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Abstract—An efficient synthetic approach to the synthesis of ferrocenyl heterocyclic derivatives in dilute
solutions has been developed. The new compounds were characterised by means of IR, UV, and 'H NMR
spectroscopy and elemental analysis. The structure of complex I was studied by X-ray single-crystal diffraction.
The synthesized compounds have a potential of new enzyme models and molecular recognition hosts.
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A wide variety of ferrocene derivatives application
is based on their unique structural, electronic and
magnetic properties [1-6], specific electrical conduc-
tivity [7, 8], unique magnetic character [9], thermal
stability [10, 11], high nonlinear optical susceptibility
[12], and some others [13—19].

In the present study the novel ferrocenyl hetero-
cyclic compounds I-V (Scheme 1) were synthesized
starting with ferrocene and proceeding via 1,1'-
diacetylferrocene [20, 21], 1,1'-ferrocene-dicarboxylic
acid [22], 1,1'-ferrocene-di(carbonyl chloride) [23].
The latter was condenced with dihydroxyethyl aniline
in dilute media.

RESULTS AND DISCUSSION

The products I-V were stable upon storage in the
air for several months. All compounds exhibited the
anticipated [M + H]" peak in their mass spectra. The IR
spectra of compounds I-V demonstrated bands of I-V
(C=0) vibrations in the range 1717-1730 cm ', which
was lower than in typical esters because of formation
of the strong H-bond.

The complex I crystallized in triclinic form, space
group P1 (Fig. 1). The dihedral angle between Cp rings

! The text was submitted by the authors in English.
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is 6.13°. The C atoms in Cp rings deviate significantly
from coplanarity. The torsion angles C—C—C—C in two
Cp rings vary within the range from —9.08° (2.66) to
—9.36° (2.66). These data exhibit that the size and the
torsional angles of cyclopentadiene diminish upon
cyclization. In the same molecule the corresponding
bonds C-O, C-C and C-N become different due to
steric and stack interactions.

The bonds lengths in compound I are following:
0>-C® 1.2277 A (0.0238), O*—C"' 1.2371 A (0.0258),
0°-C* 1.230 A (0.0246), and O'-C* 1.1435 A
(0.0287). The C—C bond lengths of C*-C*" 1.4934 A
(0.0307), C**~C*° 1.5152 A (0.0350), C°—C°® 1.4574 A
(0.0298), and C''-C'? 1.4417 A (0.0306) are shorter
than a standard C—-C single bond (1.53 A) and longer
than a double bond (1.32 A). These structural features
of complex I indicate that there is partial shift of
electrons from ferrocene to C=0O groups. In the com-
pound I the carbonyl group contacts with CH, groups
(C-H--O) next to the N atom are determined to be
2.429, 2.573, 2.429, and 2.573 A. Overall the mole-
cules form the clams-type structure with the phenyl
ring orientated likes a cap above the heterocycle.

In the crystal structure of the compound I angles of
the central tetrahedral N atom range from 114.90°
(1.70) to 123.55° (1.86). These data are close to the



SYNTHESIS AND CHARACTERIZATION OF NOVEL FERROCENYL 145

Scheme 1.
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characteristics of a regular tetrahedron. The hydroxyl
group H atom in compound I is engaged in intra-
molecular hydrogen bonding , such as weak C-H:--O
and C-H---C interactions (Fig. 2).

The aggregate is neither traditional J- nor H-type.
Its molecular structure and 3-D framework indicate
that the molecular plane is somewhat twisted due to
the additional steric interactions caused by the C=0O
group and the intermolecular H-bonds (C-H--O,
C-H--T1, C-H-N, C-H---H, and C-H---C) (Fig. 3).

The fluorescence intensity of compound V is the
weakest and its emission wavelength is blue shifted.
The electrophilic meta-Cl substituent makes a higher
contribution into the effect than other substituents. The
compounds I-IV exhibit similar spectral profiles with
a weak peak at 334 nm and a strong one at 395 nm. In
compound I the groups 3-CH;, 5-CHj,and benzenyl
form the p—m conjugate system which enhances the
fluorescence intensity. The strongest fluorescence
intensity is registered for the compound I. The com-
pound II exhibits stronger fluorescence intensity and a

Fig. 1. Asymmetric unit of the compound I with thermal ellipsoids at the 50% probability level.
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Fig. 2. Crystal structure of compound I: 3D short contacted
network formed by the C-H--O, C-H-II, C-H-+N,
C-H---H, and C-H---C interactions

smaller red shift than the compound IV which
indicates that 2-CH; and 3-CH;on the benzenyl ring
have different influence on fluorescence properties of
the whole system.

Fluorescence of the compounds is consistent with
their UV spectra. E2 band induced by n~n *transition
of ferrocenyl and benzenyl fragments is registered at
228 nm. The absorption band at ca ~270-290 nm is
induced by n—n* transition. The red shift could be
caused by the twisted intramolecular charge transfer
(TICT). Luminescent compounds composed of
complexes are of certain interest due to their potential
applications as enzyme models and molecular
recognition hosts. Therefore, in the present work, the
luminescent properties of compounds were studied in
the solid state at room temperature.

EXPERIMENTAL

Compound I was crystallized by slow diffusion of
dichloromethane and ethyl acetate solutions to give red
crystals that were studied by Bruker Smart-1000 CCD
diffractometer with graphite monochromated MoK,
radiation. The data were collected at 293 K using the
X-2H scan technique. Crystallographic data for the
structural analysis have been deposited with the
Cambridge Crystallographic Data Centre, CCDC 970586.

Synthesis of ferrocenophanes esters (general pro-
cedure). 1,10-Ferrocene-di(carbonyl chloride) (1.0 g,
3 mmol) was added dropwise over 8 h to a mixture of
the diols (3 mmol), dry DCM (800 mL), and 0.5 mL

Fig. 3. Assembling of molecules of the compound I into a
lot of “frog” 3D structure.

(6 mmol) of pyridine with stirring at room tempera-
ture. Stirring lasted for one day at room temperature
followed by refluxing for 4 h (monitored by TLC).
About 700mL of the solvent was evaporated and the
residual solution was washed with 50 mL of water
three times and dried over anhydrous MgSO,. Upon
filtration the solvent was removed to give a crude
product. Column chromatography on silica gel (petro-
leum ether : ethyl acetate : dichloromethane 8 : 2 : 1)
afforded ester ferrocenophane.

1,1'-Ferrocene-dicarboxyl-{[(3,5-dimethyl)phenyl)-
imino]di-2,1-ethanediyl} (I). Red solid (55%), mp
158-159°C. '"H NMR spectrum (CDCl3), 8, ppm: 6.49
m (1H, aromatic), 6.42 m (2H, aromatic), 4.70 m (4H,
Fc-H), 4.50 t [4H, (-O-CH,-)], 4.47 m (4H, Fc-H),
3.72 t [4H, (-N-CH,-)], 2.29 s (6H, —CH;-). IR
spectrum (KBr), v, cm ' 3408, 3096, 2920, 1735,
1698, 1592, 1465, 1385, 1283, 1209, 1154, 1050, 919,
810, 764, 682, 615, 545, 507, 485, 434. Calculated, %:
C 64.44, H 5.63. Cy4HysFeNO,. Found, %: C 64.01, H
5.10. MALDI-TOP MS m/z = 448 [M + H]".

1,1'-Ferrocene-dicarboxyl-{[(3-methylphenyl)-
imino]di-2,1-ethanediyl} (II). Red solid (45%), mp
165-166°C. '"H NMR spectrum (CDCl), 8, ppm: 7.17
m (1H, aromatic), 6.63 m (3H, aromatic), 4.70 m (4H,
Fc-H), 4.50 t [4H, (-O-CH,—)], 4.47 m (4H, Fc-H),
3.74 t [4H, (-N-CH,-)], 2.34 s [3H, (-CH3-)]. IR
spectrum (KBr), v, em 3427, 3098, 2927, 1719,
1597, 1497, 1467, 1383, 1283, 1153, 1036, 921, 834,
766, 686, 597, 544, 506, 486, 435. Calculated, %: C
6376, H 5.35. C23H23FCNO4. Found, %: C 6189, H
5.25. MALDI-TOP MS m/z = 434 [M + H]".

1,1'-Ferrocene-dicarboxyl-{[(3-chlorophenyl)-
imino|di-2,1-ethanediyl} (III). Yellow solid (38%),
mp 245-246°C. 'H NMR spectrum (CDCl;), 8, ppm:
6.80 m (2H, aromatic), 6.71 m (2H, aromatic), 4.68 m
(4H, Fc-H), 4.49 t [4H, (-O-CH,-)], 447 m (4H,
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Fc-H), 3.75 t [4H, (-N—CH,-)]. IR spectrum (KBr), v,
cm ': 3434, 3102, 2926, 1730, 1590, 1555, 1464, 1386,
1282, 1152, 1032, 980, 916, 828, 757, 674, 597, 543,
484, 431. Calculated, %: C 58.24, H 4.44. CyH,Cl:
FeNO,. Found, %: C 58.95, H 4.54. MALDI-TOP MS
m/z =454 [M + H]".

1,1'-Ferrocene-dicarboxyl-{[(2-methylphenyl)-
imino]di-2,1-ethanediyl} (IV). Yellow solid (38%),
mp 150-151°C. 'H NMR spectrum (CDCl;), 5, ppm:
7.26 m (3H, aromatic), 7.09 m (1H, aromatic), 4.81 m
(4H, Fc-H), 4.51 m (4H, Fc-H), 4.30 t [4H, (-O-CH-)],
341 t [4H, (-N-CHy-)], 2.50 s [3H, (-CH3-)]. IR
spectrum (KBr), v, cem s 3430, 3100, 2922, 1723,
1626, 1578, 1461, 1374, 1279, 1147, 1027, 917, 825,
763, 730, 604, 535, 472. Calculated, %: C 63.76, H
5.35. Cy3HpFeNO,. Found, %: C 61.89, H 5.25. MALDI-
TOP MS m/z =434 [M + H]".

1,1'-Ferrocene-dicarboxyl-{[(3-chloro-4-methyl)-
phenyl)imino]di-2,1-ethanediyl} (V). Yellow solid
(30%), mp 163—-164°C. "H NMR spectrum (CDCly), 9§,
ppm: 7.09 m (1H, aromatic), 6.83 m (1H, aromatic),
6.65 m (1H, aromatic), 4.69 m (4H, Fc-H), 4.75 t [4H,
(-O—CHy-)], 472 m (4H, Fc-H), 3.68 t [4H,
(-N—CH»-)], 2.29 s [3H, (—CH3-)]. IR spectrum (KBr),
v, em ' 3433, 3102, 2924, 1728, 1612, 1551, 1507,
1464, 1386, 1283, 1150, 918, 826, 795, 767, 665, 576,
540, 540, 483. Calculated, %: C 59.06, H 4.74. C;3Hx,CI-
FeNO,. Found, %: C 57.45, H 4.68. MALDI-TOP MS
m/z =468 [M+H]".

CONCLUSIONS

Five novel ferrocenyl heterocyclic compounds were
synthesized in very dilute media and at low
temperature to avoid polymerization. A crystal of
ferrocenyl heterocyclic compound I was produced and
studied. The novel compounds have a potential of
receptors in cation or anion recognition.

ACKNOWLEDGMENTS

This work was supported by the Natural Science
Foundation of China (grant no. 20972125) and by the
Scientific Research Fund Project of the Yu-Lin
University of Yulin (grant no. 14GK26).

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

147

REFERENCES

. Sauvage, J.-P. and Dietrich-Buchecker, C., Molecular

Catenanes, Rotaxanes and Knots, Weinheim: VCH,
1999.

Semlyen, J.A., Cyclic Polymers,
Academic Publisher, 2000.

Lehn, J.M., Supramolecular Chemistry: Concepts and
Perspectives, Weinheim: VCH, 1995, ch. 9.

Boston: Kluwer

. Batten, S.R. and Robson, R., Angew. Chem., Int. Ed.,

1998, vol. 37, p. 1460.

Subramanian, S. and Zaworotko, M., Coord. Chem.
Rev., 1994, vol. 127, p. 357.

Holliday, B.J. and Mirkin, C.A., Angew. Chem., Int. Ed.,
2001, vol. 40, p. 2022.

Pittman, C.U., Jr., Sasaki, Y., and Mukherjee, T.K.,
Chem. Lett., 1975, vol. 4, p. 383.

Tanaka, M. and Hayashi, T., Bull. Chem. Soc. Jpn.,
1993, vol. 66, p. 334.

Neuse, E.-W., Adv. Macromol. Chem., 1968, no. 1, p. 1.
Foucher, D.A. and Manners, 1., Macromol. Chem. Rapid
Commun., 1993, vol. 14, p. 63.

Nelson, J.M., Rengel, H., and Manners, 1., J. Am. Chem.
Soc., 1993, vol. 115, p. 7035.

Yamaguchi, 1., Sakano, T., Ishii, H., Osakada, K., and
Yamamoto, T., J. Organomet. Chem., 1999, no. 584,
p. 213.

Ellis-Holder, K.K., Peppers, B.P., and Kovalevsky, A.Y.,
Org. Lett., 2006, vol. 8, no. 12, p. 2511.

Alfonso, 1., Burguete, M.I., and Luis, S.V., J. Org.
Chem., 2006, vol. 71, p. 2242.

Kanazawa, H., Higuchi, M., and Yamamato, K., J. Am.
Chem. Soc., 2005, vol. 127, p. 16404.

Rathhore, R., Chebny, V.J., and Abdelwahed, S.H.,
J. Am. Chem. Soc., 2005, vol. 127, p. 8012.

Kottas, G.S., Clarke, L.I., Horinek, D., and Michl, J.,
Chem. Rev., 2005, vol. 105, p. 1281.

Hirata, O., Takeuchi, M., and Shinkai, S., Chem.
Commun., 2005, no. 30, p. 3805.

Surpateanu, G., Dron, P.I., Landy, D., Fourmentin, S.,
and Bria, M., Tetrahedron, 2008, vol. 64, p. 721.

Vogel, M., Rausch, M., and Rosenberg, H., J. Org.
Chem., 1957, vol. 22, no. 9, p. 1016.

Kealy, T.J. and Pauson, P.L., Nature, 1951, vol. 168,
p. 1039.

Benkeser, R.A., Goggon, D., and Schroll, G., J. Am.
Chem. Soc., 1954, vol. 76, no. 15, p. 4025.

Sonoda, A. and Moritani, 1., Tetrahedron Lett., 2002,
vol. 43, p. 5197.

1 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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

  /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 <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


