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Abstract: In this work, we present the synthesis of a copper complex
of 1-benzyl-2-[(5-methyl-isoxazol-3-yl)methyl]-benzimidazole, by using
simultaneously UV spectrophotometry and X-ray diffraction. It has been
possible for us to highlight an original oxidation of benzylbenzimidazole
group in such complex leading to ketone. A kinetic study carried out by UV
spectrophotometry shows well that the oxidation reaction proceeds
according to the first-order kinetic law: K = 9.4x10™ s™ and #,, = 12.4 min.
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INTRODUCTION

Due to the vast applications that could be found in the coordination complex with
benzimidazole, last decades, the synthesis of this compound aroused the interest of
scientific research [1-10].

Indeed, it was shown that such compounds intervened at complex fields as varied in
organic synthesis (catalysts [11, 12], renewable energies [13, 14] and complexant
properties [15]). Thus, in the last years, much of the works concerning the synthesis of
this coordination complex were brought back in literature showing the molecules with
very varied structures [16-19].

Moreover, the synthesis of heterocyclic systems containing the benzimidazole motif
often aroused the passion for researchers. Indeed, the studies showed that such
compounds are largely implied in several fields such as pharmacology area: they have
shown antibacterial [20], anticancerous [21, 22] and antiulcerous [23, 24] properties.

In a similar way, in this work, we endeavoured to prepare a new complex of
coordination likely to find important application thereafter.

EXPERIMENTAL

Melting points were taken using an electrothermal machine. The infrared spectra (IR)
were carried out with Perkin-Elmer 1760x spectrometer. Single crystal X-ray diffraction
data were collected on a SMART Apex II 4K CCD diffractometer (Bruker AXS).This
instrument uses graphite monochromatic MoKa radiation (I = 0.71073 A) and was
operating at 50kV x 30 mA. A green single crystal of complex 4 was analyzed at room
temperature. The program Saint V7.34A [25] was used to extract the reflections from
collected frames and to correct the corresponding intensities for Lorentz and
polarization effects. The data were then corrected for absorption (SADABS [26]
2008/1). The study of systematic absences was performed using Bruker’s Xprep [27]
program and confirmed the monoclinic space group P2,/c. The crystal structure was
solved by direct methods (Shelxs97 [28]). Refinements were carried out by full matrix
least squares method with the Shelx197 [28] program. Hydrogen atoms were placed in
theoretical positions and refined riding on their parent atoms.

To a solution of ligand 3 (1.65%x10™ mol) in methanol (4 mL) we added a quantity of
copper perchlorate corresponding to stoechiometry (1/1). After completion of the
reaction the complex was dried under reduced pressure.

RESULTS AND DISCUSSIONS

In a previous work we have showed that 1,5-benzodiazepines constitute an interesting
precursors in the synthesis of recoveral heterocyclic systems [29-31]. In particular the
1,5-benzodiazepin-2-one 1 reacted with hydroxylamine hydrochloride in methanol
giving rise to compound 2 presenting a benzimidazole and an isoxazole motifs. The
alkylation reaction carried out on compound 2 by benzyl chloride using liquid-solid
phase transfer catalysis [32-36] led to awaited compound with good yields (Figure 1).
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Figure 1. Synthesis of compound 3 from 1,5-benzodiazepin-2-one
Reaction of complexation
The ligand 3 prepared and also characterized, it was interesting to be able to study its

potentialities of complexation. Indeed, the reaction of compound 3 with hexahydrated
copper perchlorate, at ambient temperature, in methalonic medium gave rise to complex

4 (Figure 2).
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Figure 2. Complexation of ligand 3 with hexahydrated copper perchlorate

The structural study by X-ray diffraction (Figure 3) carried out on complex 4, emerged
certain important points: initially, the complex 4 arises as a binuclear in which each
pentacoordinnated copper atom can be described as deformed pyramid, with an
environment defined by three atoms of nitrogen and two atoms of oxygen.
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Figure 3. ORTEP diagram of compound 4 with numbering scheme

The crystal data and the experimental conditions have been assembled in Table 1.

The compound 4 crystallizes in monoclinic system. The determination of the structure
and refinement are treated in P2;/c space group. The structure parameters are:
a=11.9675(2) A; b=19.5247(5) A; ¢ =17.0103(4) A; oo =90°; B = 108°13"; & = 90°.
The structure resolution revealed a perchlorate molecule and a water molecule.
Unfortunately, the parameters for those molecules were very difficult to refine because
of disorder. Therefore, we have used the program SQUEEZE from PLATON [37] to
suppress this solvent contribution.

The oxygen atoms implied in this coordination come from oxidation of methylene group
out of carbonyl group. In this reaction, the methanol plays at the same time the role of
solvent and as nucleophilic agent.

The oxidation of methylene group as revealed by X-ray diffraction can be interpreted by
cycloaddition [2+2] of oxygen molecule on the enaminic tautomer form 3a. The
rearrangement of intermediate dioxetane led to oa-hydroxycetone which through
dehydratation process provides the compound 5 (Figure 4).

A study by infrared spectroscopy of complexation reaction shows that the vc-o vibration
band at 1692 cm™ appears only after a metal addition. This confirms well that the
methylene bridge oxidation reaction is closely related to the complexation.
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Table 1. Crystal data and experimental conditions for compound 4

Formula C73H66C112N12010
Formula weight 1458.51
Crystal system Monoclinic
Crystal size (mm”) 0.49x0.45%0.42
Space group P2,/c
a(A) 11.9663 (6)
b (A) 19.5120 (9)
c(A) 16.9908 (8)
B(°) 107.959 (2)
V (AY) 3773.8 (3)
V4 2
Density (g/cm’) 1.284
F (000) 1512
M (MoKa) (mm™) 0.63
Diffractometer Bruker AXS Smart APEX 11
T (K) 295(2)
Scan mode ® —scans and ¢ -scans
0 max (°) 33.2
Measured reflection 132508
Independent reflection 14300
Rine 0.047
Absorption correction Multi-scan (sadabs 2008/ 1 Bruker AXS)
Reflection parameters 463
Reflection used for reference [1 > 26 (I)] 9455
H atoms Prameters constrained
R [F* > 26(F7)] 0.043
wR (F?) 0.123
W 1/[ 6°(F,))+(0.0677P)*] where P = (F,2+2Fc?)/3
Goodness of fit 1.04
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Figure 4. Formation of compound 5
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Kinetic studies of oxidation reaction

The oxidation phenomenon revealed by IR is also confirmed by UV spectrophotometry.
However, we noted considerable reaction acceleration. The optical density OD = f( )
for ¢ = 1 curve of absorption is recorded every 10 minutes (Table 2 and Figure 5).

Table 2. Parameters of oxidation reaction

Time, min | Height of the peak (H), mm | H, - H, Log(H,, - Hy
1 00 8 82 1.91
2 10 46 44 1.64
3 20 68 22 1.34
4 30 78 12 1.07
5 40 82 8 0.90
6 50 85 5 0.69
7 60 87 3 0.48
8 70 88.5 1.5 0.18
9 80 89 1 0.00
10 90 90 0 -
Figure 5. Oxidation of ligand 3 with hexahydrated copper perchlorate
CONCLUSION

In this work, the study by infra-red spectroscopy enabled us to highlight, initially, an
original oxidation of the methylene bridge out of carbonyl during the complexation of
Cu”" ion by 1-benzyl-2[5-(methylisoxazol-3-yl)-methyl] benzimidazole in acetonitrile.
This oxidation phenomenon could be explained by the capturing character of methylene
group.

It is worth noting that the compound 4 presents an original structure. It is a complex of
ML, type. The first ligand involves nitrogenous atoms of benzimidazole and of
pyrazole. The second ligand engages in complexation reaction nitrogenous atom of
benzimidazole and hemiacetale oxygen formed by the action of methanol over the
formed ketone. Moreover, it was possible for us, in this type of reactions, to trap a
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hemiacetal. It is well known that hemi-acetals are generally unstable and react with
another alcohol molecule ending up with correspondent acetals.

The kinetic study of oxidation reaction carried out by UV spectrophotometry detected a
clear acceleration in these conditions compared to the infra-red one. This difference of
reactivity between UV and IR shows well the photochemical character of reaction.

REFERENCES

—_—

Batton, S.R., Robson, R.: Angew. Chem. Int. Ed. Engl., 1998, 37, 1461;

2. Lamkaddem, A., Essassi, E.M., Lazar, S., Leger, J.M., Jarry, C., Guillaumet, G.: Scientific Study
and Research — Chemistry and Chemical Engineering, Biotechnology, Food Industry, 2007, 7 (1),
13;

3. Paschalidou, S., Pantazaki, A.A., Terzis, A., Perlepes, S.P., Lialiaris, E.G., Bakalbassis, Th.,

Mrozinski, J., Kyriakidis, D.A.: J. Inorg. Biochem., 1998, 71, 15;

Sbai, F., Regragui, R., Essassi, E.M., Kenz, A., Pierrot, M.: Acta Cryst., 2003, C59, m334;

Sbai, F., Regragui, R., Essassi, E.M., Kenz, A., Pierrot, M.: Acta Cryst., 2003, ES9, m571;

Sbai, F., Chkirate, K., Regragui, R., Essassi, E.M., Pierrot, M.: Acta Cryst., 2002, ES8, m337;

Janiak, C.: Angew. Chem. Int. Ed. Engl., 1997, 36, 1491;

Munakata, M., Wu, L.P., Kuroda-Sowa, T.: Adv. Inorg. Chem., 1999, 46, 173;

Chui, S.S.-Y, Lo, S.M.-F., Charmant, J.P.H., Orpen, A.G., Williams, 1.D.: Science, 1999, 283,

1148;

10.  Kiang,Y.-H, Gardner, G.B., Lee, S., Xu, Z., Lobkovsky, E.B.: J. Am. Chem. Soc., 1999, 121, 8204;

11.  Parschall, G.M.: Homogeneous catalysis, John-Wiley & Sons, New-Y ork — Chichester — Brisbane
— Toronto, 1980;

12.  Pantaler, R.P., Alfimova, L.D., Bulgakova, A.M.: Ukr. Khim. Zh., 1975, 41 (8), 801;

13.  Graetzel, M.: Acc. Chem. Res., 1981, 14, 376;

14. Sprintschnick, S., Sprintschnick, H.W.: J. Am. Chem. Soc., 1981, 103, 369;

15.  Azzaoui, B. El,, Fifani, L., Tijiou, E.M., Essassi, E.M., Jaud, J., Lopez, L., Bellan. J.: Tetrahedron
Lett., 1999, 40, 4677,

16. Shanghao, L., Hamilton, A.D.: Tetrahedron Lett., 1997, 38 (7), 1107,

17.  Addison, W.A., Nageswara Rao, T.: J. Chem. Soc. Dalton Trans., 1984, 1349;

18.  Amit, B., Shain, J.C.: Tetrahedron Lett., 1998, 39, 3029;

19.  Gelling, O.J., Meetsma, A., Ferniga, B.L.: Inorg. Chem., 1990, 29, 2816;

20.  Ozden, S., Karatas, H., Yildiz, S., Goker, H.: Arch. Pharm., 2004, 337, 556;

21.  Easmon, J., Puerstinger, G., Roth, T., Fiebig, H.H.: Int. J. Cancer, 2001, 94, §9.

22.  Zhu, XK., Guan, J., Tachibana, V., Bastow, K.F., Cho, S.J., Cheng, H.H., Cheng, Y.C., Gurwith,
M., Lee, K.H.: J. Med. Chem., 1999, 42, 2441,

23. Shafik, R.M., El-Din, S.A., Eshba, N.H., El Hawash, S.A., Desheesh, M.A., Abdel Aty, A.S.,
Ashour, H.M.: Pharmazie, 2004, 59, 899;

24.  El-Naem, S.I., El-Nzhawy, A.O., El-Diwani, H.I., Abdelhamid, A.O.: Arch. Pharm., 2003, 336, 7,

25. Saint: Bruker-AXS, 2001;

26. Sadabs: Bruker AXS area detector scaling and absorption correction, 2008;

27.  Xprep: Bruker-AXS, 2008;

28.  Sheldrick, G.M.: Shelxs97 and Shelx[97, University of Géttingen, Germany, 1997;

29.  Ahabchane, N.H., Essassi, E.M.., Lopez, L., Bellan, J., Lamande, L.: C. R. Acad. Sci. Paris, Série
1lc, Chemistry, 2003, 3, 313;

30. El Azzaoui, B., Rachid, B., Doumbia, M.L., Essassi, E.M., Gornitzka, H., Bellan, J.: Tetrahedron
Lett., 2006, 47, 8807;

31.  Attar, K., Camara, H., M. Benchidmi, M., Essassi, E.M., Garrigues, B.: C. R. Chimie, 2002, 5,
551,

32. Keita, A., Lazrak, F., Essassi, E.M., Cherif Alaoui, I., Kandri Rodi, Y., Bellan, J., M. Pierrot, M.,

Phosphorus Sulfur and Silicon, 2003, 178, 1541;

e B

St. Cerc. St. CICBIA 201213 (1) 25



ATTAR, KANDRI RODI, BENCHIDMI, HAOUDI, CAPET, ROLANDO and ESSASSI

33.  Lazrak, F., Essassi, E.M., Kandri Rodi, Y., Misbahi, K., Pierrot, M.: Phosphorus Sulfur and
Silicon, 2004, 179, 1799;

34.  Cherif Alaoui, I., Kandri Rodi, Y., El Hadrami, E.M., Haoudi, A., [jjaali, M., Obbade, S., Bellan,
J., Essassi, EIM.: J. Mar. Chim. Heterocycl., 2005, 4 (1), 40;

35.  Lazrak, F., Essassi, E.M., Kandri Rodi, Y., Bellan, J.: Scientific Study and Research — Chemistry
and Chemical Engineering, Biotechnology, Food Industry, 2007, 8 (1), 61;

36.  Cherif Alaoui, I., Kandri Rodi, Y., Keita, A., Sabir, S., Skalli, M.K., El Hadrami, E.M., Essassi,
E.M.: Phys. Chem. News, 2008, 39, 98;

37.  Spek, A.L.: JAppl.Cryst., 2003, 36, 7-13.

26 St. Cerc. St. CICBIA 201213 (1)




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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


