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ABSTRACT. A modified synthetic approach to the synthesis of heterocyclic food mutagens, 2-amino-1-methyl-6-phenylimi-

dazo[4,5-b]pyridine (PHIP) and 2-amino-1,6-dimethylimidazo[4,5-b]pyridine (DMIP) is reported. This route highlights an optimized

palladium catalysed Buchwald cross-coupling of 2-halo-1-methyl-imidazo[4,5-b]pyridine with benzophenoneimine followed

by acidic hydrolysis to yield compound 7. Using finely tailored conditions, Suzuki cross-coupling reactions with highly efficient cat-

alytic systems were performed as the final step on 8 to introduce the aryl group and methyl group on the heterocyclic core.
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INTRODUCTION

Imidazo pyridine derived structures are an important

class of heterocycles that have been widely studied for

biological activity.1 They can be considered as structural

analogs of purines and are of potential medicinal rele-

vance.2 These data stimulated our studies towards synthesis

and medicinal chemistry applications3−5 of this heterocyclic

core.6−9

A series of mutagenic and carcinogenic heterocyclic

amines has been identified from cooked meat and fish.

Most abundant of these heterocyclic amine is 2-amino-1-

methyl-6-phenyl imidazo[4,5-b]pyridine10 and 2-amino-

1,6-dimethylimidazo[4,5-b]pyridine. These amines are believed

to form covalent DNA adducts11 resulting in genetic muta-

tions in animal and human models and is suspected to be

responsible for various types of cancer such as prostate,

breast and colon on humans. Hence, chemical standards of

these mutagens needs to be made for biological assays to

assess the risk associated with their consumption.

Nowadays, microwave assisted organic synthesis (MAOS)12

plays a key role in drug development. One of the most

widely studied reactions in microwave reactors is Palla-

dium- catalysed reactions which usually takes hours and

days to for completion. Rapid lead generation and opti-

mization has recently been facilitated by the emergence of

MAOS12 and the technique is today one of the major tool

for the medicinal chemist. MAOS can facilitate the discov-

ery of new reactions and reduce cycle time in optimization of

reactions. In addition, it serves to expand the chemical space

in compound library synthesis.

RESULTS AND DISCUSSION

As a part of our ongoing research on Imidazo[4,5-

b]pyridine based structures,8 we were interested in devel-

oping an expedient and flexible synthesis of PHIP and

DMIP, that would be useful in making isotope labelled

and metabolites of 9 and 10. Different approaches for the

synthesis of these potential food mutagens are available in

literature.13−16 In this paper we report an alternative approach

to the synthesis of these amines. Our method relies upon

the synthesis of 2-halo-1-methyl-imidazo[4,5-b]pyridine

derivative, 6 as outlined in Scheme 1, which provides an

easy handle for incorporating various functionalities at the

second position of this heterocyclic core. This halo inter-

mediate was efficiently synthesized starting from 3-amino-2-

nitro pyridine. The first step involves the diazotisation

reaction of 1 to yield the fluoro intermediate in 65% yield,

which was displaced by methyl amine in THF at RT to get

compound 3. Compound 3 was reduced by Fe/AcOH to

yield the diamine derivative which was treated with formic

acid and trimethylorthoformate to access the Imidazo[4,5-

b]pyridine core 5.

Metallation reactions of 5 with different bases (n-BuLi,

t-BuLi, LDA) were explored to find an optimum condi-
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tion for the synthesis of the halo intermediate 6. The chloro

intermediate was synthesized according to the procedure

mentioned in reference 8. Tertiary butyl lithium was found

to be a better choice of base to yield compound 6 in high

yields. With n-BuLi we observed n-Butylated product as a

competing side product along with the required product.

Once the halo intermediate 6 is synthesized, it could be

used as an effective handle for preparing novel analogs

based on the core structure which can lead to much more

diverse molecules which are prone to have potential bio-

logical importance.

The use of benzophenone imine as nucleophilic cross-

coupling partner17 in the Buchwald cross-coupling reac-

tions aryl/heteroaryl halides with subsequent hydrolysis

of the resultant imine permits the conversion of aryl/het-

eroaryl halides to their corresponding amine derivatives.

Though many other ammonia equivalents18,19 have been

used to attain this goal, however, benzophenone imine

remains the widely employed reagent in the presence of

range of functional groups, with aryl/heteroaryl halides.

In this paper we report the use of benzophenoneimine as

the masking amine source for the synthesis of potential

food mutagens PHIP and DMIP. 

Palladium catalysed Buchwald cross-coupling reactions

were employed on the halo intermediate, (6a, and 6b) with

benzophenoneimine followed by treating the crude reac-

tion mixture in THF with HCl to get compound 7. Dif-

ferent palladium catalysts and ligands combinations were

tried on this system to find an appropriate catalyst that

would enhance the coupling (Table 1). Table 2 shows the

different bases that were explored in order to find an effec-

tive base that would enhance the coupling yield. From the

table it is clear that K3PO4 was found to be an effective

base among all the bases explored. Surprisingly, Pd2(dba)3/

RuPhos was found to give better conversions to product

compared to other catalytic systems. A major problem

encountered during this coupling reaction was the deha-

logenation. It has been shown that increasing the catalytic

activity of the palladium catalyst employed by using ligands

which are sterically demanding and electronically rich,

Scheme 1. Synthesis of Bromo intermediate.

Table 1. Effect of catalyst on the Buchwald couplinga of 6a and 6b
with benzophenoneimine

Entry Catalyst/Ligand %Yield of 7b

1 Pd2(dba)3/PPh3 Traces

2 Pd2(dba)3/Xanthphos Traces

3 Pd2(dba)3/X-Phos 25

4 Pd2(dba)3/S-Phos 45 (35)c

5 Pd2(dba)3/RuPhos 60 (52)c

aReaction conditions: 6a (0.5 mmol), benzophenoneimine (0.9 mmol),

K3PO4 (3 mmol), Pd catalyst (5 mol%), Ligand (10 mol%), Dioxan,

120 oC microwave. After completion of the reaction as indicated

by TLC, HCl was added to the reaction mixture and stirred at RT

overnight. bYields correspond to isolated yields of 7. c6b was used

as the halo intermediate instead of 6a.

Table 2. Effect of base on the Buchwald couplinga of 6a and 6b
with benzophenoneimine

Entry Base %Yield of 7b

1 KOAc Traces

2 Na2CO3 Traces

3 K2CO3 25

4 K3PO4 42 (35)c

5 K3PO4 65 (55)c

aReaction conditions: 6 (0.5 mmol), benzophenoneimine (0.9

mmol), K3PO4 (3 mmol), Pd2(dba)3 catalyst (5 mol %), RuPhos

(10 mol %), Dioxan, 120 oC microwave. After completion of the

reaction as indicated by TLC, HCl was added to the reaction mix-

ture and stirred at RT overnight. bYields correspond to isolated

yields of 7. c6b was used as the halo intermediate instead of 6a.
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facilitates the coupling. Thus using Pd2(dba)3/Ru-Phos com-

bination we could get 50% yield over two steps to yield the

compound 7. Both the halo intermediates (Br, Cl) were found

to be effective under Buchwald conditions and yielded the

amine intermediate in reasonable yields, Table 1. The use

of the weak base K3PO4 provides excellent functional

group tolerance and was found to be superior in enhancing

the yield. Bromination of 7 using Bromine/AcOH yielded

the compound 8 in excellent yields. Finally, Suzuki cou-

pling was employed on compound 8 to access the title

compounds PHIP and DMIP. In the synthesis of DMIP,

Scheme 3, we found that adding water to the reaction mixture

as employed for the synthesis of PHIP, Scheme 2, yielded

less product formation and hence non-aqueous conditions

were employed for Suzuki coupling. Under these finely tai-

lored conditions, Trimethyl boroxine was found to be more

effective cross-coupling reagent compared to methyl boronic

acid. Incomplete conversions and use of excess methyl

boronic acids to drive the reactions to reasonable conver-

sions were required when compared to trimethylboroxine.

The use of trimethylboroxine in this cross-coupling reaction

was instrumental in the synthesis of DMIP. Table 3 shows

the effect of base in the Suzuki coupling reaction of 8 with

Trimethyl boroxine. The use of highly efficient catalytic

systems was required due to the possibility of catalyst

deactivation that can be encountered while using hetero

aromatic substrates as the cross-coupling partners, Table 4.

Both P(tBu)3 and PCy3 were found to be effective ligands

along with Pd2(dba)3 for the Suzuki cross-coupling reac-

tions of 8 with trimethylboroxine. The use of S-Phos as a

choice of ligand under aqueous conditions was required for

better conversions of Suzuki coupled product, as the reac-

tion under non aqueous conditions using phenyl boronic

acid showed only traces of product formation. Since com-

pounds 9 and 10 are known mutagens and suspected car-

cinogens, direct contact should be avoided.

The efficiency with which the catalytically active, monoli-

gated Pd(0) complex is formed before entering the catalytic

cycle is the deciding factor in the selection of reaction pro-

tocol for palladium catalyzed amination reactions. If a Pd(II)

salt such as Pd(OAC)2 is used, reduction of Pd(II) to Pd(0)

must occur before the cross-coupling reaction can take place.

The need for reduction step to form Pd(0) can be avoided

by using a stable Pd(0) complex as the Pd source. In many

Scheme 2. Synthesis of DMIP.

Scheme 3. Synthesis of PHIP.

Table 3. Effect of base on the Suzuki couplinga of 8 with Trimethyl
boroxine

Entry Base %Yield of 10b

1 KOAc NR

2 Na2CO3 NR

3 K2CO3 57

4 Cs2CO3 62
aReaction conditions: 8 (1 equiv), Trimethyl boroxine (1.3 equiv),

Base (3 equiv), Pd2(dba)3 catalyst (5 mol %), P(tBu)3 (10 mol %),

Dioxan, 120 oC microwave. 

Table 4. Effect of catalytic system on the Suzuki couplinga of 8
with Trimethyl boroxine

Entry Catalyst %Yield of 10b

1 Pd2(dba)3 NR

2 Pd2(dba)3/PPh3 25

3 Pd2(dba)3/PCy3 57

4 Pd2(dba)3/P(tBu)3 54
aReaction conditions: 8 (1 equiv), Trimethyl boroxine (1.3 equiv),

Base (3 equiv), Pd2(dba)3 catalyst (5 mol %), Ligand (10 mol %),

Dioxan, 120 oC microwave. 

Scheme 4. Structures of the ligands used for screening the Buch-
wald reaction.
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cases, Pd2(dba)3 was found to be suitable and effective

palladium source in conjunction with dialkylbiaryl phos-

phines for Buchwald cross-coupling reactions and in our

Buchwald reaction protocol we can see that Pd2(dba)3

along with RuPhos followed by acid hydrolysis provided

better conversions to 7 (Table 1). The most important

advantages of this route to access these title compounds

are safer reaction conditions compared to the other routes

employed in the previous literature. Moreover, the con-

version of 5 to 7 required higher temperatures and pressures in

bomb calorimeter in previously reported methods. Here we

employ a much safer and environmentally friendly method

to access compound 7.

CONCLUSION

We have reported a new route to the synthesis of poten-

tial food mutagen, PHIP and DMIP (compounds 9 and

10). This route involves metallation reaction on 5 to yield

compound 6, which can be used as efficient intermediate

for further derivatzation to yield novel analogs. Also opti-

mised palladium catalysed Buchwald cross-coupling reaction

was employed in this synthetic route which can be useful in

synthesizing novel N-arylated Imidazo[4,5-b]pyridines.

Acknowledgments. The authors are thankful to organic

chemistry division, School of Chemical Science department,

Kannur University and the Head of chemistry department,

Professor Gopalan, Govt. College Kasargod for providing

facilities and good support for research work. And the

publication cost of this paper was supported by the Korean

Chemical Society.

REFERENCES

 1. Aridoss, G.; Balasubramaniam, S.; Parthiban, P.; Kabilan,

S. Eur. J. Med. Chem. 2006, 41, 268 and references therein.

 2. Youssef, A. F.; E1-Gendy, M. A.; Aboutaleb, N. A. E.;

Ahmed, S. H. Egypt. J. Pharm. Sci. 1982, 23, 131.

 3. Cristalli, G.; Vittori, S.; Eleuteri, A.; Volpini, R.; Vamaioni,

E.; Lupidi, G.; Mohmoud, N.; Bevilacqua, F.; Palu, G. J.

Med. Chem. 1995, 38, 4019.

 4. Temple, C.; Rose, J. D.; Combu, R. N.; Rener, G. A. J.

Med. Chem. 1987, 30, 1746.

 5. Temple, C. J. Med. Chem. 1990, 33, 656. 

 6. Bukowski, L.; Janowiec, M. Pharmazie 1989, 44, 267.

 7. Itoh, T.; Mase, T. Tetrahedron Lett. 2005, 46, 3573.

 8. Sajith, A. M.; Muralidharan, A. Tetrahedron Lett. 2012, 53,

1036.

 9. Doucet, H.; Hierso, J. Angew. Chem., Int. Ed. 2007, 46,

834.

10. Felton, J. S.; Knize, M. G.; Shen, N. H.; Lewis, I. R.;

Anderson, B. D.; Happe, J.; Hatch, F. T. Carcinogenesis

1986, 7, 1081.

11. Buonarati, N. H.; Tucker, J. V.; Minkler, J. L.; Wu, R. W.;

Thompson, L. H.; Felton, J. S. Mutagenesis 1991, 6, 253−

259.

12. Some recent reactions facilitated by microwave irradia-

tions. Synthesis of heterocycles: Triazoles: (a) Bentiss, F.;

Lagrenee, M.; Barby, D. Tetrahedron Lett. 2000, 41, 1539.

Thiazoquinazolines: (b) Besson, T.; Guil-lard, J.; Rees, C.

W. Tetrahedron Lett. 2000, 41, 1027. Quinolines: (c) Ranu, B.

C.; Hajra, A.; Jana, U. C. Tetrahedron Lett. 2000, 41, 5891.

13. Knize, M. G.; Felton, J. S. Heterocycles 1986, 24, 1815−

1819.

14. Fabio, S. B.; Tullio, C. Tetrahedron Lett. 1997, 38, 7793−

7796.

15. Christopher, J. C.; James, E. B.; Mary, J. T. ARKIVOC

2002, 90−96.

16. Tominari, C.; Akiko, T.; Haruyuki, Y.; Kenichi, H.; Eii-

chi, S.; SatoshI, H. J. Org. Chem. 1993, 58, 7952−7954.

17. Wolfe, J. P.; Ahman, J.; Sadighi, J. P.; Singer, R. A.;

Buchwald, S. L. Tetrahedron Lett. 1997, 38, 6367−6370.

18. Lee, S.; Jorgensen, M.; Hartwig, J. F. Org. Lett. 2001, 3,

2729−2732.

19. Huang, X. H.; Buchwald, S. L. Org. Lett. 2001, 3, 3417−

3419.



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /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 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


