drogen-atom positions (Table 7), anisotropic temper-
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ature factors (Table 8), observed/calculated structure
factors (Table 9), tetragonal-pyramidal versus trigonal-
bipyramidal view of CuN,I core (Fig. 2), views of
coordination arrangement around the individual copper
centers (Fig. 3), fitting of 3 with 2, and with 4 (Fig.
4), and molecular packing scheme viewed down the b
axis (Fig. 5).

Acknowledgement

This work was supported by Grant 2-1349-91-01 from
the Polish Scientific Research Council, KBN (M.K,,
EXK. and A.O.).

References

1 M. Kwiatkowski, E. Kwiatkowski, A. Olechnowicz, D. M. Ho
and E. Deutsch, Inorg. Chim. Acta, 150 (1988) 65, and refs.
therein.

2 M. Kwiatkowski, E. Kwiatkowski, A. Olechnowicz, D. M. Ho
and E. Deutsch, J. Chem. Soc., Dalton Trans., (1990) 2497
and 3063.

3 W. N. Wallis and S. C. Cummings, Inorg. Chem., 13 (1974)
988.

4 R. H. Prince and D. A. Stotter, Inorg. Chim. Acta, 10 (1974)
89.

5 G. M. Sheldrick and D. A. Stotter, J. Chem. Soc., Dalton
Trans., (1975) 666.

10
11

12

13
14

15

16

17

18

19

20

21

22

23

24

E. Rotondo and F. C. Priolo, J. Chem. Soc. Dalton Trans.,
(1982) 1825.

E. Kwiatkowski, M. Kwiatkowski, A. Olechnowicz, T. Os-
sowski, B. Ko$ciuszko and U. Dettlaff-Weglikowska, J. Crys-
tallogr. Spectrosc. Res., 21 (1991) 75.

C. E. Teague and A. Roe, J. Am. Chem. Soc., 73 (1951) 688.
L. E. Smith and J. W. Opie, Org. Synth. Collect., 3 (1956)
56.

W. J. Geary, Coord. Chem. Rev., 7 (1971) 81.

A. W. Addison, T. N. Rao, J. Reedijjk, J. van Rijn and G.
C. Verschoor, J. Chem. Soc., Dalton Trans., (1984) 1349.
N. J. Ray, L. Hulett, R. Sheahan and B. J. Hathaway, J.
Chem. Soc. Dalton Trans., (1981) 1463.

F. Huq and A. C. Shapski, J. Chem. Soc. 4, (1971) 1927.
A. M. Manotti Lanfredi, A. Tiripicchio, M. Ghedini and G.
De Munno, Acta Crystallogr., Sect. B, 38 (1982) 1165.

D. Boys, C. Escobar and S. Martinez-Carrera, Acta Crystallogr.,
Sect. B, 37 (1981) 351.

B. J. Hathaway and A. Murphy, Acta Crystallogr., Sect. B, 36
(1980) 295.

M. A. Khan and D. G. Tuck, Acta Crystallogr., Sect. B, 37
(1981) 14009.

W. P. Jensen and R. A. Jacobson, Inorg. Chim. Acta, 49
(1981) 199.

S. Tyagi and B. J. Hathaway, J. Chem. Soc., Dalton Trans.,
(1983) 199.

P. J. Burke, K. Henrick and D. R. McMillin, Inorg. Chem.,
21 (1982) 1881.

P. J. Burke, D. R. McMillin and W. R. Robinson, Inorg.
Chem., 19 (1980) 1211.

T. W. Hambley, C. L. Raston and A. H. White, Ausrt. J
Chem., 30 (1977) 1965.

G. R. Newkome, V. K. Gupta and F. R. Fronczek, Inorg.
Chem., 22 (1983) 171.

G. A. Barclay, B. F. Hoskins and C. H. L. Kennard, J. Chem.
Soc., (1963) 5691.



