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The crystal structure of 1,1′-(((2 (dimethylamino)
ethyl)azanediyl)bis(methylene)) bis(naphthalen-
2-olato-κ4N,N′,O,O′)-(pyridine-2,6-dicarboxylato-
N,O,O′)- titanium(IV) ─ dichloromethane (2/1),
C33H29N3O6Ti
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Abstract
C33H29N3O6Ti, monoclinic, C2/c (no. 15), a = 27.4022(15) Å,
b = 14.0345(7) Å, c = 17.0047(10) Å, β = 116.009(3)°,
V = 5877.3(6) Å3, Z = 8, Rgt(F ) = 0.0369, wRref(F

2) = 0.1125,
T = 100(2) K.

CCDC no.: 2082174

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

The ONON ligand L1: (1,1′-(((2-(dimethyl-amino)ethyl)
azanediyl)bis (methylene))bis(naphthalen-2-ol)) was
prepared following the literature reported method by
prolonging the reaction time from 2 to 6 h [3]. The cor-
responding Ti(IV) complex was synthesized according to
lit. Under a nitrogen atmosphere, L1 (1 mmol, 400 mg)
was dissolved in anhydrous THF (15 mL), Ti(OiPr)4
(0.95 mmol, 0.28 mL) was then added to the solution. The
reaction was heated to 50 °C and kept stirring for 2 h,
Dipic (pyridine-2,6-dicarboxylic acid) (0.95 mmol,
158.8 mg) was added and the reaction was left stirring for
another 10 h and monitored by TLC. When the reaction
was complete, [L1Ti

(IV)(Dipic)] was separated by flash
column chromatography (CH2Cl2/CH3OH = 30/1) to
obtain a red solid (0.80 mmol, 492.1 mg, 85%). Suitable
crystals for X-ray diffraction measurements were ob-
tained by slow diffusion of n–hexane to a dichloro-
methane solution of [L1Ti

(IV)(Dipic)] at room temperature.

Table : Data collection and handling.

Crystal: Orange block
Size: . × . × . mm
Wavelength: Ga Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX []
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Experimental details

H atoms bonded to C atoms were positioned geometrically
with C–H=0.95Å (aromatic), 0.99Å (methylene) and0.98Å
(methyl) and refined in a riding mode [Uiso(H) = 1.2UeqC
(aromatic and methylene)], 1.5UeqC(methyl).

Comment

Various ONNO ligands stabilizing Ti(IV) complexes con-
taining different substituents have been synthesized and
tested for antitumor activities in recent years [4]. The use of
pyridine-2,6-dicarboxylate as a second chelator gives a
novel heptacoordinated Ti(IV) complex with enhanced
aqueous stability and cytotoxicity [5, 6], which is
considered as a new generation of anti-tumor Ti com-
plexes [7]. The isotopic titanium complex [45Ti][(Salan)
Ti(IV)(Dipic)] could be synthesized based on this ligand sys-
tem and studied as PET probes [8, 9]. ONNO Ti(IV) com-
plexes are structurally close to ONON Ti(IV) complexes,
which exhibit much higher space flexibility because of the
amino side arm [10]. However, only one report is related to
the ONON Ti(IV) complex due to the difficult synthesis of
ligands [10], no reports are found on the ONON Ti(IV)
complexes containing a naphthalene moiety.

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
Ti . () . () . () . ()
CSa

. () . () . () . ()
HSAa

. . . .*
HSBa

. . . .*
Cla

. () −. () . () . ()
Cla

. () −. () . () . ()

aOccupancy: ..
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As shown in the Figure, the central Ti cation is seven-
coordinated by three nitrogen atoms and four oxygen
atoms, forming a distorted pentagonal bipyramidal ge-
ometry. The bond lengths of four Ti–O and three Ti–N
bonds are ranging from 1.8390(12) to 2.0902(13) Å and
from 2.1906(14) to 2.3891(15) Å, respectively, which is in
accordance with the literature [7]. Surprisingly, the Man-
nich reaction of naphthalen-2-ol gave a rearranged ONON
ligand L1, thus giving the titled ONON–Ti(IV) compound.
The CH2Cl2 is disordered by an inversion center.

In the crystal packing, the molecules are linked
together by some weak intermolecular interactions such as
π/π and C–H/π. For instance, the centroid-to-centroid
distance between two inversion-related C1–C6 aromatic
rings is only 3.596(1) Å, indicating a π/π interaction.
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