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O(1)—Piu(1)—O(1") 89.6 (2) C(3)—C(2)—C(1) 109.7 (4)
C(H—O(1)—Pu b 121.4 (3) C(H—C()>—C(3) 108.6 (7)
02 —C(1H—0(1) 120.7 (5) C(4)—C(2—C(1) 107.0 (H

Symmetry code: (i) x, § — ¥, .

Table 3. Hydrogen-bonding geometry (A °)

D—H-- A H---A D---A D—H-- A
03—H3...02' 20 2.783(T) 145 (4
N1—Hlc¢- - -03" 2.38(9) 3133 (N 159 (h
Symmetry codes: (i) { —x, 1 —y, L +(i)r— 4,51 -2

Table 4. Torsion angles within the six-membered chelate

ring (°)
Experimental Model*
P 1)—O(1)—C(H—C(2) 6 i4
O(H—C(1)—C(@2—C(1") 44 48
C(1)—C(2y—C(1H—0(1" —44 48
C(2)—C(1H—O(1"—Pu1) —6 —14
C(1H—0(1H—Py1H—0O(1) 11 59
O(1")—PuH—0O(1—C(1) —41 -39

Symmetry code: (i) x, § — v, 2.

* Values from model structure with bond lengths Pt—0 2.00,C—0 1.30
and C—C 1.52 A, and bond angles O—Pt—O 90.0, Pt—O—C 109.5.
O0—C—C 109.5 and C—C—C 114.5°.

The structure was solved by Patterson and Fourier methods
and refined by full-matrix least-squares techniques. All H
atoms could be located from the difference Fourier maps and
were refined with an overall isotropic displacement parameter.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Data reduction: CAD-4 Software. Program(s) used to solve
structure: SHELXS86 (Sheldrick, 1985). Program(s) used to
refine structure: SHELXS86. Molecular graphics: ORTEPII
(Johnson, 1976).

Lists of structure factors, anisotropic displacement parameters. H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: PA1135). Copies may be obtained through The
Managing Editor, International Union of Crystallography. 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The title salt, C,4H3sNg*.2CdC17~ [1,2-bis(1-aza-
4,7-diazonia- 1-cyclononyl)ethane tetrachlorocadmate],
has been structurally characterized. Hydrogen bonds
are formed from protons of the secondary amine N
atoms to the CdCl~ anions and the tertiary amine N
atoms. This suggests that the secondary amines of the
tetraprotonated cation are protonated in the crystal as
they appear to be in aqueous solution.

Comment

Hexaprotonated salts of o,w-bis(l,4,7-triaza-1-cyclo-
nonyl)alkanes are strong diprotic acids in aqueous
solution. Trends in acidity within the series indicate that
protons attached to the tertiary amines are most acidic
(Zhang, Hsieh, Margulis & Zompa, 1995). In the course
of metal complexation studies with 1,2-bis(14,7-triaza-1-
cyclononyl)ethane, the title compound, (I), was isolated
(see Experimenatal).

/CHZ Cii: +
ﬁ2N+ \CHz H:(_( NH\I
P TR
N-CH5CH5 -
nle , ) CHrenT | 266C%
HoN™ _CH, H3C  NHY'
H> TeHE
2 CH5

The crystal is composed of discrete ions linked by
hydrogen bonds between the secondary-amine groups
and the tetrachlorocadmate ion. The closest nonbonded
distances of the secondary-amine N atoms include:
N2.--Cl2(—x, 1 — ¥,2 — 2) 3.202(6), N2-- -Cll (x — 1,
y+1,2)3.253(6), and N3---C12(x, y + 1, 2) 3.293 (6) A.
The shortest nonbonded contact to the tertiary amine N
atom is N1---C12(—x, 1 — y, 2 — 2) 3.448(6) A. This
indicates that the protons of the tetracation are likely
to be associated with the secondary amines. The Cd—
Cl bond distances range from 2.429 (1) to 2.504 (1) A.
The Cl—Cd—Cl bond angles range from 99.48 (5) to
114.77 (5)°, indicating considerable distortion probably
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due to the different CI~ environments. Similar param-
eters are observed for other chlorocadmates (Richard-
son, Franklin & Thompson, 1975). The observed trend
is that the stronger the hydrogen-bonding interaction to
Cl, the longer the Cd—Cl bond. The Cd—CI2 bond
is longest and is involved in two N—H---Cl attrac-
tions [H2B---Cl2(—x, 1 — y, 2 — z) 2.32(6) and
H3A - -Cl2(—x, 1 — y, 2 — ) 2.48(6) A]. Intramolec-
ular hydrogen bonding occurs between N1 and the
two secondary-amine protons H2B and H3A [N1---H2B
2.50(6) and N1---H3A 2.34 (6) A]. Thus, H2B and H3A
form bifurcated hydrogen bonds to both CI2 and N1.
The conformation adopted by the tetraprotonated
amine does not vary significantly from those observed
for several binuclear metal complexes with similar
ligands of this series or tridentate metal complexes of
1,4,7-triazacyclononane (Pletnev, 1994). The C atoms of
the nine-membered rings are located on one side of the
plane formed by the three N atoms of the ring. The C
atom (C7) of the ethylenic chain is on the opposite side.

Fig. 1. Swucwure of (I) showing 50% probability displacement
cllipsoids. H atoms are omitted for clarity.

Fig. 2. Compound structure showing bifurcated hydrogen bonds.
Projection is perpendicular to the plane formed by NI. N2 and
N3. Some hydrogen bonds are omitted for clarity.
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The positions of the N atoms are fixed by the hydrogen
bonds, resulting in a ring conformation similar to those
found in tridentate metal complexes.

Experimental

The title compound was isolated from an aqueous solution at
pH 6-7 containing the hydrochloride salt of 1,2-bis(1,4,7-tri-*
aza-1-cyclononyl)ethane and Cd(NO;): (1:2 molar ratio).

Crystal data

(C13H36Ng)[CAClLs ] Mo Ka radiatjon

M, =796.9 A=0.71073 A

Triclinic Cell parameters from 24
Pl reflections

a=28366(2) A 0 = 15.41-20.20°

b =9.430(2) A p=2178 mm™'
c=9642(2) A T=29312)K

a = 93.62(3)° Block

8 =103.22 (3)° 0.35 x 0.20 x 0.20 mm
7 =91.24(3)° Colorless

V=7385(3) A’

Z=1

D, =1792 Mg m™*

Data collection

Syntex P2, diffractometer 4207 observed reflections

#-26 scans [ > 20(D))
Absorption correction: Rine = 0.018
refined from AF Omax = 32.60°
(SHELXA90 in h=0—12
SHELX193; Sheldrick, k=—-14 - 14
1993) l=-14 — 14
Tin = 0435, Thux = 3 standard reflections
0.872 monitored every 50

reflections
intensity decay: none

5699 measured reflections
5381 independent reflections

Refinement

Refinement on F?
RIF? > 20(F%)] = 0.0487
wR(F?) = 0.1425
S=1.084
5380 reflections
148 parameters
H atoms: see below
w = U[o*(F?) + (0.0657P)
+ 1.3945P]
where P = (F2 + 2F2)/3

(A/O')max = 0022o

Apma = 1.031 € AT’

Apmin = —1.516 e A™?

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

ch = (‘/3)2,‘2,‘(/,‘,‘(1:0;31.8]‘

X ¥ 4 ch
Cd 0.33627 (4) 0.17426 (3) 0.78609 (3) 0.03464 (10)
Cll 0.30554 (13)  —0.05009 (11) 0.63415(11) 0.0356 (2)
CI2 .09828 (13) 0.14159 (12) 0.89968 (11) 0.0380 (2)
ClI3 0.29108 (15) 0.38161 (12) 0.64679 (12) 0.0403 (2)
Cl4 0.58861 (15) 0.18744 (16) 0.97410(13) 0.0502 (3)
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NI —0.1494 (4) 0.5766 (3) 0.8466 (4) 0.0284 (6)
N2 —0.3474 (5) 0.8220 (4) 0.7930(4) 0.0341. (N
N3 0.0163 (4) 0.8071 (4) 0.7810 (4) 0.0298 (6)
Cl1 —0.3290 (5) 0.5602 (5) 0.7987 (5) 0.0400 (10)
C2 —0.4042 (5) 0.6807 (5) 0.7122 (5 0.0362 (8)
c3 —0.2576 (5) 0.9261 (4) 0.7246 (5) 0.0343(8)
C4 —0.1168 (5) 0.8662 (4) 0.6695 (4) 0.0315(7
C5 0.0717 (5) 0.6647 (4) 0.7359 (5) 0.0335(8)
Cé —0.0647 (5) 0.5523 (4) 0.7288 (4) 0.0322(D
Cc7 —0.0908 (5) 0.4888 (4) 0.9671 (5) 0.0324 (8)

Table 2. Selected geometric parameters (A °)

Cd—C13 24293 (13)  N2—C2 1.510(6)
Cd—Cl4 2.4430(15) N3—CS 1.501 (%)
Cd—CHl 24700 (13)  N3—C4 1.503 ()
Cd—CI2 25044 (13) Cl1—C2 1.515(6)
N1—C7 1.468 (5) C3—C4 1.505 (6)
Ni—Cl 1.469 (5) C5—C6 1.527(6)
N1—C6 1.480(5) C1—CT 151 (8)
N2—C3 1.497 (6)

C13—Cd—Cl4 114.77 (5) C3—N2—C2 118.1(3)
CI3—Cd—Cl1 11236 (4 C5—N3—C4 137 ()
Cl4—Cd—Cll 112.37(5) N1—C1—C2 112.8(3)
C13—Cd—CI2 108.37 (5) N2—C2—ClI 110.2 (4)
Cl4—Cd—C12 108.22 (5) N2—C3—C4 114.8 (3)
Clt—Cd—CiI2 99.48 (5) N3—C4—C3 114.8 (3)
C1—N1—C1 109.9 (3) N3—C5—C6 1094 (3)
C7T—N1—-Cé6 113.6 (3) NI—C6—CS 1183
C1—N1—-Cé6 112.8 (3) N1—C7—CT' 113.3(4)
Symmetry code: (i) —x, 1 — ¥,2 — 2.

The H atoms on all C atoms were located on Fourier difference
maps, but were fixed at ideal positions (0.96 A) with common
1sotr0p1c displacement parameters (Ui, = 0.08 A) and refined
using a riding model. The four amino H atoms were found in
difference maps and refined with fixed isotropic displacement
parameters (Ui, = 0.08 A) N—H dlstances varied from 0.79-
0.99 A with an average e.s.d. of (.08 A. The largest peaks and
holes in these maps were located near Cd.

Data collection: P3/PC (Siemens, 1989a). Cell refinement:
P3/PC. Data reduction: XDISK (Siemens, 1989b). Program(s)
used to solve structure: SHELXTL-Plus (Sheldrick, 1991).
Program(s) used to refine structure: SHELX193 (Sheldrick,
1993). Molecular graphics: SHELXTL-Plus. Software used to
prepare material for publication: SHELXL93.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: BK1194). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH! 2HU, England.
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Abstract

In the 3 form of tris(thiocyanato-N)[2,7,13,18-tetra-
methyl-3, 6,14,17, 23, 24-hexaazatricyclo[17.3.1.1%12]-
tetracosa-1(23), 2, 6, 8(24),9,11,13,17,19, 21-decaene-
N3 N6 N“¥ N7 N2 N?*Jeuropium, the nine-coordinate
Eu'" ion is bound to the N atoms of three monodentate
isothiocyanate ligands and to the six N atoms of the
macrocyclic ligand L (C,,H,sN¢), which has an 18-
membered six-N-atom donor cavity, with a coordination
geometry analogous to that of the o form.

Comment

Lanthanide(III) complexes of the 18-membered six-N-
atom donor macrocyclic ligand L (C;2H26Ne) have been
synthesized by the metal-templated cyclic Schiff base
condensation of 2,6-diacetylpyridine and 1,2-diamino-
ethane (De Cola, Smailes & Vallarino, 1986). A repre-
sentative selection of these complexes has been char-
acterized by single-crystal X-ray diffraction analysis, as
well as by infrared (IR) and nuclear magnetic resonance
(NMR) spectra (Fonda, Smailes, Vallarino, Bombieri,
Benetollo, Polo & De Cola, 1993). All these complexes
have, as a common feature, the presence of a highly inert
metal-macrocycle entity accompanied by two or three
labile exocyclic ligands, linked to the central metal ion
on opposite sides of the macrocycle. Most of these com-
plexes were initially isolated as acetates or nitrates, as
these coordinating oxygen-donor anions greatly facili-
tated the metal-template synthesis of the macrocycle.
Once the cationic metal macrocycle was formed, salts
of other non-coordinating or coordinating counterions
were obtained simply by anion metathesis (Bombieri,
Benetollo, Polo, De Cola, Smailes & Vallarino, 1986;
Bombieri, Benetollo, Polo, Fonda & Vallarino, 1991).
We have previously reported the crystal structures
of the tris(isothiocyanato) complexes of the {Eu'''L}
and {Y"L} macrocycles, obtained from the corre-

Acta Crystallographica Section C
ISSN 0108-2701 ©1996



