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The title compound, 1,4,13,22,27-pentaaza-6,9:17,20:29,32-tribenzo-10,16,33-trioxabicyclo 
[11,11,11] pentatriacontane (C33H45N5O3), is synthesized by [1+1] tripodal condensation of tri-
aldehyde (4,4�,4�-triformyl-triphenoxytriethylamine) with tris(2-aminoethyl)amine (tren) in the 
presence of La(NO3)3 �6H2O as a template, followed by reduction with KBH4. There are six 
unique molecules in the unit. The molecule has a threefold symmetry axis passing through the 
bridgehead nitrogen atoms in the structure. As a result, only one strand of the cryptand mole-
cule is present in the asymmetric unit. The structure presents an endo-endo conformation, with 
the distance between the two bridgehead nitrogen atoms of 10.030(8) Å. 
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The design and synthesis of macrocyclic compounds as complexing agents for transition metal 

ions and as hosts for organic/inorganic cations, anions, and neutral molecules are subjects of conside-
rable current interest [ 1—9 ]. The Schiff base and their relative reduced polyaza cryptands have been 
synthesized by facile routes of [2+3], [1+1] or [2+2] tripodal condensation of trialdehydes, dialde-
hydes with tris(2-aminoethyl)amine (tren), tris(3-aminopropyl)amine (trpn) or a diamine [ 10—12 ]. 

Our research team and other researchers have been involved in synthesizing heteroditopic 
cryptands through [1+1] Schiff-base condensation of tripodal triamines with tripodal trialdehydes and  
 

reduction with KBH4 in or no presence of metal ions 
as templates for cyclization [ 13, 1a ]. Herein we re-
port the molecular and crystal structure of N5O3 
cryptand, 1,4,13,22,27-pentaaza-6,9:17,20:29,32-
tribenzo-10,16,33-trioxabicyclo [11,11,11] pentatri-
acontane prepared by [1+1] tripodal condensation of 
trialdehyde (4,4�,4�-triformyl-triphenoxytriethylami-
ne) with tris(2-aminoethyl)amine (tren) in the pres-
ence of La(NO3)3 �6H2O as a template for cyclization, 
followed by reduction with KBH4. 

The compound crystallizes in a hexagonal space 
group R3c. A perspective view of the molecule 
showing the atom numbering scheme is given in 
Fig. 1, while the crystal data are collected in Table 1.  
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Fig. 1. A view of the title compound showing the 
atom labeling scheme with 30 % probability dis-
placement ellipsoids. H atoms have been omitted 
                                  for clarity 
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T a b l e  1  

Selected geometric parameters of the compound 

Formula C33H45N5O3 
Formula weight 559.74 
Crystal system Hexagonal 
Crystal size, mm 0.35�0.25�0.21 
Space group R3c 
a, b, c, Å 13.4796(19),  13.4796(19),  29.412(6) 
�, �, �, deg. 90,  90,  120 
V, Å3;  Z 4628.2(13);  6 
Dcalc, g/cm3 1.205 
	, mm–1 0.078 
F (000) 1812 
No. R f l. unique / observed 1187 / 958 
R / wR 0.0544 / 0.1725 
R / wR for all 0.0608 / 0.1783 
GOOF 1.035 
CCDC number 1422708 

 
There are six unique molecules in the unit. The positions of the two bridgehead N atoms of L coincide 
with crystallographic threefold symmetry. As a result, only one strand of the cryptand molecule is pre-
sent in the asymmetric unit. The average C—N bond length is 1.455 Å which is almost identical to that 
reported in an isomeric structure (1.452 Å) [ 1a ].  

The distance between the ethereal O1 atom and the bridgehead N3 atom is 2.909(5) Å, which is in 
the range of 2.860(5)—2.919(7) Å reported for the aforementioned structure [ 1a ]. In the crystal, the 
molecule has an endo-endo conformation with the distance of 10.020(8) Å between the two bridgehead 
nitrogen atoms, through which the threefold symmetry axis passes (Fig. 1). Both 1H and 13C NMR data 
are also consistent with a 3-fold symmetry in the molecule in a chloroform solution [ 13 ]. Two atoms 
at the strand (C1 and N2) are disordered over two alternative sites with 59 % and 41 % occupancies, 
respectively. 

The structure presents no intermolecular 
—
 interactions but two 
-ring (X—H…Cg) interac-
tions between two hydrogen atoms at two carbon atoms (C2 and C8) of the strand of the compound 
and one adjacent aryl ring constituted by C4—C5—C6—C7—C8—C9 with the atom-centroid dis-
tances (X…Cg) of 3.716 Å and 3.511(5) Å and the angles (X—H…Cg) of 149� and 130�, respectively. 
No classic hydrogen bond is present in the structure and unit cell contains no voids accessible for a 
residual solvent (Fig. 2).  

Experimental. X-ray crystal structure determination. A single crystal of the compound was 
mounted on a glass fibre. Intensity data were collected using a Rigaku R-AXIS RAPID Weissenberg 
IP diffractometer with graphite monochromated MoK� (� = 0.71073) radiation by using the  scan 
mode at room temperature. Data reduction was made. The � empirical absorption corrections were 
carried out [ 14 ]. Structures were solved by direct methods by using the SHELXS-97 package [ 15 ] 
and refined with SHELXL-97 [ 16 ]. The atomic positions of one methylene group (C1), and of N2 
atom of the same strand of the compound, were disordered over two orientations and were refined fol-
lowing PART instruction. The occupancies of the two components on each atom were refined to a ra-
tio of 59 % and 41 %. In spite of this, the carbon and nitrogen atoms had to be refined isotropically. 
The positions of the hydrogen atoms bonded to the disordered carbon atoms were inserted in the calcu-
lated positions by using the PART instructions in SHELXL and treated as riding atoms. The remaining 
hydrogen atoms were inserted in the calculated positions. Least squares refinement with anisotropic 
thermal motion parameters for all the non-hydrogen atoms, and isotropic refinement for the remaining  
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Fig. 2. An arbitrary view of the crystal packing 
 

atoms were employed. CCDC 1422708 contains the supplementary crystallographic data of this paper. 
The data can be obtained free of charge from the Cambridge Crystallographic Data Centre via 
w.ccdc.cam.ac.uk/data_request/cif. Crystal data are reported in Table 1.  

Synthesis. The compound was prepared according to the reported procedure [ 13 ] by [1+1] 
Schiff-base condensation of tris(2-aminoethyl)amine (tren) with 4,4�,4�-triformyl-triphenoxytriethyl-
amine (trialdehyde) in the presence of La(NO3)3 �6H2O as a template and reduction with KBH4. Slow 
evaporation of a dichloromethane solution of the title compound led to the formation of colorless crys-
tals suitable for X-ray characterization.  

 
The authors are grateful for the financial support from the Science Foundation of China 
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REFERENCES 

1. (a) Arunachalam M., Suresh E., Ghosh P. // Tetrahedron Lett. – 2007. – 48. – P. 2909 – 2913; (b) Chand D.K., 
Bharadwaj P.K. // Inorg. Chem. – 1996. – 35. – P. 3380 – 3387.  

2. Kang S.-G., Ryu K., Suh M.P., Jeong J.H. // Inorg. Chem. – 1997. – 36. – P. 2478 – 2481.  
3. Ma Z., Shi H., Deng X., Guedes da Silva M.F.C., Martins L.M.D.R.S., Pombeiro A.J.L. // Dalton Trans.  

– 2015. – 44. – P. 1388 – 1396.  
4. Chaux F., Denat F., Espinosa E., Guilard R. // Chem. Commun. – 2006. – P. 5054 – 5056.  
5. Fox O.D., Rolls T.D., Drew M.G.B., Beer P.D. // Chem. Commun. – 2001. – P. 1632 – 1633.  
6. (a) Ghosh S.K., Bharadwaj P.K. // Angew. Chem. Int. Ed. – 2004. – 43. – P. 3577 – 3580; (b) Ghosh P., 

Gupta S.S., Bharadwaj P.K. // J. Chem. Soc. Dalton Trans. – 1997. – P. 935 – 938.  
7. Hisaki I., Sasaki S., Hirose K., Tobe Y. // Eur. J. Org. Chem. – 2007. – P. 607 – 615.  
8. Ravikumar I., Suresh E., Ghosh P. // Inorg. Chem. – 2006. – 45. – P. 10046 – 10048.  
9. Ray D., Bharadwaj P.K. // Eur. J. Inorg. Chem. – 2006. – P. 1771 – 1776.  

10. Ma Z., Liu S. // J. Coord. Chem. – 2003. – 56. – P. 655 – 659.  
11. Ma Z., Cao R. // J. Molecular Struct. – 2005. – 738. – P. 137 – 142.  
12. Das G., Tripathi P., Tripathi A., Bharadwaj P.K. // Tetrahedron. – 2000. – 56. – P. 1501 – 1504.  
13. Ma Z., Yang R.D., Yan L. // Chinese Chem. Lett. – 1999. – 10. – P. 995 – 999.  
14. North A.C.T., Phillips D.C., Mathews F.S. // Acta Crystallogr. – 1968. – A 24. – P. 321.  
15. Sheldrick G.M. // Acta Cryst. Sec. A. – 1990. – 46. – P. 467.  
16. Sheldrick G.M. // Acta Cryst. Sec. A. – 2008. – 64. – P. 112.  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /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 /UseDeviceIndependentColor
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Magazine Advertisement Color)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
    /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 /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 [612.000 792.000]
>> setpagedevice


