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Manipulation of molecular crystals formed from self-organization
is one of the important methods to develop the new molecular
functional materials. In particular, we look upon mutual cohesive
interactions of hydrogen bonding and metal coordination as one
useful tool to construct the preprogramming superstructures. In
this study, five controlled superstructures of a one-dimensional
linear chain—a zigzag ribbon, right-handed and left-handed heli-
ces, and a two-dimensional honeycomb sheet—-are newly created
by using the neutral metal complexes with some 2,2�-biimidazolate
mono-anions.

Molecular arrays with desirable topological networks re-
cently have been realized in crystal by self-organized

binding between molecular building blocks with hydrogen-
bonding (H-bonding) and metal-coordinating affinities. The
coordination bonds and the H-bonds are relatively weak inter-
actions that impart strength, directionality, and complementarity
(1–6). Such crystal manipulations, often known through crystal
engineering, are performed to yield arrays of controlled super-
structures that provide new functional molecular solids (7–8).
Thus, the self-organization of designed molecules containing
certain kinds of complementary H-bonding and coordinating
units has stimulated new efforts in the material sciences that use,
for example, controlled molecular arrays adsorbed to a solid
surface (9–11), a self-organized molecular assembly with unique
cavities (12), and an integrated system of molecular device (13).

In some molecular systems, it has been possible to control
molecular aggregation in the crystal by the difunctional ligands
that bond to metal with coordinate–covalent interactions and to
each other with H-bonding interactions (14–19). The 2,2�-
biimidazolate mono-anion (Hbim�1), recently introduced (20),
works as such a difunctional bridging ligand not only to form a
stable metal-chelate complex but also a new intermolecular
complementary H-bonding with two sets of NH donors and N
acceptors, as shown in Scheme 1. A molecular system like

Hbim�1 has not been found in molecular aggregation used for
crystal engineering except in our aggregation system.

The previously reported [NiII(Hbim)3]�1, obtained by self-
organization with an Ni(II) ion and an Hbim�1, forms a variety

of multidimensional superstructures with long-range ordered
arrays (21). In these cases, the nature of the metal anion
assembly was affected by the nature and size of the counter
cation. We have tried to eliminate the counter ion and to create
a new superstructure with an infinite chain without the effect of
counter ions on the assembly of metal complexes constructed
from the H-bonding dimer units like Scheme 1. In this report,
four types of self-organizing superstructures with infinite chains
are identified by designing four neutral Hbim�1 complexes with
altered metal coordination spheres. As the result, we can sys-
tematically produce five types of preprogramming superstruc-
tures (shown in Fig. 1) of a dimer (A), a linear chain (B), a zigzag
ribbon (C), a honeycomb sheet (D), and a helical chain (E),
respectively (see data sheets, which are published as supporting
information on the PNAS web site, www.pnas.org).

Materials and Methods
Preparation of trans-[NiII(Hbim)2(tBupy)2] (Complex 2). H2bim (0.40 g,
3 mmol) and 4-tert-butyl pyridine (tBupy) (0.28 g, 2.0 mmol) were
added to MeOH (60 cm3) containing potassium tert-butoxide
(1.10 g, 10 mmol), and the suspension was heated until the
refluxing condition was achieved. To the resulting solution,
Ni(ClO)4�6H2O (0.36 g, 1.0 mmol) in MeOH (40 cm3) was added
dropwise. The reaction mixture was refluxed for 15 min and
filtered. The obtained filtrate was cooled slowly to room tem-
perature and left overnight. The orange-prism crystals were
obtained after several days. Elemental analysis was as follows:
for [Ni(Hbim)2(tBupy)2]�0.5H2O (C30H37N10O0.5Ni), calculated
values were C, 59.62%; H, 6.17%; N, 23.18%: values found were
C, 59.40%; H, 5.98%; N, 23.39%; (the sample was dried under
vacuum for 6 h at 100°C), IR (KBr) 2656 cm�1[br, � (NH)]; 1910
cm�1 [br, 2� (NH)].

Preparation of [NiII(Hbim)2(bpy)] (Complex 3). The blue crystals of
complex 3 were obtained in a similar way to that of the crystals
of complex 2, except for using 2,2�-bipyridine (bpy) (0.16 g,
1.0 mmol) instead of tBupy. Elemental analysis: for
[Ni(Hbim)2(bpy)] (C22H18N10Ni), calculated values were C,
54.91%; H, 3.77%; N, 29.11%: values found were C, 54.56%; H,
3.88%; N, 28.79%; (the sample was dried under vacuum for 6 h
at 100°C), IR (KBr) 2788 cm�1[br, � (NH)]; 1919 cm�1 [br, 2�
(NH)].

Preparation of [Ru(Hbim)3] (Complex 4). Synthesis of the crystals of
complex 4 was performed as described (22). Elemental analysis:
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for [Ru(Hbim)3]�1�2H2O (C18H16N12O0.5Ru), calculated values
were C, 42.44%; H, 3.17%; N, 32.99%; values found were C,
42.77%; H, 3.29%; N, 32.61%; (the sample was dried under
vacuum for 6 h at 100°C), IR (KBr) 2502 cm�1 [br, � (NH)]; 1890
cm�1 [br, 2� (NH)].

Preparations of �-[CoIII(Hbim)3] (Complex 5) or �-[CoIII(Hbim)3]
(Complex 6). A methanol solution of sodium methoxide (28%)
was added to a methanolic suspension (5 cm3) of the op-
tically resolved cobalt (III) complex of �� or
�-[CoIII(Hbim)3](NO3)3 (0.10 g, 0.15 mmol) until the mixture
became an orange solution. The cobalt (III) complex was
resolved according to the method described (23). 2-Propanol was
diffused to each solution to give red prismatic crystals of complex
5 or complex 6. Elemental analysis: for complex 5 (dried under
vacuum at 100°C) �-[Co(Hbim)3]�H2O (C18H17N12OCo), calcu-
lated values were C, 51.77%; H, 4.10%; N, 40.25%; values found
were C, 51.56%; H, 4.02%; N, 40.15%; IR (KBr) 2824 cm�1 [br,
� (NH)]; 1898 cm�1 [br, 2� (NH)]. Elemental analysis: complex
6 (dried under vacuum at 100°C) �-[Co(Hbim)3]�H2O
(C18H17N12OCo), calculated values were C, 51.77%; H, 4.10%;
N, 40.25%; values found were C, 51.61%; H, 4.30%; N, 40.16%;
IR (KBr) 2824 cm�1 [br, � (NH)]; 1898 cm�1 [br, 2� (NH)].

Crystal Structure Data for Complexes 2–6. Crystal data for complex
2: [Ni(Hbim)2(tBupy)2] (C30H36N10Ni), triclinic, space group P-1
(No. 2) with a � 10.395 (8) Å, b � 11.117 (6) Å, c � 8.425 (4)
Å, � � 106.84 (5)°, � � 106.97 (5)°, � � 104.33 (6)°, V � 830 (1)
Å3, Z � 1, �calcd � 1.190 gcm�3, F (000) � 314, T � 23°C,
�(MoK�) � 6.18 cm�1, 215 parameters, R1 � 0.089, Rw � 0.119,

and GOF � 1.55 for all 1,314 data [I �4� (I)]; values of minimum
and maximum residual electron density 1.13 and �0.54 eÅ3,
3,827 reflections were collected by Lp, and � scan absorption
correction was applied. Crystal data for complex 3:
{[Ni(Hbim)2(bpy)]}2 (C44H36N20Ni2); orthorhombic, space
group Pbca (No. 61) with a � 33.248 (6) Å, b � 16.832 (5) Å, c �
16.279 (4) Å, V � 9110 (6) Å3, Z � 8, �calcd � 1.403 gcm�3, F
(000) � 3968, T � 23°C, �(MoK�) � 8.84 cm�1, 740 parameters;
R1 � 0.042, Rw � 0.033, and GOF � 1.51 for all 3,727 data [I �3�
(I)]; values of minimum and maximum residual electron density
0.22 and �0.17 eÅ3, 11,611 reflections were collected by Lp, and
� scan absorption correction was applied. Crystal data for
complex 4: {[Ru(Hbim)3]}2 (C36H30N24Ru2), monoclinic, space
group P21 (No. 4) with a � 12.2426 (8) Å, b � 12.643 (1) Å, c �
13.2066 (6) Å, � � 92.738 (4)°, V � 2041.8 (2) Å3, Z � 2, �calcd
� 1.628 gcm�3, F (000) � 1004, T � 23°C, �(CuK�) � 65.12
cm�1, 560 parameters; R1 � 0.042, Rw � 0.067, and GOF � 1.75
for all 2,776 data [I �3� (I)]; values of minimum and maximum
residual electron density 0.72 and �1.46 eÅ3, 3,194 reflections
were collected by Lp, and � scan absorption correction was
applied. Crystal data for complex 5: {�-[Co(Hbim)3]}2�3(2-
PrOH)�2H2O (C45H54N24O5Co2), orthorhombic, space group
P212121 (No. 19) with a � 13.917 (4) Å, b � 31.216 (8) Å, c �
12.721 (5) Å, V � 5526 (2) Å3, Z � 4, �calcd � 1.362 gcm�3, F
(000) � 2360, T � �123°C, �(CuK�) � 52.54 cm�1; 686
parameters, R1 � 0.044, Rw � 0.051, and GOF � 1.25 for all 2,913
data [I �3� (I)]; values of minimum and maximum residual
electron density 0.38 and �0.31 eÅ3, 4,528 reflections were
collected by Lp, and � scan absorption correction was applied.
Crystal data for complex 6: {�-[Co(Hbim)3]}2�3(2-PrOH)�2H2O

Fig. 1. Schematic representations of multidimensional assemblies formed by transition-metal complexes with controlled configurations that regulate the
number of Hbim�1 ligands. (A) ‘‘Zero-dimensional dimer’’ constructed by the complementary intermolecular hydrogen bonds between Hbim�1 ligands in the
metal complexes coordinated by only one Hbim�1 ligand. (B) One-dimensional linear chain assembled by the metal complexes with trans-configuration
coordinated by two Hbim�1 ligands. (C) One-dimensional zigzag ribbon assembled by the metal complexes with at least two Hbim�1 ligands in cis-configuration.
(D) Two-dimensional honeycomb sheet linked by three intermolecular hydrogen bondings of the metal complexes with three Hbim�1 ligands. The sheet is
constructed by hydrogen bondings with alternate linkage between different optical isomers of � and � types. (E) Helical chain assembled by intermolecular
hydrogen bondings between the same optical isomers of � or � containing at least two Hbim�1 ligands. n � number of Hbim�1 ligands coordinated to transition
metal ions.
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(C45H54N24O5Co2), orthorhombic, space group P212121 (No. 19)
with a � 13.90 (3) Å, b � 31.2 (1) Å, c � 12.71 (1) Å, V � 5516
(19) Å3, Z � 4, �calcd � 1.359 gcm�3, F (000) � 2360, T �
�123°C, �(CuK�) � 52.63 cm�1; 686 parameters, R1 � 0.049, Rw
� 0.068, and GOF � 1.76 for all 3,327 data [I �3� (I)]; values
of minimum and maximum residual electron density were 0.55
and �0.44 eÅ3, 4,214 reflections were collected by Lp, and �
scan absorption correction was applied. A Rigaku AFC7R
diffractometer (Rigaku, Tokyo) was used for all crystals; com-
puting structure solution, SIR92 (24) for crystal complexes 2 and
5; SHELXS-86 (25) for crystal complexes 3, 4, and 6; computing
structure refinement, DIRDIF94 (26) for all crystals; reflections
for all crystals were refined based on Fo by full-matrix least
squares. Crystallographic data (excluding structure factors) for
the structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Center as CSD refer-
ence nos. 174718 (2), 174719 (3), 174720 (4), 174721 (5), and
174927 (6).

Results and Discussion
Classification of multidimensional superstructures has already
been performed in organic compounds assembled by intermo-
lecular H-bonding of carboxylic acid derivatives (27), as well as
in coordination polymers by bridging ligands such as oxalate
(28–31). Carboxylic acid H-bonding and oxalate-coordination
polymer have been rationally synthesized in a linear chain, a
zigzag ribbon, a honeycomb sheet, and other three-dimensional
superstructures. These superstructures afford the classification

of the multiaggregation compounds that consist of only H-bonds
or coordination bonds. Here, we have established a new cate-
gorical classification of the superstructures generated by simul-
taneous use of both complementary intermolecular H-bondings
and stable coordination bondings, as shown in Fig. 1.

The H-bonded dimer unit through the Hbim�1 ligands has
been assembled securely and strongly by using neutral complexes
containing Hbim�1 (Scheme 1). For example, the previously
reported neutral [CuII(Hbim)(SalenNMe2)] (1) is formed by an
H-bonded dimer of the type A. In contrast, the positively charged
[CuII(Hbim)(tacn)]� formed an intermolecular H-bonding in-
teraction with ClO4

� counter anion in preference to self-
complementary NH���N H-bonding interaction between Hbim�1

ligands (32). This result suggests that the counter ions, in
particular, the anions with strong H-bonding ability in the ionic
complexes, interrupt the formation of the dimer unit. Although
counter cations like alkylammonium ions in the crystal with the
anionic complex [Ni(Hbim)3]�1 affect the superstructures, they
do not perturb the complementary H-bondings. Thus, these facts
indicate that there is no chance of interruption of self-
complementary ligand–ligand interactions because of sterically
demanding bulky cations and the preferential H-bonding be-
tween Hbim�1 ligands of anion complexes. From this point, to
develop the effective self-organization of superstructures, neu-
tral complexes rather than charged ones should be used.

Fig. 2 shows a superstructure with one-dimensional (1-D)
linear chains of the type B constructed by neutral
[NiII(Hbim)2(tBupy)2] (2) with a trans configuration. The blue
single crystals of 2 are obtained from a basic methanol solution
by simple one-pot self-organization with Ni (II) ions, Hbim�1

and tBupy. The chain in the crystal along the a axis is composed

Fig. 2. Arrangement of one-dimensional linear chains in crystal formed by
2 (stereoviews). Three CH3 groups containing tBupy are omitted for clarity. (a)
One-dimensional linear chains link along the a axis and pile along the b axis.
Hbim�1, red; Ni2�, green; and tBupy, blue. (b) A perspective stereoview of
linear chains, as viewed along the a axis.

Fig. 3. Arrangement of one-dimensional zigzag ribbons in crystal formed by
3 (stereoviews). (a) A zigzag ribbon structure is formed by alternate linkage
between different optical isomers of � (red) and � (blue) types along the b axis.
(b) Stacking of the zigzag ribbons along the a axis. Hbim�1, red; Ni2�, green;
and bpy, blue.
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of infinite links of intermolecular H-bonds of two Hbim�1

ligands, located in equatorial positions on the distorted octahe-
dron (the range of NH���N distances: 2.80 Å � 2.82 Å). The two
axial positions are occupied by two monodentate tBupy ligands.
Each chain is piled along the b axis to form stacking sheets in the
ac plane while fitting each tBu group into the space between the
chains. On the other hand, formation of the 1-D linear chains can
be altered to that of 1-D zigzag-ribbons by changing the direction
of intermolecular H-bonding sites in the building blocks. Fig. 3
shows the zigzag ribbon of the type C constructed by
[NiII(Hbim)2(bpy)] (3) with the bpy ligand. The pale orange
crystals of 3 are obtained by the same synthetic method of 2
except that the bidentate bpy was used instead of tBupy. The
zigzag ribbon consists of 1-D ordered arrays along the b axis
formed by alternative H-bondings between different optical
isomers of � and � of 3. Two Hbim�1 ligands of 3 are used to
form the H-bonded zigzag-ribbon networks, but a coordinated
bpy does not participate in the formation of the networks (the
range of NH���N distances: 2.78 Å � 2.83 Å). Each bpy residue
on the zigzag ribbon is aligned standing alternately parallel to

each other and perpendicular to the 1-D main chains. Thus, we
have demonstrated that we can control linear vs. zigzag
1-D networks by using monodentate and bidentate ligands,
respectively.

As shown in Fig. 4a, a neutral racemic complex of [RuIII(H-
bim)3] (4) with D3 symmetry forms a two-dimensional honey-
comb sheet of the type D with (6,3) nets. Compound 4 is
prepared from the precursor complex [RuII(H2bim)3]2�, and the
desired dark blue single crystals are crystallized from a methanol
solution. All of the three Hbim�1 sites of 4 form the comple-
mentary intermolecular H-bonds completely. The honeycomb
sheet self-organized by 4 is constructed by using alternative
H-bondings between optical isomers of � and � types of 4 (the
range of NH���N distances; 2.79 Å � 2.80 Å). Each sheet forms
an infinite number of identical sheets and passes each hexagonal
cavity created by six 4 units through the two interpenetrating
rods of the other two sheets at an inclination of 	70° to give a
three-dimensional (3-D) polycatenate structure with a double
interlocking interpenetration (Fig. 4b). The two chiral building
blocks of ��[CoIII(Hbim)3] (5) and �-[CoIII(Hbim)3] (6) form

Fig. 4. Arrangement of two-dimensional honeycomb sheets in crystal formed by 4 (stereoviews). (a) A two-dimensional honeycomb sheet is formed by alternate
linkage between different optical isomers of � (blue) and � (red) types (Ru3� ion is shown in magenta sphere). The sheet is constructed by complete hydrogen
bonds on three Hbim�1 sites of 4. (b) Schematic drawing of the polycatenate network for the crystal of 4. The straight lines represent the distance between Ru
(III) ions in two [Ru(Hbim)3] building blocks connected by hydrogen bonds. Double-interlocking interpenetrations with the polycatenate structure are formed
by two sets of stacked honeycomb sheets (red and blue lines) that are nearly perpendicular to each other in three-dimensionality.
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1-D helical chains of the type E (Fig. 5) with a left-handed and
a right-handed orientation, respectively. The red single crystals

of 5 and 6 are crystallized from 2-propanol by the deproton-
ation reaction of the optically resolved �� and
�-[CoIII(Hbim)3](NO3)3 precursor complexes. Each 1-D helical
chain is constructed by employing intermolecular H-bonds be-
tween the same optical isomers that use two of three Hbim�1

sites in 5 or 6. Both helical chains form 41 single strands, which
have a pitch of 	 33.4 Å, similar to that of the B-DNA double
strand. Another residual Hbim�1 site of 5 or 6 is blocked by
H-bonds with 2-propanol of crystallization, without using the
helical chain construction.

In the case of a superstructure that uses all of three sites, a
three dimensional chiral network with larger porous spaces
formed by 87 cavities of (10,3)-a nets would be expected to be
constructed as that found in the crystal with [Ni(Hbim)3]�1

building blocks, which has the structure reinforced by a 2-fold
interpenetration and a stable double-helical structures (33). In
contrast, the crystal of 5 or 6 does not have any larger porous
networks. It has not been obvious to date why large cavities are
not constructed by (10,3)-a single networks, although two fac-
tors, solvent effect and the strength of the H-bonds formed, are
anticipated. Here, the two superstructures of a honeycomb sheet
and a helical strand built from Tris-2,2�-biimidazolate complexes
with D3 symmetry can be individually prepared by using a
racemic compound and an optically resolved one, respectively.

In summary, we demonstrated the practical structures of A �
E in Fig. 1 based on the relationships between specified molec-
ular arrays and molecular building blocks and identified the four
types of new superstructures B � E by x-ray analysis. The
knowledge from structural data should help provide the pre-
programming of new superstructures built from the ‘‘neutral’’
Hbim�1 complexes. Thus, we found that the neutral complexes
with some Hbim�1 ligands can control the preprogramming
superstructures in multidimensionality by using configurations
around the coordination sphere, because there is no chance of
interruption of self-complementary ligand–ligand interactions
caused by sterically demanding bulky cations and the preferential
H-bonding between Hbim�1 ligands of anion complexes.

Crystal engineering techniques that make use of those func-
tionalized molecular building blocks will be employed in future
studies for the creation of new solid-state materials. Thus, the
building blocks in Fig. 1 would produce the functionalized
preprogramming superstructures by introducing additive ligands
with physical properties such as magnetic and photoactive ones
to other coordination sites on the arrays of A, B, C, and E.
Further attempts to develop functional solid-state materials with
these techniques should be undertaken.
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula C30H36N10Ni

Formula Weight 595.38

Crystal Color, Habit violet, prismatic

Crystal Dimensions 0.25 X 0.47 X 0.15 mm

Crystal System triclinic

Lattice Type Primitive

No. of Reections Used for Unit
Cell Determination (2� range) 25 ( 24.0 - 31.0� )

Omega Scan Peak Width
at Half-height 0.44�

Lattice Parameters a = 10.395(8) �A
b = 11.117(6) �A
c = 8.425(4) �A
� = 106.84(5)�

� = 106.97(5)�

 = 104.33(6)�

V = 830(1) �A3

Space Group P�1 (#2)

Z value 1

Dcalc 1.190 g/cm3

F000 314.00

�(MoK�) 6.18 cm�1

B. Intensity Measurements

Di�ractometer Rigaku AFC7R (rotating anode)

Radiation MoK� (� = 0.71069 �A)
graphite monochromated



Attenuator Zr foil (factor = 8.66)

Temperature 23.0 �C

Collimator Size 1.0 mm

Take-o� Angle 6.0�

Detector Aperture 9.0 mm horizontal
13.0 mm vertical

Crystal to Detector Distance 235 mm

Scan Type !-2�

Scan Rate 16.0�/min (in !) (up to 5 scans)

Scan Width (1.84 + 0.30 tan �)�

2�max 55.0�

No. of Reections Measured Total: 4102
Unique: 3827 (Rint = 0.037)

Corrections Lorentz-polarization
Absorption
(trans. factors: 0.7831 - 0.9972)
Decay (0.99% decline)

C. Structure Solution and Re�nement

Structure Solution Patterson Methods (DIRDIF94 PATTY)

Re�nement Full-matrix least-squares

Function Minimized �w(jFoj � jFcj)2

Least Squares Weights w = 1
�2(Fo) = [�2c (Fo) +

p2

4 Fo
2]�1

p-factor 0.1020

Anomalous Dispersion All non-hydrogen atoms

No. of Observations (I>4.00�(I), 2�<55.03�) 1314

No. Variables 163

Reection/Parameter Ratio 8.06

Residuals: R; Rw 0.089 ; 0.119



Residuals: R1 0.089

No. of Reections to calc R1 1314

Goodness of Fit Indicator 1.76

Max Shift/Error in Final Cycle 0.371

Maximum peak in Final Di�. Map 1.13 e�=�A3

Minimum peak in Final Di�. Map -0.54 e�=�A3



Table 1. Atomic coordinates, Biso/Beq and occupancy

atom x y z Beq occ

Ni(1) 0.0000 0.0000 0.0000 1.84(6) 0.5000

N(1) -0.169(1) 0.0522(10) -0.132(1) 2.5(2) 1.0000

N(2) -0.386(1) 0.0592(10) -0.154(1) 3.1(3) 1.0000

N(3) 0.137(1) 0.0504(10) -0.125(1) 2.6(2) 1.0000

N(4) 0.350(1) 0.059(1) -0.144(1) 3.3(3) 1.0000

N(5) 0.099(1) 0.199(1) 0.203(1) 3.6(3) 1.0000

C(1) -0.216(1) 0.103(1) -0.259(2) 3.6(3) 1.0000

C(2) -0.348(1) 0.105(1) -0.274(2) 3.6(3) 1.0000

C(3) -0.274(1) 0.028(1) -0.072(1) 2.2(3) 1.0000

C(4) 0.153(1) 0.101(1) -0.253(2) 3.1(3) 1.0000

C(5) 0.281(1) 0.107(1) -0.264(2) 3.9(4) 1.0000

C(6) 0.258(1) 0.028(1) -0.068(1) 1.9(3) 1.0000

C(7) 0.139(2) 0.218(2) 0.375(2) 5.6(5) 1.0000

C(8) 0.208(2) 0.346(2) 0.520(2) 8.0(6) 1.0000

C(9) 0.230(2) 0.457(2) 0.480(3) 6.9(6) 1.0000

C(10) 0.196(3) 0.442(2) 0.308(3) 8.6(7) 1.0000

C(11) 0.123(2) 0.309(2) 0.167(2) 6.7(6) 1.0000

C(12) 0.307(4) 0.593(3) 0.628(6) 16(1) 1.0000

C(13) 0.3340 0.5997 0.8104 36(2) 1.0000

C(14) 0.2175 0.6962 0.5974 19(1) 1.0000

C(15) 0.4587 0.6782 0.6242 25(1) 1.0000

H(1) -0.1691 0.1343 -0.3300 4.7 1.0000

H(2) -0.4142 0.1270 -0.3574 5.0 1.0000

H(3) -0.4700 0.0529 -0.1282 5.0 0.5000



Table 1. Atomic coordinates, Biso/Beq and occupancy

atom x y z Beq occ

H(4) 0.0840 0.1267 -0.3291 4.6 1.0000

H(5) 0.3237 0.1383 -0.3377 5.1 1.0000

H(6) 0.4418 0.0497 -0.1173 4.4 0.5000

H(7) 0.1190 0.1334 0.3997 7.6 1.0000

H(8) 0.2396 0.3547 0.6401 10.4 1.0000

H(9) 0.2181 0.5194 0.2757 13.3 1.0000

H(10) 0.0878 0.2929 0.0362 9.2 1.0000

Beq =
8

3
�2(U11(aa

�)2 + U22(bb
�)2 + U33(cc

�)2 + 2U12aa
�bb� cos  + 2U13aa

�cc� cos� + 2U23bb
�cc� cos�)



Table 2. Anisotropic Displacement Parameters

atom U11 U22 U33 U12 U13 U23

Ni(1) 0.014(1) 0.020(1) 0.024(2) 0.005(1) 0.005(1) -0.003(1)

N(1) 0.037(6) 0.036(6) 0.030(6) 0.016(5) 0.018(5) 0.015(5)

N(2) 0.031(7) 0.050(7) 0.049(7) 0.021(5) 0.019(6) 0.026(6)

N(3) 0.042(6) 0.036(6) 0.025(5) 0.015(5) 0.017(5) 0.014(5)

N(4) 0.049(7) 0.047(7) 0.051(7) 0.020(6) 0.037(6) 0.028(6)

N(5) 0.062(8) 0.034(7) 0.043(7) 0.021(6) 0.025(6) 0.012(6)

C(1) 0.045(8) 0.053(9) 0.043(8) 0.014(7) 0.024(7) 0.020(7)

C(2) 0.055(9) 0.061(9) 0.039(8) 0.027(7) 0.021(7) 0.035(7)

C(3) 0.033(7) 0.028(7) 0.026(7) 0.017(6) 0.014(6) 0.009(6)

C(4) 0.028(7) 0.058(9) 0.044(8) 0.025(6) 0.018(6) 0.025(7)

C(5) 0.050(9) 0.062(10) 0.051(9) 0.024(8) 0.024(7) 0.037(8)

C(6) 0.021(6) 0.026(6) 0.022(6) 0.008(5) 0.006(5) 0.008(6)

C(7) 0.09(1) 0.07(1) 0.06(1) 0.041(10) 0.026(10) 0.04(1)

C(8) 0.14(2) 0.08(2) 0.05(1) 0.03(1) 0.01(1) 0.00(1)

C(9) 0.12(2) 0.06(1) 0.06(1) 0.02(1) 0.02(1) 0.01(1)

C(10) 0.15(2) 0.03(1) 0.11(2) 0.02(1) 0.03(2) 0.01(1)

C(11) 0.11(2) 0.09(2) 0.08(1) 0.05(1) 0.05(1) 0.05(1)

C(12) 0.29(4) 0.14(3) 0.33(5) 0.10(3) 0.20(4) 0.16(3)

The general temperature factor expression:

exp(�2�2(a�2U11h
2 + b�2U22k

2 + c�2U33l
2 + 2a�b�U12hk + 2a�c�U13hl + 2b�c�U23kl))



Table 3. Bond Lengths(�A)

atom atom distance atom atom distance

Ni(1) N(1) 2.09(1) Ni(1) N(1)1) 2.09(1)

Ni(1) N(3) 2.066(9) Ni(1) N(3)1) 2.066(9)

Ni(1) N(5) 2.13(1) Ni(1) N(5)1) 2.13(1)

N(1) C(1) 1.38(2) N(1) C(3) 1.33(1)

N(2) C(2) 1.36(2) N(2) C(3) 1.35(1)

N(2) H(3) 0.95 N(3) C(4) 1.38(1)

N(3) C(6) 1.33(1) N(4) C(5) 1.38(2)

N(4) C(6) 1.33(1) N(4) H(6) 0.95

N(5) C(7) 1.32(2) N(5) C(11) 1.33(2)

C(1) C(2) 1.34(2) C(1) H(1) 0.96

C(2) H(2) 0.97 C(3) C(6)1) 1.47(2)

C(4) C(5) 1.35(2) C(4) H(4) 0.97

C(5) H(5) 0.95 C(7) C(8) 1.42(2)

C(7) H(7) 1.00 C(8) C(9) 1.36(2)

C(8) H(8) 0.93 C(9) C(10) 1.34(3)

C(9) C(12) 1.48(4) C(10) C(11) 1.44(2)

C(10) H(9) 0.97 C(11) H(10) 1.00

C(12) C(13) 1.45(4) C(12) C(14) 1.68(3)

C(12) C(15) 1.64(3)

Symmetry operations

(1) -X,-Y,-Z



Table 4. Bond Angles(�)

atom atom atom angle atom atom atom angle

N(1) Ni(1) N(1)1) 180.0 N(1) Ni(1) N(3) 99.0(4)

N(1) Ni(1) N(3)1) 81.0(4) N(1) Ni(1) N(5) 89.7(4)

N(1) Ni(1) N(5)1) 90.3(4) N(1)1) Ni(1) N(3) 81.0(4)

N(1)1) Ni(1) N(3)1) 99.0(4) N(1)1) Ni(1) N(5) 90.3(4)

N(1)1) Ni(1) N(5)1) 89.7(4) N(3) Ni(1) N(3)1) 180.0

N(3) Ni(1) N(5) 90.2(4) N(3) Ni(1) N(5)1) 89.8(4)

N(3)1) Ni(1) N(5) 89.8(4) N(3)1) Ni(1) N(5)1) 90.2(4)

N(5) Ni(1) N(5)1) 180.0 Ni(1) N(1) C(1) 144.8(8)

Ni(1) N(1) C(3) 110.5(8) C(1) N(1) C(3) 104(1)

C(2) N(2) C(3) 104.7(10) C(2) N(2) H(3) 129.1

C(3) N(2) H(3) 126.2 Ni(1) N(3) C(4) 144.2(9)

Ni(1) N(3) C(6) 113.4(8) C(4) N(3) C(6) 102.4(10)

C(5) N(4) C(6) 103.5(10) C(5) N(4) H(6) 130.3

C(6) N(4) H(6) 126.2 Ni(1) N(5) C(7) 120(1)

Ni(1) N(5) C(11) 123(1) C(7) N(5) C(11) 116(1)

N(1) C(1) C(2) 108(1) N(1) C(1) H(1) 129.4

C(2) C(1) H(1) 121.9 N(2) C(2) C(1) 109(1)

N(2) C(2) H(2) 121.1 C(1) C(2) H(2) 129.6

N(1) C(3) N(2) 112.6(10) N(1) C(3) C(6)1) 119(1)

N(2) C(3) C(6)1) 128(1) N(3) C(4) C(5) 110(1)

N(3) C(4) H(4) 127.2 C(5) C(4) H(4) 122.6

N(4) C(5) C(4) 108(1) N(4) C(5) H(5) 121.7

C(4) C(5) H(5) 130.2 N(3) C(6) N(4) 115(1)

N(3) C(6) C(3)1) 115.8(10) N(4) C(6) C(3)1) 128(1)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(5) C(7) C(8) 124(1) N(5) C(7) H(7) 115.4

C(8) C(7) H(7) 120.1 C(7) C(8) C(9) 117(1)

C(7) C(8) H(8) 121.4 C(9) C(8) H(8) 120.6

C(8) C(9) C(10) 118(1) C(8) C(9) C(12) 119(2)

C(10) C(9) C(12) 121(2) C(9) C(10) C(11) 120(1)

C(9) C(10) H(9) 120.8 C(11) C(10) H(9) 119.2

N(5) C(11) C(10) 121(1) N(5) C(11) H(10) 115.5

C(10) C(11) H(10) 122.8 C(9) C(12) C(13) 117(1)

C(9) C(12) C(14) 110(2) C(9) C(12) C(15) 113(2)

C(13) C(12) C(14) 106(2) C(13) C(12) C(15) 108(2)

C(14) C(12) C(15) 98(1)

Symmetry operations

(1) -X,-Y,-Z



EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula C44H36N20Ni2

Formula Weight 962.30

Crystal Color, Habit orange, prismatic

Crystal Dimensions 0.21 X 0.18 X 0.27 mm

Crystal System orthorhombic

Lattice Type Primitive

No. of Reections Used for Unit
Cell Determination (2� range) 20 ( 20.1 - 27.9� )

Omega Scan Peak Width
at Half-height 0.42�

Lattice Parameters a = 33.248(6) �A
b = 16.832(5) �A
c = 16.279(4) �A
V = 9110(6) �A3

Space Group Pbca (#61)

Z value 8

Dcalc 1.403 g/cm3

F000 3968.00

�(MoK�) 8.84 cm�1

B. Intensity Measurements

Di�ractometer Rigaku AFC7R (rotating anode)

Radiation MoK� (� = 0.71069 �A)
graphite monochromated

Attenuator Zr foil (factor = 8.71)



Temperature 20.0 �C

Collimator Size 1.0 mm

Take-o� Angle 6.0�

Detector Aperture 9.0 mm horizontal
13.0 mm vertical

Crystal to Detector Distance 400 mm

Scan Type !-2�

Scan Rate 16.0�/min (in !) (up to 3 scans)

Scan Width (0.73 + 0.30 tan �)�

2�max 60.0�

No. of Reections Measured Total: 11611

Corrections Lorentz-polarization
Absorption
(trans. factors: 0.3770 - 0.8529)
Decay (0.37% increase)

C. Structure Solution and Re�nement

Structure Solution Direct Methods (SHELXS-86)

Re�nement Full-matrix least-squares

Function Minimized �w(jFoj � jFcj)2

Least Squares Weights w = 1
�2(Fo) = [�2c (Fo) +

p2

4 Fo
2]�1

p-factor 0.0070

Anomalous Dispersion All non-hydrogen atoms

No. of Observations (I>3.00�(I), 2�<0.00�) 3727

No. Variables 740

Reection/Parameter Ratio 5.04

Residuals: R; Rw 0.041 ; 0.033

Residuals: R1 0.041

No. of Reections to calc R1 3727



Goodness of Fit Indicator 1.51

Max Shift/Error in Final Cycle 5.452

Maximum peak in Final Di�. Map 0.22 e�=�A3

Minimum peak in Final Di�. Map -0.17 e�=�A3



Table 1. Atomic coordinates and Biso/Beq

atom x y z Beq

Ni(1) 0.83690(2) 0.19531(4) 0.23093(4) 4.48(2)

Ni(2) 0.58512(2) 0.25019(5) 0.06842(5) 5.36(2)

N(1) 0.8681(1) 0.1388(3) 0.3266(3) 5.0(1)

N(2) 0.8961(1) 0.1965(3) 0.1876(3) 5.6(1)

N(3) 0.8354(1) 0.3026(3) 0.2968(3) 4.7(1)

N(4) 0.8058(2) 0.4200(3) 0.3036(3) 5.3(1)

N(5) 0.8123(1) 0.2693(3) 0.1430(3) 4.8(1)

N(6) 0.7781(1) 0.3850(3) 0.1245(3) 5.4(1)

N(7) 0.7810(1) 0.1613(3) 0.2768(3) 4.2(1)

N(8) 0.7351(1) 0.0625(3) 0.2830(3) 5.6(1)

N(9) 0.8280(1) 0.0883(3) 0.1650(3) 4.5(1)

N(10) 0.7853(1) -0.0089(3) 0.1391(3) 4.8(1)

N(11) 0.6416(2) 0.1985(3) 0.0456(3) 6.3(2)

N(12) 0.6207(2) 0.2980(3) 0.1630(3) 5.8(2)

N(13) 0.5895(2) 0.3552(3) 0.0001(3) 5.3(1)

N(14) 0.5577(2) 0.4654(3) -0.0413(3) 5.5(2)

N(15) 0.5329(1) 0.3080(3) 0.1037(3) 5.1(1)

N(16) 0.4916(2) 0.4113(3) 0.0837(3) 5.5(1)

N(17) 0.5570(1) 0.1955(3) -0.0306(3) 4.9(1)

N(18) 0.5180(1) 0.0959(3) -0.0726(3) 5.2(1)

N(19) 0.5665(1) 0.1449(3) 0.1250(3) 5.1(1)

N(20) 0.5308(1) 0.0314(3) 0.1068(3) 5.0(1)

C(1) 0.8528(2) 0.1195(4) 0.3992(4) 6.0(2)

C(2) 0.8753(3) 0.0896(5) 0.4630(5) 7.7(2)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(3) 0.9153(3) 0.0793(6) 0.4491(6) 9.5(3)

C(4) 0.9320(2) 0.0975(5) 0.3751(6) 8.1(3)

C(5) 0.9077(2) 0.1281(4) 0.3122(4) 5.6(2)

C(6) 0.9216(2) 0.1524(4) 0.2312(5) 6.0(2)

C(7) 0.9593(2) 0.1303(5) 0.2011(6) 8.6(3)

C(8) 0.9691(3) 0.1571(7) 0.1229(7) 10.4(4)

C(9) 0.9442(3) 0.2019(6) 0.0805(6) 9.4(3)

C(10) 0.9074(2) 0.2212(4) 0.1141(5) 7.1(2)

C(11) 0.8138(2) 0.3561(4) 0.2570(3) 4.5(2)

C(12) 0.8012(2) 0.3393(4) 0.1737(4) 4.7(2)

C(13) 0.8415(2) 0.3340(4) 0.3744(4) 5.6(2)

C(14) 0.8237(2) 0.4048(4) 0.3781(4) 5.9(2)

C(15) 0.7959(2) 0.2702(4) 0.0660(4) 5.7(2)

C(16) 0.7751(2) 0.3387(5) 0.0555(4) 6.4(2)

C(17) 0.7688(2) 0.0907(3) 0.2480(3) 4.2(1)

C(18) 0.7931(2) 0.0552(3) 0.1850(3) 4.1(1)

C(19) 0.7530(2) 0.1808(4) 0.3346(4) 5.1(2)

C(20) 0.7259(2) 0.1212(5) 0.3378(4) 6.1(2)

C(21) 0.8431(2) 0.0414(4) 0.1032(4) 5.0(2)

C(22) 0.8179(2) -0.0178(4) 0.0874(4) 5.5(2)

C(23) 0.6487(2) 0.1441(6) -0.0101(5) 7.8(3)

C(24) 0.6840(3) 0.1005(6) -0.0139(6) 9.3(3)

C(25) 0.7126(3) 0.1154(8) 0.0443(7) 11.3(4)

C(26) 0.7053(3) 0.1722(7) 0.1024(6) 10.5(4)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(27) 0.6696(2) 0.2142(5) 0.1041(5) 6.7(2)

C(28) 0.6586(3) 0.2746(5) 0.1630(4) 6.7(2)

C(29) 0.6868(3) 0.3102(7) 0.2164(6) 8.9(3)

C(30) 0.6749(4) 0.3680(8) 0.2663(6) 10.8(4)

C(31) 0.6361(3) 0.3934(5) 0.2672(5) 8.7(3)

C(32) 0.6100(2) 0.3564(5) 0.2133(5) 7.2(2)

C(33) 0.5572(2) 0.4022(4) 0.0095(4) 5.0(2)

C(34) 0.5267(2) 0.3767(4) 0.0659(4) 4.9(2)

C(35) 0.6117(2) 0.3915(5) -0.0604(5) 6.0(2)

C(36) 0.5926(2) 0.4578(5) -0.0866(4) 6.2(2)

C(37) 0.4992(2) 0.2963(4) 0.1498(4) 5.7(2)

C(38) 0.4741(2) 0.3578(5) 0.1372(4) 6.1(2)

C(39) 0.5389(2) 0.1281(4) -0.0095(4) 4.4(2)

C(40) 0.5443(2) 0.0997(4) 0.0744(4) 4.3(2)

C(41) 0.5471(2) 0.2060(4) -0.1118(4) 5.7(2)

C(42) 0.5239(2) 0.1463(5) -0.1374(4) 6.1(2)

C(43) 0.5671(2) 0.1012(5) 0.1956(4) 5.9(2)

C(44) 0.5461(2) 0.0338(4) 0.1854(4) 6.0(2)

H(1) 0.824(1) 0.130(3) 0.405(3) 4(1)

H(2) 0.864(3) 0.075(5) 0.527(5) 19.7(6)

H(3) 0.930(2) 0.062(4) 0.489(4) 8.9(9)

H(4) 0.960(2) 0.097(4) 0.361(4) 9.4(9)

H(5) 0.974(2) 0.092(4) 0.233(4) 10.0(8)

H(6) 0.991(2) 0.138(4) 0.100(4) 11.7(7)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(7) 0.946(2) 0.228(3) 0.028(3) 6(1)

H(8) 0.889(1) 0.257(2) 0.089(2) 2.6(10)

H(9) 0.856(1) 0.305(3) 0.412(3) 4(1)

H(10) 0.825(1) 0.443(3) 0.416(3) 4(1)

H(11) 0.798(1) 0.224(3) 0.035(3) 4(1)

H(12) 0.764(2) 0.361(3) 0.009(3) 8(1)

H(13) 0.793(1) 0.470(3) 0.289(3) 4(1)

H(14) 0.755(1) 0.230(2) 0.357(2) 3(1)

H(15) 0.703(1) 0.119(3) 0.362(3) 5(1)

H(16) 0.868(1) 0.053(2) 0.081(3) 3.5(10)

H(17) 0.818(1) -0.057(3) 0.055(3) 3(1)

H(18) 0.766(2) -0.039(3) 0.140(4) 7.4(9)

H(19) 0.630(2) 0.140(3) -0.055(3) 7(1)

H(20) 0.687(2) 0.058(3) -0.056(4) 7.7(9)

H(21) 0.738(2) 0.089(4) 0.039(4) 10.7(8)

H(22) 0.721(2) 0.185(5) 0.148(4) 11.2(8)

H(23) 0.708(2) 0.282(4) 0.212(4) 8.2(8)

H(24) 0.692(2) 0.396(5) 0.300(5) 14.4(6)

H(25) 0.624(3) 0.449(5) 0.297(5) 19.1(6)

H(26) 0.582(2) 0.376(3) 0.204(4) 7.9(10)

H(27) 0.635(1) 0.360(3) -0.076(3) 4(1)

H(28) 0.598(2) 0.502(3) -0.125(3) 6(1)

H(29) 0.496(1) 0.246(3) 0.177(3) 4(1)

H(30) 0.451(1) 0.365(3) 0.159(3) 3(1)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(31) 0.531(3) 0.517(6) -0.053(5) 20.4(6)

H(32) 0.560(1) 0.248(3) -0.139(3) 6(1)

H(33) 0.511(2) 0.134(3) -0.189(3) 7(1)

H(34) 0.580(2) 0.123(3) 0.235(3) 5(1)

H(35) 0.544(2) -0.008(3) 0.220(3) 6(1)

H(36) 0.506(2) 0.045(4) -0.083(4) 10.2(9)

Beq =
8

3
�2(U11(aa

�)2 + U22(bb
�)2 + U33(cc

�)2 + 2U12aa
�bb� cos  + 2U13aa

�cc� cos� + 2U23bb
�cc� cos�)



Table 2. Anisotropic Displacement Parameters

atom U11 U22 U33 U12 U13 U23

Ni(1) 0.0476(4) 0.0707(5) 0.0518(4) 0.0012(4) 0.0012(4) -0.0007(4)

Ni(2) 0.0582(4) 0.0809(5) 0.0647(5) -0.0069(5) -0.0088(4) 0.0062(5)

N(1) 0.058(3) 0.074(4) 0.059(3) 0.004(3) -0.006(3) 0.006(3)

N(2) 0.052(3) 0.097(4) 0.061(3) -0.013(3) 0.012(3) -0.002(3)

N(3) 0.058(3) 0.069(3) 0.052(3) 0.004(3) -0.010(2) 0.003(3)

N(4) 0.079(4) 0.066(4) 0.055(3) 0.014(3) -0.017(3) -0.006(3)

N(5) 0.064(3) 0.073(4) 0.045(3) 0.009(3) -0.002(3) -0.001(3)

N(6) 0.078(4) 0.082(4) 0.046(3) 0.015(3) -0.003(3) -0.005(3)

N(7) 0.050(3) 0.066(3) 0.042(3) 0.002(2) 0.003(2) -0.002(3)

N(8) 0.062(3) 0.087(4) 0.062(3) -0.013(3) 0.015(3) -0.014(3)

N(9) 0.046(3) 0.064(3) 0.061(3) 0.003(3) 0.009(2) -0.003(3)

N(10) 0.056(4) 0.070(4) 0.057(3) -0.004(3) 0.006(3) -0.007(3)

N(11) 0.063(4) 0.100(5) 0.075(4) 0.007(4) -0.002(3) 0.009(3)

N(12) 0.067(4) 0.090(4) 0.064(4) -0.016(3) -0.015(3) 0.012(3)

N(13) 0.052(3) 0.085(4) 0.065(3) -0.018(3) -0.001(3) 0.013(3)

N(14) 0.062(4) 0.080(4) 0.068(4) -0.012(3) -0.003(3) 0.013(3)

N(15) 0.060(3) 0.075(4) 0.061(3) -0.008(3) 0.001(3) 0.002(3)

N(16) 0.068(4) 0.082(4) 0.058(3) -0.002(3) 0.005(3) 0.003(3)

N(17) 0.054(3) 0.078(4) 0.056(3) -0.004(3) -0.008(3) 0.006(3)

N(18) 0.060(3) 0.076(4) 0.060(3) -0.001(3) -0.009(3) -0.001(3)

N(19) 0.061(3) 0.074(4) 0.058(3) -0.007(3) -0.013(3) 0.001(3)

N(20) 0.056(3) 0.077(4) 0.057(3) 0.001(3) -0.004(3) 0.003(3)

C(1) 0.073(5) 0.084(5) 0.072(5) 0.009(4) -0.015(4) 0.011(4)

C(2) 0.104(6) 0.103(6) 0.087(6) 0.015(5) -0.026(5) 0.024(5)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(3) 0.131(9) 0.123(7) 0.108(8) 0.028(7) -0.051(7) 0.028(6)

C(4) 0.070(5) 0.118(7) 0.120(7) 0.022(5) -0.024(6) -0.002(6)

C(5) 0.056(4) 0.076(4) 0.083(5) 0.008(4) -0.005(4) -0.013(4)

C(6) 0.048(4) 0.093(5) 0.087(5) 0.001(4) -0.003(4) -0.028(5)

C(7) 0.068(6) 0.138(8) 0.122(8) 0.019(5) 0.013(5) -0.030(6)

C(8) 0.070(7) 0.19(1) 0.14(1) -0.014(7) 0.033(7) -0.061(9)

C(9) 0.091(7) 0.17(1) 0.098(8) -0.014(7) 0.030(6) -0.013(7)

C(10) 0.062(5) 0.105(7) 0.102(7) -0.001(4) 0.014(5) -0.010(5)

C(11) 0.060(4) 0.064(4) 0.046(4) 0.000(3) -0.003(3) -0.008(3)

C(12) 0.060(4) 0.067(4) 0.050(4) 0.002(3) 0.005(3) 0.000(4)

C(13) 0.072(5) 0.083(6) 0.057(4) 0.005(4) -0.015(4) 0.005(4)

C(14) 0.089(5) 0.081(6) 0.056(5) -0.001(5) -0.016(4) -0.012(4)

C(15) 0.076(5) 0.082(6) 0.057(4) 0.011(4) 0.003(4) -0.023(4)

C(16) 0.090(5) 0.106(6) 0.046(4) 0.022(5) -0.005(4) -0.010(4)

C(17) 0.047(4) 0.066(4) 0.045(3) 0.002(3) -0.003(3) -0.005(3)

C(18) 0.053(4) 0.059(4) 0.042(3) 0.005(3) -0.002(3) 0.000(3)

C(19) 0.066(4) 0.069(5) 0.058(4) 0.006(4) 0.004(3) -0.017(4)

C(20) 0.058(5) 0.103(6) 0.072(5) -0.009(5) 0.019(4) -0.016(4)

C(21) 0.054(4) 0.080(5) 0.058(4) 0.006(4) 0.022(3) -0.004(4)

C(22) 0.082(5) 0.074(5) 0.054(4) -0.001(4) 0.013(4) -0.006(4)

C(23) 0.063(5) 0.143(8) 0.091(6) 0.022(5) -0.007(4) 0.011(6)

C(24) 0.097(7) 0.138(9) 0.118(8) 0.038(7) -0.005(6) 0.005(6)

C(25) 0.083(7) 0.20(1) 0.14(1) 0.054(8) -0.002(7) 0.043(9)

C(26) 0.090(8) 0.19(1) 0.118(9) 0.028(7) -0.035(6) 0.029(8)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(27) 0.048(5) 0.122(7) 0.084(5) -0.013(4) -0.019(4) 0.041(5)

C(28) 0.081(6) 0.112(7) 0.064(5) -0.026(5) -0.017(4) 0.019(4)

C(29) 0.096(7) 0.16(1) 0.085(6) -0.023(8) -0.024(6) 0.034(7)

C(30) 0.14(1) 0.19(1) 0.082(7) -0.077(9) -0.026(8) 0.009(7)

C(31) 0.136(8) 0.128(8) 0.067(5) -0.049(7) -0.016(6) 0.004(5)

C(32) 0.100(6) 0.103(7) 0.070(5) -0.019(6) -0.016(5) 0.007(5)

C(33) 0.060(4) 0.068(5) 0.061(4) -0.016(4) -0.014(4) 0.003(4)

C(34) 0.062(4) 0.070(5) 0.053(4) -0.010(4) -0.004(4) 0.011(4)

C(35) 0.055(5) 0.089(6) 0.085(5) -0.005(4) -0.011(4) 0.003(5)

C(36) 0.064(5) 0.095(6) 0.079(5) -0.022(4) -0.004(4) 0.022(4)

C(37) 0.081(5) 0.075(5) 0.061(4) -0.009(5) -0.004(4) 0.002(4)

C(38) 0.068(5) 0.103(6) 0.062(5) -0.006(5) 0.014(4) 0.000(4)

C(39) 0.037(3) 0.072(5) 0.059(4) 0.009(3) 0.001(3) 0.006(4)

C(40) 0.044(4) 0.064(4) 0.056(4) 0.009(3) 0.000(3) 0.006(4)

C(41) 0.064(4) 0.087(6) 0.066(5) -0.012(4) -0.004(4) 0.018(4)

C(42) 0.072(5) 0.097(6) 0.061(5) -0.009(4) -0.012(4) 0.013(5)

C(43) 0.080(5) 0.087(6) 0.055(5) -0.003(4) -0.013(4) 0.003(4)

C(44) 0.078(5) 0.078(5) 0.073(5) 0.004(4) -0.009(4) 0.013(5)

The general temperature factor expression:

exp(�2�2(a�2U11h
2 + b�2U22k

2 + c�2U33l
2 + 2a�b�U12hk + 2a�c�U13hl + 2b�c�U23kl))



Table 3. Bond Lengths(�A)

atom atom distance atom atom distance

Ni(1) N(1) 2.100(5) Ni(1) N(2) 2.090(4)

Ni(1) N(3) 2.100(4) Ni(1) N(5) 2.066(4)

Ni(1) N(7) 2.083(4) Ni(1) N(9) 2.117(4)

Ni(2) N(11) 2.102(5) Ni(2) N(12) 2.102(5)

Ni(2) N(13) 2.093(5) Ni(2) N(15) 2.071(5)

Ni(2) N(17) 2.079(5) Ni(2) N(19) 2.090(5)

N(1) C(1) 1.327(7) N(1) C(5) 1.347(7)

N(2) C(6) 1.334(7) N(2) C(10) 1.321(8)

N(3) C(11) 1.322(6) N(3) C(13) 1.384(7)

N(4) C(11) 1.343(6) N(4) C(14) 1.375(7)

N(4) H(13) 0.96(4) N(5) C(12) 1.333(6)

N(5) C(15) 1.366(7) N(6) C(12) 1.349(6)

N(6) C(16) 1.372(7) N(7) C(17) 1.340(6)

N(7) C(19) 1.363(6) N(8) C(17) 1.344(6)

N(8) C(20) 1.366(7) N(9) C(18) 1.327(6)

N(9) C(21) 1.374(6) N(10) C(18) 1.338(6)

N(10) C(22) 1.380(7) N(10) H(18) 0.81(5)

N(11) C(23) 1.311(9) N(11) C(27) 1.357(7)

N(12) C(28) 1.320(8) N(12) C(32) 1.328(8)

N(13) C(33) 1.343(7) N(13) C(35) 1.374(8)

N(14) C(33) 1.348(7) N(14) C(36) 1.380(7)

N(14) H(31) 1.3(1) N(15) C(34) 1.326(6)

N(15) C(37) 1.363(7) N(16) C(34) 1.338(7)

N(16) C(38) 1.381(8) N(17) C(39) 1.330(6)



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

N(17) C(41) 1.374(7) N(18) C(39) 1.352(7)

N(18) C(42) 1.367(7) N(18) H(36) 0.96(6)

N(19) C(40) 1.344(6) N(19) C(43) 1.364(7)

N(20) C(40) 1.343(6) N(20) C(44) 1.378(7)

C(1) C(2) 1.374(9) C(1) H(1) 0.97(4)

C(2) C(3) 1.36(1) C(2) H(2) 1.13(8)

C(3) C(4) 1.36(1) C(3) H(3) 0.87(6)

C(4) C(5) 1.403(9) C(4) H(4) 0.95(6)

C(5) C(6) 1.457(8) C(6) C(7) 1.395(9)

C(7) C(8) 1.39(1) C(7) H(5) 0.97(6)

C(8) C(9) 1.32(1) C(8) H(6) 0.87(7)

C(9) C(10) 1.38(1) C(9) H(7) 0.96(5)

C(10) H(8) 0.96(4) C(11) C(12) 1.449(7)

C(13) C(14) 1.332(8) C(13) H(9) 0.91(4)

C(14) H(10) 0.90(4) C(15) C(16) 1.356(8)

C(15) H(11) 0.93(4) C(16) H(12) 0.92(5)

C(17) C(18) 1.436(7) C(19) C(20) 1.351(8)

C(19) H(14) 0.91(4) C(20) H(15) 0.87(4)

C(21) C(22) 1.328(8) C(21) H(16) 0.92(4)

C(22) H(17) 0.85(4) C(23) C(24) 1.39(1)

C(23) H(19) 0.97(5) C(24) C(25) 1.37(1)

C(24) H(20) 1.00(5) C(25) C(26) 1.37(1)

C(25) H(21) 0.97(6) C(26) C(27) 1.38(1)

C(26) H(22) 0.93(6) C(27) C(28) 1.444(9)



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

C(28) C(29) 1.41(1) C(29) C(30) 1.33(1)

C(29) H(23) 0.86(6) C(30) C(31) 1.36(1)

C(30) H(24) 0.91(7) C(31) C(32) 1.383(10)

C(31) H(25) 1.13(8) C(32) H(26) 0.99(5)

C(33) C(34) 1.434(8) C(35) C(36) 1.352(8)

C(35) H(27) 0.97(4) C(36) H(28) 1.00(5)

C(37) C(38) 1.345(9) C(37) H(29) 0.96(4)

C(38) H(30) 0.86(4) C(39) C(40) 1.457(7)

C(41) C(42) 1.333(8) C(41) H(32) 0.93(5)

C(42) H(33) 0.96(5) C(43) C(44) 1.342(8)

C(43) H(34) 0.86(4) C(44) H(35) 0.91(5)



Table 4. Bond Angles(�)

atom atom atom angle atom atom atom angle

N(1) Ni(1) N(2) 77.9(2) N(1) Ni(1) N(3) 91.3(2)

N(1) Ni(1) N(5) 169.3(2) N(1) Ni(1) N(7) 92.9(2)

N(1) Ni(1) N(9) 93.4(2) N(2) Ni(1) N(3) 100.7(2)

N(2) Ni(1) N(5) 97.6(2) N(2) Ni(1) N(7) 164.5(2)

N(2) Ni(1) N(9) 88.2(2) N(3) Ni(1) N(5) 80.0(2)

N(3) Ni(1) N(7) 91.9(2) N(3) Ni(1) N(9) 170.6(2)

N(5) Ni(1) N(7) 93.5(2) N(5) Ni(1) N(9) 96.1(2)

N(7) Ni(1) N(9) 79.8(2) N(11) Ni(2) N(12) 77.6(2)

N(11) Ni(2) N(13) 101.1(2) N(11) Ni(2) N(15) 172.7(2)

N(11) Ni(2) N(17) 94.7(2) N(11) Ni(2) N(19) 89.5(2)

N(12) Ni(2) N(13) 91.5(2) N(12) Ni(2) N(15) 95.1(2)

N(12) Ni(2) N(17) 172.3(2) N(12) Ni(2) N(19) 99.7(2)

N(13) Ni(2) N(15) 79.0(2) N(13) Ni(2) N(17) 89.6(2)

N(13) Ni(2) N(19) 166.1(2) N(15) Ni(2) N(17) 92.7(2)

N(15) Ni(2) N(19) 91.6(2) N(17) Ni(2) N(19) 80.4(2)

Ni(1) N(1) C(1) 125.6(4) Ni(1) N(1) C(5) 114.4(4)

C(1) N(1) C(5) 119.7(6) Ni(1) N(2) C(6) 114.5(4)

Ni(1) N(2) C(10) 125.3(5) C(6) N(2) C(10) 118.4(6)

Ni(1) N(3) C(11) 110.4(4) Ni(1) N(3) C(13) 142.2(4)

C(11) N(3) C(13) 105.4(5) C(11) N(4) C(14) 105.2(5)

C(11) N(4) H(13) 129(2) C(14) N(4) H(13) 124(2)

Ni(1) N(5) C(12) 112.5(4) Ni(1) N(5) C(15) 143.2(5)

C(12) N(5) C(15) 102.8(5) C(12) N(6) C(16) 101.8(5)

Ni(1) N(7) C(17) 112.9(4) Ni(1) N(7) C(19) 142.2(4)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(17) N(7) C(19) 104.4(5) C(17) N(8) C(20) 102.0(5)

Ni(1) N(9) C(18) 110.8(4) Ni(1) N(9) C(21) 144.0(4)

C(18) N(9) C(21) 104.9(5) C(18) N(10) C(22) 106.1(5)

C(18) N(10) H(18) 130(4) C(22) N(10) H(18) 123(4)

Ni(2) N(11) C(23) 124.9(5) Ni(2) N(11) C(27) 114.1(5)

C(23) N(11) C(27) 119.9(7) Ni(2) N(12) C(28) 115.0(5)

Ni(2) N(12) C(32) 125.7(5) C(28) N(12) C(32) 118.5(7)

Ni(2) N(13) C(33) 112.4(4) Ni(2) N(13) C(35) 142.6(5)

C(33) N(13) C(35) 104.4(6) C(33) N(14) C(36) 105.3(6)

C(33) N(14) H(31) 129(3) C(36) N(14) H(31) 125(3)

Ni(2) N(15) C(34) 114.3(4) Ni(2) N(15) C(37) 140.7(5)

C(34) N(15) C(37) 104.7(6) C(34) N(16) C(38) 102.7(6)

Ni(2) N(17) C(39) 112.4(4) Ni(2) N(17) C(41) 142.8(5)

C(39) N(17) C(41) 104.5(5) C(39) N(18) C(42) 105.4(5)

C(39) N(18) H(36) 134(3) C(42) N(18) H(36) 118(3)

Ni(2) N(19) C(40) 111.9(4) Ni(2) N(19) C(43) 145.4(5)

C(40) N(19) C(43) 102.7(5) C(40) N(20) C(44) 102.4(5)

N(1) C(1) C(2) 123.7(7) N(1) C(1) H(1) 114(2)

C(2) C(1) H(1) 122(3) C(1) C(2) C(3) 116.8(8)

C(1) C(2) H(2) 126(4) C(3) C(2) H(2) 116(4)

C(2) C(3) C(4) 121.1(8) C(2) C(3) H(3) 118(4)

C(4) C(3) H(3) 120(4) C(3) C(4) C(5) 119.5(8)

C(3) C(4) H(4) 127(4) C(5) C(4) H(4) 112(4)

N(1) C(5) C(4) 119.0(7) N(1) C(5) C(6) 115.6(6)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(4) C(5) C(6) 125.4(7) N(2) C(6) C(5) 115.8(6)

N(2) C(6) C(7) 122.2(7) C(5) C(6) C(7) 122.0(8)

C(6) C(7) C(8) 116.6(9) C(6) C(7) H(5) 116(4)

C(8) C(7) H(5) 126(4) C(7) C(8) C(9) 121.2(10)

C(7) C(8) H(6) 117(5) C(9) C(8) H(6) 120(5)

C(8) C(9) C(10) 119.1(10) C(8) C(9) H(7) 133(3)

C(10) C(9) H(7) 107(3) N(2) C(10) C(9) 122.6(8)

N(2) C(10) H(8) 113(2) C(9) C(10) H(8) 123(2)

N(3) C(11) N(4) 112.2(5) N(3) C(11) C(12) 118.9(6)

N(4) C(11) C(12) 128.9(6) N(5) C(12) N(6) 116.1(5)

N(5) C(12) C(11) 116.3(6) N(6) C(12) C(11) 127.5(6)

N(3) C(13) C(14) 108.6(6) N(3) C(13) H(9) 118(3)

C(14) C(13) H(9) 132(3) N(4) C(14) C(13) 108.6(6)

N(4) C(14) H(10) 119(3) C(13) C(14) H(10) 131(3)

N(5) C(15) C(16) 109.3(6) N(5) C(15) H(11) 116(2)

C(16) C(15) H(11) 133(3) N(6) C(16) C(15) 110.0(6)

N(6) C(16) H(12) 118(3) C(15) C(16) H(12) 130(3)

N(7) C(17) N(8) 114.7(5) N(7) C(17) C(18) 116.6(5)

N(8) C(17) C(18) 128.7(6) N(9) C(18) N(10) 111.8(5)

N(9) C(18) C(17) 119.5(5) N(10) C(18) C(17) 128.7(6)

N(7) C(19) C(20) 107.7(6) N(7) C(19) H(14) 116(2)

C(20) C(19) H(14) 134(2) N(8) C(20) C(19) 111.2(6)

N(8) C(20) H(15) 117(3) C(19) C(20) H(15) 130(3)

N(9) C(21) C(22) 110.1(6) N(9) C(21) H(16) 119(2)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(22) C(21) H(16) 130(2) N(10) C(22) C(21) 107.1(6)

N(10) C(22) H(17) 117(3) C(21) C(22) H(17) 135(3)

N(11) C(23) C(24) 123.5(8) N(11) C(23) H(19) 116(3)

C(24) C(23) H(19) 118(3) C(23) C(24) C(25) 117.6(9)

C(23) C(24) H(20) 119(3) C(25) C(24) H(20) 123(3)

C(24) C(25) C(26) 119.0(10) C(24) C(25) H(21) 118(4)

C(26) C(25) H(21) 122(4) C(25) C(26) C(27) 121.6(10)

C(25) C(26) H(22) 127(5) C(27) C(26) H(22) 111(4)

N(11) C(27) C(26) 118.4(8) N(11) C(27) C(28) 115.5(7)

C(26) C(27) C(28) 126.1(8) N(12) C(28) C(27) 116.8(7)

N(12) C(28) C(29) 120.4(8) C(27) C(28) C(29) 122.7(9)

C(28) C(29) C(30) 119.4(10) C(28) C(29) H(23) 104(5)

C(30) C(29) H(23) 135(5) C(29) C(30) C(31) 121(1)

C(29) C(30) H(24) 123(6) C(31) C(30) H(24) 114(5)

C(30) C(31) C(32) 116.6(10) C(30) C(31) H(25) 126(4)

C(32) C(31) H(25) 115(4) N(12) C(32) C(31) 123.8(8)

N(12) C(32) H(26) 113(3) C(31) C(32) H(26) 122(3)

N(13) C(33) N(14) 112.7(6) N(13) C(33) C(34) 117.5(6)

N(14) C(33) C(34) 129.7(7) N(15) C(34) N(16) 114.5(6)

N(15) C(34) C(33) 116.7(7) N(16) C(34) C(33) 128.7(6)

N(13) C(35) C(36) 110.0(6) N(13) C(35) H(27) 111(3)

C(36) C(35) H(27) 137(3) N(14) C(36) C(35) 107.7(6)

N(14) C(36) H(28) 115(3) C(35) C(36) H(28) 136(3)

N(15) C(37) C(38) 108.4(6) N(15) C(37) H(29) 117(3)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(38) C(37) H(29) 132(3) N(16) C(38) C(37) 109.7(6)

N(16) C(38) H(30) 123(3) C(37) C(38) H(30) 127(3)

N(17) C(39) N(18) 112.1(5) N(17) C(39) C(40) 117.7(6)

N(18) C(39) C(40) 130.1(6) N(19) C(40) N(20) 115.4(5)

N(19) C(40) C(39) 117.2(6) N(20) C(40) C(39) 127.4(6)

N(17) C(41) C(42) 110.1(6) N(17) C(41) H(32) 116(3)

C(42) C(41) H(32) 132(3) N(18) C(42) C(41) 107.9(6)

N(18) C(42) H(33) 117(3) C(41) C(42) H(33) 134(3)

N(19) C(43) C(44) 110.1(6) N(19) C(43) H(34) 114(3)

C(44) C(43) H(34) 135(3) N(20) C(44) C(43) 109.4(6)

N(20) C(44) H(35) 121(3) C(43) C(44) H(35) 128(3)



EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula C36H30N24Ru2

Formula Weight 1000.93

Crystal Color, Habit deep, plate

Crystal Dimensions 0.12 X 0.25 X 0.26 mm

Crystal System monoclinic

Lattice Type Primitive

No. of Reections Used for Unit
Cell Determination (2� range) 25 ( 58.9 - 59.9� )

Omega Scan Peak Width
at Half-height 0.36�

Lattice Parameters a = 12.2426(8) �A
b = 12.643(1) �A
c = 13.2066(6) �A
� = 92.738(4)�

V = 2041.8(2) �A3

Space Group P21 (#4)

Z value 2

Dcalc 1.628 g/cm3

F000 1004.00

�(CuK�) 65.12 cm�1

B. Intensity Measurements

Di�ractometer Rigaku AFC7R (rotating anode)

Radiation CuK� (� = 1.54178 �A)
graphite monochromated

Attenuator Ni foil (factor = 9.14)



Temperature 23.0 �C

Collimator Size 1.0 mm

Take-o� Angle 6.0�

Detector Aperture 9.0 mm horizontal
13.0 mm vertical

Crystal to Detector Distance 235 mm

Scan Type !-2�

Scan Rate 16.0�/min (in !) (up to 5 scans)

Scan Width (1.68 + 0.30 tan �)�

2�max 120.2�

No. of Reections Measured Total: 3360
Unique: 3194 (Rint = 0.041)

Corrections Lorentz-polarization
Absorption
(trans. factors: 0.5343 - 0.9994)
Decay (0.96% increase)
Secondary Extinction
(coe�cient: 6.37500e-07)

C. Structure Solution and Re�nement

Structure Solution Direct Methods (SHELXS-86)

Re�nement Full-matrix least-squares

Function Minimized �w(jFoj � jFcj)2

Least Squares Weights w = 1
�2(Fo) = [�2c (Fo) +

p2

4 Fo
2]�1

p-factor 0.0030

Anomalous Dispersion All non-hydrogen atoms

No. of Observations (I>3.00�(I), 2�<120.20�) 2776

No. Variables 560

Reection/Parameter Ratio 4.96

Residuals: R; Rw 0.042 ; 0.067



Residuals: R1 0.042

No. of Reections to calc R1 2636

Goodness of Fit Indicator 1.75

Max Shift/Error in Final Cycle 0.684

Maximum peak in Final Di�. Map 0.72 e�=�A3

Minimum peak in Final Di�. Map -1.46 e�=�A3



Table 1. Atomic coordinates and Biso/Beq

atom x y z Beq

Ru(1) -0.39091(6) 0.19991(10) 0.90562(6) 3.06(2)

Ru(2) 0.10811(7) 0.00990(10) 0.40632(6) 3.46(2)

N(1) -0.5527(7) 0.1511(8) 0.8665(8) 4.3(2)

N(2) -0.7115(8) 0.1991(8) 0.8005(8) 4.5(2)

N(3) -0.4597(8) 0.3398(6) 0.8465(5) 2.8(1)

N(4) -0.5966(8) 0.4222(7) 0.7633(8) 4.1(2)

N(5) -0.3324(7) 0.0582(6) 0.9471(6) 2.8(1)

N(6) -0.2493(9) -0.0921(8) 0.8992(8) 4.4(2)

N(7) -0.3431(9) 0.1447(7) 0.7691(7) 4.2(2)

N(8) -0.3088(9) -0.0021(9) 0.6795(8) 4.5(2)

N(9) -0.2446(7) 0.2592(7) 0.9704(5) 2.9(1)

N(10) -0.1594(9) 0.3230(9) 1.1130(7) 4.7(2)

N(11) -0.4329(7) 0.2388(7) 1.0396(6) 3.5(1)

N(12) -0.3953(9) 0.3092(8) 1.1969(8) 5.1(2)

N(13) 0.1816(8) 0.1593(7) 0.4453(8) 3.9(2)

N(14) 0.2627(9) 0.3047(7) 0.4051(7) 3.7(2)

N(15) 0.1553(6) 0.0730(7) 0.2660(7) 3.3(1)

N(16) 0.2015(8) 0.2128(7) 0.1795(6) 3.4(2)

N(17) -0.0402(7) 0.0574(6) 0.3567(5) 2.6(1)

N(18) -0.2115(8) 0.0210(8) 0.3008(6) 4.0(2)

N(19) 0.0485(7) -0.1233(8) 0.3458(8) 4.5(2)

N(20) -0.0960(9) -0.2067(8) 0.2646(7) 4.4(2)

N(21) 0.2518(7) -0.0523(7) 0.4715(8) 3.8(2)

N(22) 0.3428(7) -0.1072(7) 0.6077(8) 3.7(2)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

N(23) 0.0547(6) -0.0288(7) 0.5540(5) 3.3(1)

N(24) 0.1035(7) -0.0905(7) 0.7043(6) 3.1(2)

C(1) -0.612(1) 0.0707(9) 0.8584(10) 5.4(3)

C(2) -0.709(1) 0.090(1) 0.828(1) 6.1(3)

C(3) -0.421(1) 0.4447(9) 0.826(1) 4.6(3)

C(4) -0.513(1) 0.498(1) 0.782(1) 5.7(3)

C(5) -0.6072(9) 0.2273(9) 0.8147(8) 3.4(2)

C(6) -0.555(1) 0.3274(9) 0.7988(9) 3.4(2)

C(7) -0.296(1) -0.002(1) 1.0315(9) 5.0(3)

C(8) -0.251(1) -0.084(1) 1.009(1) 5.2(3)

C(9) -0.366(1) 0.167(1) 0.6655(9) 4.7(3)

C(10) -0.334(1) 0.078(1) 0.613(1) 4.5(3)

C(11) -0.2938(9) -0.0049(8) 0.8614(7) 3.2(2)

C(12) -0.3096(8) 0.0433(8) 0.7683(9) 3.1(2)

C(13) -0.1420(10) 0.2708(9) 0.9498(9) 3.8(2)

C(14) -0.0838(9) 0.306(1) 1.0378(9) 5.1(3)

C(15) -0.5336(8) 0.2388(8) 1.1089(8) 3.5(2)

C(16) -0.501(1) 0.285(1) 1.1950(9) 4.2(2)

C(17) -0.2528(8) 0.2922(7) 1.0674(7) 2.6(2)

C(18) -0.3678(9) 0.2786(8) 1.112(1) 4.4(2)

C(19) 0.2078(10) 0.2039(10) 0.5353(9) 4.1(2)

C(20) 0.261(1) 0.3043(9) 0.5033(9) 4.5(2)

C(21) 0.1424(10) 0.0477(8) 0.1708(9) 3.8(2)

C(22) 0.166(1) 0.131(1) 0.1146(8) 5.1(3)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(23) 0.2061(9) 0.2129(8) 0.3788(8) 3.6(2)

C(24) 0.189(1) 0.1755(9) 0.2715(8) 3.9(2)

C(25) -0.1100(9) 0.1515(8) 0.3771(9) 3.5(2)

C(26) -0.2147(9) 0.1199(10) 0.330(1) 4.1(2)

C(27) 0.0729(9) -0.2245(9) 0.3311(10) 3.6(2)

C(28) -0.0089(10) -0.2710(8) 0.2764(7) 3.2(2)

C(29) -0.113(1) -0.0194(9) 0.3242(7) 3.1(2)

C(30) -0.0633(9) -0.1211(9) 0.3119(9) 3.3(2)

C(31) 0.3648(10) -0.069(1) 0.452(1) 4.5(2)

C(32) 0.4149(10) -0.106(1) 0.5375(9) 4.8(2)

C(33) -0.0277(7) -0.0337(9) 0.5883(8) 3.9(2)

C(34) -0.0088(9) -0.066(1) 0.6913(10) 4.1(2)

C(35) 0.2421(9) -0.077(1) 0.571(1) 4.6(2)

C(36) 0.1488(8) -0.0675(8) 0.6086(5) 2.6(1)

H(1) -0.7721 0.2350 0.7663 4.9

H(2) -0.5854 -0.0005 0.8721 5.6

H(3) -0.7775 0.0397 0.8412 7.1

H(4) -0.3369 0.4721 0.8386 6.9

H(5) -0.5115 0.5756 0.7577 7.2

H(6) -0.2251 -0.1534 0.8629 4.1

H(7) -0.3128 0.0170 1.1028 4.3

H(8) -0.2161 -0.1327 1.0525 4.1

H(9) -0.3867 0.2323 0.6387 3.7

H(10) -0.3233 0.0738 0.5400 4.5



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(11) -0.1452 0.3505 1.1836 5.5

H(12) -0.1136 0.2535 0.8816 4.1

H(13) -0.0079 0.3304 1.0420 4.6

H(14) -0.6099 0.2143 1.0888 4.2

H(15) -0.5411 0.2979 1.2517 4.7

H(16) 0.2974 0.3526 0.3569 4.3

H(17) 0.1989 0.1747 0.6047 6.0

H(18) 0.2962 0.3653 0.5489 6.5

H(19) 0.1125 -0.0242 0.1367 5.8

H(20) 0.1457 0.1411 0.0436 5.3

H(21) -0.2709 -0.0233 0.2738 4.6

H(22) -0.0903 0.2185 0.4119 4.0

H(23) -0.2761 0.1644 0.3127 3.8

H(24) 0.1371 -0.2607 0.3552 2.8

H(25) -0.0127 -0.3416 0.2525 3.7

H(26) 0.3557 -0.1318 0.6755 3.8

H(27) 0.4050 -0.0630 0.3924 5.4

H(28) 0.4983 -0.1116 0.5515 6.9

H(29) -0.0960 -0.0140 0.5524 4.3

H(30) -0.0685 -0.0764 0.7445 4.3

Beq =
8

3
�2(U11(aa

�)2 + U22(bb
�)2 + U33(cc

�)2 + 2U12aa
�bb� cos  + 2U13aa

�cc� cos� + 2U23bb
�cc� cos�)



Table 2. Anisotropic Displacement Parameters

atom U11 U22 U33 U12 U13 U23

Ru(1) 0.0363(4) 0.0316(4) 0.0476(5) 0.0040(4) -0.0076(4) -0.0044(3)

Ru(2) 0.0505(6) 0.0362(5) 0.0426(5) -0.0079(4) -0.0189(5) 0.0095(3)

N(1) 0.034(3) 0.049(4) 0.079(6) 0.003(3) -0.010(4) 0.014(4)

N(2) 0.047(4) 0.043(4) 0.081(7) -0.020(4) -0.016(5) 0.019(5)

N(3) 0.059(5) 0.028(3) 0.018(3) 0.006(3) -0.001(3) -0.015(3)

N(4) 0.046(5) 0.035(4) 0.073(6) 0.024(3) -0.020(5) -0.019(4)

N(5) 0.044(4) 0.039(3) 0.026(3) 0.016(3) 0.017(3) -0.009(3)

N(6) 0.067(6) 0.041(5) 0.059(4) 0.021(4) -0.012(5) -0.004(4)

N(7) 0.094(7) 0.026(4) 0.035(3) 0.017(4) -0.025(4) 0.005(3)

N(8) 0.052(6) 0.051(6) 0.069(5) 0.003(5) 0.006(5) -0.008(4)

N(9) 0.049(3) 0.046(5) 0.014(3) -0.002(3) -0.017(3) 0.004(3)

N(10) 0.061(5) 0.087(8) 0.028(4) -0.008(6) -0.013(4) -0.013(5)

N(11) 0.037(3) 0.032(4) 0.068(3) 0.005(3) 0.037(3) 0.000(3)

N(12) 0.066(5) 0.052(6) 0.071(5) -0.010(5) -0.039(5) 0.013(4)

N(13) 0.056(6) 0.032(3) 0.058(4) 0.004(3) -0.022(5) -0.001(3)

N(14) 0.060(6) 0.035(4) 0.043(3) -0.001(4) -0.016(4) 0.004(4)

N(15) 0.018(3) 0.047(4) 0.061(3) 0.007(3) -0.004(3) 0.019(3)

N(16) 0.063(5) 0.033(4) 0.032(4) -0.008(4) -0.013(4) 0.009(3)

N(17) 0.058(3) 0.020(3) 0.018(3) 0.003(3) -0.013(3) 0.011(3)

N(18) 0.064(5) 0.046(4) 0.037(4) -0.014(4) -0.026(4) 0.020(4)

N(19) 0.025(4) 0.044(4) 0.098(7) -0.003(3) -0.022(4) -0.014(4)

N(20) 0.057(6) 0.057(5) 0.054(6) 0.019(4) -0.003(5) -0.027(4)

N(21) 0.035(3) 0.028(4) 0.081(5) -0.018(3) 0.001(3) 0.014(4)

N(22) 0.031(4) 0.039(5) 0.069(6) -0.002(4) -0.016(3) 0.011(4)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

N(23) 0.033(3) 0.047(5) 0.041(2) -0.015(3) -0.038(2) 0.020(3)

N(24) 0.031(3) 0.048(5) 0.039(4) -0.021(3) 0.015(3) 0.020(4)

C(1) 0.116(8) 0.025(5) 0.060(6) -0.012(4) -0.049(6) 0.008(4)

C(2) 0.110(8) 0.036(5) 0.08(1) -0.022(7) -0.038(9) -0.001(6)

C(3) 0.083(8) 0.029(4) 0.062(7) -0.005(5) -0.010(7) 0.001(5)

C(4) 0.062(7) 0.035(6) 0.12(1) -0.001(4) 0.004(7) -0.012(6)

C(5) 0.044(4) 0.036(5) 0.048(6) -0.006(4) -0.014(5) -0.010(4)

C(6) 0.051(5) 0.028(4) 0.048(5) 0.010(3) -0.003(4) -0.008(4)

C(7) 0.089(9) 0.060(7) 0.039(5) 0.016(6) -0.032(6) 0.002(4)

C(8) 0.082(9) 0.059(7) 0.057(4) 0.014(6) 0.003(6) 0.031(5)

C(9) 0.082(9) 0.066(7) 0.030(4) -0.002(7) -0.015(6) 0.003(5)

C(10) 0.053(7) 0.058(6) 0.061(7) -0.012(5) -0.010(6) -0.006(4)

C(11) 0.051(5) 0.034(4) 0.038(4) 0.019(4) -0.006(4) -0.030(3)

C(12) 0.030(5) 0.027(4) 0.061(4) 0.000(4) -0.006(5) 0.009(3)

C(13) 0.046(4) 0.045(6) 0.051(6) 0.004(5) -0.016(4) -0.007(5)

C(14) 0.040(6) 0.092(8) 0.060(6) 0.019(6) -0.016(4) -0.051(6)

C(15) 0.040(5) 0.040(5) 0.055(5) 0.006(4) 0.033(4) -0.008(4)

C(16) 0.062(5) 0.045(7) 0.052(5) 0.016(5) 0.022(5) -0.009(5)

C(17) 0.048(4) 0.024(5) 0.029(3) 0.018(4) 0.003(3) -0.003(4)

C(18) 0.032(4) 0.027(5) 0.108(7) 0.011(4) 0.008(4) -0.014(5)

C(19) 0.057(6) 0.042(5) 0.058(5) -0.001(5) 0.000(5) -0.011(4)

C(20) 0.087(9) 0.040(6) 0.042(3) -0.019(5) -0.033(6) 0.001(5)

C(21) 0.048(6) 0.027(5) 0.069(5) -0.009(5) -0.014(6) -0.004(4)

C(22) 0.11(1) 0.056(6) 0.024(5) -0.035(7) -0.018(6) -0.002(4)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(23) 0.050(6) 0.040(5) 0.043(4) 0.012(4) -0.025(4) -0.013(3)

C(24) 0.061(7) 0.053(5) 0.033(3) -0.020(5) -0.013(6) 0.015(4)

C(25) 0.035(4) 0.032(4) 0.064(6) -0.001(3) -0.008(4) -0.003(4)

C(26) 0.030(4) 0.047(5) 0.078(8) -0.005(5) -0.011(5) 0.005(6)

C(27) 0.027(4) 0.044(4) 0.064(7) -0.001(4) 0.006(4) 0.008(5)

C(28) 0.057(5) 0.024(5) 0.040(5) -0.007(3) 0.001(4) -0.011(4)

C(29) 0.061(5) 0.037(4) 0.018(4) -0.014(3) -0.010(4) 0.006(4)

C(30) 0.030(4) 0.047(4) 0.046(5) 0.001(4) -0.015(4) 0.017(4)

C(31) 0.039(4) 0.067(8) 0.065(7) -0.004(5) 0.009(5) -0.006(6)

C(32) 0.043(6) 0.074(7) 0.062(5) 0.017(5) -0.005(4) -0.034(5)

C(33) 0.025(3) 0.062(6) 0.058(5) 0.000(4) -0.038(3) -0.018(4)

C(34) 0.040(4) 0.049(7) 0.064(5) 0.000(5) -0.024(5) 0.001(5)

C(35) 0.036(4) 0.059(8) 0.076(6) 0.011(5) -0.026(4) 0.011(6)

C(36) 0.051(4) 0.040(5) 0.004(3) 0.004(4) -0.029(2) 0.001(3)

The general temperature factor expression:

exp(�2�2(a�2U11h
2 + b�2U22k

2 + c�2U33l
2 + 2a�b�U12hk + 2a�c�U13hl + 2b�c�U23kl))



Table 3. Bond Lengths(�A)

atom atom distance atom atom distance

Ru(1) N(1) 2.115(9) Ru(1) N(3) 2.093(8)

Ru(1) N(5) 1.996(8) Ru(1) N(7) 2.045(9)

Ru(1) N(9) 2.087(9) Ru(1) N(11) 1.929(9)

Ru(2) N(13) 2.144(9) Ru(2) N(15) 2.122(10)

Ru(2) N(17) 1.993(8) Ru(2) N(19) 1.987(10)

Ru(2) N(21) 2.076(9) Ru(2) N(23) 2.144(7)

N(1) C(1) 1.25(2) N(1) C(5) 1.34(1)

N(2) C(2) 1.42(2) N(2) C(5) 1.33(1)

N(2) H(1) 0.96 N(3) C(3) 1.44(1)

N(3) C(6) 1.31(1) N(4) C(4) 1.41(2)

N(4) C(6) 1.38(1) N(5) C(7) 1.40(1)

N(5) C(11) 1.48(1) N(6) C(8) 1.45(2)

N(6) C(11) 1.32(1) N(6) H(6) 0.96

N(7) C(9) 1.41(1) N(7) C(12) 1.35(1)

N(8) C(10) 1.36(2) N(8) C(12) 1.31(2)

N(9) C(13) 1.31(2) N(9) C(17) 1.36(1)

N(10) C(14) 1.41(2) N(10) C(17) 1.33(1)

N(10) H(11) 1.00 N(11) C(15) 1.57(1)

N(11) C(18) 1.32(1) N(12) C(16) 1.33(2)

N(12) C(18) 1.24(2) N(13) C(19) 1.34(2)

N(13) C(23) 1.16(1) N(14) C(20) 1.30(1)

N(14) C(23) 1.39(1) N(14) H(16) 0.99

N(15) C(21) 1.30(2) N(15) C(24) 1.36(2)

N(16) C(22) 1.40(2) N(16) C(24) 1.32(1)



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

N(17) C(25) 1.50(1) N(17) C(29) 1.37(1)

N(18) C(26) 1.31(2) N(18) C(29) 1.34(2)

N(18) H(21) 0.97 N(19) C(27) 1.33(2)

N(19) C(30) 1.42(1) N(20) C(28) 1.34(2)

N(20) C(30) 1.30(2) N(21) C(31) 1.44(2)

N(21) C(35) 1.37(2) N(22) C(32) 1.31(2)

N(22) C(35) 1.36(1) N(22) H(26) 0.95

N(23) C(33) 1.13(1) N(23) C(36) 1.42(1)

N(24) C(34) 1.41(1) N(24) C(36) 1.43(1)

C(1) C(2) 1.26(2) C(1) H(2) 0.97

C(2) H(3) 1.08 C(3) C(4) 1.41(2)

C(3) H(4) 1.10 C(4) H(5) 1.04

C(5) C(6) 1.44(2) C(7) C(8) 1.22(2)

C(7) H(7) 1.00 C(8) H(8) 0.93

C(9) C(10) 1.38(2) C(9) H(9) 0.93

C(10) H(10) 0.99 C(11) C(12) 1.38(1)

C(13) C(14) 1.41(2) C(13) H(12) 1.00

C(14) H(13) 0.98 C(15) C(16) 1.33(2)

C(15) H(14) 1.01 C(16) H(15) 0.93

C(17) C(18) 1.56(2) C(19) C(20) 1.50(2)

C(19) H(17) 1.00 C(20) H(18) 1.06

C(21) C(22) 1.33(2) C(21) H(19) 1.07

C(22) H(20) 0.97 C(23) C(24) 1.50(2)

C(25) C(26) 1.46(2) C(25) H(22) 0.99



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

C(26) H(23) 0.96 C(27) C(28) 1.34(2)

C(27) H(24) 0.95 C(28) H(25) 0.95

C(29) C(30) 1.43(2) C(31) C(32) 1.34(2)

C(31) H(27) 0.95 C(32) H(28) 1.03

C(33) C(34) 1.43(2) C(33) H(29) 0.97

C(34) H(30) 1.05 C(35) C(36) 1.27(1)



Table 4. Bond Angles(�)

atom atom atom angle atom atom atom angle

N(1) Ru(1) N(3) 78.5(4) N(1) Ru(1) N(5) 97.2(4)

N(1) Ru(1) N(7) 89.4(4) N(1) Ru(1) N(9) 168.6(4)

N(1) Ru(1) N(11) 90.6(4) N(3) Ru(1) N(5) 173.2(3)

N(3) Ru(1) N(7) 95.0(3) N(3) Ru(1) N(9) 99.9(3)

N(3) Ru(1) N(11) 90.4(3) N(5) Ru(1) N(7) 79.7(3)

N(5) Ru(1) N(9) 85.4(3) N(5) Ru(1) N(11) 94.9(3)

N(7) Ru(1) N(9) 102.0(4) N(7) Ru(1) N(11) 174.5(4)

N(9) Ru(1) N(11) 78.1(3) N(13) Ru(2) N(15) 75.5(4)

N(13) Ru(2) N(17) 100.3(3) N(13) Ru(2) N(19) 169.9(4)

N(13) Ru(2) N(21) 84.0(4) N(13) Ru(2) N(23) 97.2(4)

N(15) Ru(2) N(17) 83.2(3) N(15) Ru(2) N(19) 94.4(4)

N(15) Ru(2) N(21) 104.1(4) N(15) Ru(2) N(23) 171.0(3)

N(17) Ru(2) N(19) 79.2(3) N(17) Ru(2) N(21) 172.3(3)

N(17) Ru(2) N(23) 93.1(3) N(19) Ru(2) N(21) 97.7(4)

N(19) Ru(2) N(23) 92.9(4) N(21) Ru(2) N(23) 79.9(4)

Ru(1) N(1) C(1) 142.1(9) Ru(1) N(1) C(5) 110.6(8)

C(1) N(1) C(5) 105(1) C(2) N(2) C(5) 102(1)

C(2) N(2) H(1) 125.7 C(5) N(2) H(1) 130.7

Ru(1) N(3) C(3) 136.1(8) Ru(1) N(3) C(6) 114.4(7)

C(3) N(3) C(6) 108.1(9) C(4) N(4) C(6) 106.1(10)

Ru(1) N(5) C(7) 143.2(7) Ru(1) N(5) C(11) 113.4(6)

C(7) N(5) C(11) 102.3(8) C(8) N(6) C(11) 107.0(10)

C(8) N(6) H(6) 124.9 C(11) N(6) H(6) 127.9

Ru(1) N(7) C(9) 137.1(9) Ru(1) N(7) C(12) 115.6(7)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(9) N(7) C(12) 103.3(9) C(10) N(8) C(12) 103(1)

Ru(1) N(9) C(13) 140.4(7) Ru(1) N(9) C(17) 113.4(7)

C(13) N(9) C(17) 106.1(9) C(14) N(10) C(17) 102.5(9)

C(14) N(10) H(11) 128.2 C(17) N(10) H(11) 129.2

Ru(1) N(11) C(15) 141.8(6) Ru(1) N(11) C(18) 126.0(8)

C(15) N(11) C(18) 92.2(8) C(16) N(12) C(18) 102(1)

Ru(2) N(13) C(19) 131.5(8) Ru(2) N(13) C(23) 117.0(8)

C(19) N(13) C(23) 111(1) C(20) N(14) C(23) 102.5(9)

C(20) N(14) H(16) 132.2 C(23) N(14) H(16) 125.2

Ru(2) N(15) C(21) 136.6(8) Ru(2) N(15) C(24) 114.0(7)

C(21) N(15) C(24) 107.9(9) C(22) N(16) C(24) 104.7(9)

Ru(2) N(17) C(25) 134.4(6) Ru(2) N(17) C(29) 117.0(7)

C(25) N(17) C(29) 104.7(8) C(26) N(18) C(29) 109.7(9)

C(26) N(18) H(21) 128.7 C(29) N(18) H(21) 121.2

Ru(2) N(19) C(27) 142.5(8) Ru(2) N(19) C(30) 116.1(7)

C(27) N(19) C(30) 101.1(9) C(28) N(20) C(30) 102.8(9)

Ru(2) N(21) C(31) 141.8(9) Ru(2) N(21) C(35) 112.0(7)

C(31) N(21) C(35) 105.7(10) C(32) N(22) C(35) 112(1)

C(32) N(22) H(26) 125.6 C(35) N(22) H(26) 122.1

Ru(2) N(23) C(33) 134.1(7) Ru(2) N(23) C(36) 105.4(5)

C(33) N(23) C(36) 119.9(8) C(34) N(24) C(36) 105.4(8)

N(1) C(1) C(2) 113(1) N(1) C(1) H(2) 123.8

C(2) C(1) H(2) 122.7 N(2) C(2) C(1) 106(1)

N(2) C(2) H(3) 127.2 C(1) C(2) H(3) 124.4



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(3) C(3) C(4) 104(1) N(3) C(3) H(4) 125.3

C(4) C(3) H(4) 129.7 N(4) C(4) C(3) 107(1)

N(4) C(4) H(5) 127.7 C(3) C(4) H(5) 123.8

N(1) C(5) N(2) 109.3(10) N(1) C(5) C(6) 119(1)

N(2) C(5) C(6) 130(1) N(3) C(6) N(4) 111.5(9)

N(3) C(6) C(5) 115.3(10) N(4) C(6) C(5) 131(1)

N(5) C(7) C(8) 113(1) N(5) C(7) H(7) 122.9

C(8) C(7) H(7) 123.5 N(6) C(8) C(7) 109(1)

N(6) C(8) H(8) 122.8 C(7) C(8) H(8) 127.4

N(7) C(9) C(10) 105(1) N(7) C(9) H(9) 125.9

C(10) C(9) H(9) 127.6 N(8) C(10) C(9) 110(1)

N(8) C(10) H(10) 123.3 C(9) C(10) H(10) 126.0

N(5) C(11) N(6) 107.6(8) N(5) C(11) C(12) 114.1(9)

N(6) C(11) C(12) 138(1) N(7) C(12) N(8) 116(1)

N(7) C(12) C(11) 116.3(10) N(8) C(12) C(11) 126(1)

N(9) C(13) C(14) 108(1) N(9) C(13) H(12) 122.6

C(14) C(13) H(12) 128.8 N(10) C(14) C(13) 107(1)

N(10) C(14) H(13) 124.6 C(13) C(14) H(13) 126.0

N(11) C(15) C(16) 106.8(9) N(11) C(15) H(14) 126.2

C(16) C(15) H(14) 126.8 N(12) C(16) C(15) 111(1)

N(12) C(16) H(15) 119.8 C(15) C(16) H(15) 128.4

N(9) C(17) N(10) 114.7(9) N(9) C(17) C(18) 115.8(9)

N(10) C(17) C(18) 129.2(9) N(11) C(18) N(12) 126(1)

N(11) C(18) C(17) 106(1) N(12) C(18) C(17) 126(1)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(13) C(19) C(20) 101.3(10) N(13) C(19) H(17) 128.8

C(20) C(19) H(17) 129.8 N(14) C(20) C(19) 108.2(10)

N(14) C(20) H(18) 122.9 C(19) C(20) H(18) 128.9

N(15) C(21) C(22) 109(1) N(15) C(21) H(19) 129.7

C(22) C(21) H(19) 121.0 N(16) C(22) C(21) 108.2(10)

N(16) C(22) H(20) 123.7 C(21) C(22) H(20) 126.6

N(13) C(23) N(14) 116.3(10) N(13) C(23) C(24) 120(1)

N(14) C(23) C(24) 123.1(10) N(15) C(24) N(16) 109.9(10)

N(15) C(24) C(23) 112.2(10) N(16) C(24) C(23) 137(1)

N(17) C(25) C(26) 101.7(9) N(17) C(25) H(22) 129.5

C(26) C(25) H(22) 128.8 N(18) C(26) C(25) 110.5(10)

N(18) C(26) H(23) 121.9 C(25) C(26) H(23) 127.2

N(19) C(27) C(28) 109.5(10) N(19) C(27) H(24) 127.0

C(28) C(27) H(24) 123.6 N(20) C(28) C(27) 111.4(10)

N(20) C(28) H(25) 120.4 C(27) C(28) H(25) 128.0

N(17) C(29) N(18) 111.5(9) N(17) C(29) C(30) 113(1)

N(18) C(29) C(30) 134(1) N(19) C(30) N(20) 113(1)

N(19) C(30) C(29) 112.7(10) N(20) C(30) C(29) 132(1)

N(21) C(31) C(32) 107(1) N(21) C(31) H(27) 132.8

C(32) C(31) H(27) 119.4 N(22) C(32) C(31) 107(1)

N(22) C(32) H(28) 124.5 C(31) C(32) H(28) 125.8

N(23) C(33) C(34) 106.9(9) N(23) C(33) H(29) 123.7

C(34) C(33) H(29) 129.3 N(24) C(34) C(33) 106.9(9)

N(24) C(34) H(30) 126.8 C(33) C(34) H(30) 126.0



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(21) C(35) N(22) 106.6(10) N(21) C(35) C(36) 118(1)

N(22) C(35) C(36) 135(1) N(23) C(36) N(24) 100.3(7)

N(23) C(36) C(35) 124.0(8) N(24) C(36) C(35) 135.7(9)



EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula Co2C45H58N24O5

Formula Weight 1132.98

Crystal Color, Habit red, prismatic

Crystal Dimensions 0.24 X 0.18 X 0.21 mm

Crystal System orthorhombic

Lattice Type Primitive

No. of Reections Used for Unit
Cell Determination (2� range) 25 ( 57.1 - 59.3� )

Omega Scan Peak Width
at Half-height 0.30�

Lattice Parameters a = 13.917(4) �A
b = 31.216(8) �A
c = 12.721(5) �A
V = 5526(2) �A3

Space Group P212121 (#19)

Z value 4

Dcalc 1.362 g/cm3

F000 2360.00

�(CuK�) 52.54 cm�1

B. Intensity Measurements

Di�ractometer Rigaku AFC7R (rotating anode)

Radiation CuK� (� = 1.54178 �A)
graphite monochromated

Attenuator Ni foil (factor = 9.30)



Temperature -123.0 �C

Collimator Size 1.0 mm

Take-o� Angle 6.0�

Detector Aperture 9.0 mm horizontal
13.0 mm vertical

Crystal to Detector Distance 235 mm

Scan Type !-2�

Scan Rate 8.0�/min (in !) (up to 5 scans)

Scan Width (0.73 + 0.30 tan �)�

2�max 120.2�

No. of Reections Measured Total: 4530
Unique: 4528 (Rint = 0.034)

Corrections Lorentz-polarization
Absorption
(trans. factors: 0.6697 - 0.9979)
Decay (1.92% increase)
Secondary Extinction
(coe�cient: 1.79293e-06)

C. Structure Solution and Re�nement

Structure Solution Direct Methods (SIR92)

Re�nement Full-matrix least-squares

Function Minimized �w(jFoj � jFcj)2

Least Squares Weights w = 1
�2(Fo) = [�2c (Fo) +

p2

4 Fo
2]�1

p-factor 0.0500

Anomalous Dispersion All non-hydrogen atoms

No. of Observations (I>3.00�(I), 2�<120.19�) 2913

No. Variables 686

Reection/Parameter Ratio 4.25

Residuals: R; Rw 0.044 ; 0.051



Residuals: R1 0.044

No. of Reections to calc R1 2913

Goodness of Fit Indicator 1.25

Max Shift/Error in Final Cycle 0.034

Maximum peak in Final Di�. Map 0.38 e�=�A3

Minimum peak in Final Di�. Map -0.31 e�=�A3



Table 1. Atomic coordinates and Biso/Beq

atom x y z Beq

Co(1) 0.15568(9) -0.44457(4) 0.1145(1) 2.18(3)

Co(2) 0.09998(10) 0.18939(4) 0.0026(1) 2.59(3)

O(1) 0.7359(4) 0.4089(2) 0.3763(5) 3.5(1)

O(2) 0.4052(5) 0.1711(3) 0.3953(6) 6.8(2)

O(3) 0.3409(5) 0.0792(2) 0.2375(6) 5.2(2)

O(4) 0.2329(5) 0.1619(2) 0.4851(5) 4.2(2)

O(5) 0.3108(4) 0.0518(2) 0.4434(5) 4.5(2)

N(1) 0.1771(5) -0.3849(2) 0.0864(5) 2.3(1)

N(2) 0.2427(5) -0.3232(2) 0.1416(6) 2.8(2)

N(3) 0.2130(5) -0.4300(2) 0.2493(5) 2.0(2)

N(4) 0.2771(5) -0.3816(2) 0.3527(5) 2.4(2)

N(5) 0.2800(4) -0.4576(2) 0.0552(5) 2.1(1)

N(6) 0.4014(5) -0.5016(2) 0.0474(6) 2.6(2)

N(7) 0.1579(5) -0.5046(2) 0.1492(5) 2.5(2)

N(8) 0.2464(5) -0.5650(2) 0.1641(5) 2.7(2)

N(9) 0.0284(5) -0.4372(2) 0.1698(6) 2.4(2)

N(10) -0.1266(4) -0.4372(2) 0.1447(6) 2.6(2)

N(11) 0.0873(5) -0.4510(2) -0.0151(5) 2.4(2)

N(12) -0.0535(5) -0.4422(2) -0.1006(6) 3.3(2)

N(13) 0.1073(5) 0.1287(2) -0.0206(5) 2.5(2)

N(14) 0.0300(5) 0.0675(2) -0.0588(5) 2.2(2)

N(15) -0.0290(5) 0.1817(2) -0.0471(6) 2.7(2)

N(16) -0.1394(5) 0.1369(2) -0.1076(6) 2.9(2)

N(17) 0.1452(5) 0.2035(2) -0.1364(5) 2.8(2)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

N(18) 0.1954(5) 0.2532(2) -0.2472(5) 2.8(2)

N(19) 0.0915(5) 0.2506(2) 0.0166(6) 2.2(2)

N(20) 0.1256(5) 0.3144(2) -0.0542(6) 2.5(2)

N(21) 0.0667(5) 0.1812(2) 0.1480(6) 2.6(2)

N(22) 0.1117(5) 0.1733(2) 0.3128(6) 3.1(2)

N(23) 0.2274(5) 0.1878(2) 0.0567(5) 2.4(2)

N(24) 0.3236(5) 0.1736(2) 0.1960(6) 3.2(2)

C(1) 0.1701(6) -0.3559(3) 0.0078(7) 2.6(2)

C(2) 0.2102(7) -0.3188(3) 0.0407(7) 3.2(2)

C(3) 0.2325(6) -0.4501(3) 0.3423(7) 2.5(2)

C(4) 0.2738(7) -0.4202(3) 0.4073(7) 2.9(2)

C(5) 0.2217(6) -0.3636(3) 0.1662(7) 2.5(2)

C(6) 0.2394(6) -0.3892(3) 0.2566(7) 2.3(2)

C(7) 0.3539(6) -0.4379(3) 0.0041(7) 2.8(2)

C(8) 0.4288(6) -0.4647(3) -0.0010(8) 2.7(2)

C(9) 0.1017(6) -0.5351(3) 0.1970(7) 2.7(2)

C(10) 0.1565(7) -0.5715(3) 0.2049(7) 2.6(2)

C(11) 0.3116(6) -0.4969(2) 0.0803(6) 2.1(2)

C(12) 0.2423(5) -0.5243(3) 0.1334(6) 2.1(2)

C(13) -0.0165(7) -0.4327(3) 0.2664(7) 2.6(2)

C(14) -0.1119(7) -0.4328(3) 0.2513(7) 2.8(2)

C(15) 0.1045(6) -0.4516(3) -0.1212(7) 2.5(2)

C(16) 0.0195(7) -0.4469(3) -0.1712(7) 3.4(2)

C(17) -0.0407(6) -0.4400(3) 0.0990(7) 2.3(2)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(18) -0.0089(6) -0.4446(3) -0.0074(7) 2.6(2)

C(19) 0.1717(6) 0.0961(3) -0.0083(7) 2.9(2)

C(20) 0.1231(6) 0.0588(3) -0.0321(6) 2.6(2)

C(21) -0.1077(6) 0.2051(3) -0.0737(7) 3.3(2)

C(22) -0.1771(6) 0.1781(3) -0.1126(9) 3.6(2)

C(23) 0.0246(6) 0.1099(3) -0.0493(7) 2.5(2)

C(24) -0.0500(6) 0.1402(3) -0.0693(7) 2.6(2)

C(25) 0.1739(7) 0.1833(3) -0.2267(8) 3.8(2)

C(26) 0.2054(7) 0.2134(3) -0.2949(7) 3.2(2)

C(27) 0.0642(6) 0.2815(3) 0.0867(7) 2.6(2)

C(28) 0.0861(6) 0.3206(3) 0.0429(7) 2.6(2)

C(29) 0.1583(6) 0.2450(3) -0.1513(7) 2.5(2)

C(30) 0.1274(6) 0.2729(3) -0.0665(6) 2.2(2)

C(31) -0.0133(6) 0.1799(3) 0.2095(8) 3.1(2)

C(32) 0.0141(6) 0.1750(3) 0.3106(8) 3.1(2)

C(33) 0.3200(6) 0.1864(3) 0.0228(7) 2.8(2)

C(34) 0.3765(6) 0.1784(3) 0.1059(8) 3.4(2)

C(35) 0.1409(7) 0.1772(3) 0.2111(7) 2.7(2)

C(36) 0.2344(6) 0.1797(3) 0.1610(7) 2.5(2)

C(37) 0.7819(7) 0.4200(3) 0.2790(8) 3.6(2)

C(38) 0.7970(8) 0.4667(3) 0.2703(10) 5.4(3)

C(39) 0.8742(8) 0.3950(3) 0.2738(9) 5.1(3)

C(40) 0.4865(10) 0.1971(6) 0.411(1) 8.7(5)

C(41) 0.513(1) 0.1949(10) 0.522(1) 19.5(9)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(42) 0.464(1) 0.2417(6) 0.372(2) 12.4(7)

C(43) 0.4255(7) 0.0570(4) 0.2012(10) 4.9(3)

C(44) 0.5119(8) 0.0787(4) 0.241(1) 6.1(3)

C(45) 0.4279(9) 0.0550(4) 0.084(1) 6.3(3)

H(1) 0.1418 -0.3608 -0.0589 3.2

H(2) 0.2146 -0.2939 -0.0009 4.1

H(3) 0.2201 -0.4790 0.3593 3.0

H(4) 0.2961 -0.4250 0.4763 3.6

H(5) 0.2730 -0.3026 0.1843 3.4

H(6) 0.3516 -0.4095 -0.0238 3.4

H(7) 0.4897 -0.4589 -0.0324 3.2

H(8) 0.0372 -0.5319 0.2198 3.2

H(9) 0.1346 -0.5976 0.2356 3.1

H(10) 0.4401 -0.5265 0.0559 3.2

H(11) 0.0148 -0.4303 0.3326 3.2

H(12) -0.1600 -0.4302 0.3047 3.4

H(13) 0.1656 -0.4547 -0.1533 3.0

H(14) 0.0120 -0.4467 -0.2456 4.1

H(15) -0.1870 -0.4379 0.1099 3.3

H(16) 0.2372 0.0986 0.0131 3.4

H(17) 0.1505 0.0310 -0.0303 3.2

H(18) -0.1122 0.2346 -0.0662 4.3

H(19) -0.2387 0.1861 -0.1369 4.5

H(20) -0.1706 0.1104 -0.1289 3.5



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(21) 0.1708 0.1534 -0.2395 4.5

H(22) 0.2307 0.2080 -0.3633 3.9

H(23) 0.0357 0.2772 0.1537 3.1

H(24) 0.0760 0.3478 0.0751 3.0

H(25) 0.1475 0.3363 -0.1031 3.0

H(26) -0.0778 0.1820 0.1859 3.7

H(27) -0.0276 0.1730 0.3701 3.7

H(28) 0.3411 0.1903 -0.0479 3.4

H(29) 0.4441 0.1757 0.1038 4.1

H(30) 0.1516 0.1702 0.3731 3.7

H(31) 0.7423 0.4109 0.2227 4.4

H(32) 0.8279 0.4726 0.2046 6.6

H(33) 0.8369 0.4761 0.3258 6.6

H(34) 0.7372 0.4808 0.2725 6.6

H(35) 0.8612 0.3654 0.2766 6.1

H(36) 0.9071 0.4017 0.2102 6.1

H(37) 0.9142 0.4028 0.3319 6.1

H(38) 0.6667 0.4151 0.4025 4.5

H(39) 0.5371 0.1839 0.3712 10.8

H(40) 0.5735 0.2076 0.5309 25.2

H(41) 0.4662 0.2060 0.5636 25.2

H(42) 0.5214 0.1638 0.5412 25.2

H(43) 0.4466 0.2391 0.3020 15.9

H(44) 0.5213 0.2573 0.3806 15.9



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(45) 0.4148 0.2522 0.4144 15.9

H(46) 0.3679 0.1458 0.3537 4.5

H(47) 0.4240 0.0286 0.2283 5.9

H(48) 0.5091 0.0813 0.3157 7.3

H(49) 0.5678 0.0635 0.2218 7.3

H(50) 0.5157 0.1072 0.2118 7.3

H(51) 0.4819 0.0389 0.0615 7.7

H(52) 0.3706 0.0417 0.0582 7.7

H(53) 0.4317 0.0832 0.0556 7.7

H(54) 0.3395 0.1049 0.2053 4.5

Beq =
8

3
�2(U11(aa

�)2 + U22(bb
�)2 + U33(cc

�)2 + 2U12aa
�bb� cos  + 2U13aa

�cc� cos� + 2U23bb
�cc� cos�)



Table 2. Anisotropic Displacement Parameters

atom U11 U22 U33 U12 U13 U23

Co(1) 0.0284(7) 0.0328(7) 0.0215(7) 0.0009(7) -0.0004(7) -0.0020(7)

Co(2) 0.0322(7) 0.0328(7) 0.0336(8) -0.0016(7) 0.0032(8) 0.0019(8)

O(1) 0.036(3) 0.057(4) 0.039(4) 0.002(3) 0.013(3) 0.002(4)

O(2) 0.053(5) 0.145(8) 0.060(5) -0.016(5) -0.006(5) 0.000(6)

O(3) 0.032(4) 0.066(5) 0.098(6) 0.005(4) 0.002(4) 0.013(5)

O(4) 0.062(4) 0.069(4) 0.026(4) -0.002(4) -0.005(4) -0.003(4)

O(5) 0.038(4) 0.072(5) 0.059(5) 0.006(4) -0.006(4) 0.003(4)

N(1) 0.028(4) 0.040(4) 0.019(4) 0.004(3) 0.001(3) -0.002(3)

N(2) 0.037(4) 0.036(4) 0.034(5) -0.006(4) -0.005(4) -0.002(4)

N(3) 0.033(4) 0.027(4) 0.018(4) -0.001(3) -0.001(3) -0.001(3)

N(4) 0.035(4) 0.039(4) 0.019(4) -0.001(3) 0.001(3) -0.001(3)

N(5) 0.020(3) 0.037(4) 0.023(4) -0.005(3) 0.001(3) -0.004(3)

N(6) 0.029(4) 0.036(4) 0.034(4) 0.002(3) -0.005(4) 0.002(4)

N(7) 0.030(4) 0.042(4) 0.021(4) -0.012(4) 0.004(3) -0.001(3)

N(8) 0.043(5) 0.041(5) 0.018(4) 0.000(4) -0.001(4) -0.001(4)

N(9) 0.032(4) 0.026(4) 0.034(4) 0.004(3) 0.006(4) 0.007(4)

N(10) 0.013(3) 0.043(4) 0.044(5) 0.003(3) 0.000(3) 0.002(4)

N(11) 0.035(4) 0.035(4) 0.021(4) 0.001(3) -0.001(4) -0.005(3)

N(12) 0.040(4) 0.045(4) 0.039(5) 0.005(4) 0.002(4) -0.002(4)

N(13) 0.027(4) 0.035(4) 0.033(5) -0.007(3) -0.001(4) 0.003(4)

N(14) 0.031(4) 0.030(4) 0.024(4) -0.001(3) 0.000(3) -0.003(3)

N(15) 0.030(4) 0.033(4) 0.039(5) 0.005(3) 0.007(4) 0.002(4)

N(16) 0.033(4) 0.033(4) 0.045(5) 0.000(3) -0.003(4) 0.008(4)

N(17) 0.041(4) 0.035(4) 0.030(5) -0.012(4) 0.003(4) -0.003(3)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

N(18) 0.050(5) 0.031(4) 0.025(4) 0.001(4) 0.002(4) -0.007(4)

N(19) 0.029(4) 0.034(3) 0.022(4) 0.002(3) 0.001(4) 0.002(3)

N(20) 0.035(4) 0.027(4) 0.034(4) -0.003(3) -0.002(4) 0.007(4)

N(21) 0.029(4) 0.030(4) 0.040(5) -0.004(3) 0.000(4) -0.004(4)

N(22) 0.046(5) 0.038(4) 0.035(5) -0.004(4) 0.003(4) 0.002(4)

N(23) 0.033(4) 0.024(4) 0.035(4) -0.003(3) 0.008(4) -0.003(4)

N(24) 0.036(4) 0.044(5) 0.043(5) 0.003(4) 0.006(4) 0.005(4)

C(1) 0.028(4) 0.040(5) 0.032(5) -0.001(4) 0.001(5) 0.011(5)

C(2) 0.051(6) 0.042(6) 0.030(5) 0.003(5) -0.001(5) 0.012(5)

C(3) 0.030(5) 0.039(5) 0.025(5) -0.009(4) -0.004(4) 0.008(4)

C(4) 0.043(5) 0.044(5) 0.025(5) -0.004(5) -0.002(5) 0.008(4)

C(5) 0.026(4) 0.037(5) 0.030(5) -0.003(4) 0.001(4) -0.002(4)

C(6) 0.029(5) 0.037(5) 0.022(5) 0.002(4) 0.009(4) 0.006(4)

C(7) 0.030(4) 0.043(5) 0.034(5) -0.004(4) 0.002(5) 0.004(5)

C(8) 0.026(4) 0.042(5) 0.034(5) -0.003(4) 0.007(5) 0.013(5)

C(9) 0.025(4) 0.049(5) 0.027(5) 0.001(4) 0.000(4) -0.001(4)

C(10) 0.037(5) 0.034(5) 0.026(5) -0.007(4) 0.002(5) -0.003(4)

C(11) 0.027(5) 0.023(4) 0.028(5) 0.004(4) -0.007(4) -0.008(4)

C(12) 0.022(4) 0.041(5) 0.016(5) -0.001(4) -0.006(4) 0.006(4)

C(13) 0.045(6) 0.032(5) 0.021(5) 0.003(4) 0.005(4) -0.004(4)

C(14) 0.043(6) 0.039(5) 0.023(5) 0.010(4) 0.005(5) -0.004(4)

C(15) 0.032(5) 0.038(5) 0.023(5) 0.002(4) 0.007(5) -0.002(4)

C(16) 0.052(6) 0.047(6) 0.031(5) 0.002(5) -0.013(5) -0.001(5)

C(17) 0.030(5) 0.029(5) 0.030(5) 0.002(4) 0.004(4) 0.001(4)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(18) 0.032(5) 0.040(5) 0.027(5) -0.006(4) 0.000(4) 0.001(5)

C(19) 0.041(5) 0.037(5) 0.034(5) 0.005(4) 0.005(5) 0.009(5)

C(20) 0.039(5) 0.034(5) 0.028(5) -0.001(4) 0.007(4) 0.007(4)

C(21) 0.031(5) 0.052(6) 0.042(6) 0.001(5) 0.004(5) 0.001(5)

C(22) 0.027(5) 0.046(5) 0.065(7) 0.003(4) 0.004(5) 0.004(6)

C(23) 0.032(5) 0.039(5) 0.023(5) 0.000(4) 0.001(4) 0.001(4)

C(24) 0.029(5) 0.045(5) 0.026(5) 0.002(4) 0.005(4) 0.002(4)

C(25) 0.056(7) 0.047(6) 0.040(6) 0.003(5) 0.016(5) -0.014(5)

C(26) 0.056(6) 0.043(5) 0.021(5) 0.001(5) 0.010(5) -0.004(5)

C(27) 0.021(4) 0.049(5) 0.029(5) 0.004(4) 0.006(4) -0.007(5)

C(28) 0.035(5) 0.032(5) 0.032(5) 0.005(4) 0.000(4) 0.002(4)

C(29) 0.032(5) 0.032(5) 0.031(5) -0.014(4) 0.006(5) -0.001(4)

C(30) 0.031(5) 0.031(5) 0.022(5) -0.001(4) 0.002(4) 0.002(4)

C(31) 0.026(5) 0.039(6) 0.053(7) -0.006(4) 0.009(5) -0.003(5)

C(32) 0.035(5) 0.043(6) 0.041(6) -0.007(5) 0.019(5) -0.007(5)

C(33) 0.026(5) 0.041(5) 0.038(6) -0.005(4) 0.004(4) -0.008(5)

C(34) 0.038(6) 0.043(5) 0.049(6) -0.008(4) 0.008(5) -0.003(5)

C(35) 0.039(5) 0.029(5) 0.033(5) -0.004(4) 0.007(5) 0.001(4)

C(36) 0.032(5) 0.036(5) 0.027(5) -0.002(4) 0.004(4) -0.003(4)

C(37) 0.039(6) 0.059(6) 0.039(6) -0.001(5) 0.015(5) -0.005(5)

C(38) 0.068(8) 0.050(6) 0.088(10) -0.001(6) 0.011(7) 0.020(7)

C(39) 0.058(7) 0.063(7) 0.073(8) 0.000(6) 0.022(6) -0.013(6)

C(40) 0.055(8) 0.18(2) 0.09(1) -0.02(1) 0.003(8) -0.06(1)

C(41) 0.09(1) 0.55(4) 0.09(1) -0.06(2) -0.05(1) -0.05(2)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(42) 0.13(1) 0.16(2) 0.18(2) -0.03(1) 0.05(2) -0.07(2)

C(43) 0.040(6) 0.064(7) 0.082(9) -0.003(6) 0.007(6) 0.005(7)

C(44) 0.042(7) 0.098(9) 0.09(1) 0.014(7) 0.015(7) 0.016(9)

C(45) 0.087(9) 0.065(7) 0.087(10) 0.012(7) -0.025(8) -0.016(8)

The general temperature factor expression:

exp(�2�2(a�2U11h
2 + b�2U22k

2 + c�2U33l
2 + 2a�b�U12hk + 2a�c�U13hl + 2b�c�U23kl))



Table 3. Bond Lengths(�A)

atom atom distance atom atom distance

Co(1) N(1) 1.919(7) Co(1) N(3) 1.945(7)

Co(1) N(5) 1.931(6) Co(1) N(7) 1.925(7)

Co(1) N(9) 1.921(7) Co(1) N(11) 1.913(7)

Co(2) N(13) 1.919(7) Co(2) N(15) 1.918(7)

Co(2) N(17) 1.929(7) Co(2) N(19) 1.922(7)

Co(2) N(21) 1.923(8) Co(2) N(23) 1.903(7)

O(1) C(37) 1.44(1) O(1) H(38) 1.04

O(2) C(40) 1.41(1) O(2) H(46) 1.08

O(3) C(43) 1.44(1) O(3) H(54) 0.90

N(1) C(1) 1.353(10) N(1) C(5) 1.363(10)

N(2) C(2) 1.37(1) N(2) C(5) 1.334(10)

N(2) H(5) 0.94 N(3) C(3) 1.367(10)

N(3) C(6) 1.330(10) N(4) C(4) 1.390(10)

N(4) C(6) 1.35(1) N(5) C(7) 1.362(10)

N(5) C(11) 1.344(9) N(6) C(8) 1.361(10)

N(6) C(11) 1.326(10) N(6) H(10) 0.95

N(7) C(9) 1.375(10) N(7) C(12) 1.341(10)

N(8) C(10) 1.37(1) N(8) C(12) 1.331(10)

N(9) C(13) 1.38(1) N(9) C(17) 1.32(1)

N(10) C(14) 1.38(1) N(10) C(17) 1.332(10)

N(10) H(15) 0.95 N(11) C(15) 1.37(1)

N(11) C(18) 1.357(10) N(12) C(16) 1.36(1)

N(12) C(18) 1.34(1) N(13) C(19) 1.367(10)

N(13) C(23) 1.344(10) N(14) C(20) 1.37(1)



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

N(14) C(23) 1.330(10) N(15) C(21) 1.36(1)

N(15) C(24) 1.36(1) N(16) C(22) 1.39(1)

N(16) C(24) 1.34(1) N(16) H(20) 0.97

N(17) C(25) 1.37(1) N(17) C(29) 1.321(9)

N(18) C(26) 1.39(1) N(18) C(29) 1.35(1)

N(19) C(27) 1.37(1) N(19) C(30) 1.361(10)

N(20) C(28) 1.37(1) N(20) C(30) 1.304(10)

N(20) H(25) 0.97 N(21) C(31) 1.36(1)

N(21) C(35) 1.31(1) N(22) C(32) 1.36(1)

N(22) C(35) 1.36(1) N(22) H(30) 0.95

N(23) C(33) 1.360(10) N(23) C(36) 1.35(1)

N(24) C(34) 1.37(1) N(24) C(36) 1.33(1)

C(1) C(2) 1.35(1) C(1) H(1) 0.95

C(2) H(2) 0.94 C(3) C(4) 1.37(1)

C(3) H(3) 0.94 C(4) H(4) 0.94

C(5) C(6) 1.42(1) C(7) C(8) 1.34(1)

C(7) H(6) 0.95 C(8) H(7) 0.95

C(9) C(10) 1.37(1) C(9) H(8) 0.95

C(10) H(9) 0.95 C(11) C(12) 1.45(1)

C(13) C(14) 1.34(1) C(13) H(11) 0.95

C(14) H(12) 0.96 C(15) C(16) 1.35(1)

C(15) H(13) 0.95 C(16) H(14) 0.95

C(17) C(18) 1.43(1) C(19) C(20) 1.38(1)

C(19) H(16) 0.95 C(20) H(17) 0.95



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

C(21) C(22) 1.37(1) C(21) H(18) 0.93

C(22) H(19) 0.95 C(23) C(24) 1.43(1)

C(25) C(26) 1.35(1) C(25) H(21) 0.95

C(26) H(22) 0.95 C(27) C(28) 1.37(1)

C(27) H(23) 0.95 C(28) H(24) 0.95

C(29) C(30) 1.45(1) C(31) C(32) 1.35(1)

C(31) H(26) 0.95 C(32) H(27) 0.96

C(33) C(34) 1.34(1) C(33) H(28) 0.95

C(34) H(29) 0.94 C(35) C(36) 1.45(1)

C(37) C(38) 1.48(1) C(37) C(39) 1.50(1)

C(37) H(31) 0.95 C(38) H(32) 0.96

C(38) H(33) 0.95 C(38) H(34) 0.94

C(39) H(35) 0.94 C(39) H(36) 0.95

C(39) H(37) 0.96 C(40) C(41) 1.47(2)

C(40) C(42) 1.51(2) C(40) H(39) 0.96

C(41) H(40) 0.94 C(41) H(41) 0.91

C(41) H(42) 1.01 C(42) H(43) 0.92

C(42) H(44) 0.94 C(42) H(45) 0.93

C(43) C(44) 1.47(2) C(43) C(45) 1.50(2)

C(43) H(47) 0.95 C(44) H(48) 0.96

C(44) H(49) 0.94 C(44) H(50) 0.97

C(45) H(51) 0.95 C(45) H(52) 0.96

C(45) H(53) 0.95



Table 4. Bond Angles(�)

atom atom atom angle atom atom atom angle

N(1) Co(1) N(3) 82.8(3) N(1) Co(1) N(5) 89.6(3)

N(1) Co(1) N(7) 169.9(3) N(1) Co(1) N(9) 95.4(3)

N(1) Co(1) N(11) 91.0(3) N(3) Co(1) N(5) 91.5(3)

N(3) Co(1) N(7) 91.1(3) N(3) Co(1) N(9) 91.5(3)

N(3) Co(1) N(11) 171.0(3) N(5) Co(1) N(7) 82.6(3)

N(5) Co(1) N(9) 174.5(3) N(5) Co(1) N(11) 95.0(3)

N(7) Co(1) N(9) 92.7(3) N(7) Co(1) N(11) 96.0(3)

N(9) Co(1) N(11) 82.5(3) N(13) Co(2) N(15) 82.8(3)

N(13) Co(2) N(17) 93.9(3) N(13) Co(2) N(19) 176.4(3)

N(13) Co(2) N(21) 91.7(3) N(13) Co(2) N(23) 88.9(3)

N(15) Co(2) N(17) 91.8(3) N(15) Co(2) N(19) 95.6(3)

N(15) Co(2) N(21) 94.3(3) N(15) Co(2) N(23) 171.1(3)

N(17) Co(2) N(19) 83.0(3) N(17) Co(2) N(21) 172.2(3)

N(17) Co(2) N(23) 91.9(3) N(19) Co(2) N(21) 91.6(3)

N(19) Co(2) N(23) 92.8(3) N(21) Co(2) N(23) 82.7(3)

C(37) O(1) H(38) 130.2 C(40) O(2) H(46) 150.9

C(43) O(3) H(54) 107.4 Co(1) N(1) C(1) 140.9(6)

Co(1) N(1) C(5) 113.9(5) C(1) N(1) C(5) 104.9(7)

C(2) N(2) C(5) 104.0(7) C(2) N(2) H(5) 128.5

C(5) N(2) H(5) 127.5 Co(1) N(3) C(3) 137.5(6)

Co(1) N(3) C(6) 113.5(6) C(3) N(3) C(6) 108.9(7)

C(4) N(4) C(6) 106.8(7) Co(1) N(5) C(7) 140.1(6)

Co(1) N(5) C(11) 113.1(5) C(7) N(5) C(11) 106.2(7)

C(8) N(6) C(11) 108.3(7) C(8) N(6) H(10) 125.7



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(11) N(6) H(10) 126.0 Co(1) N(7) C(9) 140.1(6)

Co(1) N(7) C(12) 115.2(5) C(9) N(7) C(12) 104.3(7)

C(10) N(8) C(12) 102.3(7) Co(1) N(9) C(13) 138.9(6)

Co(1) N(9) C(17) 114.4(6) C(13) N(9) C(17) 106.5(7)

C(14) N(10) C(17) 107.6(7) C(14) N(10) H(15) 126.3

C(17) N(10) H(15) 126.0 Co(1) N(11) C(15) 139.7(6)

Co(1) N(11) C(18) 114.4(6) C(15) N(11) C(18) 104.2(7)

C(16) N(12) C(18) 103.3(7) Co(2) N(13) C(19) 138.9(6)

Co(2) N(13) C(23) 115.4(5) C(19) N(13) C(23) 105.4(7)

C(20) N(14) C(23) 103.2(7) Co(2) N(15) C(21) 140.3(6)

Co(2) N(15) C(24) 112.9(5) C(21) N(15) C(24) 106.7(7)

C(22) N(16) C(24) 107.2(7) C(22) N(16) H(20) 127.3

C(24) N(16) H(20) 125.5 Co(2) N(17) C(25) 139.3(6)

Co(2) N(17) C(29) 113.6(6) C(25) N(17) C(29) 107.0(7)

C(26) N(18) C(29) 105.2(7) Co(2) N(19) C(27) 141.2(6)

Co(2) N(19) C(30) 114.5(5) C(27) N(19) C(30) 104.2(6)

C(28) N(20) C(30) 104.9(7) C(28) N(20) H(25) 127.2

C(30) N(20) H(25) 127.9 Co(2) N(21) C(31) 138.9(6)

Co(2) N(21) C(35) 114.2(6) C(31) N(21) C(35) 106.8(8)

C(32) N(22) C(35) 105.9(8) C(32) N(22) H(30) 127.1

C(35) N(22) H(30) 126.9 Co(2) N(23) C(33) 140.3(6)

Co(2) N(23) C(36) 115.2(6) C(33) N(23) C(36) 103.7(7)

C(34) N(24) C(36) 101.9(8) N(1) C(1) C(2) 108.4(8)

N(1) C(1) H(1) 125.6 C(2) C(1) H(1) 126.0



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(2) C(2) C(1) 110.0(8) N(2) C(2) H(2) 125.9

C(1) C(2) H(2) 124.1 N(3) C(3) C(4) 107.0(7)

N(3) C(3) H(3) 126.9 C(4) C(3) H(3) 126.1

N(4) C(4) C(3) 107.6(7) N(4) C(4) H(4) 126.2

C(3) C(4) H(4) 126.2 N(1) C(5) N(2) 112.8(8)

N(1) C(5) C(6) 114.1(7) N(2) C(5) C(6) 133.1(8)

N(3) C(6) N(4) 109.7(7) N(3) C(6) C(5) 115.7(8)

N(4) C(6) C(5) 134.6(8) N(5) C(7) C(8) 109.2(7)

N(5) C(7) H(6) 124.8 C(8) C(7) H(6) 126.0

N(6) C(8) C(7) 106.8(7) N(6) C(8) H(7) 126.8

C(7) C(8) H(7) 126.4 N(7) C(9) C(10) 106.9(7)

N(7) C(9) H(8) 126.9 C(10) C(9) H(8) 126.2

N(8) C(10) C(9) 110.9(7) N(8) C(10) H(9) 125.0

C(9) C(10) H(9) 124.1 N(5) C(11) N(6) 109.5(7)

N(5) C(11) C(12) 115.5(7) N(6) C(11) C(12) 135.0(7)

N(7) C(12) N(8) 115.6(7) N(7) C(12) C(11) 112.4(7)

N(8) C(12) C(11) 131.9(7) N(9) C(13) C(14) 108.6(8)

N(9) C(13) H(11) 125.9 C(14) C(13) H(11) 125.5

N(10) C(14) C(13) 106.8(8) N(10) C(14) H(12) 127.0

C(13) C(14) H(12) 126.2 N(11) C(15) C(16) 108.0(8)

N(11) C(15) H(13) 125.6 C(16) C(15) H(13) 126.4

N(12) C(16) C(15) 110.7(8) N(12) C(16) H(14) 124.8

C(15) C(16) H(14) 124.5 N(9) C(17) N(10) 110.6(7)

N(9) C(17) C(18) 115.2(7) N(10) C(17) C(18) 134.2(8)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(11) C(18) N(12) 113.7(8) N(11) C(18) C(17) 112.9(8)

N(12) C(18) C(17) 133.4(8) N(13) C(19) C(20) 106.4(7)

N(13) C(19) H(16) 126.6 C(20) C(19) H(16) 127.0

N(14) C(20) C(19) 110.6(8) N(14) C(20) H(17) 124.7

C(19) C(20) H(17) 124.7 N(15) C(21) C(22) 109.1(8)

N(15) C(21) H(18) 124.2 C(22) C(21) H(18) 126.8

N(16) C(22) C(21) 106.6(8) N(16) C(22) H(19) 127.1

C(21) C(22) H(19) 126.3 N(13) C(23) N(14) 114.3(7)

N(13) C(23) C(24) 112.4(7) N(14) C(23) C(24) 133.1(8)

N(15) C(24) N(16) 110.4(7) N(15) C(24) C(23) 116.0(7)

N(16) C(24) C(23) 133.6(8) N(17) C(25) C(26) 108.2(8)

N(17) C(25) H(21) 125.8 C(26) C(25) H(21) 126.0

N(18) C(26) C(25) 107.9(8) N(18) C(26) H(22) 126.3

C(25) C(26) H(22) 125.8 N(19) C(27) C(28) 107.5(7)

N(19) C(27) H(23) 126.9 C(28) C(27) H(23) 125.6

N(20) C(28) C(27) 109.2(7) N(20) C(28) H(24) 125.0

C(27) C(28) H(24) 125.8 N(17) C(29) N(18) 111.6(7)

N(17) C(29) C(30) 116.2(7) N(18) C(29) C(30) 132.1(7)

N(19) C(30) N(20) 114.1(7) N(19) C(30) C(29) 112.2(7)

N(20) C(30) C(29) 133.7(8) N(21) C(31) C(32) 108.6(8)

N(21) C(31) H(26) 126.1 C(32) C(31) H(26) 125.3

N(22) C(32) C(31) 107.9(8) N(22) C(32) H(27) 126.0

C(31) C(32) H(27) 126.1 N(23) C(33) C(34) 108.1(8)

N(23) C(33) H(28) 125.9 C(34) C(33) H(28) 125.9



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(24) C(34) C(33) 111.4(8) N(24) C(34) H(29) 123.3

C(33) C(34) H(29) 125.3 N(21) C(35) N(22) 110.7(8)

N(21) C(35) C(36) 115.6(8) N(22) C(35) C(36) 133.6(9)

N(23) C(36) N(24) 114.9(8) N(23) C(36) C(35) 112.1(8)

N(24) C(36) C(35) 132.9(8) O(1) C(37) C(38) 111.5(8)

O(1) C(37) C(39) 107.0(8) O(1) C(37) H(31) 108.7

C(38) C(37) C(39) 112.7(9) C(38) C(37) H(31) 108.8

C(39) C(37) H(31) 107.9 C(37) C(38) H(32) 108.6

C(37) C(38) H(33) 109.5 C(37) C(38) H(34) 109.4

H(32) C(38) H(33) 109.2 H(32) C(38) H(34) 109.5

H(33) C(38) H(34) 110.6 C(37) C(39) H(35) 110.0

C(37) C(39) H(36) 109.5 C(37) C(39) H(37) 109.3

H(35) C(39) H(36) 109.8 H(35) C(39) H(37) 109.4

H(36) C(39) H(37) 108.7 O(2) C(40) C(41) 107(1)

O(2) C(40) C(42) 108(1) O(2) C(40) H(39) 105.6

C(41) C(40) C(42) 114(1) C(41) C(40) H(39) 107.7

C(42) C(40) H(39) 112.4 C(40) C(41) H(40) 108.6

C(40) C(41) H(41) 111.5 C(40) C(41) H(42) 107.9

H(40) C(41) H(41) 114.5 H(40) C(41) H(42) 105.7

H(41) C(41) H(42) 108.2 C(40) C(42) H(43) 106.6

C(40) C(42) H(44) 104.9 C(40) C(42) H(45) 106.9

H(43) C(42) H(44) 112.2 H(43) C(42) H(45) 113.7

H(44) C(42) H(45) 111.8 O(3) C(43) C(44) 109.7(9)

O(3) C(43) C(45) 111.0(10) O(3) C(43) H(47) 108.2



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(44) C(43) C(45) 110(1) C(44) C(43) H(47) 108.9

C(45) C(43) H(47) 108.9 C(43) C(44) H(48) 110.5

C(43) C(44) H(49) 110.7 C(43) C(44) H(50) 109.7

H(48) C(44) H(49) 109.5 H(48) C(44) H(50) 107.8

H(49) C(44) H(50) 108.6 C(43) C(45) H(51) 109.7

C(43) C(45) H(52) 109.8 C(43) C(45) H(53) 109.8

H(51) C(45) H(52) 109.1 H(51) C(45) H(53) 109.6

H(52) C(45) H(53) 108.8



EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula C45H54O5N24Co2

Formula Weight 1128.95

Crystal Color, Habit red, prismatic

Crystal Dimensions 0.21 X 0.25 X 0.26 mm

Crystal System orthorhombic

Lattice Type Primitive

No. of Reections Used for Unit
Cell Determination (2� range) 12 ( 45.0 - 50.0� )

Omega Scan Peak Width
at Half-height 0.32�

Lattice Parameters a = 13.90(3) �A
b = 31.2(1) �A
c = 12.71(1) �A
V = 5516(19) �A3

Space Group P212121 (#19)

Z value 4

Dcalc 1.359 g/cm3

F000 2344.00

�(CuK�) 52.63 cm�1

B. Intensity Measurements

Di�ractometer Rigaku AFC7R (rotating anode)

Radiation CuK� (� = 1.54178 �A)
graphite monochromated

Attenuator Ni foil (factor = 9.30)



Temperature -123.0 �C

Collimator Size 1.0 mm

Take-o� Angle 6.0�

Detector Aperture 9.0 mm horizontal
13.0 mm vertical

Crystal to Detector Distance 235 mm

Scan Type !-2�

Scan Rate 8.0�/min (in !) (up to 5 scans)

Scan Width (1.15 + 0.30 tan �)�

2�max 120.7�

No. of Reections Measured Total: 4214

Corrections Lorentz-polarization
Absorption
(trans. factors: 0.4759 - 0.9918)
Decay (0.37% increase)
Secondary Extinction
(coe�cient: 1.37467e-06)

C. Structure Solution and Re�nement

Structure Solution Direct Methods (SHELXS-86)

Re�nement Full-matrix least-squares

Function Minimized �w(jFoj � jFcj)2

Least Squares Weights w = 1
�2(Fo)

= [�2c (Fo) +
p2

4
Fo2]�1

p-factor 0.0600

Anomalous Dispersion All non-hydrogen atoms

No. of Observations (I>3.00�(I), 2�<120.66�) 3327

No. Variables 686

Reection/Parameter Ratio 4.85

Residuals: R; Rw 0.049 ; 0.068

Residuals: R1 0.049



No. of Reections to calc R1 3327

Goodness of Fit Indicator 1.76

Max Shift/Error in Final Cycle 0.051

Maximum peak in Final Di�. Map 0.55 e�=�A3

Minimum peak in Final Di�. Map -0.44 e�=�A3



Table 1. Atomic coordinates and Biso/Beq

atom x y z Beq

Co(1) 0.39980(8) 0.31065(4) 0.4975(1) 3.32(3)

Co(2) 0.65570(8) 0.44463(4) 0.11454(9) 2.99(3)

O(1) 0.2654(4) 0.4093(2) 0.8762(4) 4.3(1)

O(4) 0.1890(4) 0.4493(2) 1.0568(5) 5.3(2)

O(6) 0.2312(4) 0.6615(2) 0.5143(5) 5.3(2)

O(7) 0.3415(4) 0.5792(2) 0.7635(6) 5.5(2)

O(8) 0.4056(6) 0.6701(3) 0.6049(5) 8.1(2)

N(1) 0.4464(4) 0.4422(2) -0.1001(5) 3.9(2)

N(2) 0.3715(4) 0.4374(2) 0.1441(5) 3.8(2)

N(3) 0.7428(4) 0.3232(2) 0.1420(5) 3.4(1)

N(4) 0.4090(4) 0.2495(2) 0.4852(5) 3.3(1)

N(5) 0.6406(4) 0.3625(2) 0.6086(5) 3.8(2)

N(6) 0.6760(4) 0.3850(2) 0.0879(4) 3.1(1)

N(7) 0.7129(4) 0.4304(2) 0.2483(5) 3.0(1)

N(8) 0.3929(4) 0.3708(2) 0.5205(5) 3.4(1)

N(9) 0.7761(5) 0.3817(2) 0.3527(5) 3.8(2)

N(10) 0.3736(4) 0.1850(2) 0.5548(5) 3.3(1)

N(11) 0.5876(4) 0.4512(2) -0.0166(5) 3.3(1)

N(12) 0.5295(4) 0.3195(2) 0.5481(5) 3.4(1)

N(13) 0.2715(4) 0.3117(2) 0.4420(5) 3.7(2)

N(14) 0.7796(4) 0.4578(2) 0.0572(5) 3.0(1)

N(16) 0.1758(5) 0.3266(2) 0.3071(5) 4.0(2)

N(17) 0.7462(4) 0.5644(2) 0.1647(5) 3.2(1)

N(18) 0.4706(5) 0.4325(2) 0.5590(5) 3.4(1)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

N(20) 0.4318(5) 0.3182(2) 0.3515(5) 3.7(2)

N(21) 0.3053(5) 0.2470(2) 0.7474(5) 3.7(2)

N(22) 0.3851(5) 0.3265(2) 0.1856(5) 4.2(2)

N(24) 0.3553(5) 0.2968(2) 0.6365(5) 3.6(1)

N(25) 0.9021(4) 0.5030(2) 0.0458(5) 3.6(1)

N(26) 0.6576(4) 0.5037(2) 0.1498(5) 3.4(1)

N(27) 0.5282(4) 0.4373(2) 0.1699(5) 3.2(1)

C(1) 0.6051(6) 0.4520(2) -0.1216(6) 3.4(2)

C(2) 0.7430(5) 0.5242(2) 0.1340(6) 2.9(2)

C(3) 0.4893(5) 0.4444(3) -0.0066(7) 3.6(2)

C(4) 0.6089(6) 0.2949(3) 0.5756(7) 3.8(2)

C(5) 0.4750(5) 0.3903(2) 0.5498(6) 3.2(2)

C(6) 0.7394(5) 0.3896(2) 0.2565(5) 2.9(2)

C(7) 0.8111(5) 0.4966(3) 0.0795(5) 3.1(2)

C(8) 0.8530(5) 0.4369(2) 0.0059(6) 3.4(2)

C(9) 0.3725(5) 0.2277(3) 0.5664(6) 3.1(2)

C(10) 0.3863(6) 0.4332(3) 0.2496(7) 3.9(2)

C(11) 0.4607(5) 0.4392(3) 0.0978(6) 3.3(2)

C(12) 0.6017(5) 0.5350(3) 0.1974(6) 3.5(2)

C(13) 0.1792(6) 0.3132(3) 0.4789(6) 4.0(2)

C(14) 0.7323(5) 0.4496(3) 0.3426(6) 3.4(2)

C(15) 0.3590(6) 0.3233(3) 0.2876(6) 3.6(2)

C(16) 0.3418(5) 0.2548(2) 0.6512(6) 3.3(2)

C(17) 0.6699(5) 0.3560(3) 0.0074(6) 3.6(2)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(18) 0.6559(6) 0.5717(3) 0.2059(6) 3.6(2)

C(19) 0.4845(6) 0.4331(3) 0.2662(6) 3.4(2)

C(20) 0.5190(6) 0.4469(3) -0.1722(6) 4.2(2)

C(21) 0.2657(5) 0.3199(3) 0.3396(6) 3.6(2)

C(23) 0.5509(6) 0.3599(3) 0.5700(7) 3.8(2)

C(24) 0.2187(7) 0.4198(3) 0.7790(7) 4.7(2)

C(25) 0.9291(5) 0.4643(3) -0.0010(7) 3.8(2)

C(26) 0.4135(6) 0.1798(3) 0.4558(7) 4.1(2)

C(27) 0.7723(6) 0.4202(3) 0.4055(6) 3.7(2)

C(28) 0.3284(5) 0.4034(3) 0.5069(6) 3.8(2)

C(29) 0.4881(6) 0.3252(3) 0.1892(6) 4.1(2)

C(30) 0.6773(6) 0.3220(3) 0.6137(8) 4.4(2)

C(31) 0.1217(6) 0.3219(3) 0.3958(7) 4.2(2)

C(32) 0.5142(6) 0.3198(3) 0.2889(7) 4.1(2)

C(33) 0.3757(5) 0.4419(3) 0.5322(6) 3.5(2)

C(34) 0.3261(6) 0.3167(3) 0.7257(6) 4.2(2)

C(35) 0.7115(6) 0.3188(3) 0.0416(6) 3.8(2)

C(36) 0.4362(5) 0.2190(3) 0.4130(6) 3.6(2)

C(37) 0.2951(6) 0.2872(3) 0.7950(7) 4.4(2)

C(38) 0.4272(6) 0.5573(3) 0.7992(9) 5.5(2)

C(39) 0.1262(7) 0.3945(4) 0.7752(9) 6.3(3)

C(40) 0.2012(7) 0.4663(3) 0.7705(8) 5.9(3)

C(41) 0.4292(8) 0.5545(3) 0.9178(9) 6.3(3)

C(42) 0.5142(7) 0.5787(4) 0.7571(10) 6.4(3)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(43) 0.4867(8) 0.6985(5) 0.592(1) 9.0(4)

C(44) 0.510(1) 0.6963(10) 0.477(1) 19.8(9)

C(45) 0.465(1) 0.7422(6) 0.628(2) 13.8(7)

C(46) 0.7209(5) 0.3642(3) 0.1653(6) 3.3(2)

H(1) 0.3786 0.4372 -0.1153 4.1

H(2) 0.7700 0.3016 0.1856 3.7

H(3) 0.6749 0.3904 0.6285 4.3

H(4) 0.3544 0.1621 0.6041 3.6

H(5) 0.1528 0.3326 0.2347 4.8

H(6) 0.7975 0.5854 0.1569 3.3

H(7) 0.6678 0.4553 -0.1574 3.6

H(8) 0.6142 0.2635 0.5726 4.5

H(9) 0.8535 0.4069 -0.0233 4.6

H(10) 0.3361 0.4290 0.3038 3.7

H(11) 0.5345 0.5305 0.2248 3.6

H(12) 0.1555 0.3105 0.5565 5.2

H(13) 0.7215 0.4805 0.3610 3.5

H(14) 0.6427 0.3612 -0.0640 3.7

H(15) 0.6329 0.5996 0.2371 4.1

H(16) 0.5170 0.4317 0.3386 3.4

H(17) 0.5080 0.4481 -0.2508 5.0

H(18) 0.9915 0.4594 -0.0346 4.1

H(19) 0.4241 0.1517 0.4206 4.3

H(20) 0.7901 0.4243 0.4786 4.0



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(21) 0.2584 0.4017 0.4861 3.7

H(22) 0.5312 0.3278 0.1271 4.7

H(23) 0.7419 0.3170 0.6398 5.2

H(24) 0.0520 0.3264 0.3969 4.5

H(25) 0.5797 0.3204 0.3125 4.4

H(26) 0.3449 0.4712 0.5294 4.1

H(27) 0.3266 0.3492 0.7409 4.7

H(28) 0.7175 0.2935 -0.0038 4.2

H(29) 0.4685 0.2241 0.3420 4.1

H(30) 0.2706 0.2930 0.8684 5.1

H(31) 0.2578 0.4105 0.7178 4.7

H(32) 0.4234 0.5258 0.7735 6.9

H(33) 0.0858 0.4017 0.8354 6.5

H(34) 0.0889 0.3975 0.7138 6.5

H(35) 0.1389 0.3634 0.7838 6.5

H(36) 0.2609 0.4833 0.7768 6.0

H(37) 0.1720 0.4763 0.7051 6.0

H(38) 0.1599 0.4771 0.8264 6.0

H(39) 0.4797 0.5384 0.9478 6.6

H(40) 0.4312 0.5832 0.9476 6.6

H(41) 0.3685 0.5421 0.9485 6.6

H(42) 0.5690 0.5632 0.7798 7.3

H(43) 0.5092 0.5795 0.6849 7.3

H(44) 0.5130 0.6061 0.7878 7.3



Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

H(45) 0.5434 0.6886 0.6270 10.7

H(46) 0.5271 0.6679 0.4536 18.3

H(47) 0.4565 0.7055 0.4331 18.3

H(48) 0.5641 0.7148 0.4558 18.3

H(49) 0.5235 0.7602 0.6114 12.9

H(50) 0.4159 0.7536 0.5832 12.9

H(51) 0.4527 0.7426 0.6953 12.9

H(52) 0.3948 0.6649 0.6777 6.7

H(53) 0.2807 0.6685 0.5216 6.7

H(54) 0.1885 0.6782 0.5227 6.7

H(55) 0.3384 0.6158 0.7673 6.7

H(56) 0.2298 0.3947 0.9273 6.7

H(57) 0.1696 0.4169 1.0766 6.7

H(58) 0.2115 0.4283 0.9791 6.7

Beq =
8

3
�2(U11(aa

�)2 + U22(bb
�)2 + U33(cc

�)2 + 2U12aa
�bb� cos  + 2U13aa

�cc� cos� + 2U23bb
�cc� cos�)



Table 2. Anisotropic Displacement Parameters

atom U11 U22 U33 U12 U13 U23

Co(1) 0.0204(6) 0.0582(7) 0.0475(7) -0.0033(6) 0.0032(6) 0.0011(7)

Co(2) 0.0158(6) 0.0599(7) 0.0378(7) -0.0017(6) -0.0002(5) 0.0027(6)

O(1) 0.033(3) 0.081(4) 0.049(3) -0.004(3) -0.001(3) 0.010(3)

O(4) 0.028(3) 0.093(4) 0.080(4) 0.008(3) 0.004(3) -0.004(4)

O(6) 0.043(3) 0.100(5) 0.060(4) 0.001(3) -0.001(3) 0.002(4)

O(7) 0.035(3) 0.079(4) 0.096(5) 0.010(3) -0.006(4) -0.007(4)

O(8) 0.064(5) 0.193(9) 0.052(4) -0.007(5) -0.004(4) 0.006(5)

N(1) 0.020(3) 0.080(5) 0.048(4) -0.005(3) -0.002(3) 0.003(4)

N(2) 0.027(4) 0.078(5) 0.038(4) 0.000(3) 0.003(3) 0.006(3)

N(3) 0.029(4) 0.061(4) 0.040(4) 0.007(3) -0.002(3) 0.000(3)

N(4) 0.019(3) 0.070(4) 0.038(4) 0.000(3) 0.005(3) -0.006(3)

N(5) 0.017(3) 0.067(4) 0.060(4) -0.004(3) -0.001(3) -0.004(4)

N(6) 0.021(3) 0.066(4) 0.030(3) -0.004(3) -0.001(3) 0.002(3)

N(7) 0.023(3) 0.054(4) 0.035(3) 0.001(3) 0.000(3) -0.001(3)

N(8) 0.016(3) 0.060(4) 0.051(4) -0.003(3) 0.003(3) 0.000(3)

N(9) 0.032(3) 0.073(4) 0.038(4) -0.001(3) 0.007(3) -0.008(3)

N(10) 0.026(4) 0.058(4) 0.042(4) -0.003(3) 0.001(3) 0.006(3)

N(11) 0.020(3) 0.064(4) 0.042(4) -0.003(3) -0.005(3) 0.004(3)

N(12) 0.019(3) 0.059(4) 0.051(4) -0.002(3) 0.003(3) 0.000(3)

N(13) 0.016(3) 0.078(5) 0.045(4) -0.013(3) 0.006(3) -0.002(4)

N(14) 0.017(3) 0.051(4) 0.045(4) -0.010(3) -0.001(3) 0.004(3)

N(16) 0.027(4) 0.079(5) 0.045(4) 0.003(3) -0.010(3) 0.000(4)

N(17) 0.021(3) 0.059(4) 0.040(3) -0.002(3) 0.001(3) 0.003(3)

N(18) 0.025(3) 0.065(4) 0.040(4) 0.004(3) -0.004(3) 0.003(3)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

N(20) 0.035(4) 0.059(4) 0.047(4) 0.002(3) -0.002(3) 0.001(3)

N(21) 0.038(4) 0.054(4) 0.048(4) 0.003(3) 0.005(3) -0.009(3)

N(22) 0.033(4) 0.076(5) 0.050(4) -0.005(3) 0.005(4) 0.002(4)

N(24) 0.028(3) 0.059(4) 0.051(4) 0.006(3) -0.001(3) 0.003(3)

N(25) 0.017(3) 0.072(4) 0.046(4) 0.005(3) 0.003(3) -0.002(3)

N(26) 0.016(3) 0.065(4) 0.048(4) 0.006(3) 0.000(3) 0.012(3)

N(27) 0.026(3) 0.065(4) 0.032(3) 0.000(3) -0.002(3) 0.005(3)

C(1) 0.032(4) 0.065(5) 0.031(4) -0.013(4) 0.003(4) -0.003(4)

C(2) 0.022(4) 0.049(4) 0.038(4) -0.001(3) -0.004(3) 0.003(4)

C(3) 0.020(4) 0.069(5) 0.047(5) 0.002(4) 0.001(4) 0.003(5)

C(4) 0.027(4) 0.057(5) 0.063(5) 0.006(4) 0.009(4) 0.002(4)

C(5) 0.020(4) 0.053(5) 0.048(5) 0.002(4) 0.007(4) 0.001(4)

C(6) 0.017(4) 0.063(5) 0.030(4) 0.002(4) 0.001(3) 0.002(3)

C(7) 0.015(4) 0.069(5) 0.032(4) -0.001(4) 0.000(3) 0.010(4)

C(8) 0.014(4) 0.062(4) 0.052(5) 0.008(4) -0.001(4) -0.003(4)

C(9) 0.019(4) 0.060(5) 0.039(4) 0.000(3) 0.002(4) 0.000(4)

C(10) 0.023(4) 0.070(5) 0.056(5) 0.001(4) 0.002(4) -0.004(4)

C(11) 0.018(4) 0.061(5) 0.047(5) 0.002(4) 0.000(4) 0.003(4)

C(12) 0.025(4) 0.072(5) 0.035(4) 0.003(4) 0.003(4) 0.004(4)

C(13) 0.023(4) 0.079(6) 0.050(5) -0.005(4) 0.001(4) -0.007(4)

C(14) 0.025(4) 0.073(5) 0.032(4) 0.017(4) -0.002(4) -0.004(4)

C(15) 0.024(4) 0.066(5) 0.046(5) -0.005(4) 0.002(4) 0.000(4)

C(16) 0.022(4) 0.065(5) 0.038(4) 0.006(4) -0.002(4) 0.006(4)

C(17) 0.024(4) 0.080(5) 0.033(4) 0.001(4) 0.002(4) -0.006(4)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(18) 0.030(4) 0.066(5) 0.041(4) 0.007(4) 0.005(4) -0.002(4)

C(19) 0.027(4) 0.067(5) 0.037(4) -0.004(4) 0.002(4) 0.003(4)

C(20) 0.040(5) 0.079(6) 0.040(5) 0.004(5) -0.004(4) -0.001(4)

C(21) 0.017(4) 0.078(6) 0.044(5) -0.001(4) 0.002(4) 0.006(4)

C(23) 0.024(4) 0.068(5) 0.053(5) -0.006(4) 0.001(4) 0.007(4)

C(24) 0.048(6) 0.082(6) 0.047(5) -0.005(5) -0.001(5) -0.003(5)

C(25) 0.018(4) 0.074(5) 0.053(5) 0.003(4) 0.007(4) -0.015(5)

C(26) 0.027(5) 0.077(6) 0.053(5) -0.004(4) 0.001(4) -0.001(5)

C(27) 0.034(4) 0.075(5) 0.032(4) -0.001(4) -0.003(4) -0.004(4)

C(28) 0.017(4) 0.078(5) 0.050(5) -0.004(4) -0.002(4) 0.005(5)

C(29) 0.030(4) 0.082(6) 0.045(5) -0.015(4) 0.018(4) -0.008(4)

C(30) 0.024(4) 0.066(5) 0.079(6) 0.005(4) 0.000(5) 0.005(5)

C(31) 0.037(5) 0.064(5) 0.060(5) -0.012(4) 0.010(5) -0.002(4)

C(32) 0.024(4) 0.082(6) 0.052(5) -0.006(4) 0.021(4) -0.001(5)

C(33) 0.024(4) 0.067(5) 0.044(5) 0.002(4) -0.003(4) 0.004(4)

C(34) 0.042(5) 0.083(6) 0.035(4) -0.004(5) 0.015(4) -0.003(4)

C(35) 0.029(4) 0.069(5) 0.047(5) 0.005(4) -0.002(4) -0.003(4)

C(36) 0.019(4) 0.074(5) 0.046(5) -0.004(4) 0.003(4) 0.003(4)

C(37) 0.041(5) 0.069(5) 0.057(5) 0.008(4) 0.011(5) -0.001(5)

C(38) 0.032(5) 0.077(6) 0.101(8) 0.012(5) -0.014(5) -0.004(6)

C(39) 0.045(6) 0.100(7) 0.095(8) 0.008(5) -0.020(6) 0.003(6)

C(40) 0.053(6) 0.085(7) 0.084(7) 0.012(5) -0.008(6) 0.007(6)

C(41) 0.067(7) 0.071(6) 0.100(8) 0.021(6) 0.004(7) 0.009(6)

C(42) 0.033(5) 0.120(9) 0.091(8) 0.003(6) -0.006(6) -0.021(7)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11 U22 U33 U12 U13 U23

C(43) 0.039(6) 0.19(1) 0.11(1) -0.033(8) -0.019(7) 0.04(1)

C(44) 0.10(1) 0.54(5) 0.11(1) -0.05(2) 0.04(1) 0.06(2)

C(45) 0.09(1) 0.18(2) 0.25(2) -0.03(1) -0.03(1) 0.09(2)

C(46) 0.019(4) 0.065(5) 0.040(4) -0.001(4) -0.001(4) 0.001(4)

The general temperature factor expression:

exp(�2�2(a�2U11h
2 + b�2U22k

2 + c�2U33l
2 + 2a�b�U12hk + 2a�c�U13hl + 2b�c�U23kl))



Table 3. Bond Lengths(�A)

atom atom distance atom atom distance

Co(1) N(4) 1.918(7) Co(1) N(8) 1.904(6)

Co(1) N(12) 1.934(7) Co(1) N(13) 1.918(7)

Co(1) N(20) 1.922(7) Co(1) N(24) 1.921(7)

Co(2) N(6) 1.913(6) Co(2) N(7) 1.930(6)

Co(2) N(11) 1.929(6) Co(2) N(14) 1.915(7)

Co(2) N(26) 1.897(6) Co(2) N(27) 1.921(7)

O(1) C(24) 1.43(1) O(1) H(56) 0.94

O(4) H(57) 1.08 O(4) H(58) 1.22

O(6) H(53) 0.73 O(6) H(54) 0.80

O(7) C(38) 1.45(1) O(7) H(55) 1.14

O(8) C(43) 1.45(1) O(8) H(52) 0.95

N(1) C(3) 1.33(1) N(1) C(20) 1.37(1)

N(1) H(1) 0.98 N(2) C(10) 1.36(1)

N(2) C(11) 1.374(10) N(3) C(35) 1.355(10)

N(3) C(46) 1.347(10) N(3) H(2) 0.95

N(4) C(9) 1.337(10) N(4) C(36) 1.38(1)

N(5) C(23) 1.34(1) N(5) C(30) 1.37(1)

N(5) H(3) 1.02 N(6) C(17) 1.368(10)

N(6) C(46) 1.334(9) N(7) C(6) 1.331(9)

N(7) C(14) 1.365(9) N(8) C(5) 1.345(10)

N(8) C(28) 1.368(10) N(9) C(6) 1.347(9)

N(9) C(27) 1.38(1) N(10) C(9) 1.34(1)

N(10) C(26) 1.38(1) N(10) H(4) 0.99

N(11) C(1) 1.357(10) N(11) C(3) 1.389(10)



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

N(12) C(4) 1.39(1) N(12) C(23) 1.33(1)

N(13) C(13) 1.37(1) N(13) C(21) 1.330(10)

N(14) C(7) 1.319(10) N(14) C(8) 1.375(9)

N(16) C(21) 1.33(1) N(16) C(31) 1.36(1)

N(16) H(5) 0.99 N(17) C(2) 1.316(9)

N(17) C(18) 1.379(10) N(17) H(6) 0.97

N(18) C(5) 1.323(10) N(18) C(33) 1.39(1)

N(20) C(15) 1.31(1) N(20) C(32) 1.40(1)

N(21) C(16) 1.346(10) N(21) C(37) 1.40(1)

N(22) C(15) 1.35(1) N(22) C(29) 1.43(1)

N(24) C(16) 1.340(10) N(24) C(34) 1.356(10)

N(25) C(7) 1.352(9) N(25) C(25) 1.398(10)

N(26) C(2) 1.363(10) N(26) C(12) 1.388(10)

N(27) C(11) 1.313(9) N(27) C(19) 1.373(10)

C(1) C(20) 1.37(1) C(1) H(7) 0.99

C(2) C(7) 1.45(1) C(3) C(11) 1.40(1)

C(4) C(30) 1.36(1) C(4) H(8) 0.98

C(5) C(23) 1.44(1) C(6) C(46) 1.43(1)

C(8) C(25) 1.36(1) C(8) H(9) 1.01

C(9) C(16) 1.43(1) C(10) C(19) 1.38(1)

C(10) H(10) 0.99 C(12) C(18) 1.37(1)

C(12) H(11) 1.01 C(13) C(31) 1.35(1)

C(13) H(12) 1.04 C(14) C(27) 1.34(1)

C(14) H(13) 1.00 C(15) C(21) 1.46(1)



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

C(17) C(35) 1.37(1) C(17) H(14) 1.00

C(18) H(15) 1.01 C(19) H(16) 1.03

C(20) H(17) 1.01 C(24) C(39) 1.51(1)

C(24) C(40) 1.48(1) C(24) H(31) 0.99

C(25) H(18) 0.98 C(26) C(36) 1.38(1)

C(26) H(19) 0.99 C(27) H(20) 0.97

C(28) C(33) 1.41(1) C(28) H(21) 1.01

C(29) C(32) 1.33(1) C(29) H(22) 0.99

C(30) H(23) 0.97 C(31) H(24) 0.98

C(32) H(25) 0.96 C(33) H(26) 1.01

C(34) C(37) 1.35(1) C(34) H(27) 1.03

C(35) H(28) 0.98 C(36) H(29) 1.02

C(37) H(30) 1.01 C(38) C(41) 1.51(2)

C(38) C(42) 1.48(1) C(38) H(32) 1.04

C(39) H(33) 0.98 C(39) H(34) 0.94

C(39) H(35) 0.99 C(40) H(36) 0.99

C(40) H(37) 0.98 C(40) H(38) 0.97

C(41) H(39) 0.94 C(41) H(40) 0.97

C(41) H(41) 1.01 C(42) H(42) 0.95

C(42) H(43) 0.92 C(42) H(44) 0.94

C(43) C(44) 1.49(2) C(43) C(45) 1.47(2)

C(43) H(45) 0.96 C(44) H(46) 0.96

C(44) H(47) 0.98 C(44) H(48) 0.98

C(45) H(49) 1.01 C(45) H(50) 0.96



Table 3. Bond Lengths(�A) (continued)

atom atom distance atom atom distance

C(45) H(51) 0.87



Table 4. Bond Angles(�)

atom atom atom angle atom atom atom angle

N(4) Co(1) N(8) 175.7(3) N(4) Co(1) N(12) 96.1(3)

N(4) Co(1) N(13) 92.8(3) N(4) Co(1) N(20) 91.7(3)

N(4) Co(1) N(24) 82.7(3) N(8) Co(1) N(12) 81.6(3)

N(8) Co(1) N(13) 89.6(3) N(8) Co(1) N(20) 92.2(3)

N(8) Co(1) N(24) 93.6(3) N(12) Co(1) N(13) 170.6(3)

N(12) Co(1) N(20) 95.1(3) N(12) Co(1) N(24) 91.5(3)

N(13) Co(1) N(20) 81.9(3) N(13) Co(1) N(24) 92.4(3)

N(20) Co(1) N(24) 171.8(3) N(6) Co(2) N(7) 82.6(3)

N(6) Co(2) N(11) 91.3(3) N(6) Co(2) N(14) 90.5(3)

N(6) Co(2) N(26) 170.2(3) N(6) Co(2) N(27) 94.9(3)

N(7) Co(2) N(11) 171.6(3) N(7) Co(2) N(14) 90.8(3)

N(7) Co(2) N(26) 90.5(3) N(7) Co(2) N(27) 91.8(3)

N(11) Co(2) N(14) 95.2(3) N(11) Co(2) N(26) 96.2(3)

N(11) Co(2) N(27) 82.9(3) N(14) Co(2) N(26) 82.5(3)

N(14) Co(2) N(27) 174.3(3) N(26) Co(2) N(27) 92.4(3)

C(24) O(1) H(56) 118.0 H(57) O(4) H(58) 75.6

H(53) O(6) H(54) 119.5 C(38) O(7) H(55) 119.2

C(43) O(8) H(52) 109.8 C(3) N(1) C(20) 105.1(6)

C(3) N(1) H(1) 128.2 C(20) N(1) H(1) 126.6

C(10) N(2) C(11) 106.8(7) C(35) N(3) C(46) 103.4(6)

C(35) N(3) H(2) 127.2 C(46) N(3) H(2) 129.3

Co(1) N(4) C(9) 114.7(5) Co(1) N(4) C(36) 139.6(6)

C(9) N(4) C(36) 105.4(7) C(23) N(5) C(30) 108.0(7)

C(23) N(5) H(3) 125.0 C(30) N(5) H(3) 127.0



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

Co(2) N(6) C(17) 140.0(5) Co(2) N(6) C(46) 114.3(5)

C(17) N(6) C(46) 105.1(6) Co(2) N(7) C(6) 113.8(5)

Co(2) N(7) C(14) 139.0(5) C(6) N(7) C(14) 107.2(6)

Co(1) N(8) C(5) 116.5(5) Co(1) N(8) C(28) 138.4(5)

C(5) N(8) C(28) 104.8(6) C(6) N(9) C(27) 105.6(7)

C(9) N(10) C(26) 102.9(7) C(9) N(10) H(4) 130.2

C(26) N(10) H(4) 126.8 Co(2) N(11) C(1) 139.8(5)

Co(2) N(11) C(3) 112.8(5) C(1) N(11) C(3) 105.6(6)

Co(1) N(12) C(4) 138.2(6) Co(1) N(12) C(23) 114.5(5)

C(4) N(12) C(23) 107.1(7) Co(1) N(13) C(13) 138.4(5)

Co(1) N(13) C(21) 114.8(5) C(13) N(13) C(21) 105.7(7)

Co(2) N(14) C(7) 114.4(5) Co(2) N(14) C(8) 138.2(5)

C(7) N(14) C(8) 107.0(6) C(21) N(16) C(31) 104.2(7)

C(21) N(16) H(5) 128.3 C(31) N(16) H(5) 127.5

C(2) N(17) C(18) 103.8(6) C(2) N(17) H(6) 129.5

C(18) N(17) H(6) 126.6 C(5) N(18) C(33) 103.4(7)

Co(1) N(20) C(15) 115.8(5) Co(1) N(20) C(32) 138.1(6)

C(15) N(20) C(32) 106.1(7) C(16) N(21) C(37) 105.5(7)

C(15) N(22) C(29) 103.7(7) Co(1) N(24) C(16) 113.2(5)

Co(1) N(24) C(34) 139.8(6) C(16) N(24) C(34) 106.8(7)

C(7) N(25) C(25) 104.9(7) Co(2) N(26) C(2) 115.6(5)

Co(2) N(26) C(12) 141.3(5) C(2) N(26) C(12) 102.8(6)

Co(2) N(27) C(11) 113.5(5) Co(2) N(27) C(19) 138.2(5)

C(11) N(27) C(19) 108.1(6) N(11) C(1) C(20) 107.6(7)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(11) C(1) H(7) 127.8 C(20) C(1) H(7) 124.6

N(17) C(2) N(26) 115.6(6) N(17) C(2) C(7) 133.1(7)

N(26) C(2) C(7) 111.1(7) N(1) C(3) N(11) 111.5(7)

N(1) C(3) C(11) 135.6(7) N(11) C(3) C(11) 112.7(7)

N(12) C(4) C(30) 107.5(7) N(12) C(4) H(8) 126.9

C(30) C(4) H(8) 125.5 N(8) C(5) N(18) 115.8(7)

N(8) C(5) C(23) 111.9(7) N(18) C(5) C(23) 132.3(7)

N(7) C(6) N(9) 110.5(7) N(7) C(6) C(46) 114.7(6)

N(9) C(6) C(46) 134.8(7) N(14) C(7) N(25) 112.3(7)

N(14) C(7) C(2) 115.4(6) N(25) C(7) C(2) 132.3(7)

N(14) C(8) C(25) 107.9(7) N(14) C(8) H(9) 128.4

C(25) C(8) H(9) 123.6 N(4) C(9) N(10) 114.6(7)

N(4) C(9) C(16) 113.2(7) N(10) C(9) C(16) 132.2(7)

N(2) C(10) C(19) 107.4(7) N(2) C(10) H(10) 126.2

C(19) C(10) H(10) 126.2 N(2) C(11) N(27) 110.2(7)

N(2) C(11) C(3) 132.1(7) N(27) C(11) C(3) 117.7(7)

N(26) C(12) C(18) 108.3(7) N(26) C(12) H(11) 124.9

C(18) C(12) H(11) 126.7 N(13) C(13) C(31) 107.1(7)

N(13) C(13) H(12) 128.1 C(31) C(13) H(12) 124.6

N(7) C(14) C(27) 107.9(7) N(7) C(14) H(13) 126.5

C(27) C(14) H(13) 125.6 N(20) C(15) N(22) 113.4(7)

N(20) C(15) C(21) 113.5(7) N(22) C(15) C(21) 132.8(7)

N(21) C(16) N(24) 110.9(7) N(21) C(16) C(9) 133.5(7)

N(24) C(16) C(9) 115.5(7) N(6) C(17) C(35) 107.3(7)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(6) C(17) H(14) 126.7 C(35) C(17) H(14) 125.9

N(17) C(18) C(12) 109.4(7) N(17) C(18) H(15) 125.4

C(12) C(18) H(15) 125.2 N(27) C(19) C(10) 107.5(7)

N(27) C(19) H(16) 127.6 C(10) C(19) H(16) 124.8

N(1) C(20) C(1) 110.0(7) N(1) C(20) H(17) 123.6

C(1) C(20) H(17) 126.2 N(13) C(21) N(16) 113.0(7)

N(13) C(21) C(15) 113.8(7) N(16) C(21) C(15) 133.0(7)

N(5) C(23) N(12) 110.0(7) N(5) C(23) C(5) 134.9(8)

N(12) C(23) C(5) 115.1(7) O(1) C(24) C(39) 107.1(8)

O(1) C(24) C(40) 111.1(8) O(1) C(24) H(31) 111.1

C(39) C(24) C(40) 111.9(9) C(39) C(24) H(31) 106.8

C(40) C(24) H(31) 108.7 N(25) C(25) C(8) 107.9(6)

N(25) C(25) H(18) 123.9 C(8) C(25) H(18) 128.1

N(10) C(26) C(36) 110.3(8) N(10) C(26) H(19) 124.9

C(36) C(26) H(19) 124.8 N(9) C(27) C(14) 108.8(7)

N(9) C(27) H(20) 125.0 C(14) C(27) H(20) 126.0

N(8) C(28) C(33) 107.4(6) N(8) C(28) H(21) 128.7

C(33) C(28) H(21) 123.8 N(22) C(29) C(32) 107.8(7)

N(22) C(29) H(22) 125.0 C(32) C(29) H(22) 127.1

N(5) C(30) C(4) 107.3(7) N(5) C(30) H(23) 120.7

C(4) C(30) H(23) 132.0 N(16) C(31) C(13) 109.9(7)

N(16) C(31) H(24) 122.9 C(13) C(31) H(24) 127.0

N(20) C(32) C(29) 108.9(7) N(20) C(32) H(25) 127.0

C(29) C(32) H(25) 123.7 N(18) C(33) C(28) 108.6(7)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

N(18) C(33) H(26) 126.9 C(28) C(33) H(26) 124.5

N(24) C(34) C(37) 109.3(8) N(24) C(34) H(27) 127.2

C(37) C(34) H(27) 123.5 N(3) C(35) C(17) 110.4(7)

N(3) C(35) H(28) 127.5 C(17) C(35) H(28) 122.1

N(4) C(36) C(26) 106.8(7) N(4) C(36) H(29) 126.9

C(26) C(36) H(29) 126.2 N(21) C(37) C(34) 107.4(7)

N(21) C(37) H(30) 126.5 C(34) C(37) H(30) 126.1

O(7) C(38) C(41) 110.8(9) O(7) C(38) C(42) 110.3(9)

O(7) C(38) H(32) 107.8 C(41) C(38) C(42) 111.8(9)

C(41) C(38) H(32) 105.1 C(42) C(38) H(32) 110.8

C(24) C(39) H(33) 110.0 C(24) C(39) H(34) 116.3

C(24) C(39) H(35) 110.8 H(33) C(39) H(34) 108.0

H(33) C(39) H(35) 104.1 H(34) C(39) H(35) 106.7

C(24) C(40) H(36) 112.5 C(24) C(40) H(37) 116.3

C(24) C(40) H(38) 112.6 H(36) C(40) H(37) 104.3

H(36) C(40) H(38) 104.6 H(37) C(40) H(38) 105.4

C(38) C(41) H(39) 116.6 C(38) C(41) H(40) 109.7

C(38) C(41) H(41) 113.2 H(39) C(41) H(40) 108.1

H(39) C(41) H(41) 105.1 H(40) C(41) H(41) 103.2

C(38) C(42) H(42) 108.5 C(38) C(42) H(43) 108.1

C(38) C(42) H(44) 104.2 H(42) C(42) H(43) 112.2

H(42) C(42) H(44) 110.6 H(43) C(42) H(44) 112.9

O(8) C(43) C(44) 104(1) O(8) C(43) C(45) 111(1)

O(8) C(43) H(45) 112.9 C(44) C(43) C(45) 113(1)



Table 4. Bond Angles(�) (continued)

atom atom atom angle atom atom atom angle

C(44) C(43) H(45) 105.0 C(45) C(43) H(45) 108.6

C(43) C(44) H(46) 113.7 C(43) C(44) H(47) 112.1

C(43) C(44) H(48) 114.3 H(46) C(44) H(47) 105.8

H(46) C(44) H(48) 105.7 H(47) C(44) H(48) 104.3

C(43) C(45) H(49) 106.5 C(43) C(45) H(50) 107.5

C(43) C(45) H(51) 111.3 H(49) C(45) H(50) 103.9

H(49) C(45) H(51) 110.9 H(50) C(45) H(51) 116.1

N(3) C(46) N(6) 113.8(7) N(3) C(46) C(6) 131.6(7)

N(6) C(46) C(6) 114.5(7)


