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Abstract An three-component tandem reaction for the synthesis of imidazo[1,2-a]pyridine-hydrazines was accomplished
with the easily available formyl methyl bromides, pyridin-2-amines and azodiformates. This tandem reaction process includes
the generation of imidazo[1,2-a]pyridines followed by C(3)—H hydrazination in a sequential way, instead of the classical
step-by-step methods. The approach features simple operation, mild conditions (transition-metal-free and low reaction
temperature) as well as good tolerance of substrates. Note that formyl methyl bromides and pyridin-2-amines bearing
electron-donating groups are benefit for this reaction, affording target products in excellent yields.

Keywords three-component reaction; tandem reaction; imidazoheterocycle; C(3)—H hydrazination

1 Introduction Therefore, developing the economical and environ-
ment-friendly routes to functionalized imidazo[1,2-a]-
pyridine derivatives is of great significance, which has
attracted increasing attentions of the chemists and medici-
nal chemists.

During the past decades, multitudinous efforts have been
devoted to exploit the methodologies for direct C—H
functionalization of imidazo[l,2-a]pyridines, achieving
greet progress in the transformations from C—H to C—C
and C—heteroatom bonds®'*!. Among the rest, there are
only few protocols for the C(3)—H hydrazinations of im-

Imidazoheterocycles have wide applications in optoe-
lectronics and pharmaceuticals due to their unique biolog-
ical and pharmacological properties,!!! such as anti-
tumor,?!  anti-inflammatory,®! anti-ulcer,[* anti-micro-
bial,l*! anti-fungal,®! anti-virall’! and so on. Among them,
imidazo[1,2-a]pyridine derivatives could also serve as the
key structures of many excellent natural products and
marketed drugs, including alpidem, divalpon, DS-1, ne-
copidem, olprinone, saripidem, zolpidem and zolimidine!®!.
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idazoheterocycles. For example, the pioneering work of
C(3)—H hydrazination of imidazo[1,2-a]pyridines belongs
to Li and co-workers,'®) who developed a procedure of
metal-free regioselective hydrazination of imidazo[1,2-a]-
pyridine with diethyl azodicarboxylate in 2015 (Scheme 1,
a). Then, Tang’s group!'” developed an iron-catalyzed
hydrazination of imidazoheterocycles at C(3) position,
which could produce diverse imidazoheterocycle-hydra-
zines (Scheme 1, b). Generally, these methods are useful
and efficient, but both of them need to employ purified
imidazoheterocycles as the reactants, which add another
procedure to generate and separate the imidazohetero-
cycles. Besides, both of them are operated at high
temperature, which is difficult to conduct due to the
necessary of water coolant and closed system. Meanwhile,
employ organic solvents at high temperature could
virtually increase the dangerousness of the experiment.

Recently, multicomponent tandem reactions were
emerged possibly as the efficient, powerful and atom-
economical methodologies in organic synthesis.!'8l These
strategies exhibited multitudinous advantages, such as
saving operation time (without time-consuming multiple
processes, preclusion of the isolation of intermediates),
improving the overall yields and so on. In particular, the
multicomponent tandem reactions had been realized in the
formation of polyfunctionalized heterocyclic molecules.!”!
Though there have been some reports about the preparation
of C(3)-functionalized imidazo[l,2-a]pyridines in three-
component tandem approaches,? yet the generation of
imidazo[1,2-a]Jpyridine-hydrazines by sequential multi-
component tandem reaction is still unknown.

The research interest of our group is focused on the dis-
covery of new reaction patterns for construction of C—C
and C—heteroatom bonds under easy and simple reaction
conditions.”! Herein, we envisioned developing a three-
component tandem reaction for the synthesis of imidazo-
[1,2-a]pyridine-hydrazines under mild conditions by em-
ploying formyl methyl bromides, pyridin-2-amines and
azodiformates as the reactants (Scheme 1, c).

Previous work (step-by-step methods)
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This work (three-component tandem reaction)
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2 Results and discussion

The reaction of 2-bromo-1-phenylethan-1-one (1a),
pyridin-2-amine (2a) with diisopropyl (F)-diazene-1,2-
dicarboxylate (3a) in CH3CN was chosen as the model
reaction (Table 1), and the target product 4aaa was ob-
tained in 82% yield (Table 1, Entry 1). The molecular
structure of 4aaa was unambiguously confirmed by single
crystal X-ray diffraction study (CCDC 2103347). Then,

other solvents including CH3;CN/H,O (V' : V=1 : 1), H,0,
EtOH, tetrahydrofuran (THF), 1,4-dioxane, o-xylene,
N,N-dimethylformamide (DMF), dimethyl sulfoxide

(DMSO), petroleum ether, ethyl acetate, 1,2-dichloro-
ethane (1,2-DCE) and dichloromethane (DCM) were also
examined, but none of them could match the efficacy of
DCM, affording the desired product 4aaa in 84% yield
(Table 1, Entries 1~12 vs Entry 13). When the reaction
temperature was altered from 30 C to 35 ‘C, a better
result was observed and the coupling product was afforded
in 91% (Table 1, Entry 14). Encouraged by this result, we
attempted to increase the temperature to 40 ‘C, but the
result showed no significantly improvement (Table 1, En-
try 15). In addition, increasing the reaction time to 9 h or
decreasing to 7 h led to the hydrazination product in no
better yields (Table 1, Entries 16, 17 vs. Entry 14).

With the optimized reaction conditions in hand, the
applicability of formyl methyl bromides was explored, and
the results are summarized in Table 2. Arylformyl methyl
bromides bearing electronic neutral, electron-donating, or
electron-withdrawing groups on the benzene ring are all
well tolerated in this hydrazination reaction, and the target
products could be afforded in 36%~95% yields (4aaa~
4haa). Comparatively, electronic neutral substituents (1a,
1b) and electron-donating substituents (1¢, 1d, R'=Me,
OMe) resulted in higher yields than those of the electron-
withdrawing substituents (1e~1h, R'=, F, CI, Br and
CF3). According to the above, electron-withdrawing
groups on the benzene ring could reduce the reactivity of

—COOPr
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CH4CN, 80°C, 6 h
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H
Scheme 1 Protocols for the preparation of imidazoheterocycle-hydrazines
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Table 1 Screening optimal conditions”
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1a 2a 3a 4aaa
Entry Solvent T/°C t/h Yield®/%
1 CH3CN 30 8 82
2 CH;CN/H:0 (V- V=1 1:1) 30 8 71
3 H20 30 8 66
4 EtOH 30 8 15
5 THF 30 8 52
6 1,4-Dioxane 30 8 55
7 0-Xylene 30 8 45
8 DMF 30 8 10
9 DMSO 30 8 16
10 Petroleum ether 30 8 37
11 Ethyl acetate 30 8 58
12 1,2-DCE 30 8 80
13 DCM 30 8 84
14 DCM 35 8 91
15 DCM 40 8 90
16 DCM 35 9 91
17 DCM 35 7 86

@ Reaction conditions: 1a (0.2 mmol, 39.6 mg), 2a (0.4 mmol, 37.7 mg), 3a
(0.6 mmol, 119 uL), solvent (1 mL), under air. * Isolated yield.

this hydrazination reaction. To our delight, a heterocyclic
formyl methyl bromide, such as 2-bromo-1-(thiophen-2-
yl)ethan-1-one, could also participate in this coupling,
producing the desired product (4iaa) in 93% yield. Be-
sides, bromoaliketones (e.g. 1-bromopropan-2-one, 1-
bromobutan-2-one) could be applicable to this reaction
system, affording the target products in moderate yields
(4jaa ~ 4kaa). However, employing 1-bromo-4,4-di-
methylpentan-2-one as the reactant resulted in undetectable
destination product, which might be affected by the steric
hindrance of tert-butyl group (4laa).

Then, a variety of substituted 2-amino heterocyclic
compounds were examined under the standard reaction
conditions (Table 3). Similar to Table 2, electronic neutral
and electron-donating groups on the pyridine ring are ben-
efit for this hydrazination reaction, generating the desired
products in good to excellent yields (4aaa~4ada). How-
ever, electron-withdrawing groups on the pyridine ring
could result in the sharp decline of yields (4aea~4aja). In
particular, only trace amount of the coupling product was
observed when the C(4) position of pyridin-2-amine was
blocked by a CF; group (4aja). Compared with Table 2,
the electronic effect was more obvious on the pyridine ring
of pyridin-2-amine than on the benzene ring of arylformyl
methyl bromides. Besides, benzo[d]thiazol-2-amine and
thiazol-2-amine could also be well tolerated in this reac-
tion, affording the desired product in moderate yields of
46% and 41%, respectively (4aka—~4ala).

Table 2  Substrate scope of arylformyl methyl bromides®”
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@ Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol, 37.7 mg), 3a (0.6 mmol, 119 uL), DCM (1 mL), under air at 35 ‘C for 8 h. ® Isolated yield.
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Table 3 Substrate scope of 2-amino heterocyclic compounds®”
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@ Reaction conditions: 1a (0.2 mmol, 39.6 mg), 2a (0.4 mmol), 3a (0.6 mmol, 119 uL), DCM (1 mL), under air at 35 °C for 8 h. * Isolated yield.

To further investigate the scope in this hydrazination the
standard reaction conditions, a small range of azodi-
formates were examined under the standard reaction
conditions (Table 4). Both alkyl azodiformates and benzyl
azodicarboxylates were well applicable to this reaction
system in excellent yields (4aaa~4aab, 4aad~ 4aaf)
except for di-tert-butyl azodicarboxylate (3¢), and the low
yield of 4aac might be affected by the steric hindrance of
tert-butyl group. By contrast, substrates bearing chloric
substituent (4aad and 4aaf, 93% and 95% yields,
respectively) resulted in the coupling products in slightly
higher yields than the corresponding unsubstitutional
substrates (4aab and 4aae, 90% and 92% yields, respe-
ctively). However, implying azodicarbonamide, azodiiso-
butyronitrile and azobenzene as the hydrazination reagents
resulted in almost no transformation on account of the low
reactivity (4aag~4aai).

To demonstrate the potential application value of this
protocol in organic synthesis, a gram-scale reaction of 1a,
2a with 3a was executed (Eq. 1). This reaction could
afford the target product 4aaa in an isolated yield of 89%.

Next, we performed some condition control experiments
to understand the probable reaction mechanism of this
tandem reaction (Scheme 2). The addition of radical inhib-
itor 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO) and
2,6-diisopropyl-4-methylphenol (BHT) could not suppress
the reaction, indicating that this reaction might involve an

Chin. J. Org. Chem. 2022, 42, 1188~1197
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ionic mechanism (Scheme 2, a). Performing the reaction
under nitrogen atmosphere instead of air resulted in a sim-
ilar yield of 4aaa, which demonstrating that oxygen might
have no effect on this tandem hydrazination reaction
(Scheme 2, b). When we got rid of 1a or 2a in the standard
conditions respectively, no coupling products were
detected (Scheme 2, ¢ and d). Removing 3a in the standard
conditions could obtain the 2-phenylimidazo[l,2-a]-
pyridine (5) in an isolated yield of 98% (Scheme 2, e). Us-
ing 5 as the reactant instead of 1a and 2a in the standard
conditions could also acquire the desired product 4aaa in
an excellent yield (Scheme 2, f). These observations
indicated that this tandem hydrazination reaction began
with 1a and 2a to generate the intermediate product
2-phenylimidazo-[1,2-a]pyridine, and then the C(3)—H
hydrazination reaction of 2-phenylimidazo[1,2-a]pyridine
with diisopropyl azodiformate took place.

1191
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Table 4 Substrate scope of azodiformates®”

4aaa, 91% 4aab, 90%
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QG2 10 0 ®e

SReenll
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4aah, < 5% 4aai, < 5%

@ Reaction conditions: 1a (0.2 mmol, 39.6 mg), 2a (0.4 mmol, 37.7 mg), 3a (0.6 mmol), DCM (1 mL), under air at 35 °C for 8 h. * Isolated yield.
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Scheme 2  Control experiments

1192 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Although the mechanism involved here remains unclear
at present, a plausible mechanism of the reaction was
proposed on the above-mentioned results and previous
reports (Scheme 3)['¢1722-231 First, 2a nucleophilicaly at-
tacks 1a, generating the pyridinium intermediate A. Then,
A undergoes an intramolecular ring-forming condensation
reaction to produce intermediate B, which releases a mol-
ecule of HBr to afford the intermediate 5. Note that 5 could
undergo an interconversion process to afford the interme-
diate C. Subsequently, the carbanion of C could attack the
N=N bond of 3a through a pseudo-Michael reaction,
forming an intermediate D. Finally, proton translocation

M o) Q
2
NH2 -H0

-0 v 8
N l}rl - HBr Cl\lr\/)_@
Br~

B 5
N Ill ~ X lll H)

C 3a N—N

’PrOOC/ \COO’Pr
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ProoC”  ‘coolPr
4aaa

Scheme 3 Plausible mechanism
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and restoring conjugation of D provides the desired prod-
uct 4aaa.

3 Conclusions

In summary, a three-component tandem reaction for the
preparation of imidazo[1,2-a]pyridine-hydrazines by using
formyl methyl bromides, pyridin-2-amines and azodifor-
mates as the reactants instead of the general two-step pro-
cedure was developed. The advantages of the present
method include low reaction temperature, transition-metal-
free, simple and efficient reaction system as well as good
tolerance of substrates. Moreover, we indicate that formyl
methyl bromides and pyridin-2-amines bearing elec-
tron-withdrawing groups are not conducive to this reaction.
Finally, a gram-scale tandem hydrazination reaction is also
successfully realized, which demonstrates its potential
synthetic value.

4 Experimental section

4.1 General considerations

'"H NMR and '*C NMR spectra were recorded on Bruker
DPX-400 spectrometer or Bruker DPX-600 spectrometer
with CDCl; as the solvent and TMS as an internal stand-
ard. Melting points were measured using a WC-1 micro-
scopic apparatus and uncorrected. High resolution mass
spectra were ensured on a MALDI-FTMS Agilent
1290-6540 Q-Tof high resolution liquid chromatography
mass spectrometer. Single crystal X-ray diffraction study
was tested on a Bruker D8 VENTURE X-ray single crystal
diffractometer. All solvents were used directly without
further purification. Dichloromethane, ethyl acetate and
hexane were used for column chromatography. The com-
mercials were obtained from commercial sources and used
as received without further purification unless otherwise
noted.

4.2 Typical procedure for the products
4.2.1 Typical procedure for product 4

A 10 mL reaction tube was equipped with a magnetic
stir bar and charged with formyl methyl bromides 1 (0.2
mmol), pyridin-2-amines 2 (0.4 mmol, 2 equiv.), azodi-
formates 3 (0.6 mmol, 3 equiv) and DCM (1 mL). The
resulting mixture was stirred under air at 35 °C for 8 h.
Upon completion, the solvent was removed under reduced
pressure. Then the residue was purified by column chro-
matography on silica gel (200~300 mesh) using hexane-
EtOAc as an eluent to afford the pure product 4.

Diisopropyl 1-(2-phenylimidazol[1,2-a]pyridin-3-yl)-hy-
drazine-1,2-dicarboxylate (4aaa): White solid, 91% yield.
m.p. 165~167 C (lit.?* 167~169 C); 'H NMR (400
MHz, CDCl) d: 8.69 (s, 1H), 7.77 (d, J=8.0 Hz, 2H),
7.60 (d, J=9.0 Hz, 1H), 7.42~7.30 (m, 4H), 7.26~7.23
(m, 1H), 6.86 (t, J=5.9 Hz, 1H), 5.10~4.94 (m, 2H),
1.26~0.99 (m, 12H); '*C NMR (100 MHz, CDCls) 6:
156.6, 154.8, 143.0, 139.4, 133.0, 128.9, 128.3, 126.9,
125.8, 124.7, 118.7, 117.3, 112.4, 72.1, 70.6, 22.0, 21.8,
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Diisopropyl 1-(2-(naphthalen-1-yl)imidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4baa): Orange solid,
88% vyield. m.p. 138~139 C; 'H NMR (600 MHz,
CDCl3) o: 8.72 (s, 1H), 8.31 (s, 1H), 7.94~7.85 (m, 4H),
7.66 (d, J=8.9 Hz, 1H), 7.53~7.49 (m, 2H), 7.30 (t, J=
7.4 Hz, 1H), 7.09~7.00 (m, 1H), 6.91 (t, J=5.8 Hz, 1H),
5.18~4.96 (m, 2H), 1.29~1.06 (m, 12H); 1*C NMR (150
MHz, CDCls) 6: 156.4, 154.8, 143.2, 139.2, 133.6, 133.1,
130.3, 128.8, 128.4, 127.7, 126.5, 126.2, 126.0, 124.7,
124.2, 119.0, 117.3, 112.5, 72.3, 70.7, 22.0, 21.8, 21.7;
HRMS (ESI") calcd for CosHa7N4O4 [M+H]'™ 447.2027,
found 447.2029.

Diisopropyl 1-(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)-
hydrazine-1,2-dicarboxylate (4caa): Orange solid, 92%
yield. m.p. 157~158 C; 'H NMR (600 MHz, CDCl;) ¢:
8.67 (s, 1H), 7.68 (d, J=7.6 Hz, 2H), 7.60 (d, /=8.9 Hz,
1H), 7.26~7.25 (m, 3H), 7.08~7.00 (m, 1H), 6.87 (t, J=
6.4 Hz, 1H), 5.13~4.95 (m, 2H), 2.39 (s, 3H), 1.29~1.03
(m, 12H); 3C NMR (150 MHz, CDCl;) 6: 156.4, 154.8,
143.0, 139.4, 138.3, 130.1, 129.7, 126.6, 125.7, 124.5,
118.3,117.2,112.3,72.1, 70.6, 21.9, 21.8, 21.7, 21.6, 21.3;
HRMS (ESI") caled for CaHysN4O4 [M+H]" 411.2027,
found 411.2025.

Diisopropyl 1-(2-(4-methoxyphenyl)imidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4daa): Orange solid,
95% vyield. m.p. 144~146 C; 'H NMR (400 MHz,
CDCl3) o: 8.65 (s, 1H), 7.71 (d, J=8.7 Hz, 2H), 7.58 (d,
J=9.0 Hz, 1H), 7.26~7.22 (m, 2H), 6.95 (d, /=8.8 Hz,
2H), 6.85 (t, J=6.7 Hz, 1H), 5.10~4.94 (m, 2H), 3.83 (s,
3H), 1.27~1.01 (m, 12H); 3C NMR (100 MHz, CDCI;) &:
159.7, 156.4, 154.8, 1429, 139.3, 128.0, 125.6, 125.5,
1245, 117.8, 117.0, 114.3, 112.2, 72.1, 70.5, 55.2, 21.9,
21.8,21.7,21.6; HRMS (ESI") calcd for CoHyN4Os [M+
H]" 427.1976, found 427.1979.

Diisopropyl 1-(2-(4-fluorophenyl)imidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4eaa): White solid,
89% vyield. m.p. 175~177 C; 'H NMR (600 MHz,
CDCly) o: 8.69 (s, 1H), 7.77~7.75 (m, 2H), 7.60 (d, J=
8.9 Hz, 1H), 7.29~7.26 (m, 1H), 7.20~7.10 (m, 3H), 6.89
(t, J=6.3 Hz, 1H), 5.12~4.95 (m, 2H), 1.28~1.01 (m,
12H); 3C NMR (150 MHz, CDCl;) J: 162.8 (d, J=248.6
Hz), 156.5, 154.7, 143.0, 138.6, 129.2, 128.7, 126.0, 124.7,
118.4, 117.2, 1159 (d, J=21.6 Hz), 112.5, 72.3, 70.7,
21.9, 21.8, 21.7, 21.6; HRMS (ESI") calcd for CyHas-
FN4O4 [M+H]" 415.1776, found 415.1777.

Diisopropyl 1-(2-(4-chlorophenyl)imidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4faa): White solid,
67% vyield. mp. 171~173 ‘C; 'H NMR (600 MHz,
CDCl) o: 8.69 (s, 1H), 7.73 (d, J=8.4 Hz, 2H), 7.61 (d,
J=8.9 Hz, 1H), 7.41 (d, J=8.5 Hz, 2H), 7.29~7.27 (m,
1H), 7.12~7.01 (m, 1H), 6.90 (t, J/=6.4 Hz, 1H), 5.12~
4.95 (m, 2H), 1.29~1.02 (m, 12H); '3C NMR (150 MHz,
CDCl3) 0: 156.5, 154.6, 143.1, 138.3, 134.3, 131.5, 129.2,
128.1, 126.1, 124.7, 118.7, 117.3, 112.6, 72.3, 70.8, 21.9,
21.8, 21.7, 21.6; HRMS (ESI") calcd for CaH2CIN4O4
[M+H]" 431.1481, found 431.1480.
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Diisopropyl 1-(2-(4-bromophenyl)imidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4gaa): White solid,
52% yield. m.p. 168~171 C (lit.?4 170~172 C); 'H
NMR (600 MHz, CDCL) J: 8.68 (s, 1H), 7.65 (d, J=7.8
Hz, 2H), 7.59 (d, J/=8.9 Hz, 1H), 7.53 (d, J=28.3 Hz, 2H),
7.43~7.18 (m, 2H), 6.88 (s, 1H), 5.10~4.95 (m, 2H),
1.26~1.00 (m, 12H); *C NMR (150 MHz, CDCl56):
156.5, 154.6, 143.0, 138.2, 132.0, 131.8, 128.3, 126.0,
124.7, 122.4, 118.7, 117.2, 112.5, 72.2, 70.6, 21.9, 21.8,
21.6,21.6.

Diisopropyl  1-(2-(4-(trifluoromethyl)phenyl)imidazo-
[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate ~ (4haa):
White solid, 36% yield. m.p. 174~175 “C; 'H NMR (600
MHz, CDCL) d: 8.71 (s, 1H), 7.92 (d, /=8.0 Hz, 2H),
7.69 (d, J/=8.2 Hz, 2H), 7.63 (d, J=8.9 Hz, 1H), 7.31 (t,
J=7.5 Hz, 1H), 7.16~7.03 (m, 1H), 6.92 (t, J=6.0 Hz,
1H), 5.13~4.97 (m, 2H), 1.30~1.02 (m, 12H); *C NMR
(150 MHz, CDCl3) d: 156.6, 154.5, 143.2, 137.9, 136.5,
130.1 (q, J=31.3 Hz), 127.0, 126.3, 125.9, 124.8, 124.1
(q, J=268.2 Hz), 119.3, 117.5, 112.8, 72.4, 70.9, 21.9,
21.8, 21.7, 21.6; HRMS (ESI") calcd for CaHa4F3N4O4
[M+H]" 465.1774, found 465.1778.

Diisopropyl 1-(2-methylimidazo[1,2-a]pyridin-3-yl)-
hydrazine-1,2-dicarboxylate (4iaa): White solid, 45%
yield. m.p. 68~70 C; 'H NMR (400 MHz, CDCl) d:
8.45 (s, 1H), 8.26~8.14 (m, 1H), 7.47 (d, /=8.8 Hz, 1H),
7.16 (t, J=7.6 Hz, 1H), 6.78 (t, J=5.7 Hz, 1H), 4.98~
4.96 (m, 2H), 2.34 (s, 3H), 1.30~1.09 (m, 12H); '*C NMR
(100 MHz, CDCl3) d: 156.6, 154.9, 142.5, 138.7, 124.9,
123.9, 1194, 116.6, 111.9, 71.7, 70.2, 21.9, 21.8, 21.7,
12.7; HRMS (ESI") caled for CisH»NsOs [M+H]"
335.1714, found 335.1715.

Diisopropyl 1-(2-ethylimidazo[1,2-a]pyridin-3-yl)hydra-
zine-1,2-dicarboxylate (4jaa): White solid, 44% yield. m.p.
65~66 C; 'H NMR (400 MHz, CDCls) J: 8.49 (s, 1H),
7.87 (s, 1H), 7.50 (d, J=8.9 Hz, 1H), 7.16 (t, J=7.5 Hz,
1H), 6.78 (t, J=6.1 Hz, 1H), 4.98~4.95 (m, 2H), 2.69 (q,
J=17.4 Hz, 3H), 1.30~1.09 (m, 15H); *C NMR (100
MHz, CDCL) d: 156.6, 154.9, 144.0, 142.7, 124.9, 124.0,
118.6,116.7,111.9,71.7,70.3, 21.9, 21.8, 21.7, 20.4, 13.2;
HRMS (ESI") caled for Ci7H24N4O4 [M+H]" 349.1870,
found 349.1872.

Diisopropyl 1-(2-(thiophen-2-yl)imidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4jaa): Brown solid, 91%
yield. m.p. 118~120 C; 'H NMR (400 MHz, CDCls) d:
8.70 (s, 1H), 7.59~7.53 (m, 4H), 7.35 (d, /=4.7 Hz, 1H),
7.28~7.24 (m, 2H), 7.13~7.11 (m, 1H), 6.87 (t, J=6.5
Hz, 1H), 5.11~4.93 (m, 2H), 1.31~1.01 (m, 12H); C
NMR (100 MHz, CDCls) d: 156.5, 154.6, 143.2, 1353,
135.0, 128.0, 126.1, 125.8, 125.0, 124.6, 117.5, 117.0,
112.5, 72.3, 70.7, 21.9, 21.8, 21.6, 21.6; HRMS (ESI")
caled for CioH»Ns04S [M + H] © 403.1435, found
403.1437.

Diisopropy!l 1-(2-phenylimidazo[1,2-a]quinolin-1-yl)-
hydrazine-1,2-dicarboxylate (4aba): Orange solid, 81%
yield. m.p. 117~118 ‘C; 'H NMR (600 MHz, CDCls) d:
9.04 (s, 1H), 7.80 (d, J=7.6 Hz, 1H), 7.75 (d, J=7.2 Hz,
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2H), 7.68 (t, J=7.4 Hz, 1H), 7.60~7.56 (m, 2H), 7.52~
7.47 (m, 3H), 7.41 (t, J=7.4 Hz, 1H), 6.87~6.73 (m, 1H),
5.23~4.91 (m, 2H), 1.26~0.97 (m, 12H); 1*C NMR (150
MHz, CDCls) 6: 155.5, 155.2, 142.4, 133.5, 133.1, 129.3,
128.8, 128.7, 128.4, 127.9, 127.0, 125.0, 124.3, 123.0,
117.2, 72.7, 70.3, 21.9, 21.9, 21.8, 21.6; HRMS (ESI")
caled for CysHyN4O4 [M + H] © 4472027, found
447.2031.

Diisopropyl 1-(7-methoxy-2-phenylimidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4aca): White solid,
94% vyield. m.p. 136~137 ‘C; 'H NMR (400 MHz,
CDCl) o: 8.52 (s, 1H), 7.75 (d, J=7.5 Hz, 2H), 7.42 (t,
J=17.4 Hz, 2H), 7.35~7.31 (m, 1H), 7.14~7.05 (m, 1H),
6.89 (d, /=2.0 Hz, 1H), 6.59 (dd, J=7.2, 1.7 Hz, 1H),
5.10~4.94 (m, 2H), 3.87 (s, 3H), 1.28~1.02 (m, 12H);
13C NMR (100 MHz, CDCls) J: 158.9, 156.4, 154.8, 144.6,
138.7, 133.0, 128.9, 128.1, 126.5, 125.2, 117.8, 107.3,
94.6,72.1, 70.6, 55.5, 21.9, 21.8, 21.7, 21.6; HRMS (ESI")
caled for CpH»N4Os [M + H] ©  427.1976, found
427.1974.

Diisopropyl 1-(7-methyl-2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4ada): Orange solid,
92% vyield. m.p. 147~149 ‘C; 'H NMR (600 MHz,
CDCl) o: 8.56 (s, 1H), 7.76 (d, J=7.3 Hz, 2H), 7.43 (t,
J=17.6 Hz, 2H), 7.35~7.33 (m, 2H), 7.11~7.06 (m, 1H),
6.71 (d, J/=6.5 Hz, 1H), 5.11~4.96 (m, 2H), 2.41 (s, 3H),
1.28~1.02 (m, 12H); '*C NMR (150 MHz, CDCl;) ¢:
156.4, 154.8, 143.5, 139.0, 136.8, 133.1, 128.9, 128.2,
126.7, 123.8, 118.2, 115.7, 115.0, 72.1, 70.6, 21.9, 21.8,
21.7,21.6,21.4; HRMS (ESI") calcd for CorHyN4O4 [M+
H]" 411.2027, found 411.2028.

Diisopropyl 1-(6-fluoro-2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4aea): White solid, 68%
yield. m.p. 171~172 ‘C. '"H NMR (600 MHz, CDCl;) ¢:
8.72 (s, 1H), 7.74 (d, J=17.5 Hz, 2H), 7.59~7.56 (m, 1H),
7.42 (t, J=7.4 Hz, 2H), 7.34 (t, J=7.3 Hz, 1H), 7.28 (s,
1H), 7.18 (t, J=8.0 Hz, 1H), 5.12~4.95 (m, 2H), 1.28~
0.99 (m, 12H); *C NMR (150 MHz, CDCls) J: 156.6,
154.5, 153.2 (d, J=237.2 Hz), 140.6 (d, J=31.2 Hz),
132.6, 128.9, 128.5, 126.7, 126.0, 119.9, 117.8 (d, J=15.2
Hz), 117.7, 111.7 (d, J=45.4 Hz), 72.4, 70.7, 21.9, 21.8,
21.7,21.5; HRMS (ESI") calcd for C2;H24FN,O4 [M+H]"
415.1776, found 415.1779.

Diisopropy!l 1-(8-fluoro-2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4afa): White solid, 63%
yield. m.p. 168~169 C; 'H NMR (600 MHz, CDCl;) ¢:
8.54 (s, 1H), 7.80 (d, J=7.5 Hz, 2H), 7.43 (t, J/=7.4 Hz,
2H), 7.36 (t, J=7.1 Hz, 1H), 7.17 (s, 1H), 6.97 (t, J=8.9
Hz, 1H), 6.79 (d, J=4.1 Hz, 1H), 5.11~4.94 (m, 2H),
1.27~1.00 (m, 12H); '*C NMR (150 MHz, CDCl;) ¢:
156.5, 154.5, 151.2 (d, J=253.3 Hz), 139.8, 135.5 (d, J=
29.3 Hz), 132.4, 128.9, 128.6, 126.9, 121.0, 119.9, 112.3,
108.3 (d, J/=16.0 Hz), 72.3, 70.7, 21.9, 21.8, 21.6, 21.5;
HRMS (ESI") caled for C2iH24FN4O4 [M+H]" 415.1776,
found 415.1772.

Diisopropy! 1-(8-chloro-2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4aga): Orange solid,
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59% yield. mp. 179~181 C; 'H NMR (600 MHz,
CDCls) o: 8.79 (s, 1H), 7.75 (d, J=7.4 Hz, 2H), 7.55 (t,
J=9.2 Hz, 1H), 7.42 (t, J=7.4 Hz, 2H), 7.35 (t, J=7.3
Hz, 1H), 7.23~7.15 (m, 2H), 5.12~5.00 (m, 2H), 1.33~
0.99 (m, 12H); '*C NMR (150 MHz, CDCls) &: 156.5,
154.4, 141.3, 140.3, 132.5, 129.0, 128.6, 127.2,126.8,
122.7, 120.8, 119.0, 117.7, 72.4, 70.7, 21.9, 21.8, 21.7,
21.5; HRMS (ESI") caled for CyHauCIN,O4 [M+H]'
431.1481, found 431.1479.

Diisopropyl 1-(7-chloro-2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4aha): White solid, 47%
yield. m.p. 168~169 C; 'H NMR (600 MHz, CDCls) d:
8.67 (s, 1H), 7.75 (d, J=7.3 Hz, 2H), 7.61 (s, 1H), 7.46~
7.43 (m, 2H), 7.39~7.37 (m, 1H), 7.13~7.08 (m, 1H),
6.87 (t, J=6.5 Hz, 1H), 5.12~4.96 (m, 2H), 1.30~1.02
(m, 12H); 3C NMR (150 MHz, CDCl;) 6: 156.6, 154.5,
142.8, 140.1, 132.6, 129.0, 128.6, 127.1, 126.8, 125.1,
1189, 116.1, 114.1, 72.4, 70.8, 21.9, 21.8, 21.7, 21.5;
HRMS (ESI ") caled for CyHyuCINJOs [M+ H] '
431.1481, found 431.1483.

Diisopropyl 1-(7-bromo-2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4aia): White solid, 33%
yield. m.p. 172~173 C; 1H NMR (600 MHz, CDCls) :
8.61 (s, 1H), 7.79~7.74 (m, 3H), 7.44~7.43 (m, 2H),
7.36 (s, 1H), 7.18~7.08 (m, 1H), 6.98 (d, /=6.3 Hz, 1H),
5.12~4.96 (m, 2H), 1.30~1.01 (m, 12H); '*C NMR (150
MHz, CDCL) d: 156.6, 154.5, 143.1, 140.1, 132.4, 129.0,
128.6, 127.1, 126.8, 125.1, 120.0, 119.5, 116.3, 72.4, 70.8,
21.9, 21.8, 21.7, 21.5; HRMS (ESI ") caled for
C21H24BrN4O4 [M+H]" 475.0975, found 475.0977.

Diisopropyl 1-(6-phenylimidazo[2,1-b]thiazol-5-yl)hydra-
zine-1,2-dicarboxylate (4aka): Obtained as a white solid in
56% yield. m.p. 165~166 C (lit.['1 168~170 C); 'H
NMR (600 MHz, CDCl;) J: 7.89 (s, 1H), 7.70 (d, J=7.2
Hz, 2H), 7.40 (t, J=7.6 Hz, 2H), 7.30 (t, J=7.4 Hz, 1H),
7.14~7.08 (m, 1H), 6.80 (s, 1H), 5.09~4.96 (m, 2H),
1.30~1.04 (m, 12H); *C NMR (150 MHz, CDCls) 3:
156.5, 154.7, 148.1, 140.8, 133.2, 128.8, 127.8, 126.2,
120.3,119.3, 112.1, 72.2,70.7, 22.0, 21.8, 21.7, 21.6.

Diisopropyl 1-(2-phenylbenzo[d]imidazo[2,1-b]thiazol-
3-yDhydrazine-1,2-dicarboxylate (4ala): Light yellow sol-
id, 51% yield. m.p. 175~177 ‘C; 'H NMR (600 MHz,
CDCls) ¢o: 8.32 (s, 1H), 7.68 (d, /=7.4 Hz, 3H), 7.50~
7.45 (m, 3H), 7.37~7.34 (m, 2H), 6.98 (s, 1H), 5.12~
4.92 (m, 2H), 1.33~1.04 (m, 12H); *C NMR (150 MHz,
CDCls) d: 156.4, 154.9, 146.5, 140.1, 133.0, 132.5, 129.8,
129.2, 128.0, 126.1, 124.9, 123.6, 122.4, 115.5, 72.6, 70.4,
21.9, 21.8, 21.7; HRMS (ESI+) calcd for C23H25N404S
[M+H]" 453.1591, found 453.1587.

Diethyl 1-(2-phenylimidazo[1,2-a]pyridin-3-yl)hydra-
zine-1,2-dicarboxylate (4aab): Obtained as an orange solid
in 90% yield. m.p. 140 ~ 141 C (lit.['" 141.7 ~
142.3 °C); '"H NMR (600 MHz, CDCl;) J: 8.69 (s, 1H),
7.78 (d, J=7.5 Hz, 2H), 7.62 (d, J=8.9 Hz, 1H), 7.44 (t,
J=1.5 Hz, 2H), 7.36 (t, J=7.4 Hz, 1H), 7.29~7.26 (m,
1H), 6.89 (t, J=6.5 Hz, 1H), 6.59 (s, 1H), 4.21~4.18 (m,
4H), 1.27~1.11 (m, 6H); '*C NMR (150 MHz, CDCl;) ¢:
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156.8, 155.2, 143.1, 139.4, 132.8, 129.0, 128.4, 126.8,
125.9, 124.6, 118.4,117.3, 112.5, 64.0, 62.2, 14.4, 14.3.

Di-tert-butyl 1-(2-phenylimidazo[1,2-a]pyridin-3-yl)-
hydrazine-1,2-dicarboxylate (4aac): Orange solid, 43%
yield. m.p. 181~182 C; 'H NMR (600 MHz, CDCl;) ¢:
8.73 (s, 1H), 7.79 (d, J=7.3 Hz, 2H), 7.59 (d, /=28.8 Hz,
1H), 7.45 (t, J=1.5 Hz, 2H), 7.36 (t, J=7.0 Hz, 1H),
7.26~7.24 (m, 1H), 6.93~6.59 (m, 2H), 1.45~1.24 (m,
18H); *C NMR (150 MHz, CDCl3) J: 155.7, 153.7, 142.8,
138.8, 133.2, 129.0, 128.2, 126.7, 125.6, 124.7, 119.3,
117.2, 112.3, 83.4, 82.1, 28.1, 27.8; HRMS (ESI") calcd
for C23H20N4O4 [M+H]" 425.2183, found 425.2185.

Bis(2,2,2-trichloroethyl) 1-(2-phenylimidazo[1,2-a]pyri-
din-3-yl)hydrazine-1,2-dicarboxylate (4aad): White solid,
93% vyield. m.p. 191~192 C; 'H NMR (600 MHz,
CDCl) o: 8.75~8.30 (m, 2H), 7.77~7.73 (m, 2H), 7.62
(d, J=9.0 Hz, 1H), 7.34~7.27 (m, 4H), 6.90 (t, J=6.5
Hz, 1H), 4.99~4.62 (m, 4H); *C NMR (150 MHz,
CDCl3) 0: 155.2, 153.6, 143.3, 140.5, 132.2, 128.9, 128.6,
127.1, 126.4, 124.6, 117.5, 117.3, 112.8, 94.4, 94.0, 76.0,
75.3; HRMS (ESI") caled for Ci9Hi5CiN4O4 [M+H]"
572.9219, found 572.9216.

Dibenzyl 1-(2-phenylimidazo[1,2-a]pyridin-3-yl)hydra-
zine-1,2-dicarboxylate (4aae): Orange solid, 92% yield.
m.p. 159~160 °C; '"H NMR (600 MHz, CDCls) §: 8.66 (s,
1H), 7.68 (d, /=6.8 Hz, 2H), 7.61 (d, J=8.7 Hz, 1H),
7.46~6.85 (m, 16H), 5.37~5.02 (m, 4H); '*C NMR (150
MHz, CDCls) 6: 156.6, 155.1, 143.1, 139.7, 135.0, 134.8,
132.5, 128.9, 128.6, 128.5, 128.2, 126.7, 126.0, 124.6,
118.1, 117.3, 112.6, 69.4, 68.3; HRMS (ESI") calcd for
C2oH2sN4O4 [M+H]" 493.1870, found 493.1872.

Bis(4-chlorobenzyl) 1-(2-phenylimidazo[1,2-a]pyridin-
3-yDhydrazine-1,2-dicarboxylate (4aaf): Orange solid,
95% vyield. m.p. 171~173 ‘C; 'H NMR (600 MHz,
CDCls) o: 8.63 (s, 1H), 7.66~7.59 (m, 4H), 7.31~6.97
(m, 12H), 6.85 (s, 1H), 5.29~4.96 (m, 4H); '3C NMR
(150 MHz, CDCl3) d: 156.5, 155.0, 143.1, 139.7, 1344,
133.5, 133.3, 132.4, 129.5, 128.9, 128.8, 128.7, 128.5,
126.8, 126.1, 124.5, 117.8, 117.3, 112.7, 68.5, 67.3;
HRMS (ESI ") caled for CyHCLN4Os [M + H] '
561.1091, found 561.1094.

4.2.2 Typical procedure for the gram scale reaction

A 100 mL reaction tube was equipped with a magnetic
stir bar and charged with 2-bromo-1-phenylethan-1-one
(1a, 4 mmol, 0.792 g), pyridin-2-amine (2a, 8 mmol, 0.756
g), diisopropyl (FE)-diazene-1,2-dicarboxylate (3a, 12
mmol, 2.426 g) and DCM (20 mL). The resulting mixture
was stirred under air at 35 “C for 8 h. Upon completion,
the solvent was removed under reduced pressure. Then the
residue was purified by column chromatography on silica
gel (20~300 mesh) using hexane-EtOAc as an eluent to
afford the pure product 4aaa (1.411 g, 89% yield).

Supporting Information Crystallography of product
4aaa, '"H NMR and *C NMR spectra of the products. The
Supporting Information is available free of charge via the
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