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Synthesis of pyrido[3',2':4,5]imidazo[1,2-a]pyridines by reductive cyclisation 
of pyridinium salts
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The reduction of N-(3-nitro-2-pyridyl)pyridinium chlorides by SnCl2 resulted in the formation of pyrido[3',2':4,5]imidazo[1,2-a]-
pyridines or N-(3-amino-2-pyridyl)-3,5-dimethylpyridinium chloride depending on the structure of the substrate.

The annealing of heterocycles with participation of the amino
group formed by the reduction of nitroarenes1 is a convenient
procedure for the synthesis of heterocyclic compounds.

Previously,2,3 we described the preparation of substituted
benzo[4,5]imidazo[1,2-a]pyridines by the reductive cyclisation
of N-(2-nitro-4-R-phenyl)pyridinium salts. This methodology
can also be used for the synthesis of other heterocyclic systems.

In the present work we extended the intramolecular amina-
tion reaction to the synthesis of pyrido[3',2':4,5]imidazo[1,2-a]-
pyridines, biologically active compounds isolated from natu-
rally occurring raw materials.4,5 These condensed heterocyclic
arenes are synthesised from inaccessible 2-aminoimidazo[1,2-a]-
pyridine.6,7

We experimentally found that, depending on the structure of
the substrate, the interaction of N-(3-nitro-2-pyridyl)pyridinium
salts 1a–d with tin(II) chloride resulted in the formation of various
substances: pyrido[3',2':4,5]imidazo[1,2-a]pyridines 2a–c, which
are the products of reductive amination of 1a–c, respectively,
and N-(3-amino-2-pyridyl)-3,5-dimethylpyridinium chloride 3,
which is the product of the reduction of 1d.† The structures of
the prepared compounds were determined by 1H NMR spectro-
scopy, mass spectrometry and elemental analysis.‡

It was found that steric hindrances have no effect on the
reductive amination process. Thus, in the reduction of N-(3-nitro-
2-pyridyl)-3-methylpyridinium chloride, intramolecular amina-
tion occurred at the α-carbon atom in the ortho position to the
methyl group. As a result, 6-methylpyrido[3',2' :4,5]imidazo-
[1,2-a]pyridine 2b was isolated from the reaction mass.

The absence of cyclisation in the case of 1d and, con-
sequently, the formation of product 3 were explained by the
presence of two strong electron-releasing substituents at the
ortho and para positions to the electrophilic reaction centre in
reduced substrate 1d. As a result of this, its reactivity towards a
nucleophile (the amino group formed in the course of reduction)
dramatically decreased.

† Solutions of compounds 1a–d (0.01 mol) in 20 ml of ethanol were
added to a solution of 0.03 mol of SnCl2·2H2O in 15 ml of 3% hydro-
chloric acid under stirring. After 10 min, the reaction mixture was
alkalised with a 25% aqueous ammonia solution to pH 7–8 and extracted
with several portions of chloroform (150 ml). After the distillation of
chloroform, the yields of compounds were 91% for 2a, 82% for 2b, 84%
for 2c and 87% for 3.

‡ The 1H NMR spectra were recorded on a Bruker DRX500 spectrometer
(500 MHz) in [2H6]DMSO using TMS as an internal standard. The mass
spectra were measured on an MX-1310 instrument. Elemental analysis
was performed on a CHN-1 analyser.

2a: mp 120–122 °C (lit.,6 130 °C). 1H NMR, d: 8.95 (d, 1H, H-9,
J 8.5 Hz), 8.51 (d, 1H, H-2, J 7.0 Hz), 8.24 (d, 1H, H-4, J 10.0 Hz),
7.65–7.75 (m, 2H, H-6 and H-7), 7.59 (m, 1H, H-3), 7.08 (t, 1H, H-8,
J 9.5 Hz). MS, m/z (%): 169 (100) [M]+, 142 (7), 78 (28), 51 (12). Found
(%): C, 70.8; H, 4.1; N, 25.0. Calc. for C10H7N3 (%): C, 71.0; H, 4.2;
N, 24.8.

2b: mp 111–113 °C (lit.,6 117 °C). 1H NMR, d: 8.59 (dd, 1H, H-9, J 8.0
and 1.5 Hz), 8.42 (d, 1H, H-2, J 7.0 Hz), 8.20 (d, 1H, H-4, J 10.0 Hz),
7.30–7.45 (m, 2H, H-3 and H-7), 6.83 (t, 1H, H-8, J 9.5 Hz), 2.61 (s,
3H, Me). MS, m/z (%): 183 (100) [M]+, 169 (8), 157 (26), 78 (31), 51
(10). Found (%): C, 71.7; H, 5.1; N, 23.3. Calc. for C11H9N3 (%): C,
72.1; H, 4.9; N, 23.0.

2c: mp 135–137 °C (lit.,6 148 °C). 1H NMR, d: 8.61 (d, 1H, H-9, J
7.5 Hz), 8.41 (d, 1H, H-2, J 7.0 Hz), 8.20 (d, 1H, H-4, J 9.5 Hz), 7.45
(m, 1H, H-3), 7.23 (s, 1H, H-6), 6.81 (d, 1H, H-8, J 8.0 Hz), 2.46 (s, 3H,
Me). MS, m/z (%): 184 (19) [M]+ + 1, 183 (100) [M]+, 157 (31), 78 (37),
65 (8), 51 (13). Found (%): C, 71.7; H, 5.1; N, 23.1. Calc. for C11H9N3
(%): C, 72.1; H, 4.9; N, 23.0.

3: mp 204–206 °C. 1H NMR, d: 9.05 (s, 2H, H-2 and H-6), 8.50 (s,
1H, H-4), 7.85 (d, 1H, H-6', J 6.5 Hz), 7.44–7.50 (m, 2H, H-4' and H-5'),
6.05 (s, 2H, NH2), 2.51 (s, 6H, Me). MS, m/z (%): 200 (50) [M]+, 198
(100), 184 (34), 120 (39), 108 (17), 77 (10), 36 (26). Found (%): C, 60.21;
H, 6.24; Cl, 15.39; N, 18.01. Calc. for C12H14ClN3 (%): C, 61.15; H, 5.95;
Cl, 15.07; N, 17.83.

N

N

N

R

R1

2a–c

N
N

O2N

R Cl

1a–d

N
N

H2N

Cl

3

Me

Me

1a  R = R1 = H
1b  R = 3-Me, R1 = H
1c  R = 4-Me, R1 = H
1d  R = 3-Me, R1 = 5-Me

2a  R = R1 = H
2b  R = 6-Me, R1 = H
2c  R = 7-Me, R1 = H

R1

1

23
4

5 6

1'

2'

3'
4'

5'
6'

1 2
3

456
7
8

9
10

, 2006, 16(2), 119–120



120     Mendeleev Commun. 2006

References

1 T. L. Gilchrist, Heterocyclic Chemistry, J. Wiley & Sons, New York,
1992.

2 R. S. Begunov and G. A. Ryzvanovich, Khim. Geterotsikl. Soedin., 2004,
1407 [Chem. Heterocycl. Compd. (Engl. Transl.), 2004, 40, 1224].

3 R. S. Begunov, G. A. Ryzvanovich and S. I. Firgang, Zh. Org. Khim.,
2004, 40, 1740 (Russ. J. Org. Chem., 2004, 40, 1694).

4 K. Yamaguchi, K. Shudo, T. Okamoto and T. Sigimura, Gann, 1979, 70,
849.

5 K. Yamaguchi, K. Shudo, T. Okamoto and T. Sigimura, Gann, 1980, 71,
743.

6 G. Saint-Ruf, B. Loukakou and C. N’Zouzi, J. Heterocycl. Chem., 1981,
1565.

7 G. Saint-Ruf, G. Keravis, B. Loukakou and E. Hebert, J. Heterocycl.
Chem., 1986, 425.

Received: 5th September 2005; Com. 05/2574

The English language edited by Valentin V. Makhlyarchuk, Moscow

Typeset by Sergei I. Ososkov, Moscow

Printed in the UK by Cambrian Printers, Aberystwyth

, 2006, 16(2), 119–120

Gaidar
Highlight

http://dx.doi.org/10.1007/s11178-005-0082-5


<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.00000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




