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ABSTRACT: An efficient method is described for the solid-supported synthesis of imidazo[4,5‑b]pyridines and
imidazo[4,5‑c]pyridines from 2,4-dichloro-3-nitropyridine. The key pyridine building block was reacted with polymer-supported
amines, followed by replacement of the second chlorine with amines, nitro group reduction, and imidazole ring closure with
aldehydes. Depending on the combination of polymer-supported and solution-phase reagents, the strategy allowed for the simple
preparation of the target trisubstituted derivatives with variable positioning of the pyridine nitrogen atom. Additionally, after a
slight modification of the method, the preparation of strictly isomeric imidazopyridines was possible.

KEYWORDS: solid-phase synthesis, imidazo[4,5-b]pyridines, imidazo[4,5-c]pyridines, 1-deazapurines, 3-deazapurines,
2,4-dichloronitropyridine

■ INTRODUCTION

Compounds based on the imidazopyridine scaffold represent a
large group of condensed nitrogenous heterocycles. Depending
on the mutual location of the pyridine and imidazole scaffold
and the resulting tautomery, different classes of imidazo-
pyridines have been described (Figure 1).
Within the entire group of imidazopyridine derivatives, 1H-

imidazo[4,5‑c]pyridines (referred to as 3-deaza-9H-purines)
and 1H-imidazo[4,5‑b]pyridines (referred to as 1-deaza-9H-
purines) represent the privileged structures in medicinal
chemistry due to their isostericity with the 9H-purine scaffold.
Both groups of compounds have been intensively studied, and
various pharmacological properties have been observed. For
instance, derivatives of imidazo[4,5‑c]pyridines were identified
as potent anti-HCV agents,1 A2A adenosine receptor
antagonists,2 and protein kinase B inhibitors;3 also inhibition
of AKT kinase4 and fungicidal,5 antitumor,6 and anti-
hypertensive7 activities were observed. Similarly, imidazo-
[4,5‑b]pyridines exhibit a wide range of biological properties,
such as anticancer,6 antimalarial,8 antifungal,9 antiviral,10

anticonvulsant, and anxiolytic effects11 (Figure 2).
Decoration of the deazapurine scaffold with different

substituents and variation of the nitrogen atom positions
strongly influence the resulting biological properties.12,13 A

typical example is sulmazole, an imidazo[4,5‑b]pyridine-based
cardiotonic agent. Sulmazole exhibits a high ionotropic effect,
whereas its isomeric imidazo[4,5‑c]pyridine analogue isomazole
is inactive (Figure 3).14

Considering this dependence on the nitrogen atom location,
we developed a high-throughput synthetic strategy that
prepares either 1-deazapurines or 3-deazapurines bearing
diverse substituents in different positions. With respect to the
large number of available building blocks (various primary and
secondary amines and aldehydes), we focused on the
application of polymer-supported chemistry. This technique
has been reported to be powerful tool for the simple
preparation of chemical libraries using the combinatorial
chemistry concept.15,16 The elaborated approach (Scheme 1)
was inspired by the previously reported routes of solid-phase
synthesis for purines starting from immobilized amines and
dihalogenpyrimidines.17−20 In the present study, although the
same key building block (2,4-dichloro-3-nitropyridine) is used
for routes A and B, different amino compounds (primary or
secondary) added via different methods (polymer-supported or
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solution-phase) direct the positioning of the pyridine nitrogen
atom, thus yielding different deazapurines.

■ RESULTS AND DISCUSSION

Various starting amino compounds (Scheme 2) were
immobilized using three common polystyrene-based resins
with suitable acid-labile linkers: Wang resin,21 Rink amide
resin,22 and aminomethyl resin equipped with a BAL linker (4-
(4-formyl-3-methoxyphenoxy)butanoic acid).23 Wang resin was

Figure 1. Family of imidazopyridines.

Figure 2. Selected representatives of biologically active compounds bearing the target imidazopyridine scaffold.

Figure 3. Example of the structure−activity dependence based on the
location of the pyridine nitrogen atom.

Scheme 1. Retrosynthetic Suggested Strategy for the Preparation of the Target Imidazo[4,5-b]pyridines and Imidazo[4,5-
c]pyridines
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used to attach either suitably protected amino alcohols (such as
2-(Fmoc-amino)ethanol, resin 1a) via an ether bond,24 leading
to final compounds with terminal hydroxy groups, or Fmoc-
amino acids (such as Fmoc-β-Ala-OH, resin 1b) via an ester

bond, leading to final compounds with a terminal carboxylic
group. The latter alternative was not applicable for α-amino
acids due to an intramolecular aminolysis of ester bond leading
to release of quinoxalinone derivative by cyclative cleavage

Scheme 2. Strategies and Methods for the Preparation of Immobilized Aminesa

aReagents and conditions: (i) trichloroacetonitrile, DBU, DCM, 2 h, rt, then 2-(Fmoc-amino)ethanol, BF3·Et2O, THF 1 h, rt; (ii) 20% piperidine in
DMF, 20 min, rt; (iii) Fmoc-amino acid, HOBt, DIC, DMAP, DMF, DCM, rt, overnight; (iv) Fmoc-amino acid, HOBt, DIC, DMF, DCM, rt,
overnight; (v) amine, 10% AcOH/DMF, rt, overnight, then NaBH(OAc)3, 4 h, rt.

Scheme 3. Solid-Phase Synthesis of 3-Deazapurine Derivativesa

aReagents and conditions: (i) 2,4-dichloro-3-nitropyridine, EDIPA, DMSO, rt, overnight; (ii) 10% secondary amine in DMSO, rt, overnight; (iii)
Na2S2O4, K2CO3, TBAHS, DCM/H2O, rt, overnight; (iv) aldehyde, DMSO, 80 °C, overnight; (v) 50% TFA in DCM, rt, 1 h. For identification of
R1,3−5, see Table 1.

Figure 4. HPLC-UV chromatogram of the crude mixture of 6m (tR = 1.79 min) and its isomeric side product (tR = 2.12 min).
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(Scheme 3, intermediates 4, R1 = −OCOCH(CH3)−).
25 In

contrast, a Rink amide resin, resulting in a more stable
connection via an amide bond, was successfully used for α-
amino acids; this was tested with Fmoc-Ala-OH (resin 1d, final
product 6j). A similar attachment was also tested for β-amino
acids (Fmoc-β-Ala-OH, resin 1e). Further, the Rink amide resin
1c was directly used for arylation with 2,4-dichloro-3-nitro-
pyridine. To obtain resin-bound secondary amines, an amino-
methyl polystyrene-based resin equipped with a BAL linker was
used to immobilize various primary amines by reductive
amination (resin 1f).
Preparation of Imidazo[4,5-c]pyridines (3-Deazapur-

ines). The synthetic pathway for 3-deazapurine isomers is
depicted in Scheme 3. To test the applicability of this general
method for preparation of the imidazo[4,5‑c]pyridine scaffold,
resin 1b was used.

Resin 1b was arylated with a 0.5 M solution of 2,4-dichloro-
3-nitropyridine in the presence of N-ethyldiisopropylamine
(EDIPA) in dimethyl sulfoxide (DMSO). The reaction was not
completely regioselective, and two isomers were detected in an
approximately 8.5 (substitution in position 4)-to-1.5 (sub-
stitution in position 2) ratio, calculated from LC-UV
chromatograms. The same results were observed for polymer-
supported primary amines 1a, 1c, 1d, and 1e and resin-bound
secondary amines (resin 1f). Subsequently, the chlorine atom
of intermediate 2 was substituted with piperidine. The reaction
was conducted using a 10% solution of a secondary amine in
DMSO overnight at room temperature. In the next step, the
nitro group was reduced by sodium dithionate in the presence
of potassium carbonate and tetrabutylammonium hydrogen-
sulfate, as described previously.26 The last step on solid support
was the cyclization reaction of intermediate 4 with aldehyde.
Benzaldehyde was used as the model building block. Under

Table 1. List of the Prepared Imidazo[4,5-c]pyridines (3-Deazapurines) from Scheme 3

compd starting resin/R1 amine to give R3R4 R5 puritya (%)/yieldb (%)

6a 1e/(CH2)2CONH2 piperidine C6H5 73/48
6b 1e/(CH2)2CONH2 morpholine C6H5 64/59
6c 1e/(CH2)2CONH2 dipropylamine C6H5 61/45
6d 1e/(CH2)2CONH2 pyrrolidine C6H5 40/20
6e 1e/(CH2)2CONH2 diethanolamine C6H5 66/50
6f 1e/(CH2)2CONH2 piperidine 4-(CH3O)C6H5 64/31
6g 1e/(CH2)2CONH2 piperidine furan-2-yl 70/50
6h 1e/(CH2)2CONH2 piperidine 4-(NO2)C6H5 67/56
6i 1e/(CH2)2CONH2 piperidine CH3 61/30
6j 1d/(CH)CH3CONH2 piperidine C6H5 49/39
6k 1c/− piperidine C6H5 66/57
6l 1a/(CH2)2OH piperidine C6H5 60/53
6m 1b/(CH2)2COOH piperidine C6H5 80/71
6n 1b/(CH2)2COOH morpholine 4-(NO2)C6H5 70/68

aCrude purity after the reaction sequence according to integrated HPLC-UV chromatograms. bOverall yield after all reaction steps and HPLC
purification.

Scheme 4. Solid-Phase Synthesis of 1-Deazapurine Derivativesa

aReagents and conditions: (i) primary amine, DMSO, rt, overnight; (ii) Na2S2O4, K2CO3, TBAHS, DCM/H2O, rt, overnight; (iii) aldehyde, DMSO,
80 °C, overnight; (iv) 50% TFA in DCM, rt, 1 h. For identification of R3,5, see Table 2.

Table 2. List of the Prepared Imidazo[4,5-b]pyridines 10 from Scheme 4

compd starting resin R3 R5 puritya (%)/yieldb (%)

10a 1c pentyl C6H5 77/71
10b 1c N-(2-(piperidin-1-yl)ethyl) C6H5 72/60
10c 1c hydroxypropyl C6H5 61/39
10d 1c cyclopentyl C6H5 52/55
10e 1c 2-(thiophen-2-yl)ethyl C6H5 60/51
10f 1c pentyl CH3 65/28
10g 1c pentyl 4-(MeO)C6H5 66/33
10h 1c pentyl furan-2-yl 60/30
10i 1c pentyl 4-(NO2)C6H5 78/46

aCrude purity after the reaction sequence according to integrated HPLC-UV chromatograms. bOverall yields after all reaction steps and HPLC
purification.

ACS Combinatorial Science Research Article

dx.doi.org/10.1021/co500090t | ACS Comb. Sci. 2014, 16, 558−565561



mild conditions (0.2 M benzaldehyde in dichloromethane
(DCM) or N,N-dimethylformamide (DMF) at room temper-
ature), the reaction was not completed, and unreacted starting
material was observed. In addition, the target product was

accompanied by a compound with a molecular weight 2 units
higher. This molecular weight corresponds to either dihydro-3-
deazapurine27 or the corresponding Schiff’s base intermediate.
To obtain the imidazopyridine product, we tested different
temperatures, aldehyde concentrations, and solvents. Complete
conversion and 80% crude purity (LC-UV spectra) of the
product 6m were observed after the reaction with 0.5 M
benzaldehyde in DMSO at 80 °C for 16 h. The LC-UV-MS
data of the crude product 6m indicated the presence of the
alternative imidazopyridine isomer formed by non-regio-
selective arylation with 2,4-dichloro-3-nitropyridine (caused
by minor nucleophilic substitution in position 4 instead of
position 2, see Figure 4). Both compounds were isolated with
semipreparative reverse-phase HPLC and fully characterized,
although the side product was obtained in very low yield. The
overall yield of 6m after purification was 71%.
To evaluate the limitation and scope of the synthetic route

for the preparation of diverse imidazo[4,5‑c]pyridines, we
subsequently tested different polymer-supported primary
amines (resins 1a, 1b, 1c, and 1d), various secondary amines

Scheme 5. Strategy for the Preparation of Strictly Isomeric Imidazo[4,5-b]pyridines and Imidazo[4,5-c]pyridinesa

aReagents and conditions: (i) n-pentylamine, EDIPA, DMSO, rt, overnight; (ii) EDIPA, 70 °C, overnight; (iii) Na2S2O4, K2CO3, TBAHS, DCM/
H2O, rt, overnight; (iv) aldehyde, DMSO, 80 °C, overnight; (v) 50% TFA in DCM, rt, 1 h.; (vi) 2,4-dichloro-3-nitropyridine, EDIPA, DMSO, rt,
overnight; (vii) n-pentylamine, DMSO, 80 °C, overnight. For identification of R2,5, see Table 3.

Table 3. List of Isomeric 1- and 3-Deazapurines from
Scheme 5

compd
starting
resin R2 R5

puritya (%)/
yieldb (%)

10j 1f −(CH2)3OH C6H5 66/36
13a 1f −(CH2)3OH C6H5 74/65
10k 1f −(CH2)2CH3 C6H5 80/51
13b 1f −(CH2)2CH3 C6H5 66/12
10l 1f −(CH2)C6H5 C6H5 75/64
13c 1f −(CH2)C6H5 C6H5 63/61
10m 1f 2-(thiophen-2-yl)ethyl C6H5 80/32
13d 1f 2-(thiophen-2-yl)ethyl C6H5 68/26

aCrude purity after the reaction sequence according to integrated
HPLC-UV chromatograms. bOverall yield after all reaction steps and
HPLC purification.

Figure 5. Compounds used to confirm the resulting isomers.
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(morpholine, pyrrolidine, diethanolamine, and dipropylamine)
and aldehydes (furfural, 4-methoxybenzaldehyde, 4-nitrobenz-
aldehyde, and acetaldehyde). All products (6a−6n) were
prepared with good crude purity and overall yield (Table 1).
Preparation of Imidazo[4,5-b]pyridines (1-Deazapur-

ines). A similar strategy was used for the preparation of 1-
deazapurine derivatives (Scheme 4). The synthetic pathway was
initially tested with the Rink amide resin 1c. Preparation of the
target compound 10 followed the procedures described for
imidazo[4,5‑c]pyridines; however, substitution of the chlorine
atom of intermediate 7 was performed using a primary, instead
of secondary, amine (Scheme 4, step (i)).
Although the intermediate obtained after the reduction of 8

may undergo two possible cyclization routes, leading to either
imidazo[4,5‑c]pyridine or imidazo[4,5‑b]pyridine scaffold, only
the formation of the latter was observed. Similar reactivity was
described by Hammarström for solid-phase purine chemistry.20

However, cyclization of intermediate 4, leading to compound
6k (Scheme 3, Table 1), proceeded toward imidazo[4,5‑c]-
pyridine when it was not possible to cyclize into imidazo-
[4,5‑b]pyridine. Such ring-closure regioselectivity provides an
efficient tool for the directed preparation of 1-deazaadenine
derivatives (Table 2) or N9-unsubstituted 3-deazapurine
derivatives (Table 1, 6k) based on the selection of primary
or secondary amines to substitution for the pyridine chlorine
atom at position 2. The alternative approach, leading to
imidazo[4,5‑b]pyridines, was successfully tested using resin 1c
with various combinations of building blocks, including
different primary amines (pentylamine, 2-(thiophen-2-yl)-
ethanamine, 2-(piperidin-1-yl)ethanamine, 3-aminopropanol,
and cyclopentylamine) and aldehydes (furfural, 4-methoxy-
benzaldehyde, 4-nitrobenzaldehyde, and acetaldehyde).
To generate additional variation in the amino group at

position C7, the Rink amide resin was replaced with the
polymer-supported secondary amine 1f (Scheme 5). In this

manner, four additional imidazo[4,5‑c]pyridines (10j−10m)
were synthesized using the strategy described in the next
section.

Preparation of Strictly Isomeric Imidazo[4,5-b]-
pyridines and Imidazo[4,5-c]pyridines. Although the
above-mentioned solid-phase strategies enable the simple
synthesis of a large number of corresponding deazapurines,
this method is not capable of producing fully isomeric
imidazopyridines, i.e., compounds containing the same ligands
in specific positions and differing only in the location of the
pyridine nitrogen atom. To overcome this drawback, we
developed an efficient synthetic pathway based on the
combination of solution-phase and solid-phase syntheses
(Scheme 5). Imidazo[4,5‑b]pyridines 10j−10m (Table 3)
were prepared using the strategy introduced earlier from
polymer-supported secondary amines (resin 1f). After arylation
with 2,4-dichloro-3-nitropyridine, n-pentylamine was used as
the model primary amine for substitution of the chlorine atom
of intermediate 14, which directed the cyclization toward the 1-
deazapurine scaffold. To synthesize the opposite isomers,
solution-phase pre-modification of the key building block was
necessary (Scheme 5).
Thus, 2,4-dichloro-3-nitropyridine was reacted with 2 equiv

of n-pentylamine and EDIPA in DMSO to give a mixture of the
desired monosubstituted product and a disubstituted pyridine
derivative (ratio of 8:2, according to HPLC-UV chromato-
grams). Without any purification or workup, the reaction
mixture was immediately treated with resin 1f and another 1
equiv of EDIPA and was shaken at 70 °C for 16 h. After the
resin was washed, pure intermediate 11 was obtained, which
was transformed to the final product 13 using the developed
procedures. Ultimately, four pairs of corresponding isomers
were synthesized with good crude purity and yield (Table 3).
The isomeric identities of all reported compounds were

based on the presumption that the nucleophilic substitution of

Figure 6. Complete list of building blocks successfully used for the preparation of the target imidazopyridines.
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2,4-dichloro-3-nitropyridine is preferentially targeted to the C4

position. This course of reaction was previously described;28,29

however, unambiguous evidence for this has yet to be reported.
Therefore, we submitted two pairs of structural isomers (13b,
10k, 13a, and 10j, Figure 5) to a thorough NMR study. A
detailed assignment of individual atoms using 2D 1H−1H
gCOSY, 1H−13C gHMQC, and 1H−13C gHMBC was
completed (see Supporting Information).
Subsequently, 2D 1H−15N gHMBC was used to confirm the

suggested structural assignment. In the case of 13b, the position
of N1 (δ = 235.81 ppm) was confirmed by the presence of a
high-intensity cross peak to HC2 (7.75 ppm, d, 13.8 Hz), a low-
intensity cross peak to HC3 (6.76 ppm, s), and a high-intensity
cross peak to HN6′ (6.63 ppm, s). In contrast, the isomeric
derivative 10k exhibited a single cross peak to HC1 (6.44, s),
which confirms the presence of the N3 atom (δ = 234.94 ppm).
Similar results were obtained for the analogous isomers 13a and
10j. In the first case, the N1 position (δ = 192.03 ppm) was
established by the presence of a high-intensity cross peak to
HC2 (7.72 ppm, s) and a low-intensity cross peak to HC3 (7.02
ppm, s). The N3 position of the structural isomer 10j (δ =
230.69 ppm) gave a high-intensity cross peak to HC2 (7.89
ppm, d, 13.6 Hz) and a low-intensity cross peak to HC1 (6.33
ppm, s).
In conclusion, we have developed an efficient method for the

solid-phase synthesis of trisubstituted 1- and 3-deazapurines
from the key building block, 2,4-dichloro-3-nitropyridine.
Considering the large number of commercially available starting
materials (primary and secondary amines and aldehydes), the
method can be used for the simple preparation of sizable
chemical libraries of diversely substituted imidazopyridines.
The versatility of the method was highlighted using a variety of
starting materials (Figure 6) and demonstrated by the
preparation and full characterization of 31 model compounds.
Additionally, a simple method for preparing strictly isomeric 1-
and 3-deazapurines was developed to allow detailed structure−
activity relationship studies of imidazopyridines to specifically
target the position of the pyridine nitrogen atom.
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