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The title complex, [Niy(C;H;sNOy),4]-4H,0O, has crystal-
lographic fourfold inversion symmetry, with each Ni" ion
coordinated in a slightly distorted square-pyramidal coordina-
tion environment and forming an Ni O, cubane-like core. In
the crystal structure, intermolecular O—H---O hydrogen
bonds connect complex and water molecules to form a three-
dimensional network. The O atom of one of the unique
hydroxymethyl groups is disordered over two sites, with the
ratio of occupancies being approximately 0.79:0.21.

Related literature

For related literature, see: Dong, Li, Xu & Wang (2007); Dong,
Li, Xu, Cui & Wang (2007); Koikawa et al. (2005); Mishtu et al.
(2002); Nihei et al. (2003).

4H,0

3

Experimental

Crystal data

[Niy(C1,H,5NO,),]-4H,0 Z=4

M, =1319.90 Mo Ka radiation
Tetragonal, 14, /a =145 mm™
a=18754(2) A T =298 (2) K

¢ =15.4395 (15) A
V = 54303 (10) A?

0.30 x 0.29 x 0.28 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
T'min = 0.670, Tiyax = 0.686

11110 measured reflections
2399 independent reflections
1840 reflections with I > 20(I)
Rine = 0.034

Refinement

R[F? > 20(F?%)] = 0.066
WwR(F?) = 0.194
§=108

2399 reflections

186 parameters

H-atom parameters constrained
APmax = 123 ¢ A7

APmin = —0.70 e A3

Table 1

Selected geometric parameters (A, °).

Nil—O01 1912 (4)  Nil—03" 1.970 (4)
Nil—03 1.941 (4) Nil—03" 2565 (5)
Nil —N1 1.949 (6)

O1—Nil—03 1722 (2) N1—Nil—03" 166.1 (2)
01—Nil—N1 943 (2) O1—Ni1—03! 9423 (17)
O3—Nil—-NT 84.1 (2) 03—-Nil-03" 79.80 (17)
O1—Nil—03' 9457 (19)  N1-Nil—03" 117.2 (2)
03—Nil—03' 88.47 (19) 03'—Nil—03" 72.63 (17)
Symmetry codes: (i) y — %, —x +3, —z 4+ % (ii) —x+ 1, -y +3, z.

Table 2

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A DA D—H---A
O5—HS-- N1 _ 0.82 2.58 2.988 (9) 112
O4—H4- .06 0.82 1.94 2714 (8) 157
O4'—H4'-..06" 0.82 1.96 2.68 (3) 148
06—H6A---01" 0.85 1.95 2.803 (7) 180
06—H6B- --04" 0.85 2,04 2.892 (9) 180

Symmetry codes: (iii) y =%, —x + 3,z 4+ 3 (iv) -y + 5 x+1L —z+5 (M x,y, 2 - 1.

Data collection: SMART (Siemens, 1996); cell refinement: SAINT
(Siemens, 1996); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.
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S1. Comment

The chemistry of transition metal ion complexes of hydroxy (aryl-OH and alkyl-OH) rich molecules containing
imine/amine group is important in the biomimetic studies of metalloproteins (Mishtu ef al., 2002). Polynuclear metal
complexes with tridentate ligand containing hydroxyl groups as terminal coordinating atoms have been reported and have
attracted much attention (Nihei et al., 2003).

A few structurally characterized multinuclear complexes containing Schiff base ligands has been reported( e.g. Dong,
Li, Xu & Wang (2007); Dong, Li, Xu, Cui & Wang (2007); Nihei ef al., 2003). Herein, we report the synthesis and crystal
structure of a novel tetranickel(Il) complex with a tridentate Schiff base ligand derived from the condensation of o-
vanillin and trihydroxymethylaminomethane.

The title compound contains a tetranuclear cubane core based on an approximately cubic array of alternating nickel and
oxygen atoms (Fig.1). Each Ni® ion is in a distorted square-pyramidal coordination environment with one nitrogen and
two oxygen atoms from one Schiff base ligand and two oxygen atoms from the symmetry related units of the cubane
core. The Ni atom deviates from the basal plane (formed by O1, N1, O3 and O3/, symmetry code (i) y - 7/4, -x + 3/4, -z +
7/4) by 0.1299 (33) A, with a significantly longer Ni—O,ica bond distance (Table 1). In the molecular structure, the Ni—
Ni distances (3.472 (4) A, 3.182 (3) A) are longer than some reported values (Koikawa et al., 2005). In addition, there are
four H,O solvent molecules, which are involved in intermolecular O-H---O hydrogen bonds (Fig. 2, Table 2) which

stabilize the crystal atructure along with van der Waals forces.

S$2. Experimental

Trihydroxymethylaminomethane(1 mmol, 121.14 mg) was dissolved in hot methanol (10 ml) and added successively to a
methanol solution(3 ml) of o-vanillin (1 mmol, 152.15 mg). The mixture was then stirred at 323 K for 2 h. Subsequently,
an aqueous solution(2 ml) of nickel chlorate hexahydrate(1 mmol, 237.66 mg) was added dropwise and stirred for
another 5 h. The solution was held at room temperature for ten days, whereupon green blocky crystals suitable for X-ray

diffraction were obtained.

S3. Refinement

Difference Fourier maps revealed that one of the hydroxymethyl group is distorted over two sites. The subsequent
refinement of their occupancies gave the value of 0.791 (3) and 0.209 (3), respectively. All the H atoms were placed in
geometrically calculated positions (C—H =0.93 - 0.97 A, O—H = 0.82 A) and allowed to ride on their respective parent
atoms, with Uise(H) = 1.2U¢(C) or 1.5 Ueq(Crmetny1)-
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Figure 1
The structure of the title compound, showing 30% probability displacement ellipsoids and the atom-numbering scheme.

The water solvent molecules are not shown. Open bonds indicate disordered atoms and only the assymetric unit is

labelled.
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Figure 2

Part of the crystal structure with hydrogen bonds shown as dashed lines. The disorder is not shown.

Tetrakis(ps-2-{[1,1-bis(hydroxymethyl)-2-oxidoethylliminomethyl}- 6-methoxyphenolato)tetranickel(ll)

tetrahydrate

Crystal data

[N14(C 12H 1 5NO4)4] 4H20
M,.=1319.90
Tetragonal, /4,/a

Hall symbol: -I 4ad
a=18.754(2) A
c=15.4395(15) A
V=5430.3 (10) A®
Z=4

F(000) =2752

D,=1.614 Mg m

Mo Ka radiation, A = 0.71073 A

Cell parameters from 3768 reflections
6=22-252°

1 =145 mm™

T=298K

Block, green

0.30 x 0.29 x 0.28 mm
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Data collection

Bruker SMART CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

¢ and w scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Tin = 0.670, Thax = 0.686

Refinement

Refinement on F?

Least-squares matrix: full

R[F? > 20(F%)] = 0.066

WR(F?)=0.194

§=1.08

2399 reflections

186 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

11110 measured reflections
2399 independent reflections
1840 reflections with > 20([)
Ry =0.034

Omax = 25.0°, Opin = 1.7°
h=-22—-22

k=-22—15

[=-9—-18

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w=1/[c*(F,?) + (0.0801P)* + 60.7787P]
where P = (F,2 + 2F2)/3

(A/0)max = 0.001

Apmx =123 A3

Appin=—0.70 e A

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry.
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving 1.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,

conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > o(F?) is used
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F?
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso® Ueq Occ. (<1)
Nil 0.40964 (4) 0.72996 (4) 1.05945 (5) 0.0374 (3)
N1 0.3971 (4) 0.6819 (3) 0.9486 (4) 0.0575 (16)
(o) 0.3327 (2) 0.7952 (2) 1.0412 (3) 0.0480 (11)
02 0.2316 (3) 0.8868 (4) 1.0480 (5) 0.097 (2)
03 0.4952 (2) 0.6720 (2) 1.0675 (3) 0.0435 (10)
04 0.3704 (5) 0.5372 (4) 0.9346 (5) 0.079 (2) 0.791 (10)
H4 0.3533 0.5023 0.9103 0.119* 0.791 (10)
o4 0.3587 (16) 0.5547 (15) 0.836 (2) 0.079 (2) 0.209 (10)
H4' 0.3562 0.5134 0.8190 0.119%* 0.209 (10)
05 0.4819 (5) 0.6865 (5) 0.7848 (5) 0.120 (3)
HS5 0.4383 0.6853 0.7893 0.181*
06 0.3380 (3) 0.6042 (3) 0.0986 (4) 0.0729 (16)
Ho6A 0.3733 0.5978 0.1322 0.088*
H6B 0.3472 0.5846 0.0503 0.088%*
Cl 0.3427 (4) 0.6889 (4) 0.9010 (5) 0.061 (2)
H1 0.3392 0.6586 0.8535 0.073*
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C2 0.2852 (4) 0.7394 (4) 0.9132 (5) 0.0529 (18)
C3 0.2839 (3) 0.7900 (4) 0.9815 (4) 0.0476 (16)
C4 0.2269 (4) 0.8386 (5) 0.9823 (5) 0.067 (2)
C5 0.1712 (5) 0.8344 (6) 0.9218 (6) 0.078 (3)
H5A 0.1334 0.8664 0.9245 0.094*
C6 0.1727 (5) 0.7834 (6) 0.8595 (6) 0.078 (3)
H6 0.1354 0.7800 0.8201 0.094*
C7 0.2279 (4) 0.7377 (5) 0.8544 (6) 0.068 (2)
H7 0.2281 0.7038 0.8104 0.081%*
C8 0.1829 (7) 0.9466 (7) 1.0493 (9) 0.130 (5)
H8A 0.1797 0.9668 0.9923 0.195*
H8B 0.2001 0.9820 1.0891 0.195*
H&C 0.1366 0.9306 1.0675 0.195*
C9 0.4572 (5) 0.6290 (5) 0.9262 (6) 0.075 (3)
C10 0.4932 (4) 0.6144 (4) 1.0099 (4) 0.0523 (17)
H10A 0.4691 0.5749 1.0380 0.063*
H10B 0.5418 0.5995 0.9981 0.063*
Cl1 0.4273 (5) 0.5654 (5) 0.8832 (6) 0.073 (2)
H11A 0.4096 0.5781 0.8262 0.088* 0.791 (10)
H11B 0.4642 0.5296 0.8762 0.088* 0.791 (10)
H11C 0.4635 0.5509 0.8420 0.088* 0.209 (10)
H11D 0.4276 0.5290 0.9279 0.088* 0.209 (10)
C12 0.5136 (5) 0.6631 (6) 0.8640 (6) 0.085 (3)
HI12A 0.5359 0.7033 0.8927 0.101*
H12B 0.5504 0.6283 0.8514 0.101*
Atomic displacement parameters (42)

Ull 1]22 (P3 UIZ U13 lj23
Nil 0.0427 (5) 0.0358 (5) 0.0337 (5) 0.0002 (3) —-0.0072 (3) —0.0007 (3)
N1 0.080 (4) 0.046 (3) 0.046 (3) 0.015 (3) —-0.022 (3) —-0.009 (3)
o1 0.045 (3) 0.055 (3) 0.043 (2) 0.008 (2) —0.009 (2) —0.005 (2)
02 0.070 (4) 0.125 (6) 0.095 (5) 0.048 (4) —0.010 (4) —0.019 (4)
03 0.056 (3) 0.039 (2) 0.036 (2) 0.010 (2) —0.008 (2) —-0.0013 (19)
04 0.094 (6) 0.059 (4) 0.086 (5) 0.007 (4) —0.005 (5) —-0.030 (4)
04’ 0.094 (6) 0.059 (4) 0.086 (5) 0.007 (4) —0.005 (5) —0.030 (4)
05 0.111 (6) 0.189 (8) 0.061 (4) 0.038 (6) 0.005 (4) 0.011 (5)
06 0.053 (3) 0.096 (4) 0.070 (4) —-0.001 (3) 0.011 (3) —0.003 (3)
C1 0.079 (5) 0.056 (4) 0.048 (4) 0.006 (4) —-0.022 (4) —-0.007 (3)
C2 0.055 (4) 0.059 (4) 0.045 (4) —0.010 (3) —0.013 (3) 0.007 (3)
C3 0.039 (4) 0.059 (4) 0.044 (4) —0.001 (3) —0.002 (3) 0.014 (3)
C4 0.049 (4) 0.093 (6) 0.058 (5) 0.010 (4) —0.001 (4) 0.002 (5)
C5 0.050 (5) 0.110 (8) 0.075 (6) 0.014 (5) —-0.004 (4) 0.010 (6)
C6 0.060 (5) 0.106 (7) 0.069 (6) —0.008 (5) —0.018 (4) 0.007 (5)
C7 0.064 (5) 0.081 (6) 0.058 (5) —0.011 (4) —0.025 (4) 0.005 (4)
C8 0.105 (9) 0.148 (12) 0.137 (12) 0.064 (9) —0.013 (8) —-0.026 (9)
C9 0.088 (6) 0.076 (6) 0.061 (5) 0.035 (5) —0.005 (5) —-0.016 (4)
C10 0.054 (4) 0.060 (4) 0.043 (4) 0.010 (3) —0.001 (3) —0.013 (3)
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C11 0.081 (6) 0.076 (6) 0.061 (5) 0.016 (5) —-0.007 (5) —-0.031 (5)
C12 0.085 (7) 0.104 (8) 0.065 (6) 0.024 (6) 0.001 (5) —0.002 (5)
Geometric parameters (A, ©)

Nil—O1 1.912 (4) c2—C7 1.408 (10)
Nil—O03 1.941 (4) C2—C3 1.419 (10)
Nil—NI1 1.949 (6) C3—C4 1.405 (11)
Nil—O03! 1.970 (4) C4—C5 1.403 (12)
Nil—O3i 2.565 (5) C5—C6 1.357 (13)
N1—ClI 1.265 (9) C5—HS5A 0.9300
N1—C9 1.541 (10) Cc6—C7 1.345 (13)
01—C3 1.303 (8) C6—H6 0.9300
02—C4 1.362 (11) C7—H7 0.9300
02—C8 1.446 (12) C8—HSA 0.9600
03—C10 1.400 (8) C8—HSB 0.9600
O3—Nilf 1.970 (4) C8—HS8C 0.9600
04—Cl1 1.430 (12) C9—Cl11 1.475 (13)
0O4—H4 0.8200 C9—C10 1.484 (11)
04—HI11D 1.0883 C9—C12 1.565 (14)
04'—C11 1.49 (3) C10—HI10A 0.9700
04'—H4' 0.8200 C10—H10B 0.9700
05—Cl12 1.429 (12) CI1—HI11A 0.9700
O5—H5 0.8200 Cl1—HI11B 0.9700
06—H6A 0.8500 Cl1—HI11C 0.9698
06—H6B 0.8499 Cl1—H11D 0.9699
Ccl—C2 1.447 (11) CI2—HI12A 0.9700
Cl1—HI1 0.9300 CI12—HI12B 0.9700
0O1—Nil—03 172.2 (2) 02—C8—HBA 109.5
O1—Nil—NI1 94.3 (2) 02—C8—HS8B 109.5
03—Nil—NI1 84.1(2) H8A—C8—H8B 109.5
O1—Nil—O03i 94.57 (19) 02—C8—HS8C 109.5
03—Nil—03! 88.47 (19) H8A—C8—HS8C 109.5
N1—Nil—O03! 166.1 (2) H8B—C8—HS8C 109.5
0O1—Nil—O03t 94.23 (17) C11—C9—C10 114.6 (8)
03—Nil—O03i 79.80 (17) C11—C9—NI1 110.2 (8)
N1—Nil—O03# 117.2 (2) C10—C9—N1 104.9 (6)
0O3i—Nil—O3t 72.63 (17) Cl11—C9—C12 108.1 (8)
CI—N1—C9 121.7 (6) C10—C9—C12 107.5 (8)
CI—NI1—Nil 124.1 (6) N1—C9—CI12 111.6 (7)
C9—N1—Nil 114.0 (5) 03—C10—C9 115.0 (6)
C3—O01—Nil 125.9 (4) 03—C10—H10A 108.5
C4—02—C8 119.0 (8) C9—C10—HI10A 108.5
C10—03—Nil 111.7 (4) 03—C10—H10B 108.5
C10—O3—Ni1it 121.9 (4) C9—C10—H10B 108.5
Nil—O3—Nil 108.9 (2) H10A—C10—HI10B 107.5
C11—04—H4 109.5 04—C11—C9 109.4 (7)
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H4—04—HIID 103.2 04—C11—04' 65.0 (13)
Cl11—04'—H4’ 109.5 C9—C11—04’ 130.9 (13)
Cl12—05—H5 109.5 04—CI11—HI1A 109.8
H6A—O6—H6B 108.4 C9—Cl11—HI1A 109.8
N1—CI1—C2 126.4 (7) 04'—Cl1—HI1A 453
N1—CI1—HI 116.8 04—C11—HI1B 109.8
C2—Cl1—H1 116.8 C9—C11—HI11B 109.8
C7—C2—C3 118.8 (7) 04'—C11—HI11B 117.9
C7—C2—Cl1 118.0 (7) HIIA—Cl1—HI11B 108.2
C3—C2—Cl 123.1 (6) 04—C11—HI1C 141.6
01—C3—C4 118.7 (7) C9—C11—HI11C 104.8
01—C3—C2 124.4 (6) 04'—C11—HI11C 104.3
C4—C3—C2 116.9 (7) HIIA—Cl1—HIIC 733
02—C4—C5 125.6 (8) 04—C11—HI1D 495
02—C4—C3 112.8 (7) C9—C11—HI11D 104.3
C5—C4—C3 121.6 (9) 04'—C11—HI1D 104.9
C6—C5—C4 119.7 (9) HIIA—C11—HI1D 145.1
C6—C5—H5A 120.1 H11B—C11—HI11D 65.7
C4—C5—H5A 120.1 HI11C—C11—H11D 105.4
C7—C6—C5 120.5 (8) 05—C12—C9 111.7 (8)
C7—C6—H6 119.8 05—CI12—HI2A 109.3
C5—C6—H6 119.8 C9—C12—HI2A 109.3
C6—C7—C2 122.3 (9) 05—Cl12—HI12B 109.3
C6—C7—H7 118.9 C9—Cl12—HI2B 109.3
C2—C7—H7 118.9 HI2A—C12—HI12B 107.9
Cl—C2—C3—C4 176.2 (7)

Symmetry codes: (i) y—1/4, —x+5/4, —z+9/4; (if) —x+1, —y+3/2, z; (iii) —+5/4, x+1/4, —z+9/4.

Hydrogen-bond geometry (4, °)

D—H-A D—H H- A DA D—H-A4
05—H5-N1 0.82 2.58 2.988 (9) 112
04—H4--06" 0.82 1.94 2.714 (8) 157
04'—H4'"06" 0.82 1.96 2.68 (3) 148
06—H64--01" 0.85 1.95 2.803 (7) 180
O6—H6B--04 0.85 2.04 2.892 (9) 180

Symmetry codes: (iv) y—1/4, —x+3/4, z+3/4; (v) —y+5/4, x+1/4, —z+5/4; (vi) x, y, z—1.
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