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In the presence of supported copper on manganese-oxide-based octahedral molecular sieves OMS-2 

(CuOx/OMS-2), heterogeneously aerobic catalytic synthesis of 3-iodoimidazo[1,2-a]pyridines from 

acetophenones, 2-aminopyridnes and I2 via tandem cyclization/iodination in one-pot manner is achieved. 

For heterogeneous catalyst, OMS-2 acts not only as a support for catalytic Cu species but also an 10 

electron-transfer mediator (ETM) which combines with Cu to generate a low-energy pathway for rapid 

electron transfer. In this way, the biomimetic catalytic oxidation could directly employ air as green 

terminal oxidant under mild conditions and provide corresponding products with broad substrates in 

moderate to excellent yields using very low catalyst loading (0.2 mol% Cu). In this process, I2 not only 

plays a role of catalyst for the initial cyclization with assistance of CuOx/OMS-2, but also acts as reactant 15 

for the next electrophilic oxidative iodination, which makes the reaction highly atom economic. Besides, 

the late-stage functionalization of the I-substituted imidazo[1,2-a]pyridines is also demonstrated by 

various coupling, which shows its potential application in synthetic and pharmaceutical chemistry. 

Moreover, the catalyst is truly heterogeneous and reusable.

Introduction  20 

As the increase of molecular complexity, one-pot multi-step 

reactions gradually become superior and attractive because they 

reduce the number of workups and purifications. Therefore, 

employing one-pot tandem reactions can avoid stop-and-go 

synthesis and subsequent cost for waste disposal, which means it 25 

is beneficial to economy and environment.1 Furthermore, it is 

more meaningful and profitable to apply one-pot tandem 

oxidations into heterogeneous catalysis using air as green oxidant  

since heterogeneous catalysis has practical advantages in catalyst 

handling, recyclability and separation of catalyst from products.2-
30 

4 Consequently, the development of heterogeneously aerobic one-

pot tandem catalytic oxidations is highly desirable. 

 Imidazo[1,2-a]pyridines are significant pharmacophore and 

wildly found  in many biologically active compounds. They have 

antibacterial,5 antiviral,6 antitumor7 and anti-inflammatory8 35 

properties, thus they are present in best-selling drugs, such as 

zolpidem, alpidem, necopidem, saripidem and zolimidine.9 A 

variety of synthetic methodologies have been developed,10 

focusing on (1) condensation between 2-aminopyridines and  
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Scheme 1 Heterogeneous biomimetic oxidative synthesis of 3-50 

iodoimidazo[1,2-a]pyridines. 

 

precursors like a-haloketones;11 (2) Ag-mediated cyclization of 2-

aminopyridnes and alkynes;12 (3) Fe-catalyzed cyclization of 2-

aminopyridnes and nitroolefins13 and (4) recently Cu-catalyzed 55 

cyclization of 2-aminopyridines and ketones with assistance of I-

.14 In terms of heterogeneous catalysis, we have reported a solid-

supported CuCl2/nano-TiO2-catalyzed oxidative cyclization of 

ketones and 2-aminopyridines without assistance of I- most 
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recently.15 Although exciting results have been discovered, the 

synthesis of halo-substituted imidazo[1,2-a]pyridines is rarely 

reported because the halide cannot be maintained on 3-position of 

imidazo[1,2-a]pyridines as long as a-haloketones are employed 

for condensation with 2-aminopyridines. Recently, Jiang`s group 5 

developed a homogeneous Cu(OTf)2-catalyzed method for the 

synthesis of 2-halo-substituted imidazo[1,2-a]pyridines using 2-

aminpoyridnes and haloalkynes (Scheme 1a).16 To develop 

economic and environmentally benign catalytic reactions, 

heterogeneous catalysis for the synthesis of halo-substituted 10 

imidazo[1,2-a]pyridines is extremely required.  

In order to use oxygen or hydrogen peroxide directly into 

oxidations as oxidants, Prof. Jan-E. Bäckvall and co-workers 

developed a biomimetic oxidative methodology that facilitating 

the procedures by employing electro-transfer mediators (ETMs) 15 

to decrease the redox energy barrier between catalyst and oxidant 

(Scheme 2).17 Under this circumstance, ETMs generate a low-

energy pathway for rapid electron transfer, which usually 

increases the efficiency (decreases the catalyst loading) and thus 

complementing the direct oxidations.18 Based on biomimetic 20 

oxidative concept, Mizuno`s group designed a supported copper 

hydroxide catalyst on manganese oxide-based octahedral 

molecular sieve OMS-2 (Cu(OH)x/OMS-2) which facilitated the 

oxidative homo-coupling of alkynes by generation of a rapid 

electron-transfer path.19 Octahedral molecular sieve (OMS) 25 

materials of manganese oxide are crystalline, porous, mixed 

valent and semi-conductive; therefore they are applied into 

catalysis, battery materials, ion-exchange and adsorption.20-22 We 

noticed that the redox potential of the MnO2/Mn2O3 reaction is 

1.04V which stands between potential of CuO/Cu2O (0.75V) and 30 

O2/H2O (1.23V),4a, 4e, 23 thus it is possible to prepare 

heterogeneous catalyst CuOx/OMS-2 and perform oxidations 

using it to decrease redox energy barrier. In the course of 

investigating applications of heterogeneous catalysts in our 

group,24 we proposed copper acts as substrate-selective redox 35 

catalyst while OMS-2 behaves as a combination of ETM and 

support, thereby forming a low-energy pathway to make electrons 

transfer rapidly in heterogeneous oxidative process. In the 

oxidative process, Cu oxidizes the substrates, then reduced Cu is 

reoxidized by Mn and reduced Mn is reoxidized by O2 40 

subsequently (Scheme 1b). 

 

Scheme 2 Biomimetic catalytic oxidation in the presence of ETM. 

 

Herein, we describe a heterogeneously biomimetic aerobic 45 

synthesis of 3-iodoimidazo[1,2-a]pyridines via CuOx/OMS-2-

catalyzed tandem cyclization/iodination from 2-aminopyridines, 

ketones and I2 (Scheme 1b). In the oxidative procedure, OMS-2 

works as support with large surface and ETM that facilitates rapid 

electron-transfer in the means of decreasing the energy-barrier 50 

between catalyst and oxidant, while I2 is used as catalyst for the 

initial cyclization as well as dedicates itself entirely for the 

subsequent electrophilic oxidative iodination.  

Results and discussion 

The one-pot tandem oxidative synthesis of 3-iodoimidazo[1,2-55 

a]pyridine from 2-aminopyridine, acetophenone and I2 was 

studied using different catalysts and solvents to optimize the 

reaction conditions (Table 1). We anticipated the tandem reaction 

goes through I-catalyzed Ortoleva-King reaction14e, 15 with 

assistance of copper to form imidazo[1,2-a]pyridine followed by 60 

copper-catalyzed iodination of it, which indicates the high yield 

of imidazo[1,2-a]pyridine is necessity of forming I-substituted 

product. As we expected, imidazo[1,2-a]pyridine 3aa was the 

major product if the reaction was ran without adding metal 

catalyst (Table 1, entry 1). When OMS-2 was directly used as 65 

catalyst, the moderate yield of desired product 3a was obtained 

although 3aa was still isolated in 29% (Table 1, entry 2). To our 

Table 1 Optimization of the reaction conditionsa 

N

NH2

+

O

N

N
heterogeneous catalyst

0.5 equiv. I2

Solvent, Temp., Air, 20h

1a 2a 3a
I

N

N

3aa

+

 
Entry Catalyst Solvent Temp. (oC)   Yieldb (%) 

    3a 3aa 

1  DCB 100 10 89 
2 OMS-2 DCB 100 50 29 

3 Cu(OH)x/OMS-2 DCB 100 81 0 

4 CuOx/OMS-2 DCB 100 93 0 

5 CuO DCB 100 8 (14c) 75 (60c) 

6 CuO + OMS-2 DCB 100 52 30 

7 CuOx/OMS-2 DCB r.t. 0 39 
8 CuOx/OMS-2 DCB 50 0 45 

9 CuOx/OMS-2 DCB 80 0 63 

10 CuOx/OMS-2 DCB 150 89 0 
11 CuOx/OMS-2 DMSO 100 0 0 

12 CuOx/OMS-2 DMF 100 0 20 

13 CuOx/OMS-2 o-xylene 100 0 32 
14 CuOx/OMS-2 1,4-dioxane 100 0 45 

15d CuOx/OMS-2 DCB 100 48 0 

16e CuOx/OMS-2 DCB 100 72 0 
17f CuOx/OMS-2 DCB 100 90 0 

18g CuOx/OMS-2 DCB 100 0 78 

19h CuOx/OMS-2 DCB 100 92 0 
20i CuOx/OMS-2 DCB 100 85 0 

21j CuOx/OMS-2 DCB 100 0 0 

a Reaction Conditions: 2-aminopyridine (0.6 mmol), acetophenone (0.5 70 

mmol), I2 (0. 25 mmol), catalyst (6 mg), solvent (1 mL), air, 20h. b 

Isolated yields. c For 48h. d 6 mg of CuOx/OMS-2 (Cu: 0.3 wt%) was 

used. e 3 mg of CuOx/ OMS-2 was used. f 12 mg of CuOx/OMS-2 was 
used. g Under N2 atmosphere. h Under O2 atmosphere.  i For 48h. j In the 

absence of I2.  75 

 

delight, supported Cu(OH)x/OMS-2 and CuOx/OMS-2 (6mg, 0.2 

mol%, Cu: 1.3 wt%, see the Experimental Section for the 

preparation) brought about good results and the latter one 

provided single desired 3-iodoimidazo[1,2-a]pyridine in excellent 80 

yield (Table 1, entries 3 and 4). Subsequently, unsupported CuO 

was found not efficient for this tandem reaction, even though the 

longer reaction time was employed (Table 1, entry 5). In addition, 

a physical mixture of bulk CuO (1 mol%) and OMS-2 (6mg) did 

not selectively give 3a in high yield (Table 1, entry 6). These 85 

results demonstrated that highly dispersed copper species on 

OMS-2 could play a key role during tandem reaction. So 

Substrate O 2 or H 2O 2

H2O

ETM red

ETM ox

M n+2

M nProduct

Lower Energy Barrier

Low-energy pathway for rapid electron-transfer
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CuOx/OMS-2 was chosen to optimize the reaction temperature. It 

was found that the temperature below 100 oC could not offer 

desired product at all and the reaction stopped at the initial 

cyclization rather than finishing the next iodination (Table 1, 

entries 7-9). However, higher temperature (150 oC) did not result 5 

in higher yield, which means the heterogeneous catalyst can make 

reaction carry out at mild temperature (Table 1, entry 10). Then, 

various solvents were studied in the reactions and only polar 

DCB (o-dichlorobenzene) could provide desired product while 

other examined solvents just offered cyclized product to some 10 

extent (Table 1, entries 11-14). Notably, the DMSO led to 2-aryl-

3-(pyridine-2-ylamino)imidazo[1,2-a]pyridine as the single 

product instead of 3a and 3aa (Table 1, entry 11), which was the 

same as the discovery by Wu`s group.25 For amounts of catalyst, 

the inferior results were found if the loading of CuOx/OMS-2 or 15 

the amount of Cu supported on OMS-2 were decreased (Table1, 

entries 15 and 16). On the other hand, increased loading of 

heterogeneous catalyst could not better the yield as well (Table 1, 

entry 17). Subsequently, it was found that atmosphere of the 

reaction affected the tandem reaction seriously (Table 1, entries 20 

18 and 19). N2 suppressed the iodination of tandem reaction 

definitely while O2 was favorable to it, which means the reaction 

ended at the first stage (cyclization) without oxidant and the 

iodination of tandem reaction is aerobic. Thus, air was chosen to 

be the efficient green oxidant for this tandem reaction. Moreover, 25 

the extended reaction time did not increase the yield of iodo-

substituted product as well (Table 1, entry 20). Finally, the 

controlled experiment under iodine-free condition did not give 

any products at all, which conformed the tandem reaction 

mechanically undergoes initial I-catalyzed Ortoleva-King 30 

reaction with assistance of copper (Table 1, entry 21). 

Table 2 Optimization of heterogeneous catalysta 

N

NH2

+

O
heterogeneous catalyst

0.5 equiv. I2

1a 2a

N

N

3a
IDCB, 100 oC, 20h

Air H2O  

Entry Catalyst Isolated Yield (%) 

1 CuOx/OMS-2 93 

2 CuOx-MnOx/Al-Ti 25 

3 CuOx-FeOx/OMS-2 59 
4 CuOx-FeOx/C 18 

5 CuOx/Al-Ti 27 

6 CuOx/nano-TiO2 44 
7 CuOx/C 24 

8 CuOx/ATP 15 

a Reaction Conditions: 1a (0.6 mmol), 2a (0.5 mmol), I2 (0.25 mmol), 

heterogeneous catalyst (6 mg), DCB (1 mL), 100 oC, air, 20h. 35 

 

Next, more tests of heterogeneous catalysts were carried out 

for further optimizing the reaction condition (Table 2). Firstly, 

many bimetallic catalysts loaded on various supports were 

applied into the tandem reaction. CuOx-MnOx/Al-Ti did not lead 40 

to an improvement in overall efficiency although Cu and Mn 

were supposed to generate a low-energy path as what 

CuOx/OMS-2 does (Table 2, entries 1 and 2). In addition, other 

bimetallic catalysts, like CuOx-FeOx/OMS-2 and CuOx-FeOx/C, 

did not improve the tandem reaction as well (Table 2, entries 3 45 

and 4). Lastly, the reactions were performed using copper oxide 

supported on different supports as heterogeneous catalysts (Table 

2, entries 5-8). Consequently, Al-Ti, nano-TiO2, charcoal and 

ATP (attapulgite) did not show better results than OMS-2 though 

CuOx/nano-TiO2 brought about desired product in moderate 50 

yield. Therefore, it was proven that OMS-2 is the most suited 

support for the reaction (Table 2, entries 1 and 5-8). 

After confirming the superiority of CuOx/OMS-2 in this 

tandem reaction, the heterogeneous catalyst was characterized by 

TEM, XRD and XPS. Specifically, the TEM image of the catalyst 55 

showed OMS-2 was composed of short nanorods which were 

structurally single crystanlline21 and dispersed granular CuO was 

attached on OMS-2 (Figure 1, left). The X-ray diffraction (XRD) 

pattern of CuOx/OMS-2 was the same as that of the parent OMS-

2 support and no signals due to copper metal (cluster) or copper 60 

oxide were observed (Figure 1, right), which further suggested 

copper oxide is highly dispersed on OMS-2. The X-ray 

photoelectron spectroscopy (XPS) profile showed the banding 

energies of Cu 2p3/2 at 933.8 eV and Cu 2p1/2 at 954.3 eV 

respectively (Figure 2, left), and the shake-up satellite peaks at 65 

around 940-944 eV, which suggests the oxidation state of copper 

species is +2.19, 26 Besides, the XPS profile of Mn 2p was also 

demonstrated in Figure 2 (right).19 

 

Figure 1 TEM image of CuOx/OMS-2 (left); XRD patterns (right) of (a) 70 

OMS-2, (b) CuOx/OMS-2 and (c) CuOx/OMS-2 after the first use. 

 

Figure 2 XPS profiles of Cu 2p (left) and Mn 2p (right). 

 

To verify whether the obvious catalysis is derived from solid 75 

CuOx/OMS-2 or the leached copper species, the tandem reaction 

of 1a, 2a and I2 was run, and then catalyst was removed after 

filtering a totally converted reaction mixture. Next, another 

ketone (1.0 equiv. 2-acetylthiophene) and 0.5 equiv. I2 were 

added into the filtrate together, and then the filtrate was treated 80 

with the rest of 2-aminopyridine (>1.2 equiv.) under the standard 

conditions. Consequently, only 8% of 3p was isolated, while 76% 

yield of 3p was obtained if fresh CuOx/OMS-2 and 0.5 equiv. I2 

were put into the filtrate (Scheme 3). ICP-AES was applied into 

analysis of the filtrate that was removed by CuOx/OMS-2, which 85 
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confirmed no copper species was detected in the filtrate (Cu: 

below 0.001%). Above results indicated that the catalysis is from 

the solid catalyst instead of the leached copper species and the 

catalyst is unambiguously heterogeneous in nature. 

 5 

N
+

NH2 1) CuOx/OMS-2 (0.2 mol%)

    0.5 equiv. I2
Air, DCB, 100 oC, 20h

N

N

1a, 2.4 equiv. 2a,1.0 equiv.

3a, 100% conversation

+
N

> 1.2 equiv.

2) Fliter off CuOx/OMS-2

add

1.0 equiv.

0.5 equiv. I2
continue 20h

 at 100 oC continue 20h at 100 oC

add fresh CuOx/OMS-2 (0.2 mol%)

       0.5 equiv. I2

3p, 8% yield 3p, 76% yield

NH2

O

I

S

O

N

N

I

S N

N

I

S

add

1.0 equiv.

S

O

 

Scheme 3 The Test of Heterogeneous System 

 

After completion of the tandem reaction catalyzed by 

CuOx/OMS-2, the catalyst was easily isolated from the reaction 10 

mixture by filtration. The XRD demonstrated the structure of 

reused catalyst was preserved (Figure 1, right) and the retrieved 

catalyst showed the high catalytic ability for the second run. 

Finally, it was found that the catalyst could be reused three times 

with a slight decrease in catalytic ability and the catalytic ability 15 

can be regenerated by calcination at 350 oC for 2h under air 

atmosphere (Table 3). 

Table 3 Recycling of CuOx/OMS-2a 

N

NH2

+

O

N

N
CuOx/OMS-2
0.5 equiv. I2

DCB, 100 oC, 20h
1a 2a 3a

Air H2O

I

 
Cycle 1 2 3 4 5b 
Isolated yield of 3a (%) 93 89 81 69 90 

a Reaction conditions: 2-aminopyridine (0.6 mmol), acetophenone (0.5 20 

mmol), I2 (0.25 mmol), CuOx/OMS-2 (6 mg, 0.2 mol%), DCB (1 mL), 

air, 100oC, 20h. b Regenerated catalyst was used.  

 

The substrate scope of the reactions was examined using 0.2 

mol% CuOx/OMS-2 as efficient catalyst. Initially, 2-25 

minopyridine 1a and various substituted acetophenones 2 were 

used as substrates to expand the reaction scope under optimized 

reaction conditions (Table 4). Generally, substituted 

acetophenones with electro-donating and electro-withdrawing 

groups could participate in the tandem reactions efficiently, 30 

except ortho-substituted ones, like 2-Cl-acetophenone, did not 

give any desired products because of steric hindrance. 

Specifically, electro-deficient acetophenones, including halogen 

and CF3, provided higher yields of desired products than electro-

rich ones did, such as methyl, methoxyl, COOMe and cyano, 35 

probably because the iodination of tandem reaction is 

electrophilic aromatic substitution (Table 4, 3a-3m). 

Furthermore, ketones containing heteroatoms reacted with 2-

aminopyridine and  

Table 4 The scope of the tandem reaction using 2-aminopyridne, I2 and 40 

ketones a 

N

NH2

+

O

N

N
CuOx/OMS-2
0.5 equiv. I2

DCB, 100 oC, 20h
1a 2 3

R R

Air H2O

I

 

N

N

I

3a, 93%  

N

N

I

Cl

3b, 82%  

N

N

I

Br

3c, 90%  

N

N

I

Cl

3d, 89%  

N

N

I

Cl

0%  

N

N

I

OMe

3e, 73%  

N

N

I

3f, 82%

OMe

 

N

N

I

Me

3g, 58%  

N

N

I

Me

3h, 55%  

N

N

I

CF3

3i, 88%  

N

N

I

CF3

3j, 85%  

N

N

I

3k, 86%  

N

N

I

COOM

3l, 38%

 

N

N

I

CN

3m, 44%  

N

N

I

Ph

0%  

N

N

I

S

N

3n, 59%  

N

N

I

O

3o, 61%  

N

N

I

S

3p, 78%  
a Reaction Conditions: 1a (0.6 mmol), 2 (0.5 mmol), I2 (0.25 mmol) 

CuOx/OMS-2 (0.2 mol%, 6 mg), DCB (1.0 mL), air, 100 oC, 20h, isolated 

yields. 45 

 

I2 efficiently and the moderate to good yields 59-78% were 

obtained (Table 4, 3n-3p). However, α,β-unsaturated ketone, such 

as benzalacetone, did not offer any desired product at all perhaps 

because the α,β-unsaturated double bond affected the iodination. 50 

Next, more scope examinations were performed using different 

substituted 2-aminopyridines and many acetophenones as raw 

materials (Table 5). When 3-metyl-2-aminopyridne was used as 

substrate to react with electro-poor and electro-rich 

acetophenones, almost quantitative yields of products were 55 

obtained (Table 5, 3q-3s). However, methylsufonyl substituted 

acetophenone only provided moderate yield of I-sustituted 

imidazo[1,2-a]pyridine (Table 5, 3t). Then, it was found that 

other substituted 2-aminopyridines, like Me-, CF3- and COOMe-, 

were also tolerated in this tandem reaction and gave moderate to 60 

good yields of desired products (Table 5, 3u-3w). 

As we known, I-substituted aromatic heterocycles are versatile 

reaction partners for many kinds of coupling reactions since the 

iodine is an excellent leaving group.27 Here, we report several 

applications of 3-iodoimidazo[1,2-a]pyridine as a versatile 65 

building block for further functionalization via coupling technics 

(Scheme 4, synthetic methods see Supporting Information). 
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Firstly, Suzuki reaction was studied by using 3a and 

phenylboronic acid as coupling reagents under basic Pd-catalyzed  

Table 5 The scope of the tandem reaction using substituted 2-

aminopyridines, I2 and acetophenone a 

N

NH2

+
N

N

1 3

R R

I

O

2a

CuOx/OMS-2
0.5 equiv. I2

DCB, 100 oC, 20h

Air H2O  5 

N

N

I

Me

3q, 97%  

N

N

I

Me

Br

3r, 98%  

N

N

I

Me

OMe

3s, 98%  

N

N

I

Me

S

O

O

Me

3t, 58%

N

N

I

Me

3u, 83%
 

N

N

I

F3C

3v, 56%  

 
N

N

I
MeOOC

3w, 40%  

 

a Reaction Conditions: 1 (0.6 mmol), 2a (0.5 mmol), I2 (0.25 mmol), 

CuOx/OMS-2 (6 mg, 0.2 mol%), DCB (1 mL), air, 100oC, 20h, isolated 

yields. 

 

N

N

I

+ (HO)2B N

N

Ph

1.0 equiv. 1.5 equiv.

Arylation

Pd(OAc)2 (10 mol%)
xanphos (20 mol%)

K3PO4, toluene 

120 oC, N2, 20h

a. Suzuki Coupling

4
85% yield

N

N

I

+
N

N

Ph

1.0 equiv. 5.0 equiv.

Pd(OAc)2 (5 mol%)
CuI (10 mol%)
PPh3 (10 mol%)

NaOtBu, 1,4-dioxane

110 oC, N2, 20h

b. Direct C-C Coupling

4
75% yield

N

N

I

+

N

H2N N

N

NH

1.2 equiv. 1.0 equiv.

AgNO3 (10 mol%)

N,N-DMEDA (10 mol%)

KOtBu, DMSO

160 oC, N2, 24h

c. C-NCoupling
5

85% yield

Amination

N

N

I

+
N

N

1.0 equiv. 2.5 equiv.

PdCl2 (10 mol%)
CuI (20 mol%)
PPh3 (10 mol%)

Et3N as solvent

60 oC, N2, 12h

d. Sonogashira Coupling
6

95% yield

Alkynylation

N

Ph

N

N

I

+ Me
N

N

1.0 equiv. 3.0 equiv.

Pd(OAc)2 (5 mol%)
Nixantphos (10 mol%)

KN(SiMe3)2 (3.0 equiv.)

1,4-dioxane

110 oC, N2, 24h

e. C-C (sp3) Coupling

7
48% yield

Alkylation

Ph

 10 

Scheme 4 Late-stage functionalizations of 3-iodoimidazo[1,2-a]pyridine 

via various couplings. 

reaction condition, and the corresponding product 4 was isolated 

in 85% (Scheme 4a).16, 28 More importantly, the direct arylation 

of 3-iodoimidazo[1,2-a]pyridine using excessive amount of 15 

benzene as the arylating reagent under Pd/Cu-cocatalysis was 

also achieved although the yield of arylated product 4 was 

slightly low (Scheme 4b).29 Subsequently, Ullmann-type C-N 

bond-formation was performed successfully using 2-

aminopyridine as aminating reagent under a Ag-mediated 20 

condition at relatively high temperature (Scheme 4c).30 Next, an 

excellent yield of 2-phenyl-3-(2-phenylethynyl)H-imidazo[1,2-

a]pyridine 6 was observed when Sonogashira coupling was 

conducted under a standard Sonogashira condition (Scheme 4d).31 

Lastly, a challengeable C(sp2)-C(sp3) bond-formation was 25 

realized by using toluene as reaction partner under Pd-catalyzed 

condition (Scheme 4e). Surprisingly, the desired alkylated 

product 7 was observed under assistance of ligand Nixantphos 

and excessive KN(SiMe3)2 even though the yield was not high.32 

For understanding the mechanism of this tandem reaction, 30 

control experiments were run. If imidazo[1,2-a]pyridine 3aa was 

directly used as raw material with I2 in DCB at 100 oC for 20h 

under air , almost no 3a was isolated without adding CuOx/OMS-

2. Reversely, 82% yield of 3a was obtained if 6mg CuOx/OMS-2 

was added into the reaction (Scheme 5). Additionally, 35 

CuOx/OMS-2 cannot catalyze the synthesis of imidazo[1,2-

a]pyridine 3aa between 2-aminopyridine and acetophenone  

without I2 under oxidative condition at certain temperature.15 

Therefore, the tandem reaction makes up of an I-catalyzed 

Ortoleva-King reaction with assistance of Cu and a subsequent 40 

CuOx/OMS-2-catalyzed electrophilic oxidative iodination. 

Initially, α-iodination of acetophenone was realized catalyzed by 

CuOx/OMS-2 using I2 as an iodinating reagent under air.33 Next, 

imidazo[1,2-a]pyridine was generated between α-iodo 

acetophenone and 2-aminopyridine via Ortoleva-King reaction 45 

followed by cyclization and I2 was regenerated by oxidation of 

oxygen to finish the initial cyclization cycle.11g, 14e, 15 Then, 

oxidative iodination of electro-rich imidazo[1,2-a]pyridine was 

performed on the most acidic C-H bond via CuOx/OMS-2-

catalyzed electrophilic aromatic substitution.27a, 34 Eventually, 50 

reduced copper species (I) was reoxidized by Mn(IV) to turn back 

to copper species (II) and reduced Mn was reoxidzed by O2 in air 

via a biomimetic oxidation pathway (Scheme 1b).19 

 

N

N0.5 equiv. I2

DCB, 100 oC, 20h

3aAir H2O

N

N

3aa

I

without CuOx/OMS-2 (6 mg)

with CuOx/OMS-2 (6 mg)
<5% yield
82% yield  55 

Scheme 5 Control Experiments 

 

Conclusions  

In summary, an efficient biomimetic aerobic oxidative tandem 

cyclization/iodination for the synthesis of 3-iodoimidazo[1,2-60 

a]pyridines from 2-aminopydines, acetophenones and I2 

catalyzed by heterogeneous CuOx/OMS-2 was successfully 

developed. This tandem reaction underwent a cyclization 

dominated by an I-catalyzed Ortoleva-King reaction and copper-
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catalyzed electrophilic oxidative iodination, which brought about 

100% iodine atom economy. The tandem reactions tolerated a 

large range of substrates and gave moderate to great yields of 

products that could be applied into versatile late-stage 

functionalizations. Specially, CuOx/OMS-2 generated a low-5 

energy pathway for the rapid electron transfer during the 

oxidative process because OMS-2 plays a multiple role of support 

and electron-transfer mediator (ETM), which enabled air to be 

direct oxidant smoothly. Furthermore, the well-dispersed low-

loading heterogeneous catalyst can be reused three times without 10 

significant loss of catalytic ability. 

Experimental 

General 

All reagents were purchased from commercial suppliers and used 

without further purification. Metal salts and catalyst supports 15 

were commercially available and were used directly. All 

experiments were carried out under air. Flash chromatography 

was carried out with Merck silica gel 60 (200-300 mesh). 

Analytical TLC was performed with Merck silica gel 60 F254 

plates, and the products were visualized by UV detection. 1H 20 

NMR and 13C NMR (400 and 100 MHz respectively) spectra 

were recorded in CDCl3. Chemical shifts (δ) are reported in ppm 

using TMS as internal standard, and spin-spin coupling constants 

(J) are given in Hz. All heterogeneous catalysts are synthesized 

by wet impregnation in deionized water and Cu(OH)x/OMS-2 is 25 

made by deposition-precipitation in water. 

Preparation of OMS-220a 

5.89g of KMnO4 in 100 mL of deionized water was added to a 

solution of 8.8g of MnSO4-H2O in 30 mL of deionized water and 

3 mL concentrated HNO3. The solution was refluxed at 100 oC 30 

for 24 h, and the product was filtered, washed, and dried at 120 
oC for 8 hours. Finally, the dry OMS-2 was calcined in a muffle 

furnace at 350 oC for 2 hours. Then, the black powder OMS-2 

was obtained.  

Preparation of CuOx/OMS-220a 35 

Support OMS-2 (2g) was added to a 50 mL round-bottom flask. 

A solution of Cu(NO3)2·3H2O (0.15g) in deionized water (10 mL) 

was added to OMS-2, and additional deionized water (10 mL) 

was added to wash down the sides of the flask. Then the flask 

was submerged into an ultrasound bath for 3h at room 40 

temperature and stirred for further 20h at room temperature. After 

that, the water was distilled under reduced pressure on a rotary 

evaporator at 80 oC for more than 2h. Finally, the black powder 

was dried into an oven at 110 oC for 4 hours followed by 

calcination at 350 oC for 2 hours. The Inductive Coupled 45 

Plasma Optical Emission Spectrum (ICP-OES) showed Cu 
content is 1.31 wt%.  

 

General procedure for CuOx/OMS-2-catalyzed tandem 
reaction  50 

CuOx/OMS-2 (6 mg, 0.2 mol%), 2-aminopyridine (0.6 mmol), 

acetophenone (0.5 mmol), I2 (0.25 mmol) and DCB (1 mL) were 

added to a flask with a bar. The flask was stirred at 100 oC for 

20h under air. After cooling to room temperature, the mixture 

was diluted with ethyl acetate and filtered. The filtrate was 55 

removed under reduced pressure to get the crude product, which 

was further purified by silica gel chromatography 

(petroleum/ethyl acetate = 4/1 as eluent) to yield corresponding 

product. The identity and purity of the products was confirmed 

by 1H and 13C NMR spectroscopic analysis and HRMS. 60 
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