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Abstract—The structure of [Co(Btb),Cl,] (Btb = 1,4-bis(1,2,4-triazol-1-yl)butane) demonstrates a two-
dimensional (4,4) network through the Btb bridge in which the Co(II) atom is in a distorted octahedral environ-

ment formed by four nitrogen atoms of the triazoles and two frans-CI” ions. The crystals are monoclinic, space
group P2,/c with a = 7.3143(3), b = 18.5703(7), ¢ = 8.8713(4) A, P=117.0633(10)°.

DOI: 10.1134/S1070328409100108

INTRODUCTION

Recently a new class of flexible ligands, [bis(1,2,4-
triazol-1-yl)-alkanes], have been found to be very effi-
cient in the formation of various interesting extended
structures [1-5]. As bridging ligands, these 1,2,4-triaz-
ole derivatives show a great coordination diversity.
Among these ligands, 1,4-bis(1,2,4-triazol-1-yl)butane
(Btb), which is more flexible than 1,2-bis(1,2,4-triazol-
1-yDethane (Bte) and 1,3-bis(1,2,4-triazol-1-yl)propane
(Btp), is expected to play an important role in the con-
struction of coordination polymers. Few reports on the
crystal structures of the cadmium(Il), manganese(Il),
and iron(Il) complexes with bridging Btb ligand were
reported [6-9]. Lately we also synthesized and reported
two complexes of zinc(Il) and cadmium(Il) with Btb,
which exhibited a one-dimensional zigzag chain and a
two-dimensional network [10]. As a part of our further
investigations of the coordination mode of this ligand in
metal complexes incorporating 1,2,4-triazole deriva-
tives, here we report the synthesis and crystal structure
of a new polymeric Co(Ill) complex with Btb
bridges (I).

EXPERIMENTAL

1,4-Bis(1,2.,4-triazol-1-yl)was prepared according to
literature [11] and confirmed by the means of melting
point measurements and IR.

Synthesis of complex I. A 20 ml of an aqueous solu-
tion of Btb (2 mmol) was added to a 10 ml of methanol
with CoCl, - 6H,0O (1 mmol). The precipitate was filtered
after stirring for an hour, and the mother liquid was left to
stand at room temperature. Five days later, red crystals

! The article is published in the original.

suitable for single-crystal X-ray determination were
formed.

For C16H24 N12C12CO

anal. calcd, %: C, 37.33; H, 4.67; N, 32.67.
Found, %: C, 37.36; H, 4.59; N, 32.71.

X-ray structure determination. A single crystal
with dimensions 0.33 X 0.28 X 0.21 mm was mounted on
a glass fiber and used for structure determination. Dif-
fraction intensity data were collected at 296(1) K on a
Rigaku RAXIS-RAPID diffractometer up to 20,,,, of
55.0° with graphite-monochromatized MoK, radiation
(A =0.71075 A) using the ® scan technique. A total of
2465 independent reflections were collected, among
which 2108 reflections were considered as observed
(I>20(l)) and used for structure refinement. Usual Lp
and empirical absorption corrections were applied.

The structure I was solved by direct methods and
refined on F? by full-matrix least-squares methods
using SHELX97 [12]. All non-hydrogen atoms were
anisotropically refined. The hydrogen atoms were
treated as riding atoms. Anisotropic refinement includ-
ing all non-H atoms converged to agreement factors R =

0.0254 and R, = 0.0794, where w = 1/[0.0007(F>) +

1.00006 X (F2)]/(4F>)].]. The highest peak in the final

difference Fourier map was 0.28 ¢ A=, Atomic scatter-
ing factors used were taken from Cromer and Waber
[13]. The crystallographic data are summarized in the
table.

Crystallographic data for complex I was deposited
with the Cambridge Crystallographic Data Center
(no. 714200; deposit@ccdc.cam.ac.uk).
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Fig. 1. Molecular structure of C;gH,4Cl,CoN,, showing 50% probability displacement ellipsoids. Selected bond lengths (A) and
angles (deg): Co(1)-N(1) 2.1280(14), Co(1)-N(6) 2.1738(16), N(1)-C(1) 1.350(2), N(1)-C(2) 1.323(2), N(2)-N(3) 1.362(2),

N(6)-C(7) 1.324(2), N(6)-C(8) 1.3502(2), N(4)-N(5) 1.3530(19); N(1)Co(1)N(6) 88.81(5), CI(1)Co(1)N(1) 90.79(3),
CI(1)Co(1)N(6) 89.93(3).

Fig. 2. Planar two-dimensional (4,4) network of the title complex.
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Crystallographic data and details of the experiment and re-

finement of structure I

Parameter

Value

Formula weight

Crystal system, space group
Unit cell dimensions:

a, A

b, A

e, A

B, deg

Z; Peateas MM’

u, mm!
F (000)

Crystal size, mm

0 range for data collection, deg
Index ranges

Reflections collected/unique
Completeness to 0, %
Absorption correct

Max and min transmission
Parameters

Goodness-of-fit on F?

Final R indices (I > 26(]))

Largest diff. peak and hole, e A~

514.29
Monoclinic, P2,/c

7.3143(3)
18.5703(7)
8.8713(4)
117.0633(10)
2, 1.592
1.081
530.00
0.33 x 0.28 x 0.21
3.0t027.5

-8<h<9
24<k<24
-11<I<11

10417/2465 (R;,; = 0.021)

99.9
Multiscan
0.797 and 0.696
155
1.000

R, =0.0254, wR, = 0.0794

0.28 and -0.21
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RESULTS AND DISCUSSION

The ORTEP view of the molecule structure of the
complex, together with the atom numbering scheme is
presented in Fig. 1. The Co(II) atom in inversion center
is a distorted octahedral arrangement with four triazole
nitrogen atoms from four Btb ligands in a basal plane.
The apical position is occupied by two chloride ions
with a Co(1)-CI(1) distance of 2.5027(3) A. The
Co(1)-N bond distances of triazole (2.1280(14) and
2.1738(16) A) are close to the values observed in
[Co,(Bte);(NCS),(Hy0),], [14] and [Co(Btp)y(SCN),],
[15]. The angles around the Co centers range from
88.81(5)° to 91.19(5)° (close to 90°).

As shown in Fig. 2, each bridging Btb ligand links
Co(II) and each Co(II) atom bonds four Btb ligands to
form a two-dimensional (4,4) network containing
square Coy(Btb), units. Figure 3 shows that the 2D
sheets are stacked in parallel along the z axis. Each Btb
ligand exhibits the completely anti conformation,
which is different from anti-anti-gauche conformation
observed in {[Mn(Btb),(H,0),)[(NO;),(H,0)}, [7]. The
dihedral angle between two triazole ring planes is
64.55°. The torsion angles C(3)-C(4)-C(5)-C(6),
N(3)-C(3)-C(4)-C(5), and C(4)-C(5)-C(6)-N(4) are
174.77(16)°, 174.42(14)°, and 171.38(14)°, respectively.
The Co—Co separation across the bridging Btb is
13.744(12) A. This separation is apparently longer than
the corresponding Co—Co separation in
[Co,(Bte);(NCS),(Hy0),], [14] and [Co(Btp),(SCN),l,
[15], two compounds that have different alkane chains
as a spacer, in which the Co—Co distances are 12.315

Fig. 3. View of the stacked sheets along the z axis of title complex.
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and 10.4472 A, respectively. In fact, this confirms the 7.
importance of this family of ligands in adjusting the

Liu, X., Ge, H.Y., Zhang, Y.M.,, et al., J. Mol. Struct.,
2006, vol. 796, p. 129.

metal-metal distance. 8. Ding, J.G., Liu, X.G.,, Li, B.L., Inorg. Chem. Commun.,
2008, vol. 11, p. 1079.
9. Gu, Z.G., Xu, Y.F., Zhou, X.H., et al., Cryst. Growth
REFERENCES Des., 2008, vol. 8, p. 1306.

. Effendy, Marchetti, F., Pettinari, C., et al., Inorg. Chem., 10. Shen, L., Acta Crystallogr., E, 2007, vol. 63, p. m3045.
2003, vol. 42, p. 112. 11. Gromova, S.A., Barmin, M.I., Korolev, E.A., and Mel’nik-
. Zhou, J.H., Zhu, X., Zhang, Y.N., et al., Inorg. Chem. ov, V.V., Russ. J. Org. Chem., 2000, vol. 36, p. 1205.
Commun., 2004, vol. 9, p. 949. 12. Sheldrick, G.M., SHELXL-97, Program for the Refine-
. Zhang, Y.M., Zhang, Y.P., Li, B.L., and Zhang, Y., Acta ment of Crystal Structure, Gottingen (Germany): Univ.
Crystallogr., C. 2007, vol. 63, p. m120. of Géttingen, 1997.
. 13. Cromer, D.T. and Waber, J.T., International Tables for
. van Albada, G.A., Guijt, R.C., Haasnoot, J.G., et al., X-Ray Crystallography, vol. IV, Table 2.2A, Birming-
Eur. J. Inorg. Chem., 2000, no. 1, p. 121. ham (England): The Kynoch Press, 1974.
. Gui Yin, G., Zhang, Y.P,, Li, B.L,, and Zhang, Y., J. 14, Shen, L. and Luo, M.X., J. Chem. Crystallogr., 2008,
Mol. Struct., 2007, vol. 837, p. 263. vol. 38, p. 163.
. Li, B.Z,, Liu, X.G., Wang, Z.W., et al., Acta Crystal- 15. Wang, X.Y., Li, B.L., Zhu, X., and Gao, S., Eur. J. In-

logr., C, 2006, vol. 62, p. m10.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35

org. Chem., 2005, p. 3277.

No. 10 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


