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ABSTRACT: The carbon tetrabromide mediated oxidative carbon— o Oy s
. . o - o i 5

nitrogen bond formation of 2 amlnopyr}dlnes or 2 afnmopyrlmldlnes AN R CBr, (2 equiv) ,/\N \

with f-keto esters or 1,3-diones, leading to a variety of complex Rg L+ S, RO
imidazo[1,2-a]pyridines or imidazo[1,2-a]pyrimidines, is reported. X“ONH g R®  MeCN,80°C

The reactions were realized under mild and metal-free conditions. , .
X = CH: 2-aminopyridines

X = N: 2-aminopyrimidines

40 examples
up to 99% yield
up to 10 grams scale

he formation of carbon—nitrogen bonds continues to be

an active and challenging field of heterocyclic chemistry.
Imidazo[1,2-a]pyridines (IPYs) are an important type of
heterocycles and have attracted much attention due to their
remarkable biological and pharmacological activities." Within
the IPY family, commercially available drugs have been derived,
including alpidem (anxiolytic),” zolpidem (insomnia),’ necopi-
dem (anxiolytic),* saripidem (anxiolytic),” and zolimidine
(antiulcer)® (Scheme 1, part A). In addition, molecules with
the IPY moiety are also broadly applied in organometallic
chemistry and material science because of their structural
characteristics.” Not surprisingly, because of their applications
in a variety of fields, many synthetic methods have been
developed for IPYs. Although the preparation of these
compounds has been investigated for more than a century,
the past decade has witnessed a remarkable advancement in the
synthesis of IPYs." Among a variety of new synthetic
transformations, transition-metal-catalyzed reactions have
proven to be a powerful tool for the synthesis of IPY
derivatives.” Very recently, TBAI/BF,Et,0/TBHP'’ or Fe/I,/
0,'" -catalyzed oxidative coupling of the C—N bond has been
developed for the construction of IPYs (Scheme 1, part B).
Although elegant processes have been reported, the develop-
ment of new routes is still highly desirable for the synthesis of
functionalized IPYs from readily available precursors without
the necessity for prefunctionalities under simple metal-free
conditions. Since 2015, carbon tetrabromide (CBr,) has been
found to show good reactivity in cross-dehydrogenative
coupling (CDC) reactions to construct carbon—carbon bonds
by us (Scheme 1, part C)."* Herein, we developed a new and
facile CBr,-promoted protocol to construct structurally
sophisticated IPY derivatives from readily accessible starting
materials in a single operation under mild conditions (Scheme
1, part D).

As part of our continuing interest in CBr, assisted
transformation, we wanted to attempt the CBr, mediated C—
N bond formation reaction. The study was initiated by
investigating the reaction of 2-aminopyridine la with ethyl 2-
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Scheme 1. Related Background

A) a few examples of IPY containing drugs”

5 Alpidem: = Cl; R? = "PryNC(O)CHy; R® = 4-CI-CgH,
- R Zolpidem: R‘ Me; R? = Me,NC(O)CHy; R® = 4-Me-CgHy
@/\&Ra Necopidem: R = H; RZ = "PrC(O)N(Me)CHy; R® = 4-CI-CgH,
NP Saripidem: R! = H: R? = ‘BuC(OQ)N(Me)CH,; R® = 4-Et-CgH,

Zolimidine: R'=H; R?=H; R® = 4-MeS0,-CgH,

B) previous oxidative C-N coupling for the synthesis of IPYs% 11

TBAI {10 mol %) O, RS
BF3Et,0 (20 mol %)
N _TBHP (200 mol %) N
RS \ l _\I\)Q ¢ R
NH MeCN, 80 °C, 9-65 h N
26 examples
Iron (10 mol %) Q,
1 (10 mol %)
. f\| zi 03 (1 atm) /\i 2
\\x RCOOH, s
110-130°C, 24 h 14 examples

C) previous CBr, mediated oxidative dehydrogenative reaction'?

R’ 1

R
I\\ . i CBry, air I\\ X
X
NN RE SN R?
H
1 R1
AN L0 CBry, air mow%
AN RR K/O F N R?
1 1
R,\/ CBry, air 3’
| + NuH |
\ X X X
X=NArorC Nu
D) this work Oy RS
[0} RS
Z N CBry (2 equiv) =N
L2 SO
X~ NH, R® MeCN, 80°C, 3-36 h x“ N
o 40 examples

benzoylacetate 2a in the presence of 2 equiv of CBr,. To our
delight, as shown in Table 1, when the mixture was heated at 80
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Table 1. Screening of Reaction Conditions”

Qo OEt Q OEt
@l\ z : conditions ©/§©
| + >
N-“\H, O SN
1a 2a 3aa
entry [Hal] loading solvent temp yield [%]°

1 CBr, 2 equiv MeCN 80 °C 90

2 NCS 2 equiv MeCN 80 °C 60

3 NBS 2 equiv MeCN 80 °C 62
4 NIS 2 equiv MeCN 80 °C 40

S DBDMH 2 equiv MeCN 80 °C 32

6 Br, 2 equiv MeCN 80 °C 44

7 CHBr; 2 equiv MeCN 80 °C trace
8 CH,Br, 2 equiv MeCN 80 °C 0

9 DBE 2 equiv MeCN 80 °C 0

10 CuBr, 2 equiv MeCN 80 °C 0

11 KBr/H,0, 2 equiv MeCN 80 °C trace
12 CBr, 1 equiv MeCN 80 °C 83
13 CBr, 0.5 equiv MeCN 80 °C 43
14 CBr, 3 equiv MeCN 80 °C 89
15 CBr, 2 equiv CH,Cl, 80 °C 42
16 CBr, 2 equiv THF 80 °C 26
17 CBr, 2 equiv toluene 80 °C 17
18 CBr, 2 equiv H,0 80 °C 77
19 CBr, 2 equiv MeOH 80 °C S3
20 CBr, 2 equiv MeCN 60 °C 87
21 CBr, 2 equiv MeCN 100 °C 88
22 CBr, 2 equiv MeCN rt S0

“Reaction conditions: 1a (1.5 mmol), 2a (0.5 mmol), solvent (2 mL),
6 h. “Yields of the isolated product. NCS = N-Chlorosuccinimide.
NBS = N-Bromosuccinimide. NIS = N-Iodosuccinimide. DBDMH =
1,3-dibromo-5,5-dimethylhydantoin. DBE = dibromoethane.

°C for 6 h, the desired product 3aa was isolated in excellent
yield (Table 1, entry 1). The use of other halogen analogues
such as NCS, NBS, NIS, DBDMH, and Br,, instead of CBr,,
was found to be less effective (Table 1, entries 2—6).
BrCH,CH,Br, CHBr;, CH,Br,, CuBr,, and KBr/H,0, were
inactive for this transformation (Table 1, entries 7—11). The
yields dropped to 83% and 43% when the CBr, loading was
reduced to 1 and 0.5 equiv, respectively (Table 1, entries 12,
13). Increasing the amount of CBr, from 2 to 3 equiv resulted
in no appreciable differences (Table 1, entry 14). Furthermore,
the use of other solvents such as DCM (42%), THF (26%),
toluene (17%), water (77%), and MeOH (53%) was found to
be less productive than MeCN (Table 1, entries 15—19). Both
increasing and decreasing the temperature resulted in lower
yields (Table 1, entries 20—22). Thus, it was determined that
CBr, (2 equiv) at 80 °C in acetonitrile were the optimal
reaction conditions (90%, Table 1, entry 1).

With the optimized conditions in hand, we applied this
strategy to the oxidative C—N bond formation of various 2-
aminopyridines 1 with different f-keto esters or 1,3-diones
substrates 2. As shown in Scheme 2, the reactivity of 2-
aminopyridine 1 was remarkably dependent on the electronic
properties of the substituents from the pyridine ring. 2-
Aminopyridines without a substituent group or with an
electron-donating group such as Me provided higher yields of
IPYs, but 2-aminopyridines with an electron-withdrawing group
such as Cl gave lower yields. Intriguingly, 2-aminopyrimidine
(1i, a guanidine surrogate) smoothly underwent this trans-
formation generating the desired products 3ia—3ih in moderate
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Scheme 2. CBr, Mediated Syntheses of Imidazo[1,2-
a]pyridines and Imidazo[1,2-a]pyrimidines”

1

R4 R4 Q RS
3 Oy _Rs [l g3
Ry~ N R cery RN A 5
RZ SN NH, RS RE SN

R! o 2 R! 3

o o)
4 R4
g3 I o R3 O
Z N 7NN
R XN R XN
R! R'
R! R R® R* 3 (Yields)™ R' RZ R® R* 3(Yields)
H H H H 3aa(90%) H H H H 3ab(88%)
Me H H H 3ba(95%) Me H H H 3bb(92%)
H Me H H 3ca(99%) H Me H H 3ch(94%)
H H Me H 3da(98%) H H Me H 3db(95%)
Cl H H H 3fa(23%) H H H Me 3eb(61%)
H ¢l H H 3ga(41%) H Cl H H 3gb(52%)
H H ClI H 3ha(25%) H H Cl H 3hb(24%)
o)
4
Ra R O\ R5
= "N R = N,\S—
RZ XN X SN
RT
R' RZ R? R 3(Yields) RS 3(Yields)
H H H H 3ac(90%) CO,Me 3ac (90%)
Me H H H 3bc (90%) CO,Et 3ad (89%)
H Me H H 3cc(92%) CO;Pr 3ae (87%)
H H Me H 3dc(96%) CO,'Bu 3af (85%)
H Ccl H H 3gc(61%)
H H CI H 3hc(30%) o O
e W,
3 ~
RN N
RN SN 3ah (25%)
R1
R' R? R® R* 3(Yields) J R
H H H H 3ag(89%) L .
Me H H H 3bg (85%) L [ o
H Me H H 3cg(85%) -~ \_/"H/ 1
H HMeH 3dg (920-"5) 3ig
H Cl H H 3gg(54%) RS

= "N W
3 @A
S
RS

R* &
R3

7NN RS 3 (Yields)
R XN CO,Et Ph 3ia(51%)
R CO,Et "Pr 3ib (58%)
R' RZ R® R* 3 (Yields) COZ_Et Me 3!d (62%)
CO,Pr Me 3ie (48%)

H H H H 3ai(36%) "
: CO,'Bu Me 3if (54%)
cl H H H 3fi (32%) S
H Cl H H 3gi(33%) COMe Me 3ig (58%)
COPh Ph  3ih (33%)

“Reaction conditions: 1 (1.5 mmol), 2 (0.5 mmol), MeCN (2 mL), 80
°C, 3—36 h. "Yield of the isolated product.

to good yields. The structure of 3ig was confirmed by single
crystal X-ray diffraction as shown in Scheme 2. It is
noteworthy that these imidazo[1,2-a]pyrimidine products
were also widely applied in the synthesis of biologically active
heterocycles."*

To examine the scalability of the present methodology, a
reaction of 2-aminopyridine la and ethyl 2-benzoylacetate 2a
was performed at the 10 g scale. The corresponding 3aa was
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obtained in 81% isolated yield as shown in Scheme 3. That is to
say, here we present a practical and scalable synthetic entry to
the highly functionalized IPY derivatives.

Scheme 3. Scalability of the Reaction to the Multigram Scale

o}
OFt O\ ot
Z N
S | + CBI’4 = N \
NH; O MeCN (100 mL), 80°C, 6 h x|
1a (14.19) 2a (9.6 g)

3aa (10.9 g, 81%)

Control experiments were carried out in order to have a
better understanding of this transformation. Intermediate A was
isolated from the reaction mixture of la and 2a under the
standard reaction conditions by stopping the reaction after a
short time (0.5 h) [Scheme 4, eq 1]. Furthermore, we proved

Scheme 4. Control Experiments

I Q §_@ _CBr (2equiy) /§—® Qz :
MeCN
80°C,0.5h 8% 7%
n,5h 15% 6%
o)
Oy-cEt OEt
7z ‘N Br N
@SSt MeCN, 80°C,6h =y
el AL @l
9, e}
OEt CBry (2 equiv) OEt
7N TEMPO Z
®) . N
S NH, J MeCN, 80°C,6h N\ <
1a 2a 3aa
loading of TEMPQ: 2 equiv 83%
3 equiv 80%
4 equiv 82%
Q )
OEt CBry (2 equiv) o OEt
= .
4) _ ‘N N BHT (2 equiv) ZON
NHz O MeCN, 80°C, 6h N

2a 3aa (77%)

that the reaction of intermediate A and la gave the same
product 3aa in high yield even without CBr, as the promoter
[eq 2]."® These results indicate that A is the intermediate of this
CBr, induced transformation. Tetramethylpiperidin-1-oxyl
(TEMPO) and 2,6-di-tert-butyl-4-methylphenol (BHT) were
employed in the standard reaction as a radical scavenger, and
no obvious inhibition was observed [eqs 3 and 4]. These results
suggested that no radical process was involved in the present
CBr, induced reaction.

According to these results, we were able to propose the
tentative mechanism of the reactions, as shown in Scheme S.
Taking the reaction of 2-aminopyridine la and ethyl 2-
benzoylacetate 2a for example, in the synthesis of IPY 3aa, la is
first brominated with CBr, to give intermediate A. The
nucleophilic substitution of 2-aminopyridine (2a) with
intermediate A affords intermediate B. Subsequent intra-
molecular nucleophilic addition of B provides intermediate C.
Finally, the proton transfer and the subsequent dehydration and
dehydrogenation produced IPY 3aa. Alternatively (path b),
condensation of A with 2a affords imine intermediate E.
Intramolecular nucleophilic substitution of E also provides 3aa.
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Scheme 5. Proposed Mechanism
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In summary, we have developed an efficient CBr,-mediated
oxidative C—N bond formation reaction of 2-aminopyridines or
2-aminopyrimidines with f-keto esters or 1,3-diones to
construct complex imidazo[1,2-a]pyridines and imidazo[1,2-
a]pyrimidines. The starting materials and the promoter are
commercially available. The reactions were performed under
simple and mild reaction conditions. Further studies on the
mechanistic details and synthetic applications of this method
are underway in our laboratory.

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.6b00137.

Experimental details, compound characterization, and
NMR spectra (PDF)

B AUTHOR INFORMATION
Corresponding Author

*E-mail: huocongde1978@hotmail.com.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank the National Natural Science Foundation of China
(21262029, 21562037) and the Natural Science Foundation of
Gansu Province (1506RJZA122) for financially supporting this
work.

B REFERENCES

(1) (a) Kim, O; Jeong, Y.; Lee, H; Hong, S.-S.; Hong, S. J. Med.
Chem. 2011, 54, 2455. (b) Al-Tel, T. H.; Al-Qawasmeh, R. A.; Zaarour,
R. Eur. ]. Med. Chem. 2011, 46, 1874. (c) Lacerda, R. B.; de Lima, C.
K, da Silva, L. L.; Romeiro, N. C,; Miranda, A. L.; Barreiro, E. J;
Fraga, C. A. Bioorg. Med. Chem. 2009, 17, 74. (d) Ismail, M. A; Arafa,
R. K; Wenzler, T.; Brun, R.; Tanious, F. A.; Wilson, W. D.; Boykin, D
W. Bioorg. Med. Chem. 2008, 16, 683. (e) Enguehard-Gueiffier, C.;
Gueiffier, A. Mini-Rev. Med. Chem. 2007, 7, 888. (f) Gudmundsson, K.
S.; Williams, J. D.; Drach, J. C.; Townsend, L. B. . Med. Chem. 2003,
46, 1449. (g) Kaminski, J. J.; Doweyko, A. M. J. Med. Chem. 1997, 40,
427. (h) Rival, Y;; Grassy, G.; Taudou, A; Ecalle, R. Eur. J. Med. Chem.
1991, 26, 13. (i) Kang, C. W.; Sun, Y.; Del Valle, J. R. Org. Lett. 2012,
14, 6162.

DOI: 10.1021/acs.orglett.6b00137
Org. Lett. 2016, 18, 1016—1019



Organic Letters

(2) George, P. G; Rossey, G.; Sevrin, M.; Arbilla, S.; Depoortere, H.;
Wick, A. E. L. E. R S. Monograph Ser. 1993, 8, 49.

(3) Du, B,; Shan, A; Zhang, Y.,; Zhong, X.; Chen, D.; Cai, K. Am. J.
Med. Sci. 2014, 347, 178.

(4) Depoortere, H.; George, P. US 5064836, 1991.

(S) Sanger, D. J. Behav. Pharmacol. 1995, 6, 116.

(6) Belohlavek, D.; Malfertheiner, P. Scand. J. Gastroenterol Suppl.
1979, 54, 44.

(7) (a) Wan, J.; Zheng, C.-J; Fung, M.-K; Liu, X.-K; Lee, C.-S;
Zhang, X.-H. J. Mater. Chem. 2012, 22, 4502. (b) Song, G.; Zhang, Y.;
Li, X. Organometallics 2008, 27, 1936.

(8) For recent review, see: Pericherla, K,; Kaswan, P.; Pandey, K;
Kumar, A. Synthesis 20185, 47, 887.

(9) (a) Xie, Y.; Wy, J; Che, X; Chen, Y,; Huang, H,; Deng, G.-J.
Green Chem. 2016, 18, 667. (b) Xiao, X.; Xie, Y.; Bai, S; Deng, Y,;
Jiang, H; Zeng, W. Org. Lett. 2015, 17, 3998. (c) Zhan, H.; Zhao, L.;
Liao, J.; Li, N.; Chen, Q;; Qiu, S.; Cao, H. Adv. Synth. Catal. 2015, 357,
46. (d) Cao, H,; Lei, S.; Li, N.; Chen, L.; Liu, J.; Cai, H.; Qiu, S.; Tan,
J. Chem. Commun. 2015, S1, 1823. (e) Pericherla, K; Kaswan, P.;
Pandey, K.; Kumar, A. Synthesis 2015, 47, 887. (f) Zhan, H.; Cao, H;
Qiu, H; Li, N; Chen, L; Liu, J.; Cai, H; Tan, J. RSC Adv. 2015, S,
32205. (g) Talbot, E. P. A.; Richardson, M.; McKenna, J. M.; Toste, F.
D. Adv. Synth. Catal. 2014, 356, 687. (h) Cao, H.; Liu, X; Liao, J;
Huang, J.; Qiu, H.; Chen, Q.; Chen, Y. J. Org. Chem. 2014, 79, 11209.
(i) Cao, X;; Cheng, X;; Bai, Y.; Liu, S.; Deng, G.-J. Green Chem. 2014,
16, 4644. (j) Wang, Y.; Frett, B,; Li, H.-Y. Org. Lett. 2014, 16, 3016.
(k) Cao, H; Liu, X; Zhao, L.; Cen, J; Lin, J.; Zhu, Q; Fu, M. Org.
Lett. 2014, 16, 146. (1) Ge, W.,; Zhu, X.; Wei, Y. Eur. J. Org. Chem.
2013, 2013, 6015. (m) Bagdi, A. K; Rahman, M.; Santra, S.; Majee, A.;
Hajra, A. Adv. Synth. Catal. 2013, 355, 1741. (n) Santra, S.; Bagdi, A.
K.; Majee, A.; Hajra, A. Adv. Synth. Catal. 2013, 35S, 1065. (o) Mohan,
D. C; Rao, S. N; Adimurthy, S. J. Org. Chem. 2013, 78, 1266.
(p) Huang, H,; Ji, X.; Tang, X.; Zhang, M,; Li, X; Jiang, H. Org. Lett.
2013, 15, 6254. (q) Stasyuk, A. J.; Banasiewicz, M.; Cyrafiski, M. K;
Gryko, D. T. J. Org. Chem. 2012, 77, 5552. (r) Yan, R.-L.; Yan, H.; Ma,
C;; Ren, Z; Gao, X.-A.; Huang, G.-S; Liang, Y.-M. J. Org. Chem. 2012,
77, 2024. (s) He, C.; Hao, J.; Xu, H.; Mo, Y.; Liu, H.; Han, J.; Lei, A.
Chem. Commun. 2012, 48, 11073. (t) Zeng, J.; Tan, Y.; Leow, M.; Liu,
X.-W. Org. Lett. 2012, 14, 4386. (u) Wang, H,; Wang, Y,; Liang, D;
Liu, L; Zhang, J; Zhu, Q. Angew. Chem., Int. Ed. 2011, 50, 5678.
(v) Husinec, S.; Markovic, R.; Petkovic, M.; Nasufovic, V.; Savic, V.
Org. Lett. 2011, 13, 2286.

(10) (a) Ma, L.J; Wang, X.-P,; Yu, W,; Han, B. Chem. Commun.
2011, 47, 11333. (b) Wang, X,; Ma, L,; Yu, W. Synthesis 2011, 2011,
244S.

(11) (a) Nguyen, T. B.; Corbin, M.; Retailleau, P.; Ermolenko, L.; Al-
Mourabit, A. Org. Lett. 2015, 17, 4956. (b) Cai, Q.; Liu, M.-C.; Mao,
B.-M,; Xie, X,; Jia, F.-C.; Zhu, Y.-P.; Wu, A.-X. Chin. Chem. Lett. 2015,
26, 881.

(12) (a) Huo, C.; Wu, M,; Chen, F.; Jia, X; Yuan, Y.; Xie, H. Chem.
Commun. 2015, 51, 4708. (b) Huo, C.; Xie, H; Wu, M,; Jia, X.; Wang,
X.; Chen, F.; Tang, J. Chem. - Eur. J. 2018, 21, 5723. (c) Huo, C.; Xie,
H,; Chen, F.; Tang, J. Wang, Y. Adv. Synth. Catal. 2016, 358, DOL:
10.1002/adsc.201500893.

(13) The X-ray crystal data (excluding structure factors) of
compound 3ig have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC
1445506. A copy of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax:
t44 (0) 1223 336033 or e-mail: deposit@ccdc.cam.ac.uk).

(14) (a) Dupuy, M.; Pinguet, F.; Chavignon, O.; Chezal, J. M;
Teulade, J. C.; Chapat, J. P.; Blache, Y. Chem. Pharm. Bull. 2001, 49,
1061. (b) Dupuy, M.; Pingiet, F.; Blache, Y.; Chavignon, Y.; Teulade, J.
C.; Chapat, J. P. Chem. Pharm. Bull. 1998, 46, 1820. (c) Blache, Y;
Gueiffier, A.; Chavignon, O.; Teulade, J. C.; Dauphin, G.; Chapat, J. P.
Heterocycl. Commun. 1996, 2, 331.

(15) Chunavala, K. C.; Joshi, G.; Suresh, E.; Adimurthy, S. Synthesis
2011, 2011, 635.

1019

DOI: 10.1021/acs.orglett.6b00137
Org. Lett. 2016, 18, 1016—1019



