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Bis(iso-maleonitriledithiolate)nickel(Il) benzylpiperidinium, [BzPid],[Ni(i-mnt),] (1) is prepa-
red and characterized by elemental analyses, UV, IR, molar conductivity, and single crystal
X-ray diffraction. It is found that 1 crystallizes in the monoclinic space group P2,/n with
a=9.551(1)A, b=16.520(2) A, ¢ =11.004(1) A, B=96.60(1)°, V' =1724.6(3) A®, Z=2. Con-
solidate the stacking of the molecules The electrostatic interaction between [Ni(i-mnt),]*" ani-
ons and [BzPid]" cations consolidates the stacking of the molecules.

Keywords: bis(iso-maleonitriledithiolate)nickel(Il) anion, benzylpiperidinium, crystal
structure.

With the rapid development of coordination chemistry, studies on transition metal complexes are
drawing widespread attention, especially in the field of 1,2-dithiolene ligands, due to their highly elec-
tronic extend systems, excellent properties and application in the conductive, superconductive and
magnetic properties [ 1—S8 ]. In addition, more and more relevant reports and researches have proven
that a typical complex anion of the 1,2-dithiolene ligand [M(mnt),]" (M = Ni, Pd, Pt, Cu; n=1 or 2;
mnt = maleonitriledithiolate) is a useful building block to find some molecular materials with unusual
magnetic properties [ 7, 9—12 ]. Nevertheless, in the past years there was only a few findings concern-
ing M(i-mnt)"". In fact, the planar geometry of i-mnt complexes also enables them to increase their
coordination numbers by binding to molecules such as thiazole derivatives [ 13, 14 ]. Moreover, its
metal complexes have shown many unusual properties and abundant coordination modes. The [M(i-
mnt),]" (i-mnt = iso-maleonitriledithiolate) segments are irreversible to both oxidation and reduction
[ 15—19]. As a result, the important characteristics of the i-mnt ligand prompted us to synthesize and
characterize a new ion-pair complex bis(iso-maleonitriledithiolate)nickel(Il) benzylpiperidinium
[BzPid],[Ni(i-mnt),] (1). The crystal structure, weak interactions and the stacking mode of 1 have sys-
tematically been investigated.

Experimental. Synthesis. Benzyl bromide, piperidine, nickel(Il) chloride hexahydrate and sol-
vents were purchased from commercial sources and used as received. 1-[Benzylpiperidium] bromide
(BzPidBr) and disodium iso-maleonitriledithiolate (K,(i-mnt)-H,O) were synthesized following the
literature procedures [ 20, 21 ]. [BzPid],[Ni(i-mnt),] (1) was prepared by the direct combination of
NiCl,-6H,0, K,(i-mnt)-H,O, and [BzPid]Br in the 1:2:2 molar ratio. The brown precipitate formed
was filtered off, washed with diethyl ether, and dried under vacuum. Yield: 88 %. Microanalyses for
C, H and N were obtained from a Perkin Elmer 240C CHN elemental analyser. IR spectra (4000—
400 cm ') were recorded with an IF66V FT—IR spectrophotometer using KBr pellets. Electrospray
mass spectra (ESI-MS) were determined on a Finnigan LCQ mass spectrograph and the sample con-
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Table 1

Main crystallographic parameters and running characteristics of the X-ray diffraction experiment for 1

Parameter Value
Empirical formula C3,H36NiNgS,
Formula weight 691.62
Wavelength, A 0.71073
Crystal system, space group Monoclinic, P2/n
a, b, c, A 9.551(1), 16.520(2), 11.004(1)
B, deg. 96.60(1)
v,A% Z 1724.6(3); 2
D,, glem’ 1.332
p, mm 0.836
F(000) 724
Crystal size, mm 0.23x0.17x0.11
0 data collection range, deg. 2.23—25.00
Intervals of reflection indices 11 <h<11, -17<k<19, —-12<I<13
Measured reflections 12133
Independent reflections 3038 [R(int) = 0.023]
Completeness, % 99.9
S 1.040
R fators over /> 2c(1) R1=10.0275, wR2 =0.0706
R fators over all the reflections R1=0.0323, wR2=0.0727
Residual electron density (max / min), /A’ 0.210/-0.230

centrations were 1.0x10> mol-1"'. Electronic spectra were recorded on a SHIMADZU UV-4000 spec-
trophotometer and the solution concentrations were 1.0x10~° mol-I"" in MeCN. Anal. Calc. for
Cs2H36NiNgS4: C, 55.57; H, 5.25; N, 12.15 %. Found: C, 55.66; H, 5.72; N, 12.01 %. IR spectrum
(cm"): 3064(w), 2946(w), 2872(w), 2208(s), 1636(s), 1466(m), 1451(m), 1404(s), 1306(w), 1088(w),
937(m), 892(m), 868(w), 757(m), 703(m), 609(w), 569(m), 521(m). ESI-MS (MeCN): 177.1.

Single crystal XRD. Brown single crystals suitable for the X-ray structural analysis were ob-
tained by evaporating a solution of 1 in a mixed solution of MeCN and i-PrOH (v/v = 1:2). Crystallo-
graphic data for 1 were collected using graphite-monochromated MoK, radiation (A = 0.71073 A) by
the —am scan mode on a Smart APEX CCD area detector. The structures were solved by direct met-
hods and refined on F* by full-matrix least-squares, employing Bruker's SHELXTL [22]. All non-
hydrogen atoms were refined with anisotropic thermal parameters. All H atoms were placed in calcu-
lated positions, assigned fixed isotropic displacement parameters 1.2 times the equivalent isotropic U
value of the attached atom, and allowed to ride on their respective parent atoms. The CIF file with
complete information about the structure was deposited at CCDC (No. 837307), from which it is
available free of charge on request at www.ccdc.cam.ac.uk/data request/cif. Crystal data are summa-
rized in detail in Table 1. Selected bond lengths and bond angles are listed in Table 2.

Results and discussion. IR spectra of both 1 are in line with their formulations. The bands at
3064 cm™', 2946 cm ™, and 2872 cm™' are due to the stretching vibrational frequencies of C—H in the
aromatic ring and the methylene group. Compounds 1 respectively show one strong band at 2208 cm ',
which are the CN stretching bands from the i-mnt ligand [ 23, 24 ]. The band at 892 cm ™', 868 cm™'
result from v(C—S), and the bands at 1636 cm ', 1466 cm™' for 1 are attributable to v(C=C) stretching
bands for phenyl rings or the naphthalene ring. The v(C=C) band of i-mnt* is at 1451 cm™ [24]. The
positive-ion ESI-MS spectra of 1 in a MeCN solution show the mass spectra dominated by 177.1
peaks, which is assigned to [BzPid]".
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Table 2
Selected bond lengths (d, A) and bond angles (o, deg.) for 1

Bond d Bond d Angles ® Angles o)

Ni(1)—S(1)[2.2151(6) |N(3)—C(16)[1.509(3)| S(1)—Ni(1)—S(2) [101.18(2) |N(1)—C(3)—C(2) |179.1(2)
Ni(1)—S(2)[2:2022(5) [[C(1)—C(2) |1.3823)| S(1)—Ni(1)—S(2) #1| 78.82(2) [|N@2)—C(4)—C(2) |178.9(2)
S(1)—C(1) [1.7219(18)[ C(2)—C(3) |1.436(3)| S(1)—C(1)—S(2) #1 |109.17(10)| C(11)—N(3)—C(12)| 111.77(16)
N(D)—C@3) [1.1313) [C@)—C@) |1.41403)|S(1)—C(1)—C(2)  |126.02(14)[ C(12)—N(3)—C(16)| 110.36(17)
N(2)—C(4) | 1.149(3) S(2)—C(1)—C(2) #1 | 124.82(14)

Symmetry transformations used to generate equivalent atoms: #1 —x+1, —y, —z+1; #2 —x, +1, —z+1.

The UV-Vis absorption spectra of 1 in MeCN from 200 nm to 800 nm are attributed to [Ni(i-
mnt),]*" of the title complex. The characteristic bands at 450 nm, 335 nm, 290 nm, and 264 nm are
assigned as L(nt) > M, L(c) > M, L(c) > M, L - L* and L — M respectively, which is basically
similar to the observations of those in [(n-C4Ng)sN];[Ni(i-mnt),] [ 23 |. The molar conductivity of 1
with the concentration of 1.0x10 mol-1"" in MeCN being 227.1 S-cm*-mol ™" indicates that two salts
are 2:1 electrolytes [ 25 ].

[BzPid],[Ni(i-mnt),] (1) crystallizes in the monoclinic space group P2;/n. An ORTEP drawing of
1 in an symmetric unit is shown in Fig. 1 with one [Ni(i-mnt),]*" anion and two [BzPid]" cations. The
nickel(IT) ion of the [Ni(i-mnt),]*" anion is coordinated by four sulfur atoms of i-mnt’" ligands and
situated at the center of symmetry of a square planar complex in which two [BzPid]" ions are related to
each other by the symmetry center. The [Ni(i-mnt),]*" anion is not completely planar and the terminal
nitrogen atom of CN groups deflects from the coordination plane Ni(1)S(1)C(1)S(2) with the devia-
tions from the plane being —0.262 A for N(1) and 0.099 A for N(2). The Ni(1)—S(1) and Ni(1)—S(2)
bond distances are 2.215 A and 2.202 A, while the S—Ni—S bond angle within the four-membered
ring is 101.18°, similar to the values found in other complexes containing the [Ni(i-mnt),]*” anion [ 26,
27]. The relevant bond lengths and angles are listed in Table 2. The [BzPid]" cation adopts a confor-
mation in which the phenyl and piperidine rings are twisted to the reference plane defined by
C(10)C(11)N(3) with a dihedral angle of 83.7° for the phenyl ring, and the piperdine ring adopts a
classical chair conformation. The electrostatic interaction between the [Ni(i-mnt),]*” anions and the
[BzPid]" cations consolidates the stacking of the molecules (Fig. 2).

Fig. 1. Structure of 1
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Fig. 2. Packing diagram for 1 as viewed along the ¢ axis

This work has been supported by the Science and Technology Project (No. 2010B080701002,

2011B080701026) from Guangdong Science, the key Academic Program of the 3rd phase "211 Pro-
ject” (No. 2009B010100001) of South China Agricultural University and the Guangdong Natural Sci-
ence Foundation (No. 10151064201000022).

01N DN KW —

REFERENCES

. Robertson N., Cronin L. // Coord. Chem. Rev. —2002. — 227. — P. 93.

. Duan H.B., Ren X M., Meng Q.J. // Coord. Chem. Rev. —2010. —254. — P. 1509.

. Coomber A.T., Beljonne D., Friend R.H. et al. // Nature. — 1996. — 380. — P. 144.

. Akutagawa K., Nakamura T. // Coord. Chem. Rev. —2002. — 226. — P. 3.

. Sun Y.M., Dong F.Y., Dou J.M. et al. // Cryst. Res. Tech. —2008. —43. — P. 218.

. Xie J.L., Ren X M., Song Y. et al. // Chem. Commun. — 2002. — P. 2346.

. Ren X M., Meng Q.J., Song Y. et al. // Inorg. Chem. — 2002. — 41. — P. 5686.

. Pullen A.E., Faulmann C., Pokhodnya K.L. et al. // Inorg. Chem. — 1996. — 7. — P. 6714.

. Ni C.L., Tian Z.F., Ni Z.P. et al. // Inorg. Chim. Acta. — 2006. — 359. — P. 3927.

. Ni C.L., Yang L.M., Meng Q.L. // Inorg. Chem. Commun. — 2005. — 8. — P. 105.

. NiC.L., LiY.Z, Dang D.B. et al. // Inorg. Chim. Acta. —2005. — 58. — P. 2680.

. Ni C.L., Zhou J.R., Tian Z.F. et al. // Inorg. Chem. Commun. —2007. — 10. — P. 880.

. Bolos C.A., Tapazisis P.K., Kortsaris A.H. et al. // Inorg. Biochem. — 2002. — 88. — P. 25.

. Bolos C.A., Chaviara A.T., Mourelators D. et al. // Bioorg. Med. Chem. —2009. —17. — P. 3142.
. Hummel H.U., Meske H. // J. Chem. Soc., Dolton Trans. — 1989. — P. 627.

. Dietrich H., Storck W., Manecke G. // J. Chem. Soc., Chem. Commun. — 1982. — P. 1036.

. Birker PJMW., Verschoor G.C. // J. Chem. Soc., Chem. Commun. — 1981. — P. 322.

. Zhu Y.B., Lu S.F., Huang X.Y. et al. // Acta Crystallogr. — 1995. — C51. — P. 1515.

. Mori H., Hirabayashi I., Tanaka S. et al. // Synth. Met. — 1995. —70. — P. 1177.

. Silverio F.O., Alvarenga E.S., Moreno S.C. et al. // Pest Manag. Sci. —2009. — 65. — P. 900.
. Elgemeie G.H., Elsayed S.H., Hassan A.S. // Synth. Commun. — 2009. — 39. — P. 1781.

. Sheldrick G.M. SHELXTL, Bruker AXS Inc Madison, 1997.

. LiuS.G., LiuY.Q., Li Y.F. et al. // Synth. Met. — 1996. — 83. — P. 131.

. Johnson M.K. Vibrational spectra of dithiolene complexes in dithiolene chemistry, Progress in Inorganic

Chemistry. — New York: John Wiley & Sons, Inc 215, USA, 2004.

. Geary W.J. // Coord. Chem. Rev. — 1971. - 7. —P. 81.
. Huang Q., Hou Y., Zhu H M. et al. // J. Coord. Chem. —2009. — 62. — P. 2012.
. Chen X., Huang D.H., Huang C.Y. et al. // Synth. React. Inorg. Met-Org. Nano-Met. Chem. — 2009. — 39.

-P. 179.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


