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Abstract—The reaction between Co(Hdmpz),(OOCPh), and cobalt acetate hydrate leads to the deprotona-
tion of coordinated pyrazole and formation of pyrazolate-bridged Co,(p-dmpz),(Hdmpz),(OOCPh), binu-
clear complex. The structure of the complex was determined by X-ray crystallography.
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The composition and structure of the products of
reactions between transition-metal carboxylates
M,(n-O0OCR),L, or M;(u-OOCR)4L, (M = Zn, Cu,
Ni, Co; R = Bu', Me, Ph; L = NEt;, OC(R")OHNEt,
(R' = Me, Ph)) and 3,5-dimethylpyrazole (Hdmpz),
including the reactions that lead to the formation of
pyrazolate-bridged complexes as a result of deproto-
nation, depend on the transition-metal nature, reac-
tion conditions, and also on the donor ability of the R
substituent in the carboxylate anion [1—8].

For example, the reaction between cobalt(Il)
pivalate Co;(pu-OOCBu')((NEt;), containing donor
tert-butyl substituents in the carboxylate anion and
Hdmpz at room temperature under mild conditions
was shown to lead to deprotonation of pyrazole and
formation of a pyrazolate-bridged dimer Co,(u-
dmpz),(Hdmpz),(OOCBu'), [1, 2]. After substitu-
tion of less donor methyl substituents for tert-butyl
in the initial carboxylate, the analogous reaction
yields the trinuclear complex Cos(p-
dmpz),(Hdmpz),(OOCMe), [6, 7]. Lastly, the same
reaction of Co;(u-OOCPh)]OC(Ph)OHNEt;], with
the acceptor phenyl substituent occurs without depro-
tonation of pyrazole, and the monomer
Co(Hdmpz),(OOCPh), is formed [8].

In this work, we report on the synthesis of binuclear
pyrazolate-bridged cobalt(I) benzoate structurally
similar to M,(p-dmpz),(Hdmpz),(OOCR), (M = Zn;
R = But, Me, Ph; M = Co; R = Bu') complexes.

EXPERIMENTAL

All procedures relating to the synthesis and isola-
tion of complexes were carried out in a pure argon
atmosphere with the use of dry solvents.

IR spectra were recorded as KBr pellets on a
Nexus-Nicolet spectrophotometer in the range of
400—4000 cm~".

Synthesis of Co,(u-dmpz),(Hdmpz),(OOCPh), (1).
To a solution of 0.1 (0.2 mmol) of
Co(Hdmpz),(OOCPh), in 10 mL of o-xylene, cobalt
acetate hydrate (0.05 g, 0.2 mmol) was added. The
mixture was stirred at 140°C for 3 h. The resulting
solution was separated from the precipitate by filtra-
tion and kept at +5°C for several days. The violet crys-
tals formed were isolated from the mother liquor by
decantation, washed with hexane, and dried in an
argon flow. Yield, 0.018 g (12%).

For Co,C;,H 4 N;O, anal. caled (%): C, 54.97; H,
5.43; N, 15.09.

Found (%): C, 54.89; H, 4.97; N, 15.13.

IR (KBr, v, cm™!): 3700 w, 2924 w, 2852 w, 2368 w,
2336 m, 1664 w, 1604 m, 1552 's, 1524 m, 1448 w, 1388 s,
1296 m, 1184 w, 1048 s, 1016 w, 968 w, 832 w, 792 w,
720s, 676 m, 620 w, 448 m, 352w, 392 w, 320 w.

X-ray diffraction studies were performed by a stan-
dard procedure on an automated Bruker SMART
Apex II diffractometer equipped with a CCD detector
(AMo, graphite monochromator, ® scan). The struc-
tures were solved with the use of SHELXTL PLUS
(PC version) and refined with SHELXTL-97 [9, 10].
Crystal data obtained for 1 (C;,H4Co,N;O,, FW =
742.60) were as follows: space group P2(1)/c, a =
8.198(4) A, b = 16.118(9) A, ¢ = 14.108(7) A, B =
105.174(19)°, V= 1799.2(15) A3 (at 296(2) K), Z=2,
a total of 14468 reflections, 3532 independent reflec-
tions with F? > 26(I), Peea = 1.371 g/em?, p =
0.970 cm™', R, = 0.0798, wR, = 0.1364.
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SYNTHESIS AND STRUCTURE 1399
Table 1. Atomic coordinates (x10%) and equivalent isotropic parameters (A2 x 10%) for complex 1

Atom x y z U Atom x y z U

Co(1) 840(2) 1027(1) 361(1) 60(1) C(6) 4610(14) |  851(6) | 1333(7) 78(3)
N(1) 116(8) 222(4) | 1233(6) | 60(2) C(7) 4515(14) | =72(6) | 1266(9) | 122(4)
N(2) 601(8) 549(4) | —928(6) | 60(2) C(8) 5943(14) | 1353(8) | 1779(9) | 101(4)
N(@3) 3248(9) | 1325(4) | 972(5) | 65(2) C(9) 5400(14) | 2155(8) | 1701(8) | 85(3)
N(4) 3768(10) | 2112(5) | 1225(5) | 71(2) C(10) | 6222(13) | 2981(7) | 2046(7) | 111(4)
o(1) —581(7) | 1997(4) 208(4) | 75(2) C(11) | —292(14) | 2766(6) 165(7) | 67(3)
0(2) 1121(8) | 3104(4) | 410(5) | 91(2) C(12) |-1819(12) | 3309(5) | —197(6) | 57(2)
C(1) 186(11) | 318(6) | 2179(8) | 62(2) C(13) |-1630(13) | 4139(5) | —336(7) | 74(3)
C(2) 840(12) | 1109(6) | 2697(7) | 92(3) C(14) |-3034(16) | 4638(6) | —667(7) | 87(3)
C(3) 1696(14) | 1742(5) |—1679(7) | 103(4) C(15) |-4608(16) | 4310(7) | —865(8) | 100(4)
C4) 871(12) | 912(6) |—1739(8) | 68(3) C(16) |-4814(13) | 3487(7) | —=710(8) | 91(3)
C(5) 405(12) | 379(7) |-2516(7) | 75(3) C(17)  |-3407(14) | 2980(6) | —384(7) | 80(3)

RESULTS AND DISCUSSION

The reaction of cobalt acetate hydrate with mononu-
clear pyrazole benzoate Co(Hdmpz),(OOCPh), in boiling
P
C
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Noteworthy, cobalt acetate hydrate acts as a depro-
tonating agent in this case, whereas the reaction does
not occur in the presence of a strong base (triethy-
lamine) in boiling acetonitrile [8].

According to the X-ray diffraction data, two cobalt
atoms in 1 (figure; Tables 1, 2), which are at a non-
bonding Co-Co distance of 3.6283(9) A, are linked
only by nitrogen atoms of two bridging pyrazolate
ligands (Co(1)—N(1), 1.983(8) A; Co(1)—N(2),
1.938(7) A) formed as a result of deprotonation of 3,5-
dimethylpyrazole. Each metal atom is bound to a
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o-xylene was found to result in deprotonation of coordi-
nated pyrazole and formation of a pyrazolate-bridged
dimer Co,(u-dmpz),(Hdmpz),(OOCPh), (1). Yield, 52%.

Me l|3h
/ \ Me - Me C
Mem \(} O/ \\O
NN NN / ;
l?l Co _Co H

\N>\’_/7/Me
Ph

nitrogen atom of the terminal pyrazole molecule (Co—N,
1.995(7) A) and oxygen atom of the terminal benzoate
anion (Co—0, 1.928(6) A). As a result, the binuclear
complex is formed, where each cobalt(Il) atom is
electron deficient (15 electrons) and has a distorted
tetrahedral environment.

A comparison of the geometry of 1 with the geome-
try of the binuclear pyrazolate-bridged pivalate Co,(u1-
dmpz),(Hdmpz),(OOCBu'), (2) has shown that
replacement of the acceptor phenyl substituent by the
donor tert-butyl that virtually does not influence the

NN
O\\C/O LN
| Me” 7 Me M
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Structure of complex I.

metal—metal distance, however the distances metal—
nitrogen in 1 become nonequivalent and shorter than
the equalized distances in 2 (Co—N, 1.999(2) and
1.996(1) A). The bond lengths of the terminal pyrazole
molecules and benzoate anions are somewhat length-
ened (in2, Co—Nis2.015(2) Aand Co—Ois 1.942(1) A).

Table 2. Selected bond lengths (d) and bond angles (®) for
complex 1

Bond d,A Bond d,A
Co(1)—-0(1) 1.928(6) || Co(1)—N(2) 1.938(7)
Co(1)—N(1) 1.983(8) || Co(1)—N(3) 1.995(7)
N(1)—C(1) 1.329(10) || N(1)—N@2)#1 | 1.394(8)
N(@2)—C(4) 1.354(10) || N(2)—N(1)#1 | 1.393(8)
N(3)—C(6) 1.339(11) || N(3)—N(4) 1.355(8)
N(4)—C(9) 1.333(10) || O(1)—C(11) 1.266(10)
02)—C(11) 1.244(10)

Angle o, deg Angle o,deg
O(1)Co(1)N(2) 107.9(3) || O(1)Co(1)N(1) | 109.3(3)
N(2)Co(1)N(1) 110.4(3) || O(1)Co(1)N(3) | 110.7(3)
N(2)Co(1)N(3) 110.3(3) || N(1)Co(1)N(3) | 108.2(3)
C(HON(IH)NQ)#1  [108.5(7) || C(1)N(1)Co(1) | 127.3(6)
NQE)#IN(1)Co(1) |124.2(6) || C(4)N(2)Co(1) | 128.5(6)
N()#IN(2)Co(1) |125.1(6) || C(6)N(3)Co(1) | 131.2(7)
N(4)N(3)Co(1) 123.2(6) || C(11)O(1)Co(1)| 133.2(7)

Symmetry code: #1 — x, —y, —z.
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As distinct from the electron-deficient cobalt(II)
atom, in structurally similar pyrazolate-bridged com-
plexes of tetrahedral electron-saturated zinc (18 elec-
trons) Zn,(u-dmpz),(Hdmpz),(OOCR), (R = Bu',
Me, Ph), no definite dependence on the nature of the
substituent of the carboxylate anion is observed,
though the metal—-metal distances are considerably
shortened compared with those in 1 and 2:

R M-M, M—p-N,  M—Nygmps M—Opocks
source A A A A

Bu'[2] 3.5821(6) 1.981(2)—1.988(2) 2.030(2)  1.940(1)
Me [7] 3.593(1) 1.976(7)—1.985(6) 2.023(6)  1.949(5)
Ph[7] 3.5827(8) 1.960(4)—1.971(3) 2.008(3)  1.944(2)

Therefore, our studies have shown that cobalt ace-
tate hydrate can be a deprotonating agent for the
Hdmpz molecules coordinated in the cobalt pyrazole
benzoate, which leads to formation of pyrazolate-
bridged binuclear cobalt benzoate.

ACKNOWLEDGMENTS

This work was supported by the Russian Founda-
tion for Basic Research (project nos. 08-03-01063, 08-
03-90455), the Council for Grants of the President of
the Russian Federation (the Program for Support of
Leading Scientific Schools of Russia; grant no. NSh-
1764.2003.03), and the Presidium and the Division of
Chemistry and Materials Science of the Russian
Academy of Sciences (programs “Theoretical and
Experimental Investigations of the Nature of the
Chemical Bond and the Mechanisms of Important

No. 9 2010



SYNTHESIS AND ST

Chemical Reactions and Processes” and “Targeted 5.
Synthesis of Inorganic Compounds and Design of
Functional Materials™).

REFERENCES

1. S. E. Nefedov, Rus. J. Inorg. Chem. 51 (Suppl. 1), 49 7.
(2006).

2. E. V. Amel’chenkova, T. O. Denisova, and S. E. Nefe-
dov, Zh. Neorg. Khim. 51 (8), 1304 (2006) [Russ. 8.
J. Inorg. Chem. 51 (8), 1218 (2006)].

3. T. O. Denisova, E. V. Amel’chenkova, I. V. Pruss, et al.,
Zh. Neorg. Khim. 51 (7), 1098 (2006) [Russ. J. Inorg. 9.
Chem. 51 (7), 1020 (2006)].

4. T. O. Denisova, G. G. Aleksandrov, O. P. Fialkovskii, 10.
and 5. S. E. Nefedov, Zh. Neorg. Khim. 48 (9), 1476
(2003) [Russ. J. Inorg. Chem. 48 (9), 1340 (2003)].

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY Vol. 55

RUCTURE 1401

T. O. Denisova, Zh. V. Dobrokhotova, V. N. Ikorskii,
and S. E. Nefedov, Zh. Neorg. Khim. 51 (9), 1363
(2006) [Russ. J. Inorg. Chem. 51 (9), 1363 (2006)].

. S.E. Nefedov, I. V. Pruss, E. V. Perova, and G. L. Kamalov,

Zh. Neorg. Khim. 54 (11), 1792 (2009) [Russ. J. Inorg.
Chem. 54 (11), 1713 (2009)].

I. V. Anan’ev, E. V. Perova, and S. E. Nefedov, Zh.
Neorg. Khim. 55 (1), 43 (2010) [Russ. J. Inorg. Chem.
55 (1), 40 (2010)].

E. V. Perova, M. A. Yakovleva, E. O. Baranova, et al.,
Zh. Neorg. Khim. 55 (5), 714 (2010) [Russ. J. Inorg.
Chem. 55 (5), 714 (2010)].

SMART (control) and SAINT (integration) Software,
Version 5.0, Bruker AXS Inc. (Madison, WI, 1997).

G. M. Sheldrick, SADABS. Program for Scaling and
Correction of Area Detector Data (Univ. of Goéttingen,
Gottingen, 1997).

No.9 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


