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Synthesis and Crystal Structure of 13-Membered Tetraaza
Macrocyclic Cobalt(III) Complex with Azido Ligand
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Abstract

The complex cis-[Co(13-aneN,)}(N,),]CI'H,0 (1) (13-aneN, = 1,4,7,10-tetraazacyclotride-
cane) has been synthesized and structurally characterized by X-ray crystallography. It crys-
tallizes in the orthorhombic system Pbca, a = 7.8282(4) A, b = 14.3197(7) A, ¢
29.9021(15) A, ¥V = 3351.9(3) A’, Z = 8. The cobalt(Ill) ion in 1 is coordinated to four
nitrogen atoms from the macrocycle and two azide ligands of cis position in a distorted
octahedral environment, which forms the 1D polymer through hydrogen bonding contacts
involving the cation, chloride anion and solvent water molecules.
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1. Introduction

Recently, the cyclam (1,4,8,11-tetraazacyclotet-
radecane) and modified cyclam cobalt(Ill) com-
plexes have been synthesized and structurally
characterized by spectroscopy and X-ray crystal-
lography."® For example, trans-[Co(cyclam)CL,]CI-
4H,0-0.47HCI” and [Co(H,ddta)CL,] (ClO,),-2H,0
(ddta=6,13-diamino-6,13-dimethyl-1,4,8,11-tetraaza-
cyclotetradecane)” exhibit a low-spin octahedral
geometry with four nitrogen atoms of the macro-

41

EE Zhed|, #e] ool BX Sole Y ENTE T

cycle and two chloride ligands of frans position.
Also, in a hexaazamacrocyclic cobalt(Ill) complex
[Co(ddta)}(C10,);” the cobalt(Ill) ion has a dis-
torted octahedral geometry with four secondary
amines of the macrocycle and two pendant amines
at the axial position. The structures of cobalt(III)
complexes containing azide ligands are compli-
cated by the presence of several binding modes for
the azido ligands. In a previous paper, the complex
trans-[Co(dttd)(N;),|N;2H,O (dttd=3,14-dimethyl-
2,6,13,17-tetraazatricyclo[ 14,4,0"'* 0" **]docosane)®
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reveals a distorted octahedron with four nitrogen
atoms of the macrobicycle and two azido ligands
of trans-position. However, the structure of
[Co(tren)(N;),]ClO, (tren = 2,2',2"-triaminotriethy-
lamine)” shows a distorted octahedral geometry
and cis arrangement of the two single coordinated
azido ligands. To further investigate the different
molecular geometry, we report the synthesis and
crystal structure of cobalt(I) complex, cis-
[Co(tatd)(N;),]CI'H,O (1) (13-aneN,=1,4,7,10-tet-
raazacyclotridecane).
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2. Experimental

Materials and Physical Measurements. All
chemicals and solvents used in the synthesis were
of reagent-grade and used without further purifica-
tion. The 1,4,7,10-tetraazacyclotridecane (13-aneN,)
and trans-[Co(13-aneN)CL,]JCl were prepared
according to the literature method.'” TR spectra
were recorded with a Perkin-Elmer Paragon 1000
FT-IR spectrometer. Elemental analysis (C, H, N)
were performed on a Perkin Elmer CHN-2400
analyzer.

Synthesis of cis-[Co(13-aneN,)(N3),]'H,O (1).
To a MeOH solution (20 mL) of trans-[Co(13-
aneN,)CL]C1 (176 mg, 0.5 mmol) was added NaN;
(33 mg, 0.5mmol). The mixture was heated to
reflux for 1h and then cooled to room tempera-
ture. The solution was filtered and left at room
temperature until the violet crystals formed. The

Table 1. Crystal data and structure refinement for 1

Empirical formula
Formula weight
Temperature

Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient
Diffractometer
Radiation/wavelength
F(000)

Crystal size

6 range for data collection
Index ranges

Reflection collected/unique
Absorption correction
Refinement method ‘
Data/restraints/parameters
Goodness-of-fit on F*
Final R indices [/>2c(])]
R indices (all data)
Largest diff. peak and hole

C,H,.N,,CICoO0

382.76

293(2) K

Orthorhombic

Pbca

a=7.8282(4) A

p=14.3197(7) A
€=29.9021(15) A

3351.9(3) A’

8

1.517 Mg/m’

1.202 mm™

CCD area detector/®-20

Mo Ka (graphite monochrom.)0.71073 A
1600

0.14x0.13x0.05 mm’

1.36 to 28.40°

—10<h<10, —17<k<19, —39</<28
34608/4201 (R,,=0.2001)
T,.=09417 and T,,=0.0019
Full-matrix Jeast-squares on F~
4201/0/194

1.045

R,*0.1503, wR,"=0.3866
R*=0.2799, wR,"=0.4347
3.026 and —1.489 eA”

“Ry=Z||F-IF/EIF,
bwR,=[E[w(F, - FY /2 w(F,) ).
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product was filtered and recrystallized from a hot
H,0MeOH (1:1 v/v, 20 mL) mixture. Found: C,
28.12; H, 6.43; N, 36.71. Calc. for C,H,N,,ClICoO:
C, 28.24; H, 6.32; N, 36.60%. IR (KBr, cm™):
3184 (NH), 3174 (NH), 2062 (N;), 2020 (N,).
X-ray Crystallography. A red crystal was
mounted on a CCD area diffractometer. Intensities
were collected with a graphite-monochroamated
Mo Ka radiation (1=0.71073 A), using the /28
scan technique at 293 K. Accurate cell parameters
and an orientation matrix were determined by the
least-squares fit of 25 reflections. The intensity
data were corrected for Lorentz and polarization
effects. Absorption correction was applied by -
scan.'” The crystallographic data, conditions used
for the intensity collection, and some features of
the structure refinement are listed in Table 1. The
structure was solved by direct methods'™ and the
least-squares refinements of the structure were per-
formed by the program SHELXL97.”" All atoms
except for all hydrogen atoms were refined aniso-

Table 2. Atomic coordinates (x10*) and equi-

valent isotropic displacement parameters (A%x
10%) for 1

X y z U(eq)’
Co 1520Q2)  5404(1)  1127(1)  57(1)
CI(1) 5395(3) 2472(2) 1901(1) 38(1)
N(I)  3977(14) 5668(9)  1200(4)  70(1)
N(2) 1699(15)  4700(7) 1672(4) 63(3)
NQ) 832(14) 6406(7)  1523(4)  63(3)
N@) 117715 6299(7) 637(4)  71(4)
NG)  2163(15)  4316(9) 781(4)  73(4)
N@6)  1802(15) 4168(9) 389(6)  73(3)
N(7)  1590(20)  3942(14) 17(5)  130(7)
N(8) 910(17)  5078(9)  1091(4)  80(4)
NO)  1141(16) 4326(10)  980(5)  79(4)
N(10) 1917(19)  3632(10) 849(6) 110(5)
Ow(l) 6843(16) 3439(10) 2128(5)  129(5)
C(1) 4699(18)  4945(11) 1506(5) 78(5)
C(2)  3480(20) 4757(13)  1826(6)  95(5)
C(3) 460(30)  5053(14) 1981(7) 116(7)
C4) 60(20)  6023(11)  1922(5)  84(5)
C(5) 300(20) 7088(12) 1277(6) 90(5)
C(6) 680(20)  7168(12) 833(8) 116(7)
C(7)  2540(20) 6412(12)  287(6)  94(5)
C(8)  439020) 6562(13)  463(7)  111(6)
C9) 492020) 5767(15) 776(7) 111(6)

*U(eq) is defined as one-third of the trace of the
orthogonalized Uj tensor.
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tropically. Hydrogen atoms were placed in calcu-
lated positions allowing to ride on their parent C
atoms with U (H)=12U,(C or N). The rather
higher R, and wR, values may be attributed mainly
to the bad quality of the sample compound. Final
atomic coordinates and equivalent isotropic dis-
placement parameters are given in Table 2.

3. Results and Discussion

An ORTEP drawing'® of cis-[Co(13-aneN,)(N;),]Cl
H,0 (1) with the atomic numbering scheme is
shown in Fig. 1. The selected bond lengths and
angles are listed in Table 3. The structure of 1
consists of isolated [Co(13-aneN,)(N,),]" cation with
a distorted octahedral geometry and cis arrange-
ment of the two single coordinated azido ligands,
a chloride counter anion and one water molecule.
The four Co-N distances of the macrocyclic ligand
[1.972(11), 1.920(11), 1.936(11), 1.966(11) A} are
similar to those of the two Co-N(azido) [1.936(13),
1.962(13) A]. The average Co-N (macrocycle) bond
distance of 1.949(6) A is smaller than those
observed in wrans-[Co(cyclam)Cl,]Cl-4H,0-0.47HCI
[1.974(2) and 1.981(2) A]” and cis-[Co(cyclam)(en)]Cl;*
3H20 [1.996(2) A].” This fact may be attributed
the decrease of the ring cavity size by 13-mem-
bered macrocycle (13-aneN,) compared to 14-

Fig. 1. An ORTEP drawing of 1 with the atomic
numbering scheme. Thermal ellipsoids are drawn

at 30% probability. The hydrogen atoms and
water molecule are omitted for clarity.
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Table 3. Selected bond distances (A) and angles
() for 1

Bond lengths

Co-N(1) 1.972(11) Co-N(2) 1.920(11)
Co-N(3) 1.936(11) Co-N(4) 1.966(11)
Co-N(5) 1.936(13) Co-N(8) 1.962(13)
N(5)-N(6) 1.223(17)  N(6)-N(7) 1.171(17)
N(8)-N(9) 1.192(17)  N(9)-N(10) 1.140(16)
Bond angles

N(I)-Co-N(2)  86.3(5) N(1)-Co-N(3) 93.6(5)
N(1)-Co-N(4)  95.2(5) N(@2)-Co-N(3) 83.7(5)
N@2)-Co-N(4)  169.9(5) N@3)-Co-N(4) 86.2(5)
N(5)-Co-N(1)  87.7(5) N(5)-Co-N(2) 90.7(5)
N(G)»CoNG@)  174.2(5) N(G)Co-N@)  99.3(5)
N(5)-Co-N(@)  91.8(5) N(8)-Co-N(1) 175.9(5)
N(8)-Co-N(Q2)  89.6(5) N(8)-Co-N(3) 86.6(5)
N(@&)-Co-N@4)  88.9(5) Co-N(5)-N(6) 126.2(10)
Co-N(8)-N(9)  1233(11)  N(5)-N(6)-N(7) 172.2(15)

N(®)-N©)-N(10) 175.6(18)

membered cyclam. The average Co-N (azido) dis-
tance of 1.949(9) A is similar to those found in
azido cobalt(Ill) complexes mer-[Co(dmp);(N;);]
[dmp=3,4-dimethylpyridine; 1.931(4) to 1.959(4)
A]" and cis-[Co(tren);(N;),]CIO, [tren = 2,2'2"-
triaminotricthylamine; 1.964(3) and 1.946(3) A]”
in which the cobalt(Ill) ion adopts a distorted
octahedral geometry. The basal plane contains
three nitrogen atoms of the macrocycle and one
nitrogen atom of the azido ligand with a slightly
distortion [deviation N(1) —0.085(6), N(2) 0.090(6),
N(4) 0.082(6), N(8) —0.087(6) A from the least
squares plane through these basal donor atoms].
The N(1)-Co-N(4) angle of the six-membered che-
late ring of 1 is larger than the N-Co-N angles of
the five-membered chelate rings. Also, the axial
Co-N(3) and Co-N(5) linkages are not perfectly
perpendicular to the CuN, plane with N(3)-Co-N
and N(5)-Co-N angles ranging from 90.7(5) to
99.3(1)°. The coordinated azido groups which act
as a monodentate ligand are slightly asymmetric
[N(5)-N(6)=1.223(17) A and N(6)-N(7)=1.171(17)
A; N@)-N©)=1.192(17) A and N(9)-N(10)=
1.140(16) A] and linear within the experimental
error [N(5)-N(6)-N(7)=172.2(15)° and N(8)-N(9)-
N(10)=175.6(18)°"]. The Co-N(5)-N(6) and Co-
N(8)-N(9) angles related to the azide ligand are
126.2(10)° and 123.3(11)°, respectively. The geom-

FFAR A

etry of the diazido-tetraaza macrocyclic cobalt(III)
complex 1 depends on the nature of the macrocy-
clic tetraaza ligand. Due to the asymmetric and
flexibility of the tetraaza ring of the 13-membered
macrocycle (13-aneN,), the four nitrogen donors
of the macrocycle can not adopt a planar geometry
and hence enforces the formation of the octahedral
complex, leaving two vacant cis positions avail-
able for binding two monodentate azido ligands.'”
In contrast, the symmetric and remarkable rigidity
of the l4-membered tetraaza macrocycle 3,14-
dimethyl-2,6,13,17-tetraazatricyclo[ 14,4,0"',07]
docosane (dttd) compared to (13-aneN,) may lead
to the formation of octahedral complex of trans
geometry.” In this case, four nitrogen donors are
oriented coplanar with the central metal ion leav-
ing the two axial positions for binding the azido
ligands leading to simple nuclear species trans-
[Co(dttd)(N;),IN;-2H,0.” Interestingly, the second-
ary amines of the macrocycle are hydrogen bonded

Fig. 2. View of 1D hydrogen-bonded polymeric

chain structure of 1, showing the hydrogen
bonds as dotted lines.
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Table 4. Hydrogen Bonding Parameters (A, °) for 1

D-H..A D-H (&) H...A (A) D...A (A) D-H...A (9
N(D-H(1)...CI(1)#4 0.91 246 3.345(12) 165.3
N@)-H(2)...CI(1)#3 0.91 2.57 3.377(11) 148.7
N(3)-H(3)...Cl(1)#4 0.91 247 3.382(11) 174.5
N(4)-H(4)...N(7)#1 0.91 2.08 2.939(19) 157.0
Ow(1)...CI(1)#5 3.317(13)

Ow(D)...CI(1)#6 3.361(14)

Symmetry codes: (#1) —x, —y+1, —z; (#2) x+1/2, -y+3/2, —z; (#3) x, 3, z; (#4) —x+1/2, y+1/2, z; (#5) x+1, , z;

(#6) x-1/2, y, —z—1/2.

to chloride anion and nitrogen atom of the azido
ligand [N(1)...Cl(1)#4 3.345(12) A, 165.3% N(2)
LLCID#3 3.377(11) A, 148.7% N(3)...CI(1)#4
3.382(11) A, 174.5% N(4)...N(T#1 2.939(19) A,
157°% symmetry codes: (#1) —x, —y+1, ~z; (#2)
x+172, —y+3/2, —z; #3) x, », z; (#4) —x+1/2, y+1/
2, z]. Furthermore, the water molecule found in
the lattice also forms hydrogen bonds with chlo-
ride anion [Ow(1)...CI(1)#5 3.317(13) A; Ow(1)
LClI(H#H6 3361(14) A; symmetry codes: (#5)
x+1, y, z; (#6) x—1/2, y, —z—1/2]. This interaction,
as shown in Fig. 2 and Table 4, gives rise to the
one dimensional hydrogen-bonded polymer.

The IR spectrum of complex 1 shows bands at
3174 and 3184 cm™', which are assigned to the
v(N-H) of the coordinated secondary amines of
the macrocycle. Two strong bands at 2020 and
2062 cm™' was assigned to v,(N;) stretching of the
coordinated azido ligand,'” which are in agree-
ment with the crystal structure of 1.

4. Supplementary Material

Atomic coordinates, bond lengths and angles,
and thermal parameters are available from author
K.-Y. Choi on request.
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