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Since the Sargeson s pioneering work on metal 
ion-mediated organic syntheses in the sepulchrate 
compound, numerous works with macrocycles 
have been developed from the same group and 
included, among others, Lawrance and Curtis.1,2 
Suh et al. is one of the groups have done a lot of 
work in this area, and reported template synthesis 
of 14-membered hexaaza macrocyclic complexes 
of nickel (II) and copper (II) by the one pot con­
densation of corresponding metal ions, ethylenedia­
mine, formaldehyde, and primary amine.3 Studies 
in the solid state and in solution exhibited that 
the afore-mentioned nickel (II) complexes have 
properties similar to those of nickel (II) cyclam 
(1,4,8,11-tetraazacyclotetradecane, LI).3'7 Hay et 
al. extended this synthesis to the preparation of a 
pendant arm macrocycle, [Ni (L)C^(L=3,10-Bis(2- 
hydroxyethyl)-l,3,5,8,10,12-hexaazacyclotetrade- 
cane), by using ethanolamine as the primary amine.6 
Like many other tetraaza nickel (II) complexes, 
this complex has shown to exist in an equilibrium 
between the square planar low-spin and 
tetragonally distorted octahedral high-spin species 
in coordinating solvents such as water.8~9 The [Ni- 

(L)C12] has become the useful starting complex for 

the preparation of other interesting octahedral 
nickel (II) complexes. Ballester et al. have recently 
reported octahedral [M(L)(TCNQ 시 (M二Ni, Cu; 
TCNQ=7,7,8,8-tetracyano-p-quinodimethane) by the 
displacement reactions of [M(L)C시 and LiTCNQ, 
and determined their crystal structures which are of 
interest in the field of materials chemistry.10 Suh 
et al. have described a coordination polymer 
containing hexaaza nickel (II) macrocycles, in which 
each macrocyclic nickel (II) ion is coordinated by 
two nitrile groups of the neighboring macrocycles.11 
Although nickel (II) complexes of 14-membered 
macrocycles have been reported, relatively fewer exa­
mples of structurally characterized octahedral nickel (II) 
complexes with hexaaza macrocycles are now known.

Reported herein, we describe the preparation and
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characterization of Zrans-disubstituted [Ni(L)(X)2] 
(X=N3~, NCS , and NCO -) complexes by the 
reaction between [Ni(L)Cl2] and pseudo halides. 
One of these new complexes, [Ni(L)(N3)2] has 
been determined by X-ray crystallography.

EXPERIMENTAL

General Procedures. All solvents used were 
reagent grade and purified as described elsewhere 
prior to use.12 Distilled water was used for 

all procedures. NiCl2 • 6H2O, ethylenediamine, 
ethanolamine, formaldehyde, NaN3, KSCN, and 
NaOCN were purchased from Aldrich Chemic이 

Co. and used without further purification. Infrared 
spectra of solid samples were recorded on a Perkin- 
Elmer Paragon 1000 FT-IR spectropho­
tometer between 4000 and 400 cm 1 as Nujol 
mulls on KBr discs. UV/Vis spectra were mea­
sured on a Milton Roy Spectronic 1201 recording 
spectrophotometer. Diffuse reflectance optical 
absorption spectra were measured using a Varian 
Cary 1C UV/Vis spectrophotometer. EA and FAB 
MS were carried out by the Korea Research 
Institute of Chemical Technology, Taejon, Korea.

Preparation of [Ni(L)Cl2]. This was syn­
thesized by a previously reported method.6,10 It 

was not necessary to purify this complex for the 
following reactions.

Preparation of [Ni(L)(N3)2] - 2H2O. To an 
aqueous solution of [Ni(L)CI2] was added NaN3 in 
a 1:2 molar ratio.13 The resulting solution was 

allowed to stand in an open beaker at ambient 
temperature. After sever 이 days, the diazido 
complex, [Ni(L)(N3)2] - 2H2O separated out as 
purple plates just before the solution was dried up. 
This complex was indefinitely stable in the air. 
Found: C, 31.03; H, 7.50; N, 35.91. Calc, for 
Ci2H34N12NiO4： C, 30.72; H, 7.25; N, 35.84. MS 
(FAB): m/z=469 (calc. 469.22).

Preparation of [Ni(L)(NCS)2] and [Ni(L) 
(NCO)2]. These were prepared by a similar proce­
dure above using KSCN or NaOCN instead of 
NaN3. [Ni(L)(NCS)2]; IR: 2083(s, vNCS), 2069(s, 
vNCs)- Found: C, 36.37; H, 6.74; N, 24.23. Calc, 
for C14H3oN8Ni02S2： C, 36.15; H, 6.46; N, 24.10. 
[Ni(L)(NCO)2]; IR: 2188(s, vNCO)- Found: C, 38.61; 
H, 7.24; N, 25.70. C이c. for C14H3oN8Ni04： C, 
38.83; H, 6.93; N, 25.88.

Data Collection, Structural Determination, 
and Refinement for [Ni(L)(N3)2] • 2H2O. A brief 
crystal data and refinement details is summarized in 
Table 1. All X-ray examination and data collection 
procedures were performed using an Enraf-Nonius

Table 1. Crystal Data and Structure Refinement Details for [Ni(L)(N3)2] - 2H2O

Empirical formula C12H34N12NiO4
Formula weight 469.22
Temperature (K) 153(2)
Wavelength (A) 0.71073 (Mo Ka)
Crystal system monoclinic
Space group P2Jc
a (A) 9.6003(5)
b (A) 14.2895(8)
c (A) 7.9386(5)
P (deg) 110.045(4)
V (A3) 1023.07(10)
z 2
Dcaicd (Mg/m3) 1.523
Absorption coefficient (mm"') 0.996
Final R indices \I > 2o(7)] 田二0.0232, wR2=Q.O542 [1986 data]
R indices (all data) 7?l=O.O312,弥2=0.0576
R1=£||FW기|/£|F°| and wR2 = PIw^-F.2)2]/qw^2)2]]1 /2; w=l /[a2(^)2+(0.0226P)2+0.3853P], where P=(E：+ 
가")/3.
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CAD-4 diffractometer that was controlled by a 
MicroVAX II computer and control program.14 The 
crystals' final cell parameters and crystal orientation 
matrix were determined from 25 reflections in the 
range 14.8<0<18.5°. The intensity data were 
collected by the co/20 scan technique in the region 
2.3 < 0 < 27.5°. Six standard reflections well 
dispersed in reciprocal space were monitored at 30 
minute intervals. An absorption correction was 
applied based upon crystal faces with transmission 
factors ranging from 0.7447-0.9072. Two forms of 
data were collected, indices ± h-k-1 and ±hkl, 
resulting in the measurement of 4964 reflections, 
2353 unique [A(int)=0.0253].

Data were conected for Lorentz and polarization 
factors and reduced to F； and o(F；) using the 
program XCAD4.15 Systematic absences clearly 

determined the centrosymmetric monoclinic space 
group P21/c(No. 14). The SHELXTL program 
package16 was implemented to confirm the 

monoclinic centric space group P2시c, to apply the 
absorption conection, and set up the initial files. 
The structure was determined by direct methods 
by using the program XS.17 The structure was 
refined with XL.18 A single difference-Fourier map 

revealed the location of all of the remaining non­
hydrogen atoms within the ensemble. All of the 
non-hydrogen atoms were refined anisotropically. 
Hydrogen atoms attached to carbon atoms were 
placed in calculated positions and the hydroxy 
hydrogen's being initially located via a circular 
difference-Fourier about the individual oxygen 
atom with d(O-H)=0.84 A and Un set equal to 1.5 
1/伽郴).Hydrogen atoms attached to nitrogen 
atoms were directly located from an additional 
difference-Fourier map along with the hydrogen 
atoms comprising the two water molecules present. 
All of the hydrogen atom positions were allowed 
to refine freely (Uxyz). Supplementary materials 
including full crystallographic details, atomic coor­
dinates and equivalent isotropic displacement para­
meters, bond distances and angles, and hydrogen 
atom coordinates and anisotroic displacement par­
ameters for [Ni(L)(N3)2] • 2H2O may be obtained 
directly from JCK.

RESULTS AND DISCUSSION

The axial Cl ligands in [Ni(L)C시 are quite 
labile in an aqueous solution, and the complex 
exists in equilibrium between yellow square-planar 
[Ni(L)]2+ and blue octahedral [Ni(L)(X)2] species 

even in the presence of X(X=N3~, NCS , and 
NCO ). However, when the solution is almost 
dried up, [Ni(L)]2+ prefers X to Cl~ or H2O 

ligands, eventually the octahedral [Ni(L)(X)2] 
complexes have been crystallized out. Attempts to 
prepare uniform ID compounds containing -(X- 
NiL-X-)n 사lains from a 1:1 molar ratio of [Ni(L)- 
Cl2] and X were unsuccessful. Vicente et al. 
reported the azido bridged ID nickel(II) complex 
which is a subject of current interest.19~20 The 
bridging ligands between paramagnetic nickel ions 
in this complex have been proved to mediate 
antiferromagnetic interactions through the magnetic 
overlap.

One of the obtained complexes, [Ni(L)(N3)2] . 
2H2O crystallizes in the space group P2시c as 
discrete molecules of [Ni(L)(N3)2] and H2O 
solvents. An ORTEP view and the atom labeling 
of the molecular unit is shown in Fig. 1. Selected 
bond distances and angles for [Ni(L)(N3)2] • 2H2O 
are summarized in Table 2. The nickel ion in the 
macrocycle sits on an inversion center with axially 
bonded azido groups, and the approximate 
coordination geometry about the nickel ion is 
tetragonally elongated octahedron. The average 
nickel-nitrogen (macrocycle) distance of ca 2.066 A 
is quite normal for a high spin nickel(II) complex 
and is comparable to those found in other trans-
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Table 2. Selected Bond Distances(A) and Angles(deg) for [Ni(L)(N3)2] - 2H2O

Ni(l)-N(3) 2.0608(12) Ni(l)-N(l) 2.0705(12)
Ni(l)-N(ll) 2.1628(12) N(l)-C(4) 1.4831(18)
N(l)-C(l) 1.4920(19) C(l)-N(2) 1.4414(18)
N(2)-C(2) 1.4450(19) N(2)-C(21) 1.4690(18)
C(21)-C(22) 1.512(2) C(22)-O(21) 1.4278(19)
C(2)-N(3) 1.4877(18) N(3)-C(3) 1.4785(18)
C(3)-C(4)A 1.519(2) C(4)-C(3)A 1.519(2)
N(ll)-N(12) 1.1812(16) N(12)-N(13) 1.1710(17)
N⑶A-Ni⑴・N⑶ 180.00(8) N(3)A-Ni(l)-N ⑴ 86.08(5)
N面-Ni⑴-N⑴ 93.92(5) N(1)A-Ni(l)-N(l) 180.00(11)
N(3)-Ni(l)-N(ll) 90.36(5) N(l>Ni(l)-N(ll) 90.68(5)
N(l)-Ni(l)-N(11)A 89.32(5) N(ll)-Ni(l)-N(U)A 180.00(8)
C(4)-N(l)-C(l) 114.21(11) C(4)-N(l)-Ni ⑴ 104.53(8)
C(l)-N ⑴-Ni ⑴ 113.48(9) N(2)-C(l)-N(l) 113.79(12)
C(l)-N(2)-C(2) 117.08(11) C(l)-N(2)-C(21) 116.26(12)
C(2)-N(2)-C(21) 1M.92(12) N(2)-C(21)-C(22) 112.47(13)
O(21)-C(22)-C(21) 109.46(13) N(2)-C(2)-N(3) 113.86(12)
C(3)-N ⑶-C(2) 113.59(11) C(3)-N(3)-Ni(l) 104.76(8)
C(2)-N(3)-Ni(l) 114.02(9) N(3)-C(3)-C(4)A 108.14(12)
N(1)-C(4)-C(3)A 107.95(12) N(12)-N(ll)-Ni(l) 124.70(10)
N(13)-N(12)-N(ll) 179.17(16)
Symmetry transformations used to generate equivalent atoms: A -x,-y?-z

arranged nickel complexes of LI (Zran5-[Ni(Ll) 
Y2]; Y=C1, 2.066(1), 2.067(1); NCS , 2.069(2), 
2.064(2); NO「，2.050(5), 2.060(6); H2O, 2.072(2), 
2.065⑶ A, Zrans-[Ni(L)(TCNQ)2]; 2.053(4), 2.056 
(5) A, catew-(卩-N3)[Ni(Ll)](Cl()4)- H2O; 2.060 
(4), 2.073(4), 2.059(3), 2.059(4)孔也加一必 Also, it 

is w이 1 within a general trend that the weaker 
nickel-nitrogen bonds (Ni-N=2.05~2.10 A) are 
involved in the octahedral species than in the 
square planar species (Ni-N=1.88-1.91 A).25 The 

ligand skeleton of the present complex adopts the 
well-known trans III(R,R,SfS) conformation with 
two chair form six-membered and two gauche five­
membered chelate rings which is believed to be 
the most thermodynamically favored conformation 
of the cyclam ring system.26 The two trans-azido 
ligands are end bonded to the central nickel ion 
and are bent (N12-Nll-Ni angle is 124.70(10°). 
As is usual in the 14-membered tetraaza macrocy­
clic complexes, the N-Ni-N angles of the six­
membered chelate rings (93.92(5)°) are larger than 
those of the five-membered chelate rings (86.08(5)°).

The infrared spectra of [Ni(L)X2](X=N3 , NCS -, 
NCO ) contain typical bands due to axial ligands.27

Wavelength(nm)

Fig. 2. Diffuse reflectance UV/Vis spectrum of [Ni(L) 
(N3)2] - 2H2O.

Fig. 2 illustrates the diffuse reflectance UV/Vis 
spectrum of [Ni(L)(N3)2〕• 가侦) which has three 
absorption bands at 320 nm, 509 nm, and 659 nm, 
respectively. The characteristic spectrum expected 
for a high-spin d8 nickel(II) ion in a distorted 
octahedral environment is observed in this case. 
These are attributed to 3Blg—>3Eg, 3Blg—»3Eg, 3Big 
—*3B2g + 3Blg-^3A2g by the order of increasing
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Table 3. Comparison of Spectral Band Positions (nm) of 14-Membered Macrocyclic Nickel (II) Complexes and Nickel- 
X (axial ligand) Bond Distances (A)

Complexes 3Blg-3Eg 3 口一 Eg T %2g + 3A2g Ni-X ref
[Ni(L)(N3)2] • 2H2Oa 320 509 659 2.1628(12) this work
[Ni(Ll)(N3)2]b d 504 690
[Ni(Ll)(NCS)2]b d 494 707 2.130(2), 2.128(3) 28

2.108(5), 2.119(6) 22,28
[Ni(Ll)Cl2]b 343 515 678 2.49
[Ni(Ll)(H2O)2]c 333 507 667 2.176(2) 21,28

aDiffuse reflectance spectrum at 298 K. bHalo-carbon grease mull spectra at 77 K. cSinglc crystal spectrum at 298 K. 
dNot observed.

wavelengths.23,25 They are shifted to higher 

energies compared to those of the related nickel(II) 
complexes such as LI, which is reasonably 
explained by the spectrochemical series (Cl < 
H2O < NCS < N3 ). It is a general trend that the 
average nickel-axial ligand distance decreases with 
the absorption bands showing up at wavelengths 
shorter on going from weaker to stronger fi이d 
ligand (Table 3.). On the other hand, the sin이e 
crystal of [Ni(L)(N3)2] - 2H2O dissolved in water 
exhibits only a single absorption band at 446 nm 
('Big—> 'B2g), indicating the dominant species in 

aqueous solution is square planar low-spin 
complex.28 Similar spectral results were obtained 

for [Ni(L)(NCS)2] and [Ni(L)(NCO)2].
Preparation of [Ni(L)(N3)2] - 2H2O is significant 

in that it permits direct structural and electronic 
spectral comparison between azido and other 
pseudohalogeno octahedral nickel(II) complexes.

Acknowledgment. This work was supported 
by the Pukyong National University (1997 Funds). 
We are indebted to Dr. James C. Fettinger, 
University of Maryland, USA, for performing the 
crystallographic work.

REFERENCES

1. Creaser, I. I.; Harrowfield, J. M.; Herlt, A. J.; 
Sargeson, A. M.; Springborg, J.; Geue, R. J.; Snow, 
M. R. J. Am. Chem. Soc. 1977, 104, 3181.

2. Comba, P.; Curtis, N. F.; Lawrance, G. A.; Sarge- 
son, A. M.; Skelton, B. W.; White, A. H. Inorg. 
Chem. 1986, 25, 4260.

3. Suh, M. P.; Kang, S.-G. Inorg. Chem. 1988, 27, 
2544.

4. Hay, R. W.; Crayston, J. A.; Cromie, T. J.; Light­
foot, P.; de Alwis, D. C. L. Polyhedron 1997, 16, 
3557. and References Therein.

5. Abba, F.; De Santis, G.; Fabbrizzi, L.; Licchelli, 
M.; Lanfredi, A. M. M.; Pallavicini, P.; Poggi, A.; 
Ugozzoli, F. Inorg. Chem. 1994, 33, 1366.

6. Hay, R. W.; Armstrong, J. M.; Hassan, M. M. 
Transition Met. Chem. 1992, 17, 270.

7. Jung, S.-K.; Kang, S.-G.; Suh, M. P. Bull. Korean 
Chem. Soc. 1989, 10, 362.

8. Fabbrizzi, L. J. Chem. Soc., Dalton Trans. 1979, 
1857.

9. Fabbrizzi, L. Inorg. Chim. Acta 1977, 24, L21.
10. Ballester, L.; Barral, M. C.; Gutienez, A.; Monge, 

A.; Perpinan, M. F.; Ruiz-Valero, C.; Sanchez- 
Pelaez, A. E. Inorg. Chem. 1994, 33, 2142.

11. Suh, M. P.; Shim, B. Y.; Yoon, T.-S. Inorg. Chem. 
1994, 33, 5509.

12 Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. 
Purification of Laboratory Chemicals; 2nd Ed.; Per- 
gamon Press: New York, U.S.A, 1980.

13. The [Ni(L)(N3)2] - 2H2O was always crystallized 
out even in a different molar ratio of [Ni(L)Cl2] 
and NaN&

14. Enraf-Nonius, CAD-4 EXPRESS Version 5.1/1.2 
Enraf-Nonius: Delft, The Netherlands, 1994.

15. Harms, K. XCAD4, program for the Lp-Correction 
of Enraf-Nonius CAD-4 Diffractometer Data; Univ­
ersity of Marburg: Germany, 1997.

16. Sheldrick, G. M. SHELXTL Version 5.03, Sie­
mens Analytical X-ray Instruments Inc.: Madison, 
Wisconsin, U.S.A. 1994.

17. Sheldrick, G. M. Acta Cryst. 1990, A46, 467.
18. Sheldrick, G. M. SHELXL-93, Program for the 

1999, Vol. 43, No. 2



236 金周昌•李炳旻

Refinement of Crystal Structures; University of G 
ttingen: Germany, 1993.

19. Vicente, R.; Escuer, A.; Ribas, J.; El Fall ah, M. S.; 
Solans, X.; Font-Bardia, M. Inorg. Chem. 1995, 34, 
1278.

20. Escuer, A.; Vicente, R.; Ribas, J.; El Fallah, M. S.; 
Solans, X. Inorg. Chem. 1993, 32, 1033.

21. Bosnich, B.; Tobe, M. L.; Webb, G. A. Inorg. 
Chem. 1965, 4, 1109.

22. Ito, T.; Kato, M.; Ito, H. Bull. Chem. Soc. Jpn. 
1984, 57, 2641.

23. Mochizuki, K.; Kondo, T. Inorg. Chem. 1995, 34, 
6241.

24. Thom, V. J.; Fox, C. C.; Boeyens, J. C. A.; Han­
cock, R. D. J. Am. Chem. Soc. 1984, 106, 5947.

25. Martin, L. Y.; Sperati, C. R.; Busch, D. H. J. Am. 
Chem. Soc. 1977, 99, 2968. The UV/Vis spectrum 
measured with a single crystal shows basically the 

same band positions, but the higher energy band at 
320 nm is obscured by abrupt dropping of ab­
sorbance at ca. 350 nm probably due to increasing 
scattering.

26. Adam, K. R.; Atkinson, I. M.; Lindoy, L. F. Inorg. 
Chem. 1997, 36, 480. The energy difference between 
Trans I and Trans HI is reported to be very small.

27. Nakamoto, K. Infrared and Raman Spectra of Inor­
ganic and Coordination Compounds, Part B; 5th 
Ed.; Wiley: New York, 1997; pp 116-123. We be­
lieve that the central nickel ion is N-bonded in 
both complexes. In general, Class A metals (first 
transition series) are known to form M-N bonds 
with NCS and the majority of NCO complexes 
are reported to be N-bonded with first transition 
metal series.

28. Vigee, G. S.; Watkins, C. L.; Bowen, H. F. Inorg. 
Chim. Acta 1979, 35, 255.

Journal of the Korean Chemical Society


