% 4”) {t % DOI: 10.6023/cjoc201904057

Chinese Journal of Organic Chemistry

ARTICLE

KR FE A OE 72 B iR P IR A 4 BURY C-3 (il it /i i

N T

A I -

(ZBRIMYE2ERE %2BH 455000)

WE RIET IR AAF . RREIE MO AR R IR & C-3 RLAOMIALIEL, FLRR 4R AP 4 SR
WA, YU SOR Y, LRI T AR BIAL, ot R PR, ISR 5602 . 5 T RO
AR . BRI, GRS AT T o AT T S R T

REEE Wit PRMEIRLEE; C-3 BRI, SR

Eco-friendly C-3 Selenation of Imidazo[1,2-a]pyridines in lonic Liquid
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Abstract An relative eco-friendly protocol for the direct C-3 selenation of imidazo[1,2-a]pyridines with vorious orga-
noselenides has been developed, gaving the desired products in moderate to excellent yields. Preliminary experimental results
are consistent with a C-3 electrophilic functionalization mechanism. The features with relative green reaction conditions, broad
substrate scope, and easy scale-up operation would make this strategy promising and important for the preparation of nitrogen

and selenium containing molecules.
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1 Introduction

The structural modification of imidazo[1,2-a]pyridine, an
important ‘‘privileged scaffold’’, is synthetically attractive
because this structural motif occurs in many bioactive
pharmaceuticals and natural products.!! Several commer-
cially available drugs (zolpidiem, anti-inflammatory,
saripidem, miroprofen) have this moiety in their core
structure.”) The facile synthesis of imidazo[1,2-a]pyridine
derivatives containing various substituents has aroused
much recent attention. The C-3 position of these derivatives
is electron-rich, and at present, many metal-catalyzed C-3
functionalization reactions including arylation,””! alkenyla-
tion,! triﬂuoromethylation,[s] carbonylation,[é] metal-free
fluorination,'”! and sulfenylation® have been realized.
These transformations have reasonably high efficiency and
versatility, and three general C-3 functionalization mecha-
nisms have also currently been proposed: (i) a carbomet-
alation process followed by coupling reactions;”! (ii) direct
electrophilic attack on the C-3 position;'”! (iii) a radical
pathway.!"! However, The factors involve elaborated pre-

R.—\ NO, =N
QN 2 G/ )—sePh /T
N \ N \
NC N SeAr Ph \N

Antimicrobial  Anti-inflammatory GABA o2/a3 agonists

Figure 1 Examples of imidazo[1,2-a]pyridine-based drug

cursors, expensive metal catalysts, ligands, non-green sol-
vents, and poor substrate scope, warranting the develop-
ment of improved methods for synthesizing these important
skeletons. Developing sustainable methods for the regio-
specific C-3 functionalization of imidazo[ 1,2-a]pyridines is
therefore of many interest.

During the last few decades, organoselenium compounds
have received much interest, due to their broad applications
in synthetic chemistry and medicinal biology.!'” The facile
decoration of selenide groups on other functional groups,
and their roles in further synthetic manipulation, have also
encouraged interest in selenation reactions. We are inter-
ested in environmentally benign C—Se bond formation
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reactions,!””) and recently realized the oxygen-promoted

amidoselenation and amidotelluration of alkenes.!'" The
incorporation of a selenide group into heterocycles has
received increasing attentions. A survey of the literatures
revealed that much efforts towards the synthetic methods
for the C-3 selenation of imidazo[1,2-a]pyridines have been
made recent years.!"”! Very recently, an efficient oxidative
dual C—H selenation radical reaction of imidazoheterocy-
cles with ethers or alkanes using selenium powder was also
developed.!">! Molecular iodine is a green and abundant
oxidant, and many advances have been achieved with io-
dine-promoted C—H functionalization. Herein, we report
the direct C-3 selenation of imidazo[1,2-a]pyridines, using
molecular iodine as the oxidant. A broad range of imid-
azo[1,2-a]pyridines can be C-3 functionalized with various
selenium sources in relative eco-friendly ionic liquid under
neat conditions.!"

2 Results and discussion

We began our brief investigation by focusing on the re-
action between 2-phenylimidazo[l,2-a]pyridine (1a) and
1,2-diphenyldiselane (2a) at 60 C in various solvents
(Table 1). When the reaction was conducted in EtOAc for 4
h, 41% of desired 3a was isolated (Entry 1). Other polar
solvents, such as EtOH and H,O performed poorly and
delivered the desired 3a in low yields (Entries 2, 3). DMSO,
1-butyl-3-methylimidazolium hexafluorophosphate (ionic
liquid I) and 1-butyl-3-methylimidazolium tetrafluorobo-
rate (ionic liquid IT) were also tested and we were pleased to
find that 67% yield of 3a could be obtained in ionic liquid I
after 4 h, which may because the good solubility of iodine
source and selenium reagent in ionic liquid (Entries 4~6).
When 20 mol% molecular iodine was added instead of KI,
51% of 3a was isolated (Entry 7). A high yield of 84% of 3a

Table 1 Survey of the reaction conditions”

H SePh
/ .
C[\S*Ph + (PhSe), conditions = N/\ngh
1a 2a 3a
T Y |
/N \
(N) PFs [N) BF @ N—ph
P
K/\ K/\ N
jonic liquid | jonic liquid Il
Todi Yield"/
Ent odine Oxidant Solvent ield'/%
source of 3a/4
1 KI TBHP EtOAc 41/0¢
2 KI TBHP EtOH 23/0°¢
3 KI TBHP H,O 0/0°¢
4 KI TBHP DMSO 55/0¢
5 KI ~ TBHP  IonicliquidI  67/0¢
6 KI TBHP Ionic liquid IT ~ 43/0°
7 L TBHP  Ionic liquid I ~ 51/Trace’
8 I, No Tonic liquid T 84/Trace®
9 L No Ionic liquid I~ 33/23"
10 1, No Tonic liquid I 56/Trace’

“Reactions were carried out with 1a (38.8 mg, 0.2 mmol), 2a (62.8 mg, 0.2
mmol), iodine source (20 mol%) and oxidant (2 equiv.) in solvent (2 mL) at
60 ‘C for 4 h in a Schlenk tube. * Yield of the isolated product. ¢ TBHP
(-butylhydroperoxide, 70% in water). ¢ Tonic liquid I (1-butyl-3-methylimi-
dazolium hexafluorophosphate). “ Ionic liquid II (1-butyl-3-methylimidazolium
tetrafluoroborate). / Molecular iodine (10.2 mg, 20 mol%) was added. € Molec-
ular iodine (55.8 mg, 0.22 mmol) was added. " Reaction performed at 90 °C
and molecular iodine (55.8 mg, 0.22 mmol) was added. ' Reaction performed
at 30 'C and molecular iodine (55.8 mg, 0.22 mmol) was added.

was obtained when 1.1 equiv. of molecular iodine was
added as iodine source in the absence of TBHP (Entry 8).
Further screenings revealed that the reaction temperature

Table 2 Substrate scope of imidazo[1,2-a]pyridines®”

SePh
I /\N
R'-— /ngZ +(PhSe); —————= R N—r2
\)\ ( )2 ionic liquid I R \)Q
3
SePh SePh SePh SePh SePh
= =
SN NN SN
3a, 84% 3b, 95% 3c, 83% 3d, 85% 3e, 85%
SePh SePh SePh SePh SePh
=
-0 O @w one (5
3f, 81% NN
R 3g,82% ¢! Cl 3h, 83% 89% 3j, 88%
SePh SePh SePh SePh SePh
T OO OO -0

NS \N

3k, 76% 31, 90% 3m, 91% 3n, 84% 30, 87%
“ Reaction conditions: 1 (0.2 mmol), 2a (0.2 mmol), I, (0.22 mmol), in ionic liquid I (1.0 mL) at 60 ‘C for 4 h. * Yield of isolated product.
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had significant effect on the yield of 3a. Increasing the
reaction temperature to 90 “C or decreasing to 30 C led to
low yields of 3a (Entries 9 and 10). The optimal conditions
for the coupling were therefore determined to be as follows:
1a (0.2 mmol), 2a (0.2 mmol), I, (0.22 mmol), mixed in
ionic liquid I (1.0 mL) at 60 “C for 4 h (Table 1, Entry 8).

The transformation was then applied to C-2 heteroaryl
substituted imidazopyridine 1k, and afforded 3k in satis-
factory yield. The effect of substituents at the pyridine ring
of imidazo[1,2-a]pyridines was investigated. Substituents
such as 5-Me, 6-Me, 7-Me, and 5-F on the pyridine ring of
imidazo[1,2-a]pyridines resulted in smooth reaction under
optimized conditions, yielding the corresponding products
31~30 in moderate to good yields (84%~91%).

Organoselenides decorated in functional reactions have
important biological and medicinal properties. Therefore,
the versatility of the reaction toward different substituents
was explored (Table 3). Diphenyl diselenides bearing elec-
tron-withdrawing (R=F, Br) and electron-donating (R=
OMe) groups proceeded smoothly, and afforded the desired
C-3 selenation products 3p~3r in good yields (86%~
90%). 1,2-Di(thiophen-2-yl)diselane was also compatible
with the catalytic system, affording 3s in high yield. Fur-
thermore, dimethyldiselenide was tested with 1a and de-
livered 3t in good yield.

Table 3 Selenation of imidazo[l,2-aJpyridines with vorious
organoselenides’

SeR

R’ \)\kRZ RSe)2 2 R1®7R2
N

jonic liquid |
3

3s, 91% 3t, 84%

¢ Reaction conditions: 1 (0.2 mmol), 2 (0.2 mmol), I, (0.22 mmol), in ionic
liquid T (1.0 mL) at 60 ‘C for 4 h. Yield of isolated product.

To demonstrate the scalability of the method, we con-
ducted the gram-scale C-3 selenation of 2-phenylimi-
dazo[1,2-a]-pyridine 1a under optimized conditions, which
gave the desired product 3a in 82% yield (Scheme 1).

To understand the mechanism of this reaction, some
control experiments were carried out. The reaction was not
suppressed in the presence of the radical scavengers 2,6-di-
tert-butyl-4-methylphenol (BHT) and 2,2,6,6-tetramethyl-
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SePh
= I2 Z >N
N\/\giph + (Phsey, ——— [ :\gfph
X N 2a ionic liquid | N

1a, 5.1 mmol, 1.0 g 3a, 82%, 1.46 g

Scheme 1 Gram-scale C-3 selenation of 1a

piperidine-1-oxyl (TEMPO) (Schemes 2a, 2b). It suggested
that the reaction did not support a radical mechanism, and
probably proceeded via an anionic pathway. PhSeBr tends
to react via a phenylselenium cationic intermediate. When
PhSeBr was added instead of diphenyl diselenide 2a, sele-
nation occurred smoothly and yielded the C-3 selenation 3a
in 54% yield (Schemes 2c¢ and 2d). During the selenation
progress, C-3 iodination product 4 could also be isolated.
Therefore, furthermore the substitution reaction with 4 and
2a was tested, while just a low yield of 3a was detected
during this reaction. The result suggested that 4 may be
involved, but not the real active intermediate in the reaction
(Scheme 2e).

SePh
= l5, BHT (2 equiv.
O\X—PhHPhSe)z % ~ N/\ngh (a)
SN 2a jonic liquid 1, 60 °C XN
1a, 0.2 mmol 3a, 69%
SePh
Z N lo, TEMPO (2 equiv.) =~
C&Ph + (Phse), 20 (2 eallv) NJ\&Ph (b)
X N 2a jonic liquid 1, 60 °C '\ =N
1a, 0.2 mmol 3a, 81%
SePh
C\:>~Ph +PhSeBr— 2> o [© N/\g;ph (c)
ionic liquid I, 60 °C '\
1a, 0.2 mmol 3a, 54%
SePh

~ "N =
®Ph +PhSeBr — = N/\ngh @
y -

jonic liquid 1, 60 °C ‘X N

1a, 0.2 mmol 3a, 51%
SePh
=
Jy Ph + (PhSe)24> N/\gfph ©)
ionic liquid I, 60 °C =N
4 02 mmol 3a, 17%

Scheme 2 Reactions determining the reaction mechanism

Based on the above results and literature reports,”” an

electrophilic C-3 selenation mechanism for this reaction
was proposed, as shown in Scheme 3. Initially, an electro-
philic species A (PhSel) is most likely generated when
diphenyl diselenide (2a) reacted with molecular iodine.
Next, the reactive intermediate A reacts at the C-3 position
with imidazo[1,2-a]pyridines to form species C. This spe-
cies can undergo proton elimination to afford the final
product 3. However, the other direct C-3 electrophilic io-
dination and subsequent substitution mechanism through
intermidate 4 cannot be completely ruled out in the reaction.

Chin. J. Org. Chem. 2019, 39, 2802~2807
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Scheme 3 Plausible mechanism

3 Conclusions

In summary, an relative eco-friendly and efficient io-
dine-promoted method for the C3 selenation of imid-
azo[ 1,2-a]pyridines have been established. The protocol is
applicable to a lot of imidazo[1,2-a]pyridines using various
selenium sources. This method features green reaction
conditions, broad substrate scope, and is applicable to a
wide variety of functional groups. It can also be readily
scaled up, so is practical for the industrial syntheses of
nitrogen- and selenium-containing molecules. Primary
mechanistic studies are consistent with a C-3 electrophilic
functionalization pathway.

4 Experimental

4.1 Instruments and reagents

All reagents were purchased from commercial sources
and used without further purification. 'H NMR and "°C
NMR spectra were recorded on a Bruker Ascend™ 400
spectrometer in deuterated solvents containing TMS as an
internal reference standard. High-resolution mass spec-
trometry (HRMS) analyses were conducted on a Waters
LCT Premier/XE. Melting points were measured on a
melting point apparatus equipped with a thermometer and
were uncorrected. All the reactions were monitored by
thin-layer chromatography (TLC) using GF254 silica
gel-coated TLC plates. Purification by flash column chro-
matography was performed over SiO, (silica gel 200~300
mesh).

4.2 Experimental method

2-Phenylimidazo[1,2-a]pyridine (1a) (38.8 mg, 0.2
mmol), 1,2-diphenyldiselane (2a) (62.8 mg, 0.2 mmol) and
molecular iodine (55.8 mg, 0.22 mmol) were mixed in ionic
liquid I (1.0 mL). The mixture was stirred at 60 C for 4 h
in a Schlenk tube. The reaction was monitored by thin-layer
chromatography (TLC) before being quenched with water
(10 mL) and extracted with dichloromethane (3 mL X5).
The extracted organics were dried over anhydrous sodium
sulfate, and the solvent was removed under reduced pres-
sure. The residue was purified by flash silica gel column
chromatography using ethyl acetate/petroleum ether (V' :
V=1 ! 5) as an eluent to give compound 3a as a white solid
(58.8 mg, 84%).

2-Phenyl-3-(phenylselanyl)imidazo[ 1,2-a]pyridine (3a):
White solid, m.p. 76~77 C;'H NMR (400 MHz, CDCl5)
0:6.86 (t,J=6.8 Hz, 1H), 7.11~7.18 (m, 5H), 7.31 (t, J=
7.6 Hz, 1H), 7.38~7.47 (m, 3H), 7.72 (d, J=8.8 Hz, 1H),
8.19 (d, J=7.6 Hz, 2H), 8.36 (d, J=6.4 Hz, 1H); *C NMR
(100 MHz, CDCl;) 4: 102.9, 113.0, 117.5, 125.6, 126.4,
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126.6, 128.3, 128.4, 128.7, 129.6, 130.8, 133.7, 147.7,
151.7. HRMS (ESI-TOF) calcd for CoH;sN,Se [M+H]"
351.0402, found 351.0405.
2-(3-Chlorophenyl)-3-(phenylselanyl)imidazo[ 1,2-a]-
pyridine (3b): White solid, m.p. 69~70 C;'H NMR (400
MHz, CDCl;) J: 6.86 (t, J=6.8 Hz, 1H), 6.89~7.37 (m,
8H), 7.71 (d, J=8.8 Hz, 1H), 8.09 (t, /=6.0 Hz, 1H), 8.22
(s, 1H), 8.37 (d, J=6.8 Hz, 1H); *C NMR (100 MHz,
CDCl;) 0: 103.4, 113.1, 117.6, 125.6, 126.6, 126.8, 128.4,
128.7, 129.4, 129.7, 130.5, 134.3, 135.6, 147.7, 150.1.
HRMS (ESI-TOF) caled for CjoH4,CIN,Se [M + H] "
385.0012, found 385.0017.
2-(4-Fluorophenyl)-3-(phenylselanyl)imidazo[1,2-a]-
pyridine (3¢): White solid, m.p. 135~136 C; 'H NMR
(400 MHz, CDCl;) o: 6.88 (t, J/=6.8 Hz, 1H), 6.89~7.35
(m, 8H), 7.70 (d, J/=9.2 Hz, 1H), 8.14 (d, J=5.6 Hz, 2H),
8.16 (d, J=5.6 Hz, 1H); >C NMR (100 MHz, CDCl;) ¢:
113.0, 115.1, 115.3, 117.5, 125.6, 126.5, 126.7, 129.2,
129.7, 129.9, 130.4, 130.5, 130.7, 147.7, 150.9, 161.8,
163.3. HRMS (ESI-TOF) calcd for C;oH 4,FN,Se [M+H]"
369.0302, found 369.0306.
2-(4-Chlorophenyl)-3-(phenylselanyl)imidazo[ 1,2-a]py-
ridine (3d): White solid, m.p. 100~101 “C;'H NMR (400
MHz, CDCl;) d: 6.87 (d, J=6.8 Hz, 1H), 6.90~7.20 (m,
7H), 7.32 (dd, J=1.2, 8.8 Hz, 1H), 7.36 (t, J/=3.6 Hz, 1H),
7.71 (d, J=8.8 Hz, 1H), 8.07 (d, J=6.0 Hz, 1H); *C NMR
(100 MHz, CDCl;) d: 103.4, 113.2, 117.6, 125.6, 126.7,
126.8, 128.4, 128.7, 129.5, 129.7, 130.5, 134.2, 135.6,
147.7, 150.1. HRMS (ESI-TOF) calcd for C,9H;4CIN,Se,
[M-+H]" 385.0012, found 385.0016.
2-(4-Bromophenyl)-3-(phenylselanyl)imidazo[1,2-a]py-
ridine (3e): White solid, m.p. 133~134 “C;'H NMR (400
MHz, CDCL,) ¢: 6.84 (d, J=6.0 Hz, 1H), 6.85~7.19 (m,
6H), 7.30 (dd, /=2.0, 7.6 Hz, 2H), 7.33 (dd, J=1.2, 6.8 Hz,
1H), 7.69 (d, J=9.2 Hz, 2H), 8.06 (d, J/=8.8 Hz, 1H); "°C
NMR (100 MHz, CDCl;) ¢: 103.0, 113.1, 117.5, 122.8,
125.6, 126.6, 126.8, 128.2, 129.7, 130.2, 130.6, 131.4,
132.7, 147.7, 150.5. HRMS (ESI-TOF) calcd for
C1oH,4BrN,Se [M+H]" 428.9507, found 428.9503.
3-(Phenylselanyl)-2-(4-(trifluoromethyl)phenyl)imida-
z0[1,2-a]pyridine (3f): White solid, m.p. 93~94 C; 'H
NMR (400 MHz, CDCl;) 6: 6.89 (d, J=6.8 Hz, 1H), 6.92~
7.38 (m, 5H), 7.69 (d, J=8.0 Hz, 1H), 7.35 (d, /=9.2 Hz,
3H), 8.31 (d, J=8.0 Hz, 1H), 8.39 (d, J=6.8 Hz, 1H); "°C
NMR (100 MHz, CDCl;) d: 103.7, 113.3, 117.7, 122.8,
125.1, 122.2, 122.5, 122.6, 126.8, 126.9, 128.3, 128.8,
129.5, 129.7, 130.0, 130.3, 130.4, 130.6, 137.3, 147.8,
150.1. HRMS (ESI-TOF) caled for C,0H4N,F;Se, [M+
H]" 419.0274, found 419.0269.
3-(Phenylselanyl)-2-(2,3,4-trichlorophenyl)imidazo[1,2-
alpyridine (3g): White solid, m.p. 123~124 °‘C; 'H NMR
(400 MHz, CDCl;) d: 7.22~7.34 (m, 9H), 8.05 (d, J=1.6
Hz, 1H), 8.33 (d, J=2.0 Hz, 1H); “C NMR (100 MHz,
CDCl;) 0: 109.0, 114.1, 126.6, 127.1, 129.2, 129.5, 129.7,
130.4, 130.6, 132.6, 155.4, 158.9. HRMS (ESI-TOF) calcd
for C1oH,N,Cl3Se [M+H]" 452.9233, found 452.9231.
3-(Phenylselanyl)-2-(m-tolyl)imidazo[1,2-a]pyridine
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(3h): White solid, m.p. 88~89 C; 'H NMR (400 MHz,
CDCl;) d: 2.42 (s, 3H), 6.86 (s, 1H), 7.11~7.33 (m, 8H),
7.71 (d, J=9.2 Hz, 1H), 7.97 (t, J=8.0 Hz, 2H), 8.35 (d,
J=17.2 Hz, 1H); "C NMR (100 MHz, CDCl;) ¢: 21.4,
102.9, 112.8, 117.5, 125.5, 125.8, 126.3, 126.6, 128.1,
128.3, 129.4, 129.6, 1309, 133.6, 137.9, 147.7, 151.9.
HRMS (ESI-TOF) caled for CyH;;N,Se [M + H] *
365.0554, found 365.0559.
2-(4-Methoxyphenyl)-3-(phenylselanyl)imidazo[1,2-a]-
pyridine (3i): Colourless liquid; '"H NMR (400 MHz,
CDCl;) o: 3.85 (s, 3H), 6.85 (t, J=6.8 Hz, 1H), 6.97 (d,
J=8.8 Hz, 2H), 7.10~7.29 (m, 6H), 7.31 (d, /=7.6 Hz,
1H), 7.73 (d, J=9.2 Hz, 2H), 8.13 (d, J/=8.8 Hz, 1H); "*C
NMR (100 MHz, CDCl;) ¢: 55.2, 102.0, 112.8, 113.7,
117.2, 125.5, 126.2, 126.3, 126.6, 128.1, 129.6, 130.0,
131.0, 147.6, 151.6, 159.9. HRMS (ESI-TOF) calcd for
C,0H,7N,0Se [M+H]" 381.0504, found 381.0507.
2-(3,4-Dimethylphenyl)-3-(phenylselanyl)imidazo[1,2-
a]pyridine (3j): White solid, m.p. 97~98 °C;'H NMR (400
MHz, CDCl;) d: 2.30~2.31 (m, 6H), 6.84 (d, /=6.8 Hz,
1H), 7.12~7.28 (m, 7H), 7.70 (d, /=8.0 Hz, 1H), 7.89~
7.95 (m, 2H), 8.33 (d, J=6.4 Hz, 1H); >*C NMR (100 MHz,
CDCl;) d: 19.5, 19.7, 102.5, 112.7, 117.4, 125.5, 126.1,
126.2, 126.5, 128.3, 129.5, 126.6, 126.9, 131.0, 131.2,
136.5, 137.0, 147.6, 152.0. HRMS (ESI-TOF) calcd for
C,HoN,Se [M+H]" 379.0713, found 379.0708.
2-(5-Chlorothiophen-2-yl)-3-(phenylselanyl)imidazo-
[1,2-a]pyridine (3k): White solid, m.p. 105~106 ‘C; 'H
NMR (400 MHz, CDCl;) 6: 6.86~6.92 (m, 2H), 7.15~
7.30 (m, 6H), 7.64 (d, J/=9.2 Hz, 1H), 7.78 (d, J=4.0 Hz,
1H), 8.32 (d, J=6.8 Hz, 1H); *C NMR (100 MHz, CDCL,)
o: 102.1, 113.1, 117.2, 125.3, 125.8, 126.6, 126.8, 127.0,
128.7,129.7,130.1, 131.4, 135.3, 147.6. HRMS (ESI-TOF)
caled for C;H;,CIN,SSe [M + H] " 390.9576, found
390.9571.
6-Methyl-2-phenyl-3-(phenylselanyl)imidazo[ 1,2-a]py-
ridine (31): White solid, m.p. 145~146 “C;'H NMR (400
MHz, CDCl;) o0: 2.28 (m, 3H), 7.11~7.15 (m, 6H), 7.36~
7.45 (m, 3H), 7.61 (d, J/=9.2 Hz, 1H), 8.17 (d, J=7.6 Hz,
3H); “C NMR (100 MHz, CDCl;) §: 18.3, 102.3, 116.9,
122.7, 123.3, 126.5, 128.0, 128.2, 128.3, 128.6, 129.5,
129.6, 131.3, 133.9, 146.8, 151.6. HRMS (ESI-TOF) calcd
for C,0H 7N,Se [M+H]" 365.0554, found 365.0558.
7-Methyl-2-phenyl-3-(phenylselanyl)imidazo[ 1,2-a]py-
ridine (3m): White solid, m.p. 51~52 C; 'H NMR (400
MHz, CDCl;) ¢6: 2.41 (m, 3H), 6.63 (d, J/=7.2 Hz, 1H),
7.09~7.16 (m, 5H), 7.36~7.48 (m, 4H), 8.18 (t, J=6.8
Hz, 1H); *C NMR (100 MHz, CDCl;) : 21.3, 101.9, 115.5,
116.0, 124.7, 126.5, 128.1, 128.2, 128.3, 128.6, 129.6,
131.2,133.9, 137.5, 148.1, 151.6. HRMS (ESI-TOF) caled
for C,0H 7N,Se, [M+H]" 365.0554, found 365.0557.
6-Fluoro-2-phenyl-3-(phenylselanyl)imidazo[1,2-a]py-
ridine (3n): White solid, m.p. 100~101 “C;'H NMR (400
MHz, CDCl;) 6: 7.11~7.22 (m, 6H), 7.39~7.71 (m, 3H),
7.15 (d, J/=6.8 Hz, 1H), 8.29 (d, /=2.4 Hz, 2H), 8.31 (d,
J=2.4 Hz, 1H); "C NMR (100 MHz, CDCl;) ¢: 104.4,
112.3, 112.7, 117.9, 118.0, 126.9, 128.3, 128.4, 128.6,
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129.7, 130.3, 133.5, 145.2, 152.5, 152.9, 154.8. HRMS
(ESI-TOF) calcd for CoH,FN,Se, [M+H]" 369.0302,
found 369.0308.
8-Methyl-2-phenyl-3-(phenylselanyl)imidazo[ 1,2-a]py-
ridine (30): White solid, m.p. 131~132 “C;'H NMR (400
MHz; CDCls) 0: 2.75 (m, 3H), 6.74 (s, 1H), 7.08~7.18 (m,
6H), 7.39~7.49 (m, 3H), 8.20~8.23 (m, 3H); *C NMR
(100 MHz; CDCl;) 6: 16.9, 103.1, 112.9, 123.4, 125.1,
126.5, 127.5, 128.3, 128.9, 129.6, 131.2, 134.1, 148.0,
151.4. HRMS (ESI-TOF) calcd for CyoH;;N,Se [M+H]"
365.0554, found 365.0560.
3-((2-Bromophenyl)selanyl)-2-phenylimidazo[ 1,2-a]pyri
dine (3p): White solid, m.p. 138~139 “C; '"H NMR (400
MHz, CDCL) ¢: 6.92 (d, /=0.8 Hz, 1H), 6.94 (d, /=6.8
Hz, 1H), 7.25~7.51 (m, 6H), 7.62 (d, J=9.2 Hz, 1H), 8.07
(d, J=8.4 Hz, 3H), 8.23 (d, J=6.8 Hz, 1H); "C NMR (100
MHz, CDCl,) ¢6: 103.0, 113.1, 117.5, 122.8, 125.6, 126.6,
126.8, 128.2, 129.7, 130.2, 130.6, 131.4, 132.7, 147.7,
150.5. HRMS (ESI-TOF) calcd for C,9H4BrN,Se [M—l—H]+
428.9507, found 428.9501.
3-((4-Fluorophenyl)selanyl)-2-phenylimidazo[ 1,2-a]py-
ridine (3q): White solid, m.p. 98~99 °C; 'H NMR (400
MHz, CDCL;) ¢: 6.89 (d, J=8.4 Hz, 3H), 7.08 (d, J/=5.2
Hz, 2H), 7.29~7.46 (m, 4H), 7.71 (d, /=9.2 Hz, 1H), 8.16
(d,J=17.2 Hz, 2H), 8.34 (d, J=6.4 Hz, 1H); "C NMR (100
MHz, CDCl,) ¢: 103.1, 113.0, 116.7, 116.9, 117.6, 125.1,
125.4, 126.5, 128.3, 128.5, 128.7, 130.3, 130.4, 133.6,
147.6, 151.6, 160.8, 163.3. HRMS (ESI-TOF) calcd for
CioH4sFN,Se [M+-H]" 369.0302, found 369.0308.
3-((4-Methoxyphenyl)selanyl)-2-phenylimidazo[1,2-
alpyridine (3r): Colourless liquid; '"H NMR (400 MHz,
CDCl) 0: 3.85 (m, 3H), 6.84~7.30 (m, 8H), 7.69 (d, J=
8.8 Hz, 1H), 8.12 (d, J/=8.8 Hz, 2H), 8.34 (d, /=6.8 Hz,
1H); *C NMR (100 MHz, CDCl;) d: 55.2, 102.0, 112.8,
113.7, 117.2, 125.5, 126.3, 126.6, 128.1, 129.6, 129.9,
131.0, 147.6, 151.6, 159.9. HRMS (ESI-TOF) calcd for
C,oH,7N,0Se [M+H]" 381.0504, found 381.0509.
2-Phenyl-3-(thiophen-2-ylselanyl)imidazo[ 1,2-a]pyri-
dine (3s): White solid, m.p. 67~68 C; 'H NMR (400
MHz, CDCL) ¢: 6.93 (d, J=6.8 Hz, 1H), 7.25~7.51 (m,
6H), 7.62 (d, /=9.2 Hz, 1H), 8.08 (d, /=8.0 Hz, 1H), 8.23
(d, J=6.4 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 105.0,
112.9, 117.5, 124.3, 1254, 126.3, 127.9, 128.4, 129.0,
129.7,132.7, 133.8, 147.2, 150.7. HRMS (ESI-TOF) calcd
for C;7H 3N,SSe [M+H]" 356.9964, found 356.9967.
2-Phenyl-3-(thiophen-2-ylselanyl)imidazo[ 1,2-a]pyri-
dine (3t): White solid, m.p. 133~134 “C;'H NMR (400
MHz, CDCl;) ¢: 2.14 (s, 3H), 6.94 (t, J=6.4, 1H), 7.29~
7.40 (m, 2H), 7.49 (d, J="7.6, 2H), 7.51 (d, J=17.6, 1H),
8.22 (d, J=17.2, 2H), 8.53 (d, J=7.2, 1H); *C NMR (100
MHz, CDCl;) J: 8.65, 105.0, 112.8, 117.4, 125.5, 126.0,
128.2, 128.6, 133.8, 146.9, 150.7. HRMS (ESI-TOF) calcd
for C14H 3N,Se [M+H]" 289.0244, found 289.0240.

Supporting Information 'H NMR and C NMR spectra
for compounds 3a~ 3t. The Supporting Information is

available free of charge via the Internet at http://sioc-
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