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Abstract

Ci14H;sMnN;,0;5, monoclinic, P2;/c (no. 14), a = 9.333(7) A,
b = 19.038(13) A, ¢ = 7.042(5) A, B = 111.989(10)°,
V=1160.2(14) A%, Z =2, Ry((F) = 0.0301, WR,¢¢(F?) = 0.0809,
T =293(2) K.

CCDC no.: 2190558

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.
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Table 1: Data collection and handling.

Crystal: Yellow block

Size: 0.21 x 0.19 x 0.15 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 0.66 mm™*

Diffractometer, scan mode:
Bmax, completeness:
N(hkDmeasureds N(hkl)unique: Rint:
Criterion for lops, N(hkl)g:
N(param)efined:

Programs:

Bruker D8 VENTURE PHOTON, ¢ and w
26.0° >99%

6299, 2274, 0.029

Iobs >2 G(Iobs): 2044

179

SHELX [1], Bruker [2, 3]

Source of material

All reagents used were purchased from commercial sources
and used without further purification. An aqueous solution
(4 mL) of MnCl,-4H,0 (0.05 mmol) was added dropwise to
a methanol solution (2 mL) of 2-(1H-tetrazol-1-methyl)-1H-
imidazole-4,5-dicarboxylic acid (0.05 mmol, Hstmidc). The
resulting solution was placed in a 25 mL Teflon-lined
stainless steel reactor, which was sealed and heated to 333 K
for 24 h. After the mixture was cooled to room temperature,
light-yellow crystals of the title compound were obtained
(vield 48%, based Hstmidc).

Experimental details

Hydrogen atoms on carbon and nitrogen atoms were
positioned geometrically and refined as riding atoms, with
C-H = 0.97 (CH,) or 0.93 A (aromatic) and N-H = 0.86 A.
The hydrogen atom of the carboxy group of Hotmidc™ was
refined as riding atoms, with O-H = 0.82 A. Hydrogen
atoms of the water molecule were located in a difference
Fourier map and O-H distance were constrained to 0.85 A.
Hydrogen atoms were refined with Usso(H) = 1.2 Ueq(C, N) o1
1.5 Ueg(0).
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
Mn1 0.000000 0.000000 0.500000 0.02757 (12)
N1 0.21062 (13)  0.06186 (7) 0.66507 (18)  0.0249 (3)
N2 0.42115 (14) 0.12472 (7) 0.8164 (2) 0.0262 (3)
H2 0.494239 0.154470 0.833242 0.031*
N3 0.16252(15) 0.20702(7)  0.4187(2)  0.0286 (3)
N4 0.21137(18) 0.27273(8)  0.4839(2)  0.0398 (3)
N5 0.0882(2) 0.31075(8)  0.4443(3)  0.0458 (4)
N6  —0.04050(18) 0.27110(9)  0.3552(3)  0.0452 (4)
01 0.07674 (12) -0.04037 (6) 0.81637 (17)  0.0335 (3)
02 0.25555(13) -0.02912 (7) 1.13221(17)  0.0388 (3)
03 0.48860 (14) 0.04431 (7) 1.31055(17) 0.0377 (3)
H3 0.411187 0.020700 1.251256 0.057*
04 0.62014 (14)  0.12876 (7) 1.23134(19)  0.0428 (3)
05  -0.13607 (13) 0.08068 (6) 0.57979(18)  0.0358 (3)
H5A -0.218308 0.093900 0.483501 0.054*
H5B ~0.163958 0.071480 0.678971 0.054*
1 0.19466 (18) -0.01250(8)  0.9439(2)  0.0274 (3)
2 0.27247 (16)  0.04369(8)  0.8681(2)  0.0238 (3)
3 0.40436 (16)  0.08279(8)  0.9648(2)  0.0250 (3)
C4 0.51267(17) 0.08670(8)  1.1807(2)  0.0300 (3)
cs 0.30271(16) 0.11098(8)  0.6394(2)  0.0251 (3)
6 0.27201 (18)  0.14902(8)  0.4421(2)  0.0305 (3)
H6A 0.368200 0.167492 0.439746 0.037*
H6B 0.229701 0.116561 0.328516 0.037*
c7 0.0085(2) 0.20726(9)  0.3406 (3)  0.0381 (4)
H7 -0.054156 0.168612 0.285044 0.046*
06 0.62761(17) 0.21592(8)  0.7621(3)  0.0739 (5)
H6C 0.723143 0.209969 0.786431 0.111*
H6D 0.623153 0.260479 0.754741 0.111%
Comment

N-heterocyclic carboxylic acids have been often used
in the synthesis of coordination compounds (CPs) since
they not only contain O donors but also N donors,
which have abundant coordination modes [4-8]. Many
CPs have been constructed from these kinds of ligands,
like 2,2’-(ethane-1,2-diyl)bis(1H-imidazole-4,5-dicarboxylic
acid)-2-phenyl-1H-imidazole-4,5-dicarboxylic acid, 2-
(hydroxymethyl)-1H-imidazole-4,5-dicarboxylic acid, 2,2’
(1,2-phenylene)bis(1H-imidazole-4,5-dicarboxylic acid),
2-(1H-tetrazol-1-methyl)-1H-imidazole-4,5-dicarboxylic acid
and 2-(pyridin-4-yl)-1H-imidazole-4,5-dicarboxylic acid
[9-16]. Among the reported ligands, 2-((1H-tetrazol-1-yl)
methyl)-1H-imidazole-4,5-dicarboxylic acid (Hstmidc) and
corresponding deprotonated anions (H,tmidc™, Htmidc*
and tmidc®) are excellent ligands since there are five po-
tential N-donors and four potential O-donors that can co-
ordinate to metal ions with various coordination modes. So
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far, several CPs based on Hstmidc have been synthesized
and characterized, such as Ba(II), Co(II), Cd(II), Zn(II), and
Fe(II) CPs [15, 17-19]. In order to further enrich the cate-
gories and numbers of CPs based on this ligand, here we
have used Hstmidc as a starting material to selfassemble
with MnCl,-4H,0 and successfully obtained a new CP
[Mn(H,tmidc),(H50),]-2H,0.

The asymmetric unit of the title structure consists of
one half of Mn(II) ion, one H,tmidc™ anion, one coordinated
water molecule, and one solvent water molecule. Each Mn1
is six-coordinated by N1, N1#1, O1 and O1#1 from two
H,tmidc™ anions together with two H,O molecules (05 and
05#1), exhibiting a slightly deformed MnN,0, octahedral
geometry. The bond angles of N1-Mn1-N1#1, O1-Mnl-
01#1 and 05-Mn1-05#1 are 180°. The other bond angles
around the Mn1 are more or less deviated from the normal
values (76.48(5)°-103.52(5)°). The Mn-N bond length is
2.2116(16) A, while the Mn—0 bond lengths are 2.1959(15)
and 2.2073(18) A. All parameters are in the normal range of
those observed in the reported Mn(II) CPs [11, 14]. The N1/
N2/C2/C3/C5 imidazole ring and the Mni1/01/C1/C2/N1
chelate ring are almost coplanar [dihedral angle =
1.36(10)°]. But the imidazole ring N1/N2/C2/C3/C5 and the
tetrazole ring N3/N4/N5/N6/C7 are not coplanar [dihedral
angle = 73.64(8)°]. The dihedral angles between the mean
plane defined by the imidazole ring N1/N2/C2/C3/C5 and
the planes of the carboxylate groups are 2.49(16)°
and 2.6(3)°, respectively. There are N-H---O, O—H---O and
O-H-::-N hydrogen bonds involving imidazole rings, tetra-
zole rings, coordinated water molecules, solvent water
molecules, carboxyl and carboxylate groups. In addition,
there are intermolecular 77— interactions between tetra-
zole rings with the centroid-centroid distance of 3.524(3) A,
which is in the range for common 77— interactions [15, 17].
[Mn(H,tmidc),(H,0),] units are linked by the aforemen-
tioned hydrogen bonds and 77 interactions to a three-
dimensional architecture in the solid state.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: None declared.

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, (71, 3-8.
2. Bruker. SADABS; Bruker AXS Inc.: Madison, WI, 2000.



DE GRUYTER

10.

11.

. Bruker. APEX3 and SAINT; Bruker AXS Inc.: Madison, WI, 2016.
. Tahmasian A., Safarifard V., Morsali A., Joo S. W. Sonochemical

syntheses of a new fibrous-like nano-scale strontium(ll) 3D
coordination polymer; precursor for the fabrication of a strontium
carbonate nanostructure. Polyhedron 2014, 67, 81-88.

. Chandrasekhar V., Mohapatra C., Metre R. K. Reactions of (E)-5-

(pyridin-4-yl-methyleneamino)isophthalic acid (LH,) with
triorganotin oxides and -chloride. Formation of one-dimensional-
and two-dimensional-coordination polymers. Cryst. Growth Des.
2013, 13, 4607-4614.

. Semerci F., Yesilel 0. Z., Soylu M. S., Yerli Y., Dal H. Two new

pyridine-2,3-dicarboxylate coordination polymers prepared
from zerovalent metal precursor: syntheses, luminescent
and magnetic properties. J. Solid State Chem. 2014, 210,
224-231.

. Sengupta P., Dinda R., Ghosh S., Sheldrick W. S. Synthesis and

characterisation of some ruthenium(ll) complexes of a-N
heterocyclic carboxylic acids -X-ray structures of cis-
[Ru(PPh3),(LY),] 2]-2CH;0H and cis-[Ru(PPhs),(L>H),] (L'H =
pyridine 2-carboxylic acid and L>H, = imidazole 4,5-dicarboxylic
acid). Polyhedron 2001, 20, 3349-3354.

. Roy B., Mukherjee S., Mukherjee P. S. Sr** and Cd** coordination

polymers: the effect of the different coordinating behaviour of a
newly designed tricarboxylic acid. CrystEngComm 2013, 15,
9596-9602.

. LiT, XiuY., SuX., Meng X. R. Syntheses, crystal structures, and

fluorescent properties of two Cd(Il) complexes based on 2,2’
(ethane-1, 2-diyl)bis(1H-imidazole-4,5-dicarboxylic acid).

J. Coord. Chem. 2012, 65, 3111-3121.

Guo X.Y., ChenJ. H., Meng X. R. Crystal structure of catena-poly
[aqualy,-4,5-dicarboxylato-2-(2-carboxylatophenyl)imidazol-
1-ido-k*N,0,0":N")|u»-4,4"-bipyridine-k*N:N")dicopper(ll)],
CyH14Cu,N,05. Z. Kristallogr. N. Cryst. Struct. 2020, 235, 771-773.
WangW., NiuX., GaoY., ZhuY.,LiG., LuH., Tang M. One chiraland
two achiral 3-D coordination polymers constructed by 2-phenyl

Y.-P. Zhang and Z.-T. Li: Crystal structure of Cy4,H;gMnN4,04,

12.

13.

14.

15.

16.

17.

18.

19.

— 1003

imidazole dicarboxylate. Cryst. Growth Des. 2010, 10,
4050-4059.

Huang X. Y., Sun S. X., Wang C. Q., Yao P. Crystal structure of
catena-poly[diaqua(y,-2-(hydroxymethyl)-1H-imidazole-
4,5-dicarboxylato) cadmium(ll)], C¢HgCdN,O;. Z. Kristallogr. N.
Cryst. Struct. 2020, 235, 1489-1491.

Cheng D., Liu Y. J., Cheng F. R., Yang H. X., Meng X. R. Synthesis,
structure and fluorescence properties of a Zn(ll) coordination
polymer based on 2-(hydroxymethyl)-1H-imidazole-
4,5-dicarboxylate. /. Chem. Res. 2018, 42, 490-493.

LiuY.J., Cheng D., Li Y. X., Meng X. R., Yang H. X. A new two-
dimensional managnese(ll) coordination polymer constructed by
2,2’-(1, 2-phenylene)bis(1H-imidazole-4,5-dicarboxylate). Acta
Crystallogr. 2018, (74, 599-603.

Xie W., Li R., Wang C. Q. Crystal structure of catena-poly[triqua-
bis(u,-2-(1H- tetrazol-1-methyl)-1H-imidazole-4,5-dicarboxylato)
barium(ll)] tetrahydrate, C,4H;,BaN;,04s. Z. Kristallogr. N. Cryst.
Struct. 2021, 236, 227-229.

Li X., WuB. L., Niu C. Y., Niu Y. Y., Zhang H. Y. Syntheses of metal-
2-(pyridin-4-y))-1H-imidazole-4,5-dicarboxylate networks with
topological diversity: gas adsorption, thermal stability and
fluorescent emission properties. Cryst. Growth Des. 2009, 9,
3423-3431.

Yan H.-Y., Li Y.-X., Yang H.-X., Li X.-J, Synthesis, molecular
structure and BSA-binding properties of a new binuclear Cd(l1)
complex based on 2-(1H-tetrazol-1-methyl)-1H-imidazole-
4,5-dicarboxylic acid. Z. Naturforsch. 2020, 75, 537-544.

Guo X.-Y., Zhang J.-D., Li Y.-Y., Li X.-J., Meng X.-R. Synthesis,
structure, and BSA binding studies of a new Co(ll) complex based
on 2-(1H-tetrazol-1-methyl)-1H-imidazole-4,5-dicarboxylic acid.
Inorg. Chem. Commun. 2020, 119, 108055.

Guo J.-L., Liu G.-Y., Wang R.-Y., Sun S.-X. Synthesis and structure
elucidation of two essential metal complexes: in-vitro studies of
their BSA/HSA-binding properties, docking simulations, and
anticancer activities. Molecules 2022, 27, 1886.



	Crystal structure of [diaqua-bis(2-((1H-tetrazol-1-yl)methyl)-5-carboxy-1H-imidazole-4-carboxylato-κ2N,O) manganese(II)] di ...
	Source of material
	Experimental details
	Comment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


