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In the title compound, tetrakis|us-(2-pyridyl)methanolato]-
tetrakis[bromido(methanol)cobalt(IIT)] tetrabromide 2-(hy-
droxymethyl)pyridine tetrasolvate dihydrate, [Co,Bry(CsHg-
NO)4(CH3;0H),]Br4-4CsH,NO,-2H,O0, the cation comprises a
[C040,] cubane-type core (4 symmetry). The four Co™ ions
and bridging O atoms from four (2-pyridyl)methanolate
anions are located at alternating vertices of the cube, with
bromide ions and methanol ligands on the exterior of the core,
completing a distorted octahedral geometry. The structure is
stablized by intermolecular O—H- - -Br and O—H- - -O inter-
actions.

Related literature

For related structures and magnetic properties, see: Tong et al.
(2002); Yang et al. (2002); Zhao et al. (2004).

4Br~4C4H,NO, -2H,0

Experimental

Crystal data

[Co,Bry(CsHeNO)4(CH,0)4]Bry--
4CsH,NO,-2H,0

M, = 1908.10

Tetragonal, I4,d_

a=165302 (6) A

c=29.875(2) A

V =81633 (8) A°
Z=4

Mo Ko radiation
w=477 mm*
T=291K

0.30 x 0.24 x 0.22 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2000)
Tnin = 0.265, Tphax = 0.350

21461 measured reflections
4018 independent reflections
3180 reflections with 7 > 20(1)
Rine = 0.056

Refinement

R[F? > 20(F%)] = 0.052

wR(F?) = 0.113

S§=0.99

4018 reflections

200 parameters

H-atom parameters constrained

APrmax = 075 ¢ A7

APmin = —0.56 ¢ A7

Absolute structure: Flack (1983),
1822 Friedel pairs

Flack parameter: 0.025 (18)

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
02—H2B- - -Brl’ 0.97 2.54 3217 (5) 127
O3—H3A- - -OB?_ 0.96 231 3.030 (9) 132
O3—H3A---04" 0.96 2.57 3.370 (11) 141

Symmetry  codes: y+i —x+L—z+L (i)

3 141
—y+5x—3—z2+3

M y-h-xth-zik )

Data collection: SMART (Bruker, 2000); cell refinement: SAINT
(Bruker, 2000); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL.
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BX2274).
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A tetranuclear cobalt(III) cluster with 2-(hydroxymethyl)pyridine ligands

F.-M. Wang, C.-S. Lu, Y.-Z. Li and Q.-J. Meng

Comment

There have characterized many polynuclear oxide-bridged metal complexes which having a cubane-type structural geometry,
because of their relevance to multi-electron transfer centers in biological systems, and to their interesting magnetic and

optical properties, as well as to their potential relevance to inorganic solids.

In this work, we synthesized a new tetranuclearCo(III) cluster [Co(hmp)(MeOH)Br][4Br4.4Hhmp.2H>,O which com-
prise a cationic "cubane"-type core (1), where Hhmp is 2-(hydroxymethyl)pyridine. The molecular structure of the cation-
ic cubane core of (1) is shown in Fig. 1. The four cobalt ions and bridging hydroxy group oxygen atoms from four (2-
pyridyl)methanolate anions are located at alternating vertices of a cube, with (2-pyridyl)methanolate anion, bromine ion
and methanol ligand on the exterior of the core. Furthermore, the three-dimensional supramolecularstructure is stabilized
by intramolecular and intermolecular hydrogen bonds. The hydrogen-bonding distances are 3.217 (5) A (02-H2B---Brl),
3.030 (9) A (O3-H3A--03) and 3.370 (11)A (O3-H3A--04), Table 1.

Experimental

Compound [Co(hmp)(MeOH)Br]4Brg.4Hhmp.2H,O was synthesized as the process shown in reference (Yang et al., 2002).
A mixture of CoBry.6H»0 (0.327 g, 1 mmol), Hhmp (0.109 g, I mmol), and NaOMe (0.054 g, 1 mmol) in 10 ml of MeOH

was refluxed for 30 min. The resulting solution was filtered when it was still hot. Purple crystals suitable for X-ray analysis
were obtained from the filtrate after several days.

Refinement

All H atoms were fixed geometrically and were treated as riding on their parent C atoms, with C—H distances in the range
0f0.93-0.96 A, and with U;go(H) = 1.2Ueq(parent atom), or Ujso(H) = 1.5Ueq(Cethyl)-

Figures

Fig. 1. A view of the molecular structure of the cationic cubane core.
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tetrakis[p3-(2-pyridyl)methanolato]tetrakis[bromido(methanol)cobalt(lll)] tetrabromide 2-
(hydroxymethyl)pyridine tetrasolvate dihydrate

Crystal data

[Co4Bra(CeHgNO)4(CH40)4]Brs-4CeH,NO,42H,0
M, =1908.10

Tetragonal, [4,d

Hall symbol: I -4 2bw

a=16.5302 (6) A

c=29.875(2) A

V=28163.3 (8) A°

Z=4

F(000) = 3760

Data collection

Bruker SMART APEX CCD area-detector
diffractometer

Radiation source: sealed tube
graphite
phi and ® scans

Absorption correction: multi-scan
(SADABS; Bruker, 2000)

Tmin = 0.265, Tiax = 0.350

21461 measured reflections

Refinement
Refinement on F>

Least-squares matrix: full
R[F? > 20(F)] = 0.052
WR(F?) =0.113

§=0.99
4018 reflections
200 parameters

0 restraints

Primary atom site location: structure-invariant direct
methods

Special details

Dy=1.553 Mgm >

Mo Ka radiation, A= 0.71073 A

Cell parameters from 4154 reflections
0=2.2-23.1°

w=4.77 mm '

T=291K

Block, purple

0.30 x 0.24 x 0.22 mm

4018 independent reflections
3180 reflections with /> 2o(/)
Rint =0.056

Omax = 26.0°, Oppin = 2.2°

h=-15-20
k=-20—17
[=-32—-36

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained

w = 1/[cX(Fo2) + (0.0635P)°]

where P = (F,> + 2F2)/3

(A/6)max < 0.001

Apmax=0.75¢ A~

Apmin=-0.56 ¢ A3

Absolute structure: Flack (1983), 1822 Friedel pairs

Flack parameter: 0.025 (18)

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

Refinement. Refinement of 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on Fz, convention-
al R-factors R are based on F, with F set to zero for negative F?. The threshold expression of F> G(Fz) 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° 2 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 (A’Z )

x Y z Uiso™/ Ueq Occ. (<1)
Brl —0.05719 (4) 0.72378 (5) 0.20269 (3) 0.04360 (19)
Br2 0.27436 (4) 0.77454 (4) 0.29686 (2) 0.04162 (18)
Cl1 0.0376 (4) 0.6172 (5) 0.1104 (3) 0.0415 (17)
H1 —0.0035 0.6554 0.1126 0.050*
C2 0.0725 (5) 0.6005 (5) 0.0696 (2) 0.0423 (18)
H2 0.0556 0.6285 0.0443 0.051*
C3 0.1331 (5) 0.5422 (5) 0.0658 (2) 0.0417 (18)
H3 0.1564 0.5311 0.0381 0.050*
C4 0.1584 (5) 0.5003 (5) 0.1042 (3) 0.0453 (18)
H4 0.1974 0.4600 0.1021 0.054*
C5 0.1241 (5) 0.5198 (5) 0.1460 (2) 0.0422 (17)
C6 0.1358 (5) 0.4721 (5) 0.1851 (2) 0.0385 (16)
H6A 0.1356 0.4156 0.1763 0.046%*
H6B 0.1891 0.4840 0.1969 0.046%*
C7 0.1841 (5) 0.7172 (5) 0.1922 (3) 0.0460 (18)
H7A 0.2247 0.6876 0.1760 0.069*
H7B 0.2096 0.7567 0.2110 0.069*
H7C 0.1488 0.7439 0.1714 0.069*
C8 0.5885 (5) —0.0934 (5) 0.1084 (2) 0.0432 (18)
HS8 0.5728 —0.1472 0.1111 0.052*
C9 0.6092 (5) —0.0630 (5) 0.0676 (3) 0.0415 (17)
H9 0.6083 —0.0967 0.0426 0.050*
C10 0.6315 (5) 0.0173 (5) 0.0626 (3) 0.0468 (19)
H10 0.6441 0.0378 0.0345 0.056*
Cl11 0.6350 (4) 0.0673 (5) 0.1005 (3) 0.0454 (19)
HI11 0.6512 0.1210 0.0978 0.055%*
C12 0.6141 (5) 0.0361 (5) 0.1423 (3) 0.0446 (18)
C13 0.6198 (5) 0.0845 (5) 0.1836 (3) 0.0458 (19)
HI3A 0.6736 0.0803 0.1964 0.055%*
H13B 0.6085 0.1409 0.1774 0.055%*
Col 0.02308 (6) 0.59361 (6) 0.21302 (3) 0.0396 (2)
N1 0.0641 (4) 0.5764 (3) 0.1481 (2) 0.0367 (14)
N2 0.5908 (4) —0.0430 (4) 0.1466 (2) 0.0407 (14)
(01 0.0801 (3) 0.4821 (3) 0.21907 (16) 0.0415 (11)
02 0.1369 (3) 0.6610 (3) 0.21993 (16) 0.0384 (11)
H2B 0.1741 0.6162 0.2238 0.046%*
03 0.5652 (3) 0.0547 (3) 0.21175 (16) 0.0445 (12)
H3A 0.5927 0.0323 0.2372 0.053*
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04 0.5585 (6) 0.7840 (6) 0.2123 (3) 0.044 (2)
H4A 0.5964 0.7521 0.2297 0.053*
H4B 0.5115 0.7846 0.2318 0.053*

Atomic displacement parameters (142 )

Ull U22 U33 U12 U13
Brl 0.0435 (4) 0.0479 (4) 0.0394 (4) 0.0080 (3) 0.0066 (3)
Br2 0.0410 (4) 0.0412 (4) 0.0427 (4) ~0.0152 (3) 0.0104 (3)
Cl 0.037 (4) 0.046 (4) 0.041 (4) 0.014 (3) 0.018 (3)
2 0.042 (4) 0.050 (4) 0.035 (4) 0.008 (3) 0.010 (3)
c3 0.047 (4) 0.042 (4) 0.035 (4) 0.011 (3) 0.020 (3)
c4 0.049 (4) 0.043 (4) 0.044 (4) 0.009 (3) 0.012 (4)
cs 0.049 (4) 0.041 (4) 0.036 (4) 0.004 (3) 0.008 (3)
C6 0.037 (4) 0.041 (4) 0.037 (4) 0.012 (3) 0.013 (3)
c7 0.048 (4) 0.039 (4) 0.051 (5) ~0.003 (3) 0.007 (3)
cs 0.046 (4) 0.044 (4) 0.040 (4) 0.023 (3) 0.010 (3)
C9 0.042 (4) 0.045 (4) 0.038 (4) 0.011 (3) 0.006 (3)
C10 0.051 (5) 0.054 (5) 0.035 (4) ~0.009 (4) ~0.011 (3)
cll 0.038 (4) 0.049 (5) 0.050 (5) 0.014 (3) 0.013 (3)
c12 0.044 (4) 0.044 (4) 0.046 (4) ~0.020 (3) 0.008 (3)
c13 0.054 (5) 0.031 (4) 0.052 (5) 0.007 (3) 0.005 (4)
Col 0.0400 (5) 0.0405 (5) 0.0384 (6) 0.0002 (4) 0.0028 (4)
N1 0.037 (3) 0.029 (3) 0.044 (3) ~0.009 (2) 0.013 (3)
N2 0.040 (3) 0.038 (3) 0.044 (4) ~0.001 (3) 0.012 (3)
ol 0.041 (3) 0.042 (3) 0.041 (3) 0.004 (2) 0.018 (2)
02 0.036 (3) 0.044 (3) 0.035 (3) 0.0024 (19) 0.000 (2)
03 0.052 (3) 0.052 (3) 0.029 (3) ~0.012 (2) ~0.014 (2)
04 0.050 (6) 0.040 (5) 0.041 (6) ~0.001 (5) 0.009 (5)

Geometric parameters (4, °)

Brl—Col 2.5467 (12) C9—Cl10
Cl—C2 1.376 (10) C9—H9
C1—N1 1.384 (10) C10—Cl11
Cl1—H1 0.9300 C10—HI10
C2—C3 1.394 (11) Cl1—C12
C2—H2 0.9300 Cl1—H11
C3—C4 1.405 (11) CI12—N2
C3—H3 0.9300 C12—C13
C4—C5 1.407 (10) C13—03
C4—H4 0.9300 CI13—HI13A
C5—N1 1.366 (10) C13—HI13B
C5—C6 1.422 (10) Col—O1!
C6—O0l1 1.381 (8) Col—N1
C6—H6A 0.9700 Col—O1
C6—H6B 0.9700 Col—o1t
C7—02 1.469 (9) Col—02

0.50
0.50
0.50

U23
0.0131 (3)
0.0128 (3)
0.001 (3)
0.014 (3)
0.002 (3)
0.006 (3)
0.010 (3)
0.010 (3)
0.010 (4)
0.015 (3)
0.018 (3)
0.019 (4)
0.008 (4)
~0.006 (3)
~0.008 (3)
0.0029 (4)
0.002 (2)
0.011 (3)
0.005 (2)
0.010 (2)
~0.008 (2)
0.008 (5)

1.386 (11)
0.9300
1.403 (12)
0.9300
1.394 (11)
0.9300
1.370 (9)
1.474 (11)
1.328 (10)
0.9700
0.9700
2.043 (5)
2.073 (6)
2.079 (5)
2.123 (5)
2.196 (5)
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C7—H7A
C7—H7B
C7—H7C
C8—C9

C8—N2
C8—HS8
C2—CI1—NI1
C2—Cl1—HI
N1—C1—H1
Cl1—C2—C3
Cl—C2—H2
C3—C2—H2
C2—C3—C4
C2—C3—H3
C4—C3—H3
C3—C4—C5
C3—C4—H4
C5—C4—H4
N1—C5—C4
N1—C5—C6
C4—C5—C6
01—C6—C5
01—C6—H6A
C5—C6—H6A
01—C6—H6B
C5—C6—H6B
H6A—C6—H6B
02—C7—H7A
02—C7—H7B
H7A—C7—H7B
02—C7—H7C
H7A—C7—H7C
H7B—C7—H7C
C9—C8—N2
C9—C8—HS
N2—C8—H8
C8—C9—C10
C8—C9—H9
C10—C9—H9
C9—C10—Cl11
C9—C10—H10
C11—C10—H10
C12—C11—C10
Cl2—Cl11—H11
Cl10—C11—H11

0.9600

0.9600
0.9600
1.362 (10)
1.415 (10)
0.9300
119.4 (6)
120.3
120.3
120.8 (7)
119.6
119.6
119.2 (6)
120.4
120.4
119.5 (7)
1203
120.3
119.4 (7)
116.1 (6)
123.1(7)
116.6 (6)
108.1
108.1
108.1
108.1
107.3
109.5
109.5
109.5
109.5
109.5
109.5
119.9 (8)
120.0
120.0
121.0 (8)
119.5
119.5

119.3 (7)
120.3
120.3
119.6 (8)
120.2
120.2

0O1—Colil
0Ol1—Cotlt
02— H2B
03—H3A
04— H4A
04— H4B

N2—CI12—Cl1
N2—Cl12—CI3
Cl1—CI12—CI3
03—CI13—C12
03—CI3—HI3A
CI12—CI3—HI3A
03—CI3—HI13B
C12—CI13—HI3B
HI3A—CI3—HI3B
O1'—Col—NI1
0O1'—Col—O01
NI—Col—O01
Ol —Col—oO1
NI—Col—o01'
01—Col—oO1"
Ol —Col—02
NI1—Col—O02
01—Col—02
o1 _Col—02
O1'—Col—Brl
N1—Col—Brl
O1—Col—2Brl
o1 —Col—Brl
02—Col—Brl
C5—NI1—Cl1
C5—N1—Col
Cl1—N1—Col
CI12—N2—C8
C6—01—Col
C6—01—Col
Col"—01—Col
C6—01—Col'
Col'l—01—Col
Col—O1—Col™
C7—O02—Col
C7—02—H2B
Col—02—H2B
C13—03—H3A
H4A—04—H4B

2.043 (5)
2.123 (5)
0.9700
0.9601
0.9700
0.9700
120.5 (7)
117.2 (7)
122.3 (7)
106.6 (7)
110.4
110.4
110.4
110.4
108.6
158.0 (2)
80.55 (19)
79.1 (2)
79.5 (2)
105.2 (2)
80.5 (2)
89.86 (19)
82.9 (2)
93.03 (19)
168.29 (18)

101.00 (14)
99.94 (17)
175.05 (15)
95.13 (14)
91.68 (13)
121.6 (6)
112.1 (5)
126.3 (5)
119.6 (6)
130.8 (4)
110.1 (4)
99.9 (2)
113.7 (5)
98.49 (19)
98.7 (2)
136.3 (4)
102.3

99.6

108.8
101.6
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N1—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—NI1
C3—C4—C5—C6
N1—C5—C6—01
C4—C5—C6—O01
N2—C8—C9—C10
C8—C9—C10—Cl1
C9—C10—C11—CI12
C10—C11—CI2—N2
C10—C11—C12—CI13
N2—C12—C13—03
C11—C12—C13—03
C4—C5—N1—Cl1
C6—C5—N1—Cl
C4—C5—N1—Col
C6—C5—NI1—Col
C2—C1—N1—C5
C2—C1—N1—Col
01'—Col—N1—C5
01—Col—N1—C5
01" —Col—N1—C5
02—Col—N1—C5
Br1—Col—N1—C5
01'—Col—NI1—C1
01—Col—N1—Cl
01" —Col—NI1—C1

1.3 (12)
~0.1(12)
-2.0(12)
3.0 (12)
169.2 (8)
6.7 (11)
~159.9 (7)
~1.0(11)
1.8 (12)
~1.5(11)
0.5 (12)
177.4 (7)
-30.4 (10)
152.6 (7)
~1.9 (10)
~169.1 (7)
179.5 (6)
12.4 (8)
-0.2(11)
178.1 (6)
42(9)
~18.6 (5)
~95.5 (5)
75.9 (5)
166.4 (5)
~174.3 (6)
163.0 (6)
86.1 (6)

02—Col—N1—Cl1
Br1—Col—N1—Cl1
Cl11—C12—N2—C8
C13—CI12—N2—C8
C9—C8—N2—C12
C5—C6—01—Coll
C5—C6—01—Col
C5—C6—01—Col™
01'—Col—01—C6
N1—Col—01—C6
o1 —Col—01—C6
02—Col—01—C6
Brl—Col—01—C6
01'—Col—01—Co1
NI1—Col—O1—Col
01''—Col—01—Co1
02—Col—O01—Coll
Brl—Col—01—Col'
01'—Col—01—Col!
N1—Col—O1—Col
01" —Col—01—Col'
02—Col—01—Col!
Brl—Col—01—Col'
01'—Col—02—C7
N1—Col—02—C7
01—Col—02—C7
o1 —Col—02—C7
Br1—Col—02—C7

Symmetry codes: (i) —y+1/2, x+1/2, —z+1/2; (ii) —x, —y+1, z; (iii) y—1/2, —x+1/2, —z+1/2.

Hydrogen-bond geometry (4, °)

D—H-A
02—H2B-+Brl 'l
03—H3A-+-03"
03—H3A04

H-A
2.54
231
2.57

DA
3217 (5)
3.030 (9)
3.370 (11)

Symmetry codes: (iii) y—1/2, —x+1/2, —z+1/2; (iv) y+1/2, —x+1/2, —z+1/2; (V) —y+3/2, x—1/2, —z+1/2.

~102.6 (6)
~12.1 (6)
0.3 (11)
~176.7 (7)
—0.1(11)
~146.0 (6)
~22.0 (8)
87.7 (7)
~150.0 (5)
21.6 (5)
129.2 (4)
~60.7 (5)
101.3 (16)
~9.59 (19)
162.0 (3)
~90.4 (2)
79.8 (2)
~118.2 (15)
90.7 (2)
—97.7(2)
9.9 (3)
~179.97 (19)
~18.0 (17)
~160.9 (6)
39.9 (6)
118.6 (6)
174.5 (9)
~59.9 (6)

D—H-4
127
132
141

sup-6
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