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Over the past two decades, several studies of the transition 
metal complexes of (- )-sparteine (C15H26N2), a chiral 
alkaloid, were reported1'9 and the crystal structures of its 
complexes with Co(II),3,9 Pd(II)7 and Cu(II)810,11 with various 
anions have been determined. It has been recognized that the 
role of anions in these compounds is important in the 
ultimate molecular structure, and has been always found, 
with an exception, that the coordination geometry around 
metal(II) center was four-coordinate and pseudo-tetrahedral. 
However, in sparteine copper(II) dinitrate cry마als," one of 
two nitrate ligands can act as a bidentate ligand and the 
coordination geometry around the copper(II) center is distort
ed square-pyramidal. Recently we prepared and determined 
the crystal structure of (-)-sparteine copper(II) dinitrite and 
found that this compound is also distorted square pyramidal.12

(-)-sparteine (6R, 7S, 8S, 14S)

Our synthesis of the cobalt(II) and nickel(II) complexes 
with nitrite ligands was prompted by our int( ''est in the 
preparation of higher coordination geometry around metal(II) 
center with bulky sparteine ligand being intact. Another 
interest of ours was to find how the electronic structure of 
metal(II) ions (d7-d9) affects the coordination geometry in 
these compounds.

We chose the nitrite ion as the anionic ligand in preparing 
(-)-sparteine metal(II) complexes with higher coordination 
number since versatile nitrite may bind to the metal center in 
either monodentate or bidentate fashion, and the size of 
nitrite ion is relatively small.

Experimentals

Materials. All reagents and solvents were obtained 
commercially either from Fisher Scientific Co. or Aldrich 
Chemical Co. and were used without further purification 
except where noted. Anhydrous ethanol was distilled from 
calcium hydride and stored under argon. ( - )-Sparteine was 
purchased from Sigma Chemical Company.

Preparation. The complex Co(C15H26N2)SO4 was 
prepared in a glove box by mixing a solution of cobalt 

sulfate in 5:1 (by volume) ethanol/triethylorthoformate 
(TEOF) with a stoichiometric amount of (- )-sparteine under 
nitrogen atmosphere. The resulting violet precipitate was 
filtered, washed with cold absolute ethanol, and dried 나nder 
vacuum. The complex, Co(C15H26N2)(NO2)2, was prepared 
from the nucleophilic substitution reaction between Co(Ci5H26- 

N2)SO4 and a stoichiometric amount of NaNO2 in 5:1 
ethanol/TEOF (yield: 72.4%).

Co(C15H26N2)SO4 + 2NO2- — Co(C15H26N2)(NO2)2 + SO?

The dark reddish-violet single cryst이s were obtained by 
recrystallization at about 5 °C in dichloromethane-TEOF (5 :1 
by volume) solution under carbon tetrachloride vapor. Anal. 
Calcd. for Co(C15H26N2)(NO2)2: C, 46.76; H, 6.80; N, 14.54. 
Found: C, 46.05; H, 6.96; N, 14.41.

The complex, Ni(C15H26N2)Cl2, was initially prepared by 
mixing ethanol-TEOF (4:1 by volume) solution of nickel 
chloride hexahydrate with a stoichiometric amount of (-)- 
sparteine. The resulting violet precipitate was filtered, 
washed with cold absolute ethanol, and dried under vacuum. 
The complex, Ni(C15H26N2)(NO2)2, was prepared from the 
substitution reaction between Ni(C15H26N2)C12 and stoichio
metric amount of NaNO2 in ethanol/TEOF (5 :1 by volume) 
mixture solution (yield: 86.4%). The green crystals were 
obtained by recrystallization at about 5 °C in dichloro- 
methane-TEOF (5:1 by volume) solution under carbon 
tetrachloride vapor. Anal. Calcd. for Ni(C15H26N2)(NO2)2： C, 
46.78; H, 6.81; N, 14.55. Found: C, 46.36; H, 6.81; N, 14.35.

Physical Measurements. Infrared spectra (4,000-400 
cm l) were obtained as KBt pellets using a Mattson 
Instruments Polaris FT-IR spectrometer.

Electronic absorption spectra were measured on a Cary 
17D UV/VIS/NIR spectrophotometer (200-1,500 nm). The 
sample solutions were purged with dry nitrogen before every 
measurement.

Elemental analyses were done by using a Carlo Erba 
Instruments E.A. 1108 Elemental Analyzer at Korea Basic 
Science Center (Seoul Branch).

Crystallography. Crystals of Co(C15H26N2)(NO2)2 and 
Ni(C15H26N2)(NO2)2 compounds suitable for an X-ray analy
sis were obtained by slow evaporation from dichloromethane/ 
TEOF solution. Reddish-violet crystals of Co(C15H26N2)(NO2)2 
of approximate 0.26x0.28x0.23 mm and green crystals of 
Ni(C15H26N2)(NO2)2 of approximate 0.32x0.38x0.30 mm 
were mounted and aligned on a CAD-가 diffractometer. The 
accurate cell parameters were refined from setting angles of 
24 reflections with 11.4° <0< 14.0° for Co(C15H26N2)(NO2)2 
and 25 reflections with 11.4°< 0< 12.7° for Ni(C15H26N2) 
(NO2)2. 1611 independent reflections for Co(C15H26N2)(NO2)2 
in an asymmetric unit in range 0</i<13, 0<Ar<20, 0<Z<9 
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and 1464 independent reflections for Ni(C15H26N2)(NO2)2 in 
an asymmetric unit in range 0</z<13, 0<A：<20, - 10</< 
9 were collected using graphite-monochromated Mo Kct 
radiation and 아/2。scan mode, co-scan width = (0.8+0.35 
tan0)°, 어nM=24° for Co(C15H26N2)(NO2)2 and 0max = 25° for 
Ni(C15H26N2)(NO2)2. In general the reflections were strong. 
During data collection, one orientation reflection (5 3 - 3) 
was monitored every 200 reflections and three standard 
reflections (5 3 - 3), (-2 15) and (6 2 - 3) measured at 
exposure intervals of 3 hours exhibited an average change of 
— 1.0%, without apparent systematic trend, hence an 
exposure-dependent correction was not applied. All data 
were corrected for L-P with the program SDP,13 but no 
absorption corrections were made. The structure were solved 
by direct methods using SHELXS86.14 The best E maps 
gave the positions of the Co and Ni atoms. The remaining 
all non-H atoms were located from a difference Fourier 
synthesis. SHELX76 program15 was used for full-matrix 
least-square refinement with anisotropic thermal factors for 
all the non-H atoms. H-atoms were located in difference 
maps and were refined isotropically. The function minimized 
during least-squares refinement was 2<o(|Fo| - |FC|)* 2, where 
”广=((建+0・003加2) for Co(C15H26N2)(NO2)2 and cd (a 
(Fo)+0.0008Fo2) for Ni(C15H26N2)(NO2)2. Scattering factors

11.961(2)
8.512(2)
8.950(1)
0=^90,^=107.83(1)
867.5
2
1.47
1.12
818
< 1.0

Table 1. Crystallographic data of Co(C15H26N2)(NO2)2 and Ni 
(C15H26N2)(NO2)2

。0((二5死糾2)(1«)2)2 Ni(C]5H26N2)(NO2)2
Crystal data
Chemical formular CoC15H26N4O4 NiC15H26N4O4
FW (amu) 385.33 385.11
。이。!" Reddish Violet Green
Crystal habit Cube Cube
Crystal size (mm) 0.26x0.28x0.23 0.32x0.38x0.30
Crystal system Orthorhombic Monoclinic
Space group P2[22 P2i
T(K) 289 289
Radiation(MoKa) (A, A) 0.71069 0.71069
Scan mode 础26 (0/20

dil
彼

诲

angles (°) 
Volume (A3) 
Z
dcaicd. (Mg m*) 
jU (mm J)
F (0 0 0)
Intensity variation (%)

12.143(4) 
17.819(3) 
8.061(1) 
a=p^=y=90 
1744.1
4
1.47
0.98 
818
< 1.0

Refinement data
Final R 0.056 0.025

0.057 0.025
Threshold expression F>o(F) F 그。(F)
(O [(/F + 0.0031F2]1 [c/f+o.ooosf2]-
parameters 291 320

0.801 0.009
(eA“) 0.586 0.239

4pmin (eA 3) -0.512 -0.274
Goodness of fit 0.9574 0.8411

and anomalous-dispersion terms were taken from the usual 
sources.16 Details of the data collection together with 
structure refinement are summarized in Table 1. Geometric 
calculations on the crystal and molecular structure were 
done using GEOM program.17 All computations were carried 
out using the VAX-3400 computer at Chungnam National 
University.

Results and Discussion

The complexes, (dinitrito-O,O*)[( — )-sparteine-N,N']cobalt 
(II), [Co(C15H26N2)(NO2)2] and (dinitrito-O,O')[( - )-sparteine- 
N,N']nickel(II), [Ni(Ci5H26N2)(NO2)2] were prepared and their 
cry아al structures were determined. (-)-Sparteine, C^H^- 
N2 acts as a bidentate ligand reacting with cobalt(II) or 
nickel(II) in ethanol to form the title complexes. Both 
complexes contain a metal atom ligated by (- )-sparteine, 
with two nitrite groups occupying the remaining 
coordination sites. As predicted by previous works,7,8,10~12 the 
conformation of the coordinated (- )-sparteine of the 
dinitrito[(-)-sparteine]metal(II) complexes (M=Co and Ni) 
consists of one terminal ring folded down over the metal 
(endo) and the other terminal ring folded back away from 
the metal (exo) identical to the conformation of the free 
ligand. Two nitrite groups, both in Co(Ci5H26N2)(NO2)2 and 
Ni(C15H26N2)(NO2)2, coordinate to the metal ions in the 
bidentate fashion to produce pseudo-octahedral coordination 

Figure 1. ORTEP diagrams of (a) Co(C15H26N2)(NO2)2 and (b) 
Ni(C15H26N2)(NO2)2. Non-H atoms are represented with 30% 
probability ellipsoids.
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complexes.
A view of the molecular structure of two complexes are 

shown in Figure 1. Crystallographic data of both crystals are

Table 2. Fractional atomic coordinates and equivalent isotropic 
displacement parameters (A2)

(1) Cq(C$H26N2)(NO2)2, Ueq*=(l/3K£U%*妒饥
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summarized in Table 1 and atomic coordinates are given in 
Table 2. Selected bond distances and angles are presented in 
Table 3.

The chelating nitrite ligands in Co(C15H26N2)(NO2)2 are 
less symmetrically coordinated to the metal(II) center 
compared with those in Ni(C15H26N2)(NO2)2- In Co(C15H26N2) 
(NO2)2, two nitrogen donor atoms of sparteine and two 
oxygen atoms of nitrite ligands [0(1) and 0(4)] constitute 
equitorial plane for the elongated and distorted octahedron, 
and the Co-O(l) and Co-O(4) distances are shorter than the 
Co-O(2) or Co-O(3) distances by 0.25-0.28 A. In Ni(C15H26- 
N2)(NO2)2, the bidentate nitrite ligand coordinates to the Ni 
(II) center almost symmetrically and the Ni-O distances 
differ by only 0.1 A. The severe distortion observed in Co 
(C15H26N2)(NO2)2 is definitely attributed to the Jahn-Teller 
effect operating on the d7 configuration of cobalt(II). The M- 
N distances [2.081 A and 2.094 A] in Co(C15H26N2)(NO2)2 
are slightly longer than those in Co(Ci5H26N2)C12 [2.040 A 
and 2.068 A].5 The elongation of M-N distance is naturally 
required to accommodate two more donor atoms around 
their coordination sphere.

As reported earlier,12 the copper(II) in Cu(C15H26N2)(NO2)2 
adopts an highly distorted square pyramidal geometry which 
is expected to be caused by strong Jahn-Teller effect operat
ing on the d9 configuration. Jahn-Teller effect operating on 
the cobalt(II) (d7) is not severe enough to destroy octahedral 
geometry of Co(C15H26N2)(NO2)2, but the coordination 
structure of this compound is highly distorted when the 
comparison is made with that of Ni(C15H26N2)(NO2)2.

Octahedral or pseudooctahedral cobalt(II) complexe 몽 
normally exhibit three transitions18(Vi； 4Tlg(F) —> 4T2g(F)(near- 
it), v2；红也(ElAjnear-ir), v3; 4Tlg(F)^4Tlg(P) (visible)), 
where the energy difference (y2~ 用)is equal to lODq. The 

⑵ Ni(C15H26N2)(NO2)2, Ue=(l/3)[U22+l/sin2)6(U11+U33+2U13 cos，)]

ue,

X
7
 \lz x
—z 

X
J
Z

、
}/ \
l
z

、
\J/ 

)

)

)

)

)

)

)

)

o

o

 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
D
 o
 9
 D
 o

 o
 

.1 
a(

e(

o(

(

(

(

a
q

、a

n

、a

Q

n

、Q,(
,(
)(
)(
昭
s
'
 

N

N

C

C

C

C

C

C

C

N

C

C

C

C

C

C

C

C

O

O

O

O

N

N

XJZ \)z \lz Xi/ \)z \)z \lz \lz x)z x)z \)z \)z \lz x
—z \)z XI/ \JZ X

I
/

、・，/ \
l
z

、
1
/
 
}
/
 

(0
。

。

。

。(4
(4
<4
(4
<20
(6
。

。

。(4
(4
(4
。

。

。(4
(4
。 

5

2

8

2

7

6

6

5

3

6

2

3

5

8

3

6

0

2

1

9

6

3

8

6

 

4

1

1

4

0

2

8

9

2

2

0

4

2

4

6

7

4

5

9

1

6

8

5

0

 

5

9

4

3

6

1

9

4

4

0

5

1

1

6

9

9

9

4

6

1

1

7

7

7

 

Q

Q

Q

Q

Q

Q

Q

(0)⑸
⑹
⑻

面
⑺
⑶
⑹
⑴
⑹

面
⑺
⑺
⑺
⑹
⑸
⑸
⑺
⑶
⑷
⑷
⑷
⑺
⑹

2

4

9

8

4

1

1

2

0

8

3

5

5

6

8

7

6

7

1

1

3

6

7

8

 

8

Q

8

Z

7

-

1

0

3

2

7

5

4

5

2

7

2

0

0

9

5

6

8

6

 

峪 

2

0

5

6

7

3

2

8

7

1

7

8

6

0

0

8

0

0

2

7

8

7

9

0

l

l

l

。

。

^

。/

-

?

^

 

Q

Q

Q

Q

Q

(0)
(4)⑹
⑺
⑶
⑺
⑸
⑴
⑸
⑶
⑹
⑺
⑹

面
⑹⑸⑹

<6)⑶
⑶
⑷
⑷
⑸
⑹

6

3

6

7

0

7

1

4

7

1

6

6

9

9

9

5

8

6

1

5

7

8

3

1

5

2

6

6

7

7

3

8

9

9

6

2

8

9

4

9

4

2

9

4

1

7

7

c

，

4

4

7

8

6

3

2

9

9

8

4

2

6

1

4

3

2

7

0

0

1

1

5

9

a

c

n

l

o

l

c

Q

L

Q

S

?

^

;

Q

Q

Q

Q

Q

Q

2
 
6
 
9

3
 
3
 
5
 

o
 
o
 
n-

Q

46 
°

6
03

°

1

5

1

2

6

8

3

5

3

4

4

5

6

5

5

6

6

6

o

o

o

o

o

o

o

o

o

 

Q

Q

(1) Co(C15H26N2)(NO2)2

Table 3. Selected geometry parameters (A, °)

Co-O(l) 2.058(7) Co-O(4) 2.057(7)
Co-O(2) 2.338(10) Co-N(l) 2.081(7)
Co-O(3) 2.283(8) Co-N(9) 2.094(6)

O(l)-Co-O(2) 54.2(4) O(2)-Co-N(l) 163.0(3)
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O(l)-Co-O(4) 132.5(4) O(3)-Co-O(4) 56.4(3)
O(l)-Co-N(l) 108.8(4) O(3)-Co-N(l) 95.6(3)
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v2 transition is normally very weak and is rarely unequiv
ocally observed. For most octahedral cobalt(II) complexes, a 
band around 8,000-10,000 cm1 is usually assigned to the 
4Tlg(F)^4T2g(F) transition while a multiple structured band 
observed near 20,000 cm1 is assigned to 红坨(堆—*0(卩)・ 
The 4A2g transition appears as a very weak band around 
12,000-14,000 cm1. The optical absorption spectrum of Co 
(C15H26N2)(NO2)2 exhibit two bands at 9,615 cm1 and 
18,330 cm1, and the electronic spectral assignments of Co 
(C15H26N2)(NO2)2 are made tentatively as follow; 9,615 cm1 
(Vi； 4Tlg(F)^4T2g(F)) and 18,330 cm'1 (v3；红様堆-红坨 
(P)). The optical absorption spectrum of Ni(C15H26N2)(NO2)2 
exhibits the characteristic spectral features of octahedral 
nickel(II) complexes. For octahedral nickel(II) complexes, 
three spin-allowed transitions are expected from the energy 
level diagram of d8 ions18 and three observed bands may 
thus be assigned; 9,852 cm1 (vt; 3A2g^3T2g), 15,220 cm-1 
(V2； 3A2g^3Tlg(F)), 25,550 cm 1 (v3； 3A2g^3Tlg(P)).

The infrared spectrum of Ni(C15H26N2)(NO2)2 아lows strong 
NO2 stretching bands (va N02 and vs NO2) at 1307 cm1 and 
1196 cm1, and a weak deformation band (品皿)at 872 cm1. 
These data are in good agreement with the crystallo
graphically determined molecular structure in which the 
NO2 - groups19 are almost symmetrically bidentated with 
nickel(II) center utilizing two oxygen donor atoms. The 
infrared spectra of Co(C15H26N2)(NO2)2 shows strong 
stretching bands (va N02 and vs N02) at 1273 cm1 and 1177 
cm1, and a weak deformation band (品皿)at 857 cm The 
infrared spectral data of Co(C15H26N2)(NO2)2 are also in 
agreement with the crystallographic results.

Supplementary Data

Tables of (1) H-atom coordinates and isotropic thermal 
parameters, (2) anisotropic thermal parameters for non-hydro
gen atoms, and (3) observed and calculated structure factors 
with estimated standard deviations are available from IHS.
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Quinone/hydroquinone derivatives1 take part in several 
biologically important oxidation-reduction processes. These 
redox-active molecules play key roles in electron/energy 

transfer occuring onto biological membrane which they are 
bound. This type of electron transfer in membrane systems 
can be mimicked by self-assembled monolayers2 containing


