
Treatment of 6H-indolo[2,3-b]quinoxaline (1) with NaBH4
in ethanol at 82 °C for 10 min under argon gives the reactive
anion species 2 (generated by deprotonation of N-6 position of
1), which upon reaction with Ni(OAc)2·4H2O in ethanol at 82
°C for 6 h under argon forms the title dinuclear nickel(II) com-
plex 3. The molecular structure of the novel complex 3, indicat-
ing the Ni-Ni distance of 2.618(1) Å, is reported.

Although the chemistry of 6H-indolo[2,3-b]quinoxaline (1)
and its derivatives has been studied to a great extent and the
physical and chemical properties1 and the biological activities2

for numerous these compounds have been well documented,
nothing has so far been established for preparation of the metal
complexes with indolo[2,3-b]quinoxalines as ligands.  On the
other hand, the dinuclear nickel(II) complexes have been of
interest because of the magnetic and electronic properties.3 As
a series of basic studies on the creation of novel functional
materials with delocalized electron systems and on their poten-
tial utility, we have been particularly interested in the molecular
structure and the characteristic properties of a dinuclear
nickel(II) complex possessing 1 as ligand.  We now wish to
describe on a facile preparation and the molecular structure of a
novel dinuclear nickel(II) complex, tetrakis(indolo[2,3-
b]quinoxalinato)dinickel(II) (3), which enabled us to determine
the crystal structure by means of X-ray diffraction.

The target complex 3 was prepared according to the fol-
lowing method.  A solution of 6H-indolo[2,3-b]quinoxaline (1)4

(100 mg, 456 µmol) and NaBH4 (40 mg, 1.1 mmol) in ethanol
(60 mL) was refluxed at 82 °C for 10 min under argon. After
cooling to room temperature, the insoluble NaBH4 was removed
by using a centrifugal separator.  To the resulting orange solu-
tion of the reactive anion species 25 was added Ni(OAc)2·4H2O
(60 mg, 241 µmol), and the mixture was refluxed at 82 °C for 6
h under argon.  The ethanol containing the precipitated dinu-
clear nickel(II) complex 3 was centrifuged.  The crude reddish-
orange solid 3 obtained was washed with ethanol and recrystal-
lized from dichloromethane-ethanol (2:1, vol/vol) to provide
pure complex 3 (30 mg, 30 µmol, 67% yield)7 (the recovered
starting material 1: 60 mg, 273 µmol, conversion: 40%), whose
structure was established on the basis of the elemental analysis,
the spectroscopic data [UV-visible, FT-IR, FAB-MS, and 1H-
NMR8 including its 2D NMR (H-H COSY)],9a and the X-ray
crystallographic analysis.9b

Complex 3 was dark reddish-orange blocks.  The TGA/
DTA (thermal analysis) indicated that 3 contained 3.933% of
CH2Cl2 in the crystals (calculated from the height of the TGA
mass step below 205.3 °C) and decomposed around 420 °C.
The UV-visible spectrum [λmax (CH2Cl2) nm (log ε) for dimer]
appeared at 244(5.11), 277(5.27), 292sh(4.89), 350(4.71),
366sh(4.58), and 470(4.05).  The bathochromic shifts of all
characteristic absorption bands were observed as compared

with those of 1.4 The absorption maximum (λmax 470 nm)
seems to be the corresponding intra-ligand π-π* transition.
The IR(KBr) spectrum suggested the presence of C=N4 (νmax
1562 cm-1, st) coordinated to a nickel(II) atom.  The molecular
formula C56H32N12Ni2 was determined by the exact FAB-MS
(negative) spectrum (Found: m/z 988.1606; Calcd for
C56H32N12Ni2: M-, m/z 988.1580.).  The elemental analysis
confirmed the molecular formula C113H66N24Ni4Cl2 (Found: C,
65.26; H, 3.48; N, 16.00%. Calcd for C113H66N24Ni4Cl2
[2C56H32N12Ni2·CH2Cl2]: C, 65.33; H, 3.20; N, 16.18%.).  The
500 MHz 1H-NMR (CD2Cl2) spectrum showed signals, indi-
cating all the four ligands are equivalent, at δ 7.03 (4H, ddd, J
= 7.5, 7.5, 1.0 Hz, H-9), 7.68 (4H, ddd, J = 8.5, 7.0, 1.5 Hz, H-
2), 7.73 (4H, ddd, J = 8.0, 7.5, 1.0 Hz, H-8), 7.81 (4H, dd, J =
7.5, 1.0 Hz, H-10), 7.95 (4H, dd, J = 8.5, 1.5 Hz, H-1), 8.51
(4H, ddd, J = 8.0, 7.0, 1.5 Hz, H-3), 9.17 (4H, dd, J = 8.0, 1.0
Hz, H-7), and 12.11 (4H, dd, J = 8.0, 1.5 Hz, H-4).  The larger
down field shifts for H-4 (+ 4.02 ppm) and H-7 (+ 1.61 ppm)
protons of the four ligands were observed as compared with
those of 1,4 suggesting some specific intra-molecular interac-
tion between the ligand and nickel(II) atom.  The elemental
analysis and the spectroscopic data led to the structure
tetrakis(indolo[2,3-b]quinoxalinato)dinickel(II).

The crystal structure of 3 was then determined by means
of X-ray diffraction.10 The molecular structure of 3 based on
the ORTEP drawing is shown in Figure 1a, indicating the for-
mation of the title dinuclear nickel(II) complex.  The four
indolo[2,3-b]quinoxalinato ligands symmetrically coordinated
to the two nickel(II) atoms [Ni-Ni distance 2.618(1) Å, which
is characteristically longer than the distances observed for the
Ni-Ni of Ni2(form)4 (2.485(2) Å),11a Ni2(napy)4Br2B(C6H5)4
(2.415(4) Å),11b Ni4(µ4-phdpda)4 (2.3010(6)-2.3280(6) Å)11c

and Ni7(µ4-teptra)4Cl2 (2.215(2)-2.383(1) Å)11c], affording the
neutral complex 3 which has two square-planer coordination
geometries formed by the atoms N(5), N(6'), N(6"), N(5"') and
Ni, and N(6), N(5'), N(5"), N(6"') and Ni; the bond lengths
between Ni and N atoms [Ni-N(5) 1.929(4) Å, Ni-N(6')
1.905(4) Å, Ni-N(6) 1.913(4) Å, and Ni-N(5') 1.911(4) Å] are
within a close range of the average Ni-N bond distances for
Ni2(form)4 and Ni4(µ4-phdpda)4.  Interestingly, the four lig-
ands of Ni2(napy)4Br2B(C6H5)4 without π stacking structure in
the single crystal symmetrically twist by 25° from the dinickel
chain and further both Ni4(µ4-phdpda)4 and Ni7(µ4-teptra)4Cl2
form a respective unique helical structure; however, the four
ligands of complex 3 do not twist.  Thus, the two different
views for the packing (molecular) structure of 3 revealed that
this molecule formed a unique accumulation (π stacking
structure) in the single crystal (Figures 1b,c) and the inter-
plane distances between the overlapping molecules were
3.47–3.57 Å (Figure 1b), suggesting the inter-ligand π-π*
transition (inter-molecular photo-induced electron transfer)
can be generated.12
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