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An NH2CN-promoted convergent integration of three self-
sorting domino sequences is described for the construction of 
6-iodo-3-methylthioimidazo[1,2-a]pyridines from aryl methyl 
ketones and 2-aminopyridines. This strategy allows the 10 

construction of imidazo[1,2-a]pyridine ring along with 
methylthiolation at C-3 and iodination at C-6. Preliminary 
mechanistic studies indicate that this process terminates at 
the iodination stage without Kornblum oxidation in the 
presence of I2 and DMSO. 15 

The imidazo[1,2-a]pyridine moiety is a privileged fragment 
present in various biologically active and pharmaceutically 
important compounds.1 In particular, numerous commercially 
available drugs bear this core scaffold, including zolpidem,2 
alpidem,3 zolimidine,4 necopidem and saripidem.5 Consequently, 20 

much attention has been paid to the synthesis of substituted 
imidazo[1,2-a]pyridines through the construction of the requisite 
ring structure.6 However, the electron-rich nature of the C-3 of 
the imidazo[1,2-a]pyridine ring enables it to undergo direct C-H 
bond functionalization with electrophiles to form both C-C and 25 

C-heteroatom bonds.7 Over the past several years, the transition 
metal-catalyzed direct arylation of imidazo[1,2-a]pyridines 
with  aryl halides or arenes has been realized (Scheme 1a).8 In 
2009, a Pd/Cu-catalyzed oxidative C–H alkenylation of 
imidazo[1,2-a]pyridines with alkenes was first reported (Scheme 30 

1b).9 More recently, the hydrazination of such compounds with 
diethyl azodicarboxylate in the absence of metal catalysts was 
described (Scheme 1c).10 As well, the regioselective C-3 
sulfenylation of imidazo[1,2-a]pyridines has been achieved with 
various sulfenylating reagents,11 including disulfides, thiophenols, 35 

sodium sulfinates and sulfonyl hydrazides (Scheme 1d). In 
addition, methylthiolation using a DMSO-POCl3 complex has 
been demonstrated (Scheme 1e).12 Nevertheless, to the best of our 
knowledge, the construction of imidazo[1,2-a]pyridine ring along 
with methylthiolation at C-3 and iodination at C-6 in one-pot has 40 

not yet been reported (Scheme 1f). 
On the basis of our previous studies,13 we envisioned that 

methyl ketones could be converted in situ to the corresponding 
acyl iodine compounds in the presence of I2, which would be 
primed for the cross-trapping of 5-iodopyridin-2-amine generated 45 

in situ from 2-aminopyridine to afford the 2-aminopyridinium salt. 
Following the sequential intramolecular cyclization and  

 
Scheme 1  Functionalization of the C-3 of imidazo[1,2-
a]pyridines. 50 

 
aromatization, DMS generated in situ from DMSO would be 
trapped to realize the methylthiolation of the C-3 of the resulting 
imidazo[1,2-a]pyridine. The present work provides the first 
known example of the organopromoted direct synthesis of 6-55 

iodo-3-methylthioimidazo[1,2-a]pyridines via convergent 
integration of three self-sorting domino sequences (Scheme 2). 

 

Scheme 2 Design strategy: four-component coupling reaction of 
aryl methyl ketones and 2-aminopyridines in the presence of I2 60 

and DMSO. 
 

Initially, the reaction of acetophenone (1a) with 2-
aminopyridine (2a) was performed in various solvents to assess 
the feasibility of our new strategy (Scheme 3). Fortunately, both 65 

the direct annulation reaction and the functionalization of 
imidazo[1,2-a]pyridine occurred in DMSO to afford the expected 
6-iodo-3-(methylthio)-2-phenylimidazo[1,2-a]pyridine (3aa) in 
73% yield (Table 1, entry 1). The structure of 3aa was 
unambiguously confirmed by X-ray crystallography analysis (see 70 

Supporting Information). In contrast, the reaction was not very  

Page 1 of 4 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 

2|Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

 
Scheme 3 The effects of the reaction solvent. 
 
successful in the absence of NH2CN (Table 1, entry 2). To our 
surprise, a reduction in the quantity of NH2CN to 2.0 equiv. 5 

provided 3aa in 87% yield (Table 1, entry 6), whereas further 
decreases in the charge of NH2CN resulted in significant 
decreases in the yields (Table 1, entries 3-5). Accordingly, 
various amines and other bases were also evaluated, but none had 
a positive impact on the outcome of the reaction (see Supporting 10 

Information). These results indicated that NH2CN is an important 
mediator in this transformation. It was established that the 
reaction would not proceed in the absence of I2 (Table 1, entry 
11), suggesting that I2 also plays a crucial role in the reaction. A 
range of different temperatures was assessed with the aim of 15 

improving the yield (Table 1, entries 12-16), and 100 °C was 
determined to be optimal for the formation of 3aa. After 
screening on different parameters, the optimized conditions were 
determined as 1a (0.5 mmol) with 2a (0.5 mmol) in the presence 
of NH2CN (1.0 mmol) and I2 (0.8 mmol) in DMSO at 100 °C for 20 

24 h (Table 1, entry 6) 
Table 1 Optimization of the reaction conditionsa 
 

O

+ N NH2

N

N

I
SCH3

Ph

1a 2a 3aa

Conditions

 

Entry I2 (equiv.) Temp. (°C) NH2CN (equiv.) Yieldb (%)
1 1.6 100 4.0 73 
2 1.6 100 — 8 
3 1.6 100 0.5 23 
4 1.6 100 1.0 31 
5 1.6 100 1.5 35 
6 1.6 100 2.0 87 
7 1.6 100 2.5 82 
8 2.0 100 2.0 78 
9 1.0 100 2.0 80 
10 0.5 100 2.0 <5 
11 — 100 2.0 0 
12 1.6 130 2.0 83 
13 1.6 110 2.0 84 
14 1.6 90 2.0 75 
15 1.6 80 2.0 63 
16 1.6 60 2.0 15 

 25 
a Reaction Conditions: 1a (0.5 mmol), 2a (0.5 mmol), heated in 

DMSO (2 mL) for 24 h. b Isolated yields. 
 
With the optimized conditions in hand, the substrate 

generality of this protocol was next evaluated with a variety of 30 

different aryl methyl ketones (Table 2). It was gratifying to find 
that aryl methyl ketones bearing electronically neutral (4-Me), 
electron-donating (4-OMe, 2-OMe, 3,4-OCH2O) and electron-
withdrawing (4-NO2, 3-NO2) substituents all reacted smoothly to 

afford the corresponding products in moderate to good yields (59-35 

85%; 3ba-ga). In addition, the optimized conditions were mild 
enough to be compatible with halogenated (4-Cl, 4-Br, 3,4-Cl2) 
substrates (78-84%; 3ha-ja), thus demonstrating the possibility of 
further functionalization. The sterically hindered 2-naphthyl 
methyl ketone also furnished the expected product (3ka) in 79% 40 

yield. Furthermore, the optimal conditions were successfully 
applied to the heteroaryl methyl ketones, such as thiophenyl, 
furanyl and benzofuryl, giving the corresponding products in 
good yields (69-76%; 3la-na). 
Table 2 Scope of aryl methyl ketonesa,b 45 

 

R1

O

+ N NH2
N

N

I

SCH3

R1

1 2a 3

I2, NH2CN

N

N

SCH3

I

CH3

DMSO, 100 °C

3ba 85% 3ca 83%

N

N

SCH3

I

OCH3

N

N

SCH3

I

O
O

3ea 80%

3fa 59%

N

N

SCH3

I

NO2

3ga 82%

N

N

SCH3

I

NO2

3ha 84%

N

N

SCH3

I

Cl

3ja 78%

N

N

SCH3

I

Cl
Cl

3ia 81%

N

N

SCH3

I

Br

3ka 79%

N

N

SCH3

I 3la 73%

N

N

SCH3

I

S

3ma 69%

N

N

SCH3

I

O

3na 76%

N

N

SCH3

I

O

N

N

SCH3

I 3da 75%

OCH3

 
 

a Reaction Conditions: 1 (1.0 mmol), 2a (1.0 mmol),  NH2CN (2.0 
mmol), and I2 (1.6 mmol) in DMSO (2 mL) at 100 °C for 24 h. b Isolated 50 

yields. 
 
The scope of this reaction was further expanded to 

substituted 2-aminopyridines (Table 3). As expected, 2-
aminopyridines substituted at the 3 or 4 positions were found 55 

effective under the present reaction conditions. Substrates with 
electron neutral (3-CH3, 4-CH3), electron-rich (4-OMe), and 
electron-deficient (4-CN, 4-COOEt) groups were all compatible 
and provided the corresponding products in moderate to good  
Table 3 Scope of 2-aminopyridinesa,b 60 

 

 
 

 a Reaction Conditions: 1a (1.0 mmol), 2 (1.0 mmol), NH2CN (2.0 
mmol), and I2 (1.6 mmol) in DMSO (2 mL) at 100 °C for 24 h. b Isolated 65 

yields. 

Page 2 of 4Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |3 

yields (53-84%; 3ab-af). In general, 2-aminopyridines with 
electron-withdrawing groups proceeded more efficiently than 
those containing electron-donating groups. Halogen-substituted 
substrates (3-Cl, 4-Cl) also afforded the desired products (68-
82%; 3ag-ah). Moreover, 1-aminoisoquinoline (2i) was found to 5 

readily undergo the transformation, producing the target product 
3ai in 83% yield. 

To gain mechanistic insight into this reaction, some control 
experiments were performed (Scheme 4). When the reaction was 
carried out without acetophenone, 5-iodopyridin-2-amine (D) was 10 

isolated in 93% yield (Scheme 4a). The use of D as the substrate 
instead of 2-aminopyridine under the standard conditions led to 
the formation of 6-iodo-3-(methylthio)-2-phenylimidazo[1,2-
a]pyridine (3aa) in 78% yield (Scheme 4b), indicating that D is 
an important intermediate in this transformation. When phenacyl 15 

iodine (1aa) was subjected to the optimized conditions, 3aa was 
obtained as a minor product in 10% yield (Scheme 4c). This 
result suggests that iodination might occur prior to the 
construction of the imidazo[1,2-a]pyridine ring. Furthermore, the 
reaction was unable to proceed when hydrated species (1ab) was 20 

employed (Scheme 4d), indicating that phenylglyoxal is not an 
intermediate in the transformation, which is different from our 
previous work on the in situ iodination-based oxidative coupling 
of aryl methyl ketones.14 In addition, the reaction of 1a, 2a and 
DMSO-d6 was carried out, and the deuterated product 3aa-d3 was 25 

generated (Scheme 4e), clearly confirming that DMSO serves as 
the source of the methylthio group. 

 
Scheme 4 Control experiments. 
 30 

To further develop our understanding of the reaction 
mechanism, the reaction of 2-phenylimidazo[1,2-a]pyridine (5aa) 
was performed, which gave neither 3aa nor the 6-
iodoimidazo[1,2-a]pyridine (4aa), but rather 3-
methylthioimidazo[1,2-a]pyridine (6aa) and 3-iodo-2-35 

phenylimidazo[1,2-a]pyridine (7aa) (Scheme 5a). This result 
provides further evidence that 2-aminopyridine might first react 
with I2 to form 5-iodopyridin-2-amine (D) and that this product is 
then involved in the construction of the imidazo[1,2-a]pyridine. 
The treatment of 6-iodo-2-phenylimidazo[1,2-a]pyridine (4aa) 40 

with DMS under the optimized conditions afforded the desired 
product 3aa in 90% yield (Scheme 5b), suggesting that 4aa could 
be an important intermediate in the current reaction. When 7aa 
was employed as the reaction substrate, 5aa was obtained in 46% 
yield and almost half of the 7aa was recovered (Scheme 5c), 45 

which excludes the possibility that nucleophilic aromatic 
substitution15 is involved in the methylthiolation of the C-3 of 
imidazo[1,2-a]pyridine. It is noteworthy that 2-(4-
methoxyphenyl)-6-methyl-3-(methylthio)imidazo[1,2-a]pyridine 

(3aj) was acquired when 4'-methoxyacetophenone and 5-50 

methylpyridin-2-amine were used as the substrates (Scheme 5d), 
indicating that the iodination should be selective. 

 
Scheme 5 Control experiments. 
 55 

On the basis of the aforementioned information and previous 
work,16 a plausible mechanism for this reaction is outlined in 
Scheme 6. The process is initiated by the activation of the 
carbonyl group of 1a by NH2CN to form imine intermediate A. 
Isomerization of A then occurs to yield enamine B, which would 60 

be transformed to C via iodination in the presence of I2. 
Pyridinium salt E is subsequently generated via nucleophilic 
substitution of C with D, which results from the iodination of 2a. 
Intramolecular cyclization and aromatization occurs to afford 4aa 
with the release of HI and NH2CN. Next, compound 4aa would 65 

react with the DMS generated in situ from the reduction of 
DMSO to give the sulfonium intermediate F. Intermediate F 
would then undergo sequential loss of MeI and deprotonation to 
afford the desired product 3aa. 

 70 

Scheme 6 A possible mechanisim. 
 
Considering that 6-iodo-3-methylthioimidazo[1,2-

a]pyridines could easily undergo further transformation, we 
treated 3aa with phenylboronic acid in the presence of Pd(PPh3)4 75 

and K2CO3 in dioxane/water = 1:1 at 100 °C, and the resulting 
Suzuki cross-coupling product 8 was readily prepared in 87% 
yield.17 

 
 80 

In summary, we have developed a novel NH2CN-promoted 
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four-component coupling reaction for the synthesis of 6-iodo-3-
(methylthio)-2-arylimidazo[1,2-a]pyridines from aryl methyl 
ketones and 2-aminopyridines in the presence of I2 and DMSO. 
Initial studies of the mechanism suggest that this reaction occurrs 
via the convergent integration of three self-sorting domino 5 

sequences. Remarkably, this reaction allows for the unusual 
formation of C-I and C-S bonds with imidazo[1,2-a]pyridines. 
Further studies to elucidate a detailed mechanism and identify 
applications of this protocol are currently underway in our 
laboratory. 10 

This work was supported by the National Natural Science 
Foundation of China (Grant Nos. 21272085 and 21472056).  

 

Notes and references 
aKey Laboratory of Pesticide & Chemical Biology, Ministry of Education; 15 

College of Chemistry, Central China Normal University, 152 Luoyu Road, 
Wuhan, Hubei 430079, China. E-mail: gao_qinghe@163.com, 
chwuax@mail.ccnu.edu.cn; Fax: +86 027-67867773; Tel: +86 027-
67867773 
bState Key Laboratory of NBC Prorection for Civilian Beijing 102205 20 

China. 
† Electronic Supplementary Information (ESI) available. CCDC 1408629. 
For ESI and crystallographic data in CIF or other electronic format See 
DOI: 10.1039/b000000x/ 
1 (a) C. Enguehard-Gueiffier and A. Gueiffier, Mini-Rev. Med. Chem., 25 

2007, 7, 888; (b) T. Meng, W. Wang, Z. Zhang, L. Ma, Y. Zhang, Z. 
Miao and J. Shen, Bioorg. Med. Chem., 2014, 22, 848; (c) S. Huang, 
J. Qing, S. Wang, H. Wang, L. Zhang and Y. Tang, Org. Biomol. 
Chem., 2014, 12, 2344; (d) E. J. Hicken, F. P. Marmsater, M. C. 
Munson, S. T. Schlachter, J. E. Robinson, S. Allen, L. E. Burgess, R. 30 

K. DeLisle, J. P. Rizzi, G. T. Topalov, Q. Zhao, J. M. Hicks, N. C. 
Kallan, E. Tarlton, A. Allen, M. Callejo, A. Cox, S. Rana, N. 
Klopfenstein, R. Woessner and J. P. Lyssikatos, ACS Med. Chem. 
Lett., 2014, 5, 78; (e) A. Gallud, O. Vaillant, L. T. Maillard, D. P. 
Arama, J. Dubois, M. Maynadier, V. Lisowski, M. Garcia, J. 35 

Martinez and N. Masurier, Eur. J. Med. Chem., 2014, 75, 382. 
2 (a) S. M. Hanson, E. V. Morlock, K. A. Satyshur and C. 

Czajkowski, J. Med. Chem., 2008, 51, 7243; (b) T. S. Harrison and 
G. M. Keating, CNS Drugs, 2005, 19, 65. 

3 (a) T. Okubo, R. Yoshikawa, S. Chaki, S. Okuyama and A. Nakazato, 40 

Bioorg. Med. Chem., 2004, 12, 423; (b) A. N. Jain, J. Med. Chem., 
2004, 47, 947. 

4 A. R. Katritzky, Y. Xu and H. Tu, J. Org. Chem., 2003, 68, 4935. 
5 (a) N. Hsu, S. K. Jha, T. Coleman and M. G. Frank, Behav. Brain 

Res., 2009, 201, 233; (b) R. J. Boerner and H. J. Moller, 45 

Psychopharmakother, 1997, 4, 145. 
6 (a) A. K. Bagdi, S. Santra, K. Monir and A. Hajra, Chem. Commun., 

2015, 51, 1555; (b) K. Pericherla, P. Kaswan, K. Pandey and A. 
Kumar, Synthesis, 2015, 47, 887; (c) N. Chernyak and V. 
Gevorgyan, Angew. Chem., Int. Ed., 2010, 49, 2743; (d) C. He, J. 50 

Hao, H. Xu, Y. Mo, H. Liu, J. Han and A. Lei, Chem. Commun., 
2012, 48, 11073; (e) H. Wang, Y. Wang, D. Liang, L. Liu, J. Zhang 
and Q. Zhu, Angew. Chem., Int. Ed., 2011, 50, 5678; (f) J. Yu, Y. 
Jin, H. Zhang, X. Yang and H. Fu, Chem.-Eur. J., 2013, 19, 16804; 
(g) H. Cao, X. Liu, L. Zhao, J. Cen, J. Lin, Q. Zhu and M. Fu, Org. 55 

Lett., 2014, 16, 146; (h) Y. Zhang, Z. Chen, W. Wu, Y. Zhang and 
W. Su, J. Org. Chem., 2013, 78, 12494; (i) L. Ma, X. Wang, W. Yu 
and B. Han, Chem. Commun., 2011, 47, 11333; (j) R. Yan, H. Yan, 
C. Ma, Z. Ren, X. Gao, G. Huang and Y. Liang, J. Org. Chem., 
2012, 77, 2024; (k) K. Monir, A. K. Bagdi, S. Mishra, A. Majee and 60 

A. Hajra, Adv. Synth. Catal., 2014, 356, 1105; (l) Z. Fei, Y. Zhu, M. 
Liu, F. Jia and A. Wu, Tetrahedron Lett., 2013, 54, 1222. 

7 (a) J. Koubachi, S. El Kazzouli, S. Berteina-Raboin, A. Mouaddib 
and G. Guillaumet, Synthesis, 2008, 2537; (b) M. Ghosh, A. Naskar, 
S. Mitra and A. Hajra, Eur. J. Org. Chem., 2015, 715; (c) H. Zhan, 65 

L. Zhao, N. Li, L. Chen, J. Liu, J. Liao and H. Cao, RSC Adv., 2014, 

4, 32013; (d) H. Cao, S. Lei, N. Li, L. Chen, J. Liu, H. Cai, S. Qiu 
and J. Tan, Chem. Commun., 2015, 51, 1823. 

8 (a) H. Cao, Y. Lin, H. Zhan, Z. Du, X. Lin, Q. Liang and H. Zhang, 
RSC Adv., 2012, 2, 5972; (b) H. Fu, L. Chen and H. Doucet, J. Org. 70 

Chem., 2012, 77, 4473; (c) P. V. Kumar, W. Lin, J. Shen, D. Nandi 
and H. M. Lee, Organometallics, 2011, 30, 5160; (d) B. B. Touré, B. 
S. Lane and D. Sames, Org. Lett., 2006, 8, 1979; (e) H. Cao, H. 
Zhan, Y. Lin, X. Lin, Z. Du and H. Jiang, Org. Lett., 2012, 14, 1688; 
(f) S. Wang, W. Liu, J. Cen, J. Liao, J. Huang and H. Zhan, 75 

Tetrahedron Lett., 2014, 55, 1589. 
9 J. Koubachi, S. Berteina-Raboin, A. Mouaddib and G. Guillaumet, 

Synthesis, 2009, 271. 
10 Y. Wang, B. Frett, N. McConnell and H. Li, Org. Biomol. Chem., 

2015, 13, 2958. 80 

11 (a) Z. Li, J. Hong and X. Zhou, Tetrahedron, 2011, 67, 3690; (b) Z. 
Gao, X. Zhu and R. Zhang, RSC Adv., 2014, 4, 19891; (c) W. Ge, X. 
Zhu and Y. Wei, Eur. J. Org. Chem., 2013, 6015; (d) C. Ravi, D. C. 
Mohan and S. Adimurthy, Org. Lett., 2014, 16, 2978; (e) X. Huang, 
S. Wang, B. Li, X. Wang, Z. Ge and R. Li, RSC Adv., 2015, 5, 85 

22654; (f) A. K. Bagdi, S. Mitra, M. Ghosh and A. Hajra, Org. 
Biomol. Chem., 2015, 13, 3314. 

12 S. M. Patil, S. Kulkarni, M. Mascarenhas, R. Sharma, S. M. Roopan 
and A. Roychowdhury, Tetrahedron, 2013, 69, 8255. 

13 (a) Y. Zhu, Q. Gao, M. Lian, J. Yuan, M. Liu, Q. Zhao, Y. Yang and 90 

A. Wu, Chem. Commun., 2011, 47, 12700; (b) Y. Yang, M. Gao, D. 
Zhang, L. Wu, W. Shu and A. Wu, Tetrahedron, 2012, 68, 7338. 

14 (a) Q. Gao, X. Wu, S. Liu and A. Wu, Org. Lett., 2014, 16, 1732; (b) 
Q. Gao, J. Zhang, X. Wu, S. Liu and A. Wu, Org. Lett., 2015, 17, 
134. 95 

15 E. Jones-Mensah and J. Magolan, Tetrahedron Lett., 2014, 55, 5323. 
16 (a) Q. Gao, S. Liu, X. Wu and A. Wu, Tetrahedron Lett., 2014, 55, 

6403; (b) Q. Gao, X. Wu, Y. Li, S. Liu, X. Meng and A. Wu, Adv. 
Synth. Catal., 2014, 356, 2924; (c) Z. Chen, Q. Yan, Z. Liu and Y. 
Zhang, Chem.-Eur. J., 2014, 20, 17635; (d) Z. Cai, X. Lu, Y. Zi, C. 100 

Yang, L. Shen, J. Li, S. Wang and S. Ji, Org. Lett., 2014, 16, 5108; 
(e) Z. Chen, Q. Yan, Z. Liu, Y. Xu and Y. Zhang, Angew. Chem., 
Int. Ed., 2013, 52, 13324; (f) G. C. Senadi, W. Hu, T. Lu, A. M. 
Garkhedkar, J. K. Vandavasi and J. Wang, Org. Lett., 2015, 17, 
1521; (g) J. Chen, W. Dong, M. Candy, F. Pan, M. Jörres and C. 105 

Bolm, J. Am. Chem. Soc., 2012, 134, 6924. 
17 Z. Huang, Y. Yang, Q. Xiao, Y. Zhang and J. Wang, Eur. J. Org. 

Chem., 2012, 6586. 

Page 4 of 4Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


