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ABSTRACT: A conversion of pyridines and enamides for the synthesis of 3-

2
bromo-imidazo[1,2-a]pyridines was developed by copper-mediated aerobic Ro E\:L
oxidative coupling in a one-pot manner. This procedure tolerates various functional _ @JLN'AC + E\j Lubr; (1-2equv) -y N
. . g 519 q 1 H N O, balloon Br
groups and affords a series of 3-bromo-imidazo[1,2-a]pyridines under mild Z DeE, 709G I\
conditions. R,
Bl INTRODUCTION interest in a copper/oxygen catalytic system to form N-

heterocycles,”"” herein, we describe a copper-mediated aerobic
oxidative coupling of pyridines with enamides for synthesis of
3-bromo-imidazo[1,2-a]pyridines in a one-pot manner
(Scheme 2, d). In addition, these 3-bromo-substrates can be
used as versatile synthetic blocks for further transformation.'®"?

Intensive interest and research have been paid in the
development of new and efficient strategies for the construction
of an imidazo[1,2-a]pyridine core' due to its biological
activities and medical applications.” In particular, different
substituents at the C3-position of imidazo[1,2-a]pyridine can

profou'ndly'in.ﬂuence their bipgctivities.? Additionally, this C?;- B RESULTS AND DISCUSSION

alkylation imidazo[1,2-a]pyridine motif has been found in

commercially available drugs such as zolpidem, saripidem, To initiate our study, the reaction conditions were screened for
alpidem, and necopidem (Scheme 1). Halogenated imidazo- the formation of 3-bromo-imidazo[1,2-a]pyridine with N-(1-
[1,2-a]pyridines as a class of important building blocks and phenylvinyl)acetamide (1a) and pyridine (2a) as model
versatile synthons could be further converted to more complex substrates (Table 1). Various solvents were first examined
organic molecules through cross-coupling reactions. Despite using CuBr, as a catalyst and halogen source. In a typical
that significant advances have been made recently for the procedure, a mixture of 1a (0.2 mmol, 1 equiv), 2a (3 equiv),
construction of an imidazo[1,2-a]pyridine skeleton relying on and CuBr, (1.2 equiv) in 2 mL of solvent was StiffedA under air
2-arnino_}3yridine derivatives,” including our own contribu- at 7O.O.C' The desired product 3-bromo-2-phenylimidazo[1,2-
tions,>™’ there are very few general methods that convert a]pyridine (3aa) was detected when DCE, PhCl, CH,CN, 1,4-
unfunctionalized pyridines in one step to halogenated imidazo- dioxane, and toluene were used as the solvents, respectively.

[1,2-a]pyridines. Thus, the development of efficient and general The results illustrated that DCE, PhCl, CH;CN, and 1,4-

access to functionalized imidazo[1,2-a]pyridines is of great dioxane were better solvents in this transformation, and the
interest. highest yield was given in DCE. 3aa was obtained in 67% yield

(Table 1, entries 1—9). To explore the catalyst and brominating
agent, CuBr was tested, and the result showed that CuBr,
displayed better ability than CuBr in this conversion clearly
(Table 1, entries 10, 16). Subsequently, in the presence of
nitrogen, no expected 3aa was detected, which indicated that

Direct transformation of simple pyridine gives a straightfor-
ward route to imidazo|:1,2—a]pyridine8 via intermolecular
oxidative C—H/N—H cross-coupling reaction for its economic
and practical feature. Transition-metal-catalyzed aerobic
oxidative coupling reactions have emerged recently as a ' ! .
powerful strategy to form a C—N bond directly.” Noteworthily, Oxygen was e_s,senual to this reaction (Table 1, entry 11). Next,
the copper/oxygen catalytic system for oxidative functionaliza- a range of oxidants such as TBHP, DTBP, KgSgOS: and oxygen
tion of the C—H bond has attracted considerable attention for (b:al‘loon) were evaluatgd, and the oxygen exhibited an excellent
its efficient process, low cost, and sustainability.10 Recently, ability (Table 1, entries 12—15). To r.educe the dosage of
copper(I)-catalyzed oxidative cyclization of pyridine with oxime copper salts, some Br donors Sth as LiBr, NaBr, KBr, NBS,
esters,'! N—(alkylidene)-4H—1,2,4-triazol-4—amines,12 and vinyl an.d Br, were used with a catalytic amount of copper salts for
azides'® for imidazo[1,2-a] pyridines synthesis has been this transformation, but the results were not pleasurable (Table
developed, respectively (Scheme 2, a—c). As an excellent 1, entries 17—24). It was worth mentioning that, when a

oxidative coupling partner, enamides have been illuminated by

copper-catalyzed oxidative couPlin§ for the synthesis of Received: March 31, 201S
nitrogen-containing heterocycles. *=1% 1 connection with our Published: December 1, 2015
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Scheme 1. Examples of Imidazo[1,2-a]pyridines with Biological Activities
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Scheme 2. Direct Transformation of Pyridine to
Imidazo[1,2-a]pyridines
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catalytic amount of Cul and an excess amount of LiBr were
used in this conversion, the major 3-iodo-2-phenylimidazo[1,2-
a]pyridine (4aa) was given in 14% yield (Table 1, entry 17).
Finally, the optimized reaction conditions were obtained as
follows: 1.2 equiv of CuBr, as a catalyst and brominating agent
in DCE at 70 °C under an oxygen atmosphere (Table 1, entry
15).

With the optimized reaction conditions in hand, the
applicability to different enamides was investigated (Scheme
3). A variety of enamides transformed smoothly to 3-bromo-
imidazo[1,2-a]pyridines in this copper/oxygen catalytic system
and displayed high functional group tolerance including methyl,
methoxyl, phenyl, fluoro, chloro, and trifuoromethyl (3aa—3ga,
3ja—3na). The yields remained relatively stable with the nature
of the different groups in the aromatic ring of enamides, and
regioselectivity favored the least sterically hindered position.
Also 1- or 2-naphthalenylethanone enamides survived well,
providing the desired 3ha and 3ia in good yields, respectively.
Additionally, the heterocycle enamides derived from furan-2-yl
and thiophen-2-yl ketones were tolerated in this transformation
(30a, 3pa). Unfortunately, the employment of an aliphatic
enamide such as methyl 2-acetamidoacrylate 1q could not give
the desired 3qa.

This copper/oxygen catalytic system was further expanded to
a range of substituted pyridines (Scheme 4). The results
demonstrated that substituents at different positions of the
pyridine ring (para, meta, and ortho positions) could affect the
efficiency obviously. Either electron-withdrawing or electron-
donating groups at the meta position of pyridine all can
transform successfully (3ad—3af’). An interesting result was
that the methyl at the C3-position gave the desired product
with the Cé-position in favor (3ad, 3ad’), but at the para or
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Table 1. Optimization of the Reaction Conditions”

X

()

O _copper, Br donor Brdonor N™ SN
solvent Br

1a 2a 3aa
entry catalyst ~ Br donor sovlent oxidant yield® (%)
1 CuBr, CuBr, DMF air nd®
2 CuBr, CuBr, CH;NO, air nd
3 CuBr, CuBr, DCE air 67
4 CuBr, CuBr, PhCl air 47
S CuBr, CuBr, DMSO air nd
6 CuBr, CuBr, CH;CN air 64
7 CuBr, CuBr, 1,4-dioxane air 44
8 CuBr, CuBr, toluene air 8
9 CuBr, CuBr, EtOH air nd
10 CuBr CuBr DCE air 26
114 CuBr, CuBr, DCE nd
12 CuBr, CuBr,  DCE TBHP nd
13 CuBr, CuBr, DCE DTBP nd
14 CuBr, CuBr, DCE K,S,04 nd
15 CuBr, CuBr, DCE 0, 74
16 CuBr CuBr DCE 0O, 23
17° Cul LiBr DCE 0, trace”
18° Cul NaBr DCE 0, 32
19¢ Cul KBr DCE 0, trace
20°¢  Cul Br, DCE 0, 17
21° CuBr NaBr DCE 0, trace
22°¢ CuBr, NaBr DCE 0, 43
23¢ CuBr, NBS DCE 0, nd
248 CuBr, Br, DCE 0, 30

“Conditions: 1a (0.2 mmol), 2a (0.6 mmol), catalyst (0.2 equiv), Br
donor (1.0 equiv), solvent (2 mL), under 70 °C, oxidant (0.4 mmol),
and monitored by TLC. DCE = 1,2-dichloroethane, PhCl =
chlorobenzene, CH;CN = acetonitrile, TBHP = tert-butyl hydro-
geromde solution 5.5 M in decane, DTBP = di-tert-butyl peroxide.

Isolated yields. “nd = not detected. “Under nitrogen atmosphere. “Br
donor (2.0 equiv). /3-Todo-2-phenylimidazo[1,2-a]pyridine (4aa) was
given in 14% yield. #After the mixture was kept stirring for 12 h and
cooled to r.t, Br, was added and the mixture was stirred at r.t. for the
desired time.

ortho position did not work under the standard conditions
(3ab—3ac). Moreover, quinoline and isoquinoline were
explored. To our disappointment, quinoline was not suited
for this conversion, whereas isoquinoline was tolerated in this
transformation as well to produce the corresponding 3-bromo-
imidazo[2,1-aJisoquinolines, respectively. Moderate yields can
be given in some cases, but higher doses of CuBr, (1.5 equiv)
were needed (3ag—3mg).

To further highlight the versatility of this strategy, other
copper halides were tested (Scheme S). A preliminary
experiment showed that the addition of 2 equiv of Cul instead
of CuBr, results in the expected iodinated product (4aa) in

DOI: 10.1021/acs.joc.5b02384
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Scheme 3. Scope of Enamides
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32% yield under similar conditions. However, the chlorinated
product was not detected by the use of CuCl,-2H,0O under
analogous conditions. Moreover, the synthetic applications of
3-bromo-imidazo[1,2-a]pyridines are shown in Scheme 6, and
C3-arylation and alkylation reactions can transform smoothly
through a classical Pd-catalyzed cross-coupling strategy.

To gain mechanistic insight into this transformation, some
control experiments were carried out. The reaction of 1a (1.0
equiv), 2a (3.0 equiv), and CuBr, (0.2 equiv) was investigated
in DCE under an oxygen atmosphere and generated the
intermediate 2-phenylimidazo[1,2-a]pyridine 7aa in 57% yield;
then 7aa was subjected to the reaction with CuBr, (1.2 equiv)
and pyridine (2.0 equiv) under an oxygen atmosphere. The
desired product 3aa was isolated in 95% yield (Scheme 7, a).
Furthermore, the reaction of 1a and 2a in the addition of a free
radical scavenger TEMPO (2,2,6,6-tetramethylpiperidin-1-oxyl)
generated TEMPO-trapped N-(1-phenylethylidene)acetamide
8a in 38% yield under the standard conditions (Scheme 7, b).
This result indicates the existence of the key intermediate
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Scheme 4. Scope of Pyridines
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Scheme S. Substrate Scope for Copper Salts
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radical ion A and its tautomer B (Scheme 8). Also, the
intermolecular kinetic isotope effect (KIE) of the reaction was
studied. The experiment shows that the C—H bond cleavage of

pyridine was not the rate-determining step (KIE = 0.95)
(Scheme 7, c).
On the basis of the previous literature reports'' ~">'”** and

the above results, the possible mechanism for this trans-
formation is proposed, as illustrated in Scheme 8. First, the
copper/oxygen system converts enamide 1a into carbocation C
by a hydrogen atom abstraction and a two-step electron transfer
process. Nucleophilic attack of 2a on C gives intermediate D,

DOI: 10.1021/acs.joc.5b02384
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Scheme 6. Selected Transformations of Brominated
Imidazo[1,2-a]pyridine
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Scheme 7. Control Experiments
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and the isomerization of D affords E. Then, coordination of the
Cu(Ill) to E provides complex F. Subsequently, the intra-
molecular cycloaddition, hydrolysis, and oxidative aromatiza-
tion lead to the block 7aa. Finally, the bromination of 7aa
yields the target molecule 3aa in the presence of CuBr, and
molecular oxygen.

H CONCLUSION

In conclusion, we have developed a one-pot copper-mediated
aerobic oxidative coupling of enamides with pyridines to form
3-bromo-imidazo[1,2-a]pyridine derivatives, which are useful
intermediates for the preparation of pharmaceutically and
biologically active compounds as well as functional materials.
This procedure employs oxygen as an oxidant, copper salt as a
catalyst to activate the C—H/N—H bond, and a halogenating
agent in the conversion. The avoidance of prefunctionalization
of substrates and fewer synthetic steps make this protocol
attractive.

B EXPERIMENTAL SECTION

General Remarks. '"H NMR spectra were recorded at 400 MHz.
Chemical shifts (in ppm) were referenced to tetramethylsilane (6 =
0.00 ppm) in CDCl; as an internal standard. *C NMR spectra were
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Scheme 8. Proposed Mechanism
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obtained at 100 MHz and were calibrated with CDCl; (6 = 77.00
ppm). The high-resolution mass spectra (HRMS) were recorded on an
FT-ICR mass spectrometer using electrospray ionization (ESI).
Products were purified by flash chromatography on 200—300 mesh
silica gels. All melting points were determined without correction.
Unless otherwise noted, commercially available reagents and solvents
were used without further purification. The enamides la—1p were
prepared from the corresponding ketoximes according to the reported
literature,” and 1q was prepared according to the reported
literature.”!

General Experimental Procedure. A test tube equipped with a
magnetic stir bar was charged with enamides 1 (0.2 mmol), pyridines 2
(0.6 mmol), CuBr, (53.5 mg, 0.24 mmol), and DCE (2 mL). The
reaction tube was evacuated and backfilled with O, (3 times, balloon).
Then, the reaction mixture was stirred at 70 °C (oil bath temperature)
under an O, balloon. After completion of the reaction (monitored by
TLC), the reaction mixture was diluted with ethyl acetate and
quenched with NH;-H,O; then the mixture was extracted with ethyl
acetate and washed with brine. The organic phase was dried over
anhydrous Na,SO, and concentrated in vacuo, and the residues were
purified by column chromatography, eluting with petroleum ether/
EtOAc to afford the disired 3-halo-imidazo[1,2-a]pyridines.

The intermolecular competition reaction was conducted using equal
amounts of pyridine 1a (0.3 mmol, 1.5 equiv) and D-labeled pyridine
dS-1a (0.3 mmol, 1.5 equiv).

Experimental Procedure for 8a. A test tube equipped with a
magnetic stir bar was charged with N-(1-phenylvinyl)acetamide 1la
(322 mg, 0.2 mmol), pyridine 2a (474 mg, 0.6 mmol), 2,2,6,6-
tetramethylpiperidin-1-oxyl (TEMPO) (62.4 mg, 0.4 mmol), CuBr,
(53.5 mg, 0.24 mmol), and DCE (2 mL). The reaction tube was
evacuated and backfilled with O, (3 times, balloon). Then, the reaction
mixture was stirred at 70 °C (oil bath temperature) under an O,
balloon for S h. The reaction mixture was filtered by 5 mm silica gels,
washed with ethyl acetate. All the organic phase was concentrated in
vacuo, and the residues were purified by column chromatography,
eluting with petroleum ether/EtOAc to afford 8a.

Analytical Data for Products. 3-Bromo-2-phenylimidazo[1,2-
ajpyridine (3aa). Yellow oil (74%, 40.3 mg). '"H NMR (400 MHz,

DOI: 10.1021/acs.joc.5b02384
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CDCly) 6 8.15-8.12 (m, 3 H), 7.64—7.61 (d, ] = 8.8 Hz, 1 H), 7.50—
7.46 (m, 2 H), 7.40-7.36 (m, 1 H), 7.26—7.21 (, ] = 7.2 Hz, 1 H),
6.91—6.87 (t, ] = 6.8 Hz, 1 H). 3C NMR (100 MHz, CDCl;) § 145.4,
142.6, 132.8, 128.4, 128.2, 127.8, 125.0, 123.9, 117.6, 112.9, 91.6. ESI-
HRMS: m/z Calcd for Cj3HoBrN, + H': 273.0022, found 273.0021.
3-Bromo-2-(p-tolyl)imidazo[1,2-a]pyridine (3ba). Yellow solid
(63%, 36.0 mg), melting point: 104—106 °C. 'H NMR (400 MHg,
CDCl,) 6 8.17—8.15 (d, ] = 7.2 Hz, 1 H), 8.03—8.00 (m, 2 H), 7.66—
7.64 (d, ] = 9.2 Hz, 1 H), 7.30—7.23 (m, 3 H), 6.94—6.90 (t, ] = 6.8
Hz, 1 H), 2.40 (s, 3 H). 3C NMR (100 MHz, CDCl,) § 145.3, 142.6,
1382, 129.8, 129.2, 127.8, 125.1, 123.9, 117.4, 113.0, 91.4, 21.3. ESI-
HRMS: m/z Caled for C,,H,;BrN, + H*: 287.0179, found 287.0183.
3-Bromo-2-(m-tolyl)imidazo[1,2-alpyridine (3ca). Yellow oil
(56%, 32.0 mg). '"H NMR (400 MHz, CDCL;) 6 8.15-8.13 (d, J =
6.8 Hz, 1 H), 7.95-7.92 (m, 2 H), 7.64—7.61 (d, ] = 9.2 Hz, 1 H),
7.38—7.34 (t, ] = 7.6 Hz, 1 H), 7.26—7.19 (m, 2 H), 6.91-6.87 (t,] =
6.8 Hz, 1 H), 2.44 (s, 3 H). 3C NMR (100 MHz, CDCl,) § 1454,
142.7, 138.1, 132.7, 129.0, 128.5, 128.2, 124.9, 124.9, 123.9, 117.5,
1129, 91.6, 21.5. ESI-HRMS: m/z Caled for C,H,BrN, + H*:
287.0179, found 287.0181.
3-Bromo-2-(o-tolyl)imidazo[1,2-a]pyridine (3da). Yellow oil (55%,
31.5 mg). 'H NMR (400 MHz, CDCl,) 6 8.18—8.16 (d, ] = 6.8 Hz, 1
H), 7.64-7.62 (d, ] = 9.2 Hz, 1 H), 7.46—7.44 (d, ] = 7.6 Hz, 1 H),
7.33—7.24 (m, 4 H), 6.97—6.93 (t, ] = 6.8 Hz, 1 H), 2.38 (s, 3 H). *C
NMR (100 MHz, CDCl,) § 145.2, 144.8, 137.5, 132.3, 130.6, 130.3,
128.6, 1254, 124.7, 123.9, 117.7, 112.9, 93.6, 20.2. ESI-HRMS: m/z
Caled for C ,H,,BrN, + H*: 287.0179, found 287.0183.
3-Bromo-2-(4-methoxyphenyl)imidazo[1,2-ajpyridine (3ea). Yel-
low solid (70%, 42.3 mg), melting point: 92—94 °C. '"H NMR (400
MHz, CDCl;) 6 8.14—8.12 (d, ] = 6.8 Hz, 1 H), 8.09—8.06 (m, 2 H),
7.62—7.60 (d, ] = 6.8 Hz, 1 H), 7.24—7.20 (m, 1 H), 7.02—7.00 (m, 2
H), 6.91-6.87 (m, 1 H), 3.85 (s, 3 H). *C NMR (100 MHz, CDCl,)
5 159.7, 145.3, 142.4, 129.1, 125.3, 124.9, 123.8, 117.3, 113.8, 112.8,
90.8, 55.2. ESI-HRMS: m/z Calcd for C,,H,,BrN,O + H': 303.0128,
found 303.0125.
3-Bromo-2-(3-methoxyphenyl)imidazo[1,2-alpyridine (3fa). Yel-
low oil (53%, 32.0 mg). "H NMR (400 MHz, CDCl,) § 8.17—8.15 (d,
J= 6.8 Hz, 1 H), 7.74-7.69 (m, 2 H), 7.64—7.62 (d, ] = 7.2 Hz, 1 H),
7.41-7.37 (t, ] = 8.0 Hz, 1 H), 7.26—7.22 (m, 1 H), 6.96—6.89 (m, 2
H), 3.89 (s, 3 H). *C NMR (100 MHz, CDCl;) § 159.6, 145.3, 142.4,
134.1, 129.4, 125.1, 123.9, 120.3, 117.6, 114.5, 113.0, 112.8, 91.8, 55.3.
ESI-HRMS: m/z Caled for C,H;;BrN,O + H*: 303.0128, found
303.0129.
2-([1,1'-Biphenyl]-4-yl)-3-bromoimidazo[1,2-a]pyridine (3ga).
White solid (71%, 49.4 mg), melting point: 112—114 °C. '"H NMR
(400 MHz, CDCl,) 6 8.23—8.21 (m, 2 H), 8.15-8.13 (d, J = 7.2 Hz,1
H), 7.72—7.70 (m, 2 H), 7.66—7.62 (m, 3 H), 7.46—7.42 (m, 2 H),
7.36—7.32 (t, ] = 7.2 Hz, 1 H), 7.24—7.20(m, 1 H), 6.90—6.86 (t, ] =
6.8 Hz, 1 H). ®C NMR (100 MHz, CDCl,) § 145.5, 142.3, 140.9,
140.6, 131.8, 128.7, 1282, 127.4, 127.1, 127.0, 125.0, 123.9, 117.6,
113.0, 91.7. ESI-HRMS: m/z Calcd for C;gH,3BrN, + H*: 349.0335,
found 349.0337.
3-Bromo-2-(naphthalen-1-yl)imidazo[1,2-a]pyridine (3ha). Yel-
low solid (50%, 32.2 mg), melting point: 154—156 °C. 'H NMR (400
MHz, CDCl;) § 8.23—8.21 (dd, J; = 6.8 Hz, ], = 2.8 Hz, 1 H), 8.15—
8.13 (dd, J; = 6.8 Hz, ], = 2.8 Hz, 1 H), 7.94—7.90 (m, 2 H), 7.72—
7.69 (m, 2 H), 7.58=7.55 (m, 1 H), 7.51-7.46 (m, 2 H), 7.32—
7.25(m, 1 H), 6.99—6.96 (t, ] = 6.8 Hz, 1 H). 3*C NMR (100 MHz,
CDCl,) 6 145.5, 143.7, 133.8, 131.8, 130.2, 129.1, 128.7, 128.2, 126.4,
1263, 125.9, 125.0, 124.9, 124.1, 117.8, 113.1, 94.5. ES-HRMS: m/z
Caled for C;;H,;BrN, + H*: 323.0179, found 323.0176.
3-Bromo-2-(naphthalen-2-yl)imidazo[1,2-a]pyridine (3ia). Yellow
solid (57%, 36.7 mg), melting point: 84—86 °C. "H NMR (400 MHz,
CDCl;) 6 8.62 (s, 1 H), 8.29—8.26 (dd, J; = 8.4 Hz, ], = 1.6 Hz,1 H),
8.17—8.15 (d, ] = 7.2 Hz,1 H), 7.96—7.92 (m, 2 H), 7.86—7.84 (m, 1
H), 7.68—7.66 (d, ] = 8.8 Hz, 1 H), 7.51-7.47 (m, 2 H), 7.27—
7.23(m, 1 H), 6.93—6.89 (td, J, = 6.8 Hz, ], = 0.8 Hz, 1 H). 3*C NMR
(100 MHz, CDCl;) § 145.5, 142.5, 133.3, 133.1, 130.2, 128.5, 128.0,
127.6, 127.1, 126.3, 1262, 125.5, 125.2, 123.9, 117.6, 113.1, 92.0. ESI-
HRMS: m/z Caled for C,H;;BrN, + H*: 323.0179, found 323.0177.

29

3-Bromo-2-(4-chlorophenyl)imidazo[1,2-alpyridine (3ja). Yellow
solid (64%, 39.2 mg), melting point: 136—138 °C. 'H NMR (400
MHz, CDCl,) § 8.16—8.14 (m, 1 H), 8.09—8.07 (m, 2 H), 7.63—7.61
(m, 1 H), 7.45—7.43 (m, 2 H), 7.28—7.24 (m, 1 H), 6.94—6.91 (t, ] =
6.8 Hz, 1 H). ®C NMR (100 MHz, CDCl,) § 145.5, 141.5, 134.2,
131.4, 129.0, 128.6, 125.3, 123.9, 117.6, 113.2, 91.7. ES-HRMS: m/z
Calced for C3HgBrCIN, + H*: 306.9632, found 306.9630.
3-Bromo-2-(3-chlorophenyl)imidazo[1,2-ajpyridine (3ka). Yellow
solid (59%, 36.1 mg), melting point: 110—112 °C. 'H NMR (400
MHz, CDCl;) 6 8.17—8.15 (m, 2 H), 8.04—8.02 (m, 1 H), 7.64—7.61
(d, J=92Hz, 1 H), 742-7.33 (m, 2 H), 7.29-7.24 (m, 1 H), 6.96—
6.92 (m, 1 H). '*C NMR (100 MHz, CDCl,) § 145.5, 1412, 134.7,
134.5, 129.7, 128.3, 127.8, 125.8, 125.4, 124.0, 117.7, 113.3, 92.0. ESI-
HRMS: m/z Calcd for C;3HgBrCIN, + H*: 306.9632, found 306.9631.
3-Bromo-2-(3,4-dichlorophenyl)imidazo[1,2-a]pyridine (3la).
White solid (66%, 44.9 mg), melting point: 152—154 °C. '"H NMR
(400 MHz, CDCl,) 6 8.29—8.26 (d, ] = 2 Hz, 1 H), 8.16—8.14 (m, 1
H), 8.01-7.98 (dd, ], = 2 Hz, ], = 44 Hz, 1 H), 7.63—7.60 (m, 1 H),
7.53=7.51 (t, ] = 44 Hz, 1 H), 7.30—7.26 (m, 1 H), 6.97—6.93 (m,1
H). °C NMR (100 MHz, CDCL;) § 145.5, 140.2, 132.9, 132.7, 132.2,
130.4, 129.4, 126.7, 125.6, 124.0, 117.7, 113.4, 92.1. ESI-HRMS: m/z
Caled for C3H;BrCLN, + H*: 340.9243, found 340.9244.
3-Bromo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine (3ma). White
solid (67%, 38.9 mg), melting point: 96—98 °C. 'H NMR (400 MHz,
CDCl,) 6 8.15-8.09 (m, 3 H), 7.63—7.60 (d, ] = 9.2 Hz, 1 H), 7.27—
723 (d, ] = 7.2 Hz, 1 H), 7.18—7.14 (m, 2 H), 6.93—6.90 (t, ] = 6.8
Hz, 1 H). *C NMR (100 MHz, CDCl;) *C NMR (100 MHz,
CDCL,) 6 162.7 (d, ] = 246 Hz), 1454, 141.8, 129.6 (d, J = 8 Hz),
129.0 (d, J = 3 Hz), 125.1, 123.9, 117.5, 115.4 (d, J = 21 Hz), 113.1,
91.4. ESI-HRMS: m/z Calcd for C3HgBrFN, + H': 290.9928, found
290.9929.
3-Bromo-2-(4-(trifluoromethyl)phenyl)imidazo[1,2-alpyridine
(3na). White solid (52%, 35.4 mg), melting point: 120122 °C. 'H
NMR (400 MHz, CDCl,) 6§ 8.28—8.26 (m, 2 H), 8.18—8.16 (d, ] = 6.8
Hz, 1 H), 7.73-7.71 (m, 2 H), 7.65—7.63 (d, ] = 9.2 Hz, 1 H), 7.30—
7.26 (m, 1 H), 6.97—6.93 (m, 1 H). '3C NMR (100 MHz, CDCl;) §
145.5, 141.0, 136.4, 129.9 (q, ] = 32 Hz), 127.9, 125.5,125.33 (q, ] = 4
Hz), 1242 (q, J = 270 Hz), 124.0, 117.8, 113.4, 92.5. ESI-HRMS: m/z
Caled for C ,HgBrF;N, + H': 340.9896, found 340.9893.
3-Bromo-2-(furan-2-yl)imidazo[1,2-a]pyridine (30a). Yellow oil
(27%, 14.1 mg). "H NMR (400 MHz, CDCl;) & 8.14—8.13 (d, ] = 6.8
Hz, 1 H), 7.64—7.59 (m, 2 H), 7.28—7.24 (m, 1 H), 7.09-7.08 (d, ] =
3.6 Hz, 1 H), 6.95-6.92 (m, 1 H), 6.56—6.55 (m, 1 H). 3C NMR
(100 MHz, CDCl,) § 147.6, 145.5, 142.8, 135.6, 125.4, 123.8, 117.6,
113.3, 111.4, 108.9, 90.7. ESI-HRMS: m/z Calcd for C;;H,BrN,O +
H*: 262.9815, found 262.9813.
3-Bromo-2-(thiophen-2-yl)imidazo[1,2-a]pyridine (3pa). Yellow
solid (44%, 24.5 mg), melting point: 104—106 °C. 'H NMR (400
MHz, CDCl,) 6 8.12—8.10 (d, J = 6.8 Hz, 1 H), 7.87—7.86 (d, ] = 3.2
Hz, 1 H), 7.62—7.60 (d, ] = 8.8 Hz, 1 H), 7.40—7.39 (d, ] = 5.2 Hz, 1
H), 7.26—7.22 (m, 1 H), 7.16—7.14(m, 1 H), 6.93—6.90 (t, ] = 6.8 Hz,
1 H). ®C NMR (100 MHz, CDCL;) § 145.3, 138.5, 135.9, 127.7,
126.1, 125.5, 125.3, 123.7, 117.4, 113.1, 90.7. ESI-HRMS: m/z Calcd
for C;;H,BrN,S + H*: 278.9586, found 278.9589.
3-Bromo-6-methyl-2-phenylimidazo[1,2-a]pyridine (3ad).” Yel-
low solid (67%, 38.3 mg), melting point: 110—112 °C. 'H NMR
(400 MHz, CDCl;) 6 8.13—8.11 (m, 2 H), 7.93 (s, 1 H), 7.53—7.45
(m, 3H), 7.39-7.35 (t, ] = 7.2 Hz, 1 H), 7.09—7.07 (m, 1 H), 2.37 (s,
3 H). 3C NMR (100 MHz, CDCly) § 144.5, 142.4, 133.0, 128.4,
1282, 128.1, 127.7, 122.8, 121.6, 116.9, 91.2, 18.3. ESI-HRMS: m/z
Calcd for C,,H;,BrN, + H*: 287.0179, found 287.0181.
3-Bromo-8-methyl-2-phenylimidazo[1,2-alpyridine (3ad’).” Yel-
low oil (17%, 9.7 mg). '"H NMR (400 MHz, CDCl;) & 8.13—8.11 (m,
2 H), 8.05-8.03 (d, ] = 6.8 Hz, 1 H), 7.50—7.46 (m, 2 H), 7.40—7.36
(t,J=72Hz, 1 H), 7.05-7.03 (d, ] = 7.2 Hz, 1 H), 6.85—6.81 (t, ] =
6.8 Hz, 1 H), 2.67 (s, 3 H). ®*C NMR (100 MHz, CDCl,) § 145.8,
1422, 1332, 128.4, 128.1, 128.0, 127.7, 123.7, 121.8, 113.0, 92.0, 16.5.
ESI-HRMS: m/z Caled for C,H,BrN, + H*: 287.0179, found
287.0182.
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3-Bromo-6,8-dimethyl-2-phenylimidazo[1,2-a]pyridine (3ae).
Red solid (56%, 33.6 mg), melting point: 110—112 °C. '"H NMR
(400 MHz, CDCl,) & 8.12—8.10 (m, 2 H), 7.80 (s, 1 H), 7.48—7.44
(m, 2 H), 7.38—7.34 (t, ] = 7.2 Hz, 1 H), 6.89 (s, 1 H), 2.62 (s, 3 H),
2.33 (s, 3 H). 3C NMR (100 MHz, CDCl;) § 144.8, 141.9, 133.3,
128.4, 127.9, 127.1, 126.8, 122.7, 119.5, 91.5, 18.3, 16.4. ESI-HRMS:
m/z Caled for C;sH;3BrN, + H': 301.0335, found 301.0337.

3-Bromo-6-fluoro-2-phenylimidazo[1,2-a]pyridine (3af).” Yellow
solid (21%, 12.2 mg), melting point: 98—100 °C. 'H NMR (400 MHz,
CDCly) 6 8.12—8.08 (m, 3 H), 7.63—7.59 (m, 1 H), 7.50—7.46 (m, 2
H), 7.41-7.37 (m, 1 H), 7.20—7.14 (m, 1 H). *C NMR (100 MHz,
CDCLy) 6 153.8 (d, J = 237 Hz), 144.1, 143.1, 132.6, 128.5, 128.4,
127.7,118.2(d, ] = 9 Hz), 117.1 (d, ] = 26 Hz), 110.9 (d, ] = 43 Hz),
92.9. ESI-HRMS: m/z Caled for C3HgBrEN, + H*: 290.9928, found
290.9926.

3-Bromo-8-fluoro-2-phenylimidazo[1,2-ajpyridine (3af’). Yellow
solid (20%, 11.6 mg), melting point: 94—96 °C. 'H NMR (400 MHz,
CDCl,) 6 8.24—8.22 (m, 2 H), 8.08—8.06 (d, ] = 6.8 Hz, 1 H), 7.50—
7.46 (m, 2 H), 7.42—7.38 (t, ] = 7.2 Hz, 1 H), 7.00-6.96 (m, 1 H),
6.88—6.83 (m, 1 H). 3C NMR (100 MHz, CDCl;) § 151.2 (d, ] = 253
Hz), 1432, 138.0 (d, ] = 29 Hz), 132.3, 128.5, 128.4, 128.0, 120. Three
(d, J = 5§ Hz), 112.0 (d, ] = 6 Hz), 107.7 (d, J = 15 Hz), 93.3. ESI-
HRMS: m/z Caled for C3HgBrFN, + H*: 290.9928, found 290.9927.

3-Bromo-2-phenylimidazo[2,1-aJisoquinoline (3ag). White solid
(53%, 34.1 mg), melting point: 156—158 °C. '"H NMR (400 MHz,
CDCl,) 6 8.73—8.71 (d, ] = 8.0 Hz, 1 H), 8.19—8.17 (m, 2 H), 7.97—
7.95 (d, J = 7.2 Hz, 1 H), 7.72—748 (m, 5 H), 7.41-7.36 (m,1 H),
7.15=7.13 (d, ] = 7.2 Hz, 1 H). *C NMR (100 MHz, CDCl,) 6 143.3,
140.8, 133.0, 129.4, 128.6, 128.5, 128.4, 127.9, 127.7, 127.0, 123.4,
123.0, 120.9, 113.7, 93.6. ESI-HRMS: m/z Calcd for C;;H,;BrN, +
H': 323.0179, found 323.0176.

3-Bromo-2-(p-tolyl)imidazo[2, 1-aJisoquinoline (3bg). White solid
(45%, 30.3 mg), melting point: 112—114 °C. 'H NMR (400 MHg,
CDCl,) 6 8.72—8.69 (m, 1 H), 8.07—8.05 (m, 2 H), 7.94—7.92 (d, ] =
7.2 Hz, 1 H), 7.70—7.54 (m, 3 H), 7.31—-7.28 (m, 2 H), 7.11-7.09 (d,
J=7.2Hz, 1 H),241 (s, 3 H). C NMR (100 MHz, CDCL;) § 143.2,
140.9, 137.8, 130.1, 129.4, 129.2, 128.5, 128.3, 127.6, 127.0, 123.4,
123.1, 120.9, 113.5, 93.3, 21.3. ESI-HRMS: m/z Calcd for C;gH;;BrN,
+ H*: 337.0335, found 337.0337.

3-Bromo-2-(m-tolyl)imidazo[2,1-aJisoquinoline (3cg). Yellow
solid (47%, 31.5 mg), melting point: 128—130 °C. 'H NMR (400
MHz, CDCl;) 6 8.72—8.70 (d, ] = 8.4 Hz, 1 H), 8.00—-7.92 (m, 3 H),
7.70—7.68 (d, ] = 8.0 Hz, 1 H), 7.66—7.62 (m, 1 H), 7.59—7.55 (m, 1
H), 7.40-7.36 (t, ] = 7.6 Hz, 1 H), 7.21-7.19 (d, ] = 7.2 Hz, 1 H),
7.11=7.09 (d, ] = 7.2 Hz, 1 H), 2.46 (s, 3 H). *C NMR (100 MHz,
CDCl,) 6 143.2, 140.9, 138.1, 132.9, 129.4, 128.7, 128.5, 128.4, 128.3,
127.0, 124.7, 123.4, 123.0, 120.9, 113.6, 93.6, 21.6. ESI-HRMS: m/z
Caled for CgH3BrN, + H*: 337.0335, found 337.0337.

3-Bromo-2-(o-tolyl)imidazo[2,1-aJisoquinoline (3dg). Yellow
solid (38%, 25.3 mg), melting point: 132—134 °C. 'H NMR (400
MHz, CDCl,) § 8.70—8.68 (d, J = 7.6 Hz, 1 H), 7.99—-7.97 (d,] = 7.2,
1 H), 7.7.76=7.74 (m, 1 H), 7.67—7.58 (m, 2 H), 7.51-7.49 (d, ] =
7.2 Hz, 1 H), 7.34=7.26 (m, 3 H), 7.19-7.17 (d, ] = 7.2 Hz, 1 H),
242 (s, 3 H). *C NMR (100 MHz, CDCL,) & 143.0, 142.6, 137.7,
132.4, 130.7, 130.4, 129.3, 128.5, 128.5, 128.4, 127.0, 125.5, 123.5,
122.9, 121.1, 113.6, 95.5, 20.3. ESI-HRMS: m/z Calcd for C;sH,;BrN,
+ H*: 337.0335, found 337.0336.

3-Bromo-2-(4-methoxyphenyl)imidazo[2,1-alisoquinoline (3eg).
White solid (33%, 23.2 mg), melting point: 134—136 °C. '"H NMR
(400 MHz, CDCl,) 6 8.71-8.69 (d, ] = 8.0 Hz, 1 H), 8.13—8.11 (m, 2
H), 7.97-7.95 (d, ] = 7.6 Hz, 1 H), 7.73—7.71 (d, ] = 8.0 Hz, 1 H),
7.67=7.63 (m,1 H), 7.60—7.56 (m, 1 H), 7.14—7.12 (d, ] = 7.6 Hz,1
H), 7.04—7.02 (m, 2 H), 3.87 (s, 3 H). *C NMR (100 MHz, CDCl,)
5 159.4, 143.2, 140.7, 129.4, 129.0, 128.4, 128.3, 127.0, 125.7, 123.4,
123.0, 121.0, 113.9, 113.4, 92.7, 55.3. ESI-HRMS: m/z Calcd for
C,5H,3BrN,O + H*: 353.0284, found 353.0286.

3-Bromo-2-(4-chlorophenyl)imidazo[2,1-alisoquinoline (3jg).
Yellow solid (37%, 26.4 mg), melting point: 152—154 °C. 'H NMR
(400 MHz, CDCl,) 6 8.70—8.68 (d, ] = 8.0 Hz, 1 H), 8.15—8.13 (m, 2
H), 7.98-7.96 (d, ] = 7.2 Hz, 1 H), 7.75—7.73 (d, ] = 7.6 Hz, 1 H),
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7.69—7.65 (m,1 H), 7.63—7.59 (m, 1 H), 7.47—7.45 (m, 2 H), 7.18—
7.16 (d, ] = 7.6 Hz, 1 H). C NMR (100 MHz, CDCl;) § 143.4,
139.7, 133.8, 131.6, 129.5, 128.9, 128.7, 128.6, 128.5, 127.1, 123.4,
123.0, 120.9, 113.9, 93.7. ESI-HRMS: m/z Calcd for C,,H,,BrCIN, +
H*: 356.9789, found 356.9791.
3-Bromo-2-(3,4-dichlorophenyl)imidazo(2, 1-aJisoquinoline (3Ig).
White solid (46%, 36.0 mg), melting point: 166—168 °C. '"H NMR
(400 MHz, CDCl,) & 8.69—8.67 (d, ] = 7.6 Hz, 1 H), 8.33—8.32 (d, ]
=2.0 Hz, 1 H), 8.07—8.04 (m, 1 H), 7.96—7.94 (d, ] = 7.2 Hz, 1 H),
7.75—7.72(d, J = 8.0 Hz, 1 H), 7.69—7.59 (m, 2 H), 7.54-7.52 (d, ] =
8.4 Hz, 1 H), 7.18-7.16 (d, ] = 7.2 Hz, 1 H). 3C NMR (100 MHz,
CDCl;) 6 143.4, 138.3, 133.2, 132.6, 131.7, 130.4, 129.5, 129.2, 128.9,
128.6, 127.1, 126.5, 123.3, 123.1, 120.8, 114.1, 94.1. ESI-HRMS: m/z
Calcd for C;HoBrCLLN, [M + H]*: 390.9399, found 390.9401.
3-Bromo-2-(4-fluorophenyl)imidazo(2,1-alisoquinoline (3mg).
White solid (51%, 34.8 mg), melting point: 144—146 °C. '"H NMR
(400 MHz, CDCl,) 6 8.69—8.67 (d, ] = 8.0 Hz, 1 H), 8.17—8.13 (m, 2
H), 7.95-7.93 (d, ] = 7.2 Hz, 1 H), 7.72—7.70 (d, ] = 8.0 Hz, 1 H),
7.67—7.63 (m, 1 H), 7.61-7.57 (m, 1 H), 7.20—7.12 (m, 3 H). *C
NMR (100 MHz, CDCL;) § 162.7 (d, ] = 246 Hz), 143.3, 139.9, 129.4
(d, J = 9 Hz), 129.4, 129.2 (d, ] = 3 Hz), 128.6, 128.4, 127.0, 123.3,
123.0, 120.9, 115.4 (d, J = 22 Hz), 113.7, 93.3. ESI-HRMS: m/z Calcd
for C;,H,,BrFN, + H*: 341.0084, found 341.0087.
3-lodo-2-phenylimidazo[1,2-a]pyridine (4aa). Yellow solid (32%,
20.5 mg), melting point: 148—150 °C. 'H NMR (400 MHz, CDCL,) §
8.24—8.22 (d, ] = 6.8 Hz, 1 H), 8.08—8.06 (m, 2 H), 7.63—7.61 (d,] =
8.8 Hz, 1 H), 7.50—7.47 (m, 2 H), 7.42—7.38 (m, 1 H), 7.28—7.24 (m,
1 H), 6.94—9.91 (m, 1 H). ®C NMR (100 MHz, CDCl;) § 148.2,
148.1, 133.6, 128.5, 128.3, 126.5, 125.5, 117.6, 113.1, 59.4. ESI-HRMS:
m/z Caled for C3HGIN, + H': 320.9883, found 320.9887.
2,3-Diphenylimidazo[1,2-a]pyridine (5).%* Yellow solid (83%, 22.3
mg). melting point: 146—148 °C. 'H NMR (400 MHz, CDClL,) §
7.97—7.94 (m, 1 H), 7.70—7.65 (m, 3 H), 7.55—7.43 (m, S H), 7.30—
723 (m, 3 H), 7.22—7.17 (m, 1 H), 6.75—6.71 (m, 1 H). *C NMR
(100 MHz, CDCl,) § 144.7, 142.3, 134.0, 130.7, 129.8, 129.5, 128.9,
1282, 128.1, 127.5, 124.7, 123.3, 121.1, 117.5, 112.3. EI-MS m/z: 270.
Methyl 3-(2-Phenylimidazo[1,2-alpyridin-3-yl)propanoate (6)."°
White solid (62%, 69.3 mg). melting point: 134—136 °C. '"H NMR
(400 MHz, CDCl,) § 8.02—8.00 (m, 1 H), 7.78—7.76 (m, 2 H), 7.64—
7.62 (m, 1 H), 7.48—7.44 (m, 2 H), 7.37—7.33 (m, 1 H), 7.18—7.14
(m, 1 H), 6.84—6.80 (m, 1 H), 3.65-3.64 (d, ] = 3.2 Hz, 3 H), 3.46—
342 (td, J; = 8.0 Hz, J, = 2.8 Hz, 2 H), 2.70—2.65 (td, ], = 8.0 Hz, ], =
2.8 Hz, 2 H). ®C NMR (100 MHz, CDCL,) § 172.5, 144.5, 142.7,
134.5, 128.5, 128.0, 127.5, 123.8, 122.8, 118.3, 117.6, 112.1, 51.8, 32.0,
19.1. EI-MS m/z: 280.
2-Phenylimidazo[1,2-a]pyridine (7aa).” White solid (57%, 22.1
mg), melting point: 107—109 °C. 'H NMR (400 MHz, CDClL) §
8.07—8.05 (m, 1 H), 7.96—7.94 (m, 2 H), 7.82 (s, 1 H), 7.63—7.60 (d,
J=92Hz, 1 H), 745741 (m, 2 H), 7.34—7.30 (t, ] = 7.6 Hz, 1 H),
7.16=7.11 (m, 1 H), 6.75-9.71 (t, ] = 6.8 Hz, 1 H). *C NMR (100
MHz, CDCl;) § 145.7, 145.6, 133.7, 128.6, 127.9, 126.0, 125.5, 124.5,
117.4, 112.3, 108.0. EI-MS m/z: 194.
N-(1-Phenyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)ethyl-
idene)acetamide (8a). Yellow oil (38%, 24.0 mg). 'H NMR (400
MHz, CDCl,) § 7.77-7.50 (m, 2 H), 7.50—7.39 (m, 3 H), 5.05 (s, 2
H), 2.35 (s, 3 H), 1.60—1.32 (m, 6 H), 1.20 (s, 6 H), 1.14 (s, 6 H).
BC NMR (100 MHz, CDCL,) § 183.5, 158.8, 135.0, 131.5, 128.5,
127.3, 75.9, 60.3, 39.8, 32.6, 25.8, 20.5, 16.9. ESI-MS m/z (M + H"):
317.
3aa:d,-3aa = 1:1.05. '"H NMR (400 MHz, CDCl,;) 6 8.16—8.12 (m,
5.11 H), 7.64—7.62 (d, ] = 9.2 Hz, 1 H), 7.50—7.46 (m, 427 H),
7.40—7.37 (m, 2 H), 7.26—7.22 (m, 1 H), 6.93—6.89 (m, 1 H).
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