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Abstract

The first example of metal-free regioselective hydrazination of imidazo[1,2-a]pyridine with
diethyl azodicarboxylate was accomplished. This procedure is chemically appealing due to the
high degree of functional group tolerance and efficiency in expanding molecule diversity.

Introduction

Imidazo[1,2-a]pyridine scaffolds have been widely investigated among chemists and
medicinal chemists due to their remarkable biological and pharmacological activities.! For
example, they exhibit good anti-cancer,? anti-inflammatory,3 anti-bacterial,* anti-
protozonal,® anti-viral 8 anti-ulcer,” anti-fungal,8 and anxiolytic properties. In addition,
imidazo[1,2-a]pyridines have been found to be the core structure of many natural products
and marketed drugs, including alpidem,® necopidem,1? saripidem,! zolpidem (Ambien
®),12 olprinone,13 DS-1,14 minodronic acid,® divalpon,18 and Zolimidine.1” In fact,
imidazo[1,2-a]pyridines are key scaffolds in the non-benzodiazepine drug class, which bind
the GABA-A receptor and are first line treatments for insomnia and benzodiazepine-
resistant anxiety disorders. The imidazo[1,2-a]pyridine scaffold is very important for
pharmaceutical chemistry and novel synthetic methods to analogue the core structure could
produce pharmacological distant drug candidates.

Over the past decade, in order to develop more bioactive imidazo[1,2-a]pyridines, novel
synthetic approaches have been investigated to access imidazo[1,2-a]pyridine derivatives.
For example, transition-metal catalyzed direct C-3 arylations of imidazo[1,2-a]pyridines
with aryl halides!® or oxidative cross-coupling of imidazo[1,2-a]pyridine with arenes.1®
Adimurthy’s lab20 recently reported the regioselective C-3 sulfenylation of imidazo[1,2-
a]pyridines with thiophenols under the promotion of N-chlorosuccinimide, while Zhou’s
research group?! achieved the chalcogenylation of imidazo[1,2-a]pyridine with
dichalcogenides by using Cul as catalyst under air. Koubachi et al?2 developed a direct and
regioselective Pd/Cu-catalyzed intermolecular oxidative coupling of imidazo[1,2-
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a]pyridines with alkenes to access 3-alkenylimidazo[1,2-a]pyridine derivatives. While in the
presence of ruthenium catalysts, Cao and co-workers?3 developed an efficient regioselective
C-3 alkenylation of substituted imidazo[1,2-a]pyridines with diverse acrylates. To the best
of our knowledge, there has been no report involving C-3 regioselective hydrazination of
imidazo[1,2-a]pyridines. The synthesis of C-3 aminated imidazo[1,2-a]pyridines has gained
much attention owing to their various biological properties.2* However, few reports are
available for the expeditious synthesis of these molecules, which employ toxic isocyanides
or trimethylsilanecarbonitrile (TMSCN) in multiple component reactions.2 Therefore, a
more practical method allowing for an expeditious access to C-3 aminated imidazo[1,2-
a]pyridines is still needed. In continuation of our efforts on the development of expeditious
methods for the synthesis of imidazo[1,2-a]pyridine analogues to generate kinase
inhibitors,26 we report herein an efficient metal-free hydrazination of imidazo[1,2-a]pyridine
with diethyl azodicarboxylate (DEAD) in neutral media.

Results and discussion

Originally, Mufiiz et al?’ reported a new coupling of aryl boronic acids and dialkyl
azodicarboxylates to provide N-aryl hydrazines under palladium catalysis. Following this
idea, Yu’s lab?8 developed a palladium-catalyzed oxidative ethoxycarbonylation of aromatic
C-H bond with diethyl azodicarboxylate. Therefore, we tested the possibility of Yu’s28
catalyst system for the hydrazination in imidazo[1,2-a]pyridine with DEAD. First, we
carried out a coupling between 2-phenylimidazo[1,2-a]pyridine (1a) and DEAD in DMF at
100 °C for 6 h, with the use of 5 mol % Pd(OAc), as catalyst and 3 equivalents of Oxone as
the oxidant. However, only 8% yield of product 3a was obtained. Notably, the
ethoxycarbonylation product (4) was not detected. To improve the yield, the reaction was
performed using several other common oxidants including DDQ, CAN, Cu(OAc),, and
TBHP. Unfortunately, no significant yield was obtained, although the best yield (29%) was
achieved with TBHP in the reaction (Table 1, entry 1). When shifting the catalyst to other
palladium sources, such as PdCI, or Pd,(dba)s (entry 2-3), no improvements were observed.
By using iron catalysts,2? 53% and 65% yields were obtained with FeCl,-4H,0 and
FeSO,4-7H,0 respectively (entry 5-6), although no product 3a was detected when
FeCl3:6H,0 was used (entry 4). Acetonitrile was investigated as an alternative solvent to
increase yield. Acetonitrile was identified as a better solvent system producing an excellent
yield of 88% (entry 7), when DEAD, FeSO,4-7H,0, and TBHP were combined in the
reaction.

The oxidative radical reactions under TBHP as a radical initiator and iron as a catalyst are
widely described in the chemistry literature,39 while dialkyl azodicarboxylates are renowned
as radical acceptors.3! Consequently, we hypothesized that the hydrazination of
imidazo[1,2-a]pyridine with DEAD fell into the iron/TBHP catalyzing oxidative radical
reaction mechanism. To confirm our suspicion, a control experiment was conducted without
the oxidant, TBHP. To our surprise, the reaction provided 3a in 91% yield.

This result suggested that the reaction does not proceed through a radical reaction
mechanism. Considering the high electrophilic nature of dialkyl azodicarboxylates,3? we
presumed that DEAD may form the C-3 adduct without the need of any catalyst. Based on
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this hypothesis, we examined the hydrazination reaction in the absence of any metal catalyst.
The reaction afforded 3a in 92% yield. Therefore, DEAD acts as a strong electrophile and
forms adducts with the most nucleophilic carbon (C-3) similar to non-catalyzed nitration or
halogenation reactions (Table 1, entry 9). The reaction seems to be driven solely by
overcoming a thermodynamic barrier, as reactions completed at 25 °C displayed incomplete
conversion.

In the absence of catalyst, a variety of solvents were tested to determine solvent effects
(Table 1, entries 9-20). It was found that non-polar, aprotic solvents such as toluene, DCE,
and xylenes produced the highest yield. Even polar solvents, such as acetone or acetonitrile,
produced high yields as well. However, in polar, protic solvents, such as MeOH, incomplete
conversion was observed (Table 1, entry 20). This is likely a result of DEAD reacting with
the solvent preferentially to the starting material. Other hydrazination agents, such as di-tert-
butyl azodicarboxylate (DBAD), caused incomplete conversion to 3a.

Next, we studied the scope of the regioselective hydrazination of imidazo[1,2-a]pyridine
with DEAD using acetonitrile as solvent. Initially, we fixed the phenyl function on the C-2
position of imidazo[1,2-a]pyridine and then examined the efficiency of the reaction with
various substituents on the pyridine scaffold. As shown in scheme 3, the hydrazination
tolerated a large number of substrates, furnishing the corresponding title compounds (3b-3j)
in good to excellent yields. Incorporation of a methyl group to the C-8, C-7, and C-6
position of imidazo[1,2-a]pyridine afforded 3b, 3c, 3d in yields of 89%, 91%, and 95%,
respectively. Similarly, the introduction of an electron-withdrawing group (Br) at either the
C-8/C-7 position of the imidazo[1,2-a]pyridine provided the corresponding products in
excellent yields (3e-3f, 90% and 94%). Interestingly, the presence of both methyl and bromo
(3g) was still suitable for this reaction. We also tested other electron-withdrawing groups
(CI, CN, and CO,Me), and they also reacted adequately producing yields between 84-94%
(3h-3j).

Afterward, with methyl as the optimal substituent at the C-6 position of imidazo[1,2-
a]pyridine, a series of functional groups at the para and ortho positions of the C-2 phenyl
ring were explored (3k-3q). It was found that all substituents either with electron-donating
(OMe and naphthyl) or electron-withdrawing properties (OCF3, CN, F, and CI) offered
excellent efficiency for this reaction with yields between 86-93%. As evident from the
yields of products 3a-3q, we concluded that electronic effects associated with electron-
donating/withdrawing substituents on the C-2 phenyl ring and pyridine scaffold of the
imidazo[1,2-a]pyridine do not affect the efficiency of the reaction. To confirm this
conclusion, we incorporated methoxycarbonyl to C-6 of imidazo[1,2-a]pyridine with 4-
chloro-phenyl at the C-2 position, which was hydrazinated to afford 3t in a yield of 89%,
which was similar to product 3r and 3s with yields of 89% and 91%, respectively. The
reaction also produced the hydrazinated product 3u substituted by methoxycarbonyl and
methoxyl in a yield of 91%.

Furthermore, the optimized reaction conditions for hydrazination was successfully extended
to C-2 unsubstituted imidazo[1,2-a]pyridine to expand the scope of the methodology. Under
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the same reaction conditions, 6-methylimidazo[1,2-a]pyridine (5) was hydrazinated with
DEAD to achieve product 6 in 75% yield in 1 h at 80 °C (Scheme 4).

Based on the above experimental results, two plausible mechanisms are proposed (scheme
5). Similar to its role in the Mitsunobu reaction, DEAD can attack the C-3 position of 1a
through a pseudo-Michael reaction to produced intermediate A. Subsequently, prototropy
and restoring of conjugation provides the final product 3a. A concerted mechanism is also
plausible where no transition state is formed as seen in A*. A step-wise mechanism is likely
the preferred route because the reaction produces lower yields in polar solvents such as
DMSO, DMF, DMA, and NMP. Low yields in Table-1 in entries with metal catalysts are
likely due to the negative impact on the transition state or obstruction of adequate molecular
orbital overlap. The proposed mechanisms are further validated because DBAD produced
incomplete conversions. The tert-butyl group of DBAD will cause steric hindrance making
C-3 nucleophilic attack more difficult.

Conclusions

In conclusion, we have developed an efficient strategy for the regioselective hydrazination
of imidazo[1,2-a]pyridine with DEAD in the absence of metal catalysts in neutral media,
with a high degree of solvent and functional group tolerance, making this method a
beneficial supplement to imidazo[1,2-a]pyridine derivative synthesis. Although it is known
that DEAD can react with strong nucleophiles, such as phosphine, nitrogen, copper enolate
of the B-dicarbonyl through the Michael reaction mechanism, this is the first time that
DEAD has demonstrated its reactivity with the C-3 position of imidazole pyridines. Further
investigations of the reactivity of DEAD with other nucleophiles as well as therapeutic
evaluations of the hydrazinated products are currently underway in our laboratory and will
be reported in due course.

Experimental section

General

Solvents were purchased from Aldrich or Acros and used without further purification. Other
reagents were used as obtained from commercial providers except when otherwise noted.
Analytical thin layer chromatography (TLC) was performed on pre-coated silica gel plates
available from EMD. Visualization was accomplished with UV light. Column
chromatography was performed using Biotage chromatographic systems. 1H NMR and 13C
NMR spectra were recorded on a Varian Inova instrument (400 MHz). Chemical shifts were
quoted in parts per million (ppm) referenced to the residual undeuterated solvent peak or 0.0
ppm for tetramethylsilane. The following abbreviations were used to explain multiplicities: s
=singlet, d = doublet, t = triplet, g = quartet, m = multiplet. Coupling constants, J, were
reported in Hertz unit (Hz). Low and high resolution mass spectra were obtained using ESI
methods.

General procedure for the preparation of compounds 3 and 5

In a 25 mL tube imidazo[1,2-a]pyridines (1, 1 mmol), and diethyl azodicarboxylate (DEAD,
2 mmol) were taken in 5 mL MeCN. The tube was sealed with a pressure cap and heated to

Org Biomol Chem. Author manuscript; available in PMC 2016 March 14.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 5

80 °C for 6 h. After cooling to room temperature, the mixture was diluted with ethyl acetate
(20 mL) and washed with water, brine, and dried over anhydrous Na2SO4. The organic
solvent was removed under vacuum to get the crude product, which is purified using Biotage
chromatographic systems.

Diethyl 1-(2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3a)

White solid. 1H NMR (400 MHz, CDCI3) 6 8.71 (s, 1H), 7.79 (d, J= 7.3 Hz, 3H), 7.61 (d, J
=9.0 Hz, 1H), 7.39 (t, J = 7.5, 7.5 Hz, 2H), 7.33 =7.24 (m, 2H), 6.89 (t, J = 6.8, 6.8 Hz, 1H),
4.21 -4.15 (m, 4H), 1.22 -1.06 (m, 6H); 13C NMR (100 MHz, CDCI3) § 157.2, 155.2,
142.8,139.2, 132.5, 128.5, 128.1, 126.9, 125.8, 124.6, 118.4, 117.1, 112.4, 63.8, 62.3, 14.2;
HRMS (ESI+, m/2) calculated for CLI9H21N404 [M + H]+ 369.1557; found 369.1561.

Diethyl 1-(8-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3b)

White solid. 1H NMR (400 MHz, CDCI3) 6 8.55 (s, 1H), 7.77 (d, J= 7.6 Hz, 2H), 7.43 (t, J
=75, 7.5 Hz, 2H), 7.35 (d, J= 7.6 Hz, 3H), 6.72 (d, J = 7.0 Hz, 1H), 4.22 -4.11 (m, 4H),
2.42 (s, 3H), 1.23 (t, J= 7.1 Hz, 3H), 1.09 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz,
CDCI3) 6 157.1, 155.3, 143.3, 139.0, 136.7, 132.7, 128.5, 127.9, 126.8, 123.8, 117.9, 115.5,
114.9, 63.7, 62.2, 21.2, 14.2; HRMS (ESI+, nV2) calculated for C20H23N404 [M + H]+
383.1714; found 383.1718.

Diethyl 1-(7-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3c)

White solid. 1H NMR (400 MHz, CDCI3) § 8.56 (s, 1H), 7.77 (d, J = 7.3 Hz, 2H), 7.48 (s,
1H), 7.41 (t, J= 7.5, 7.5 Hz, 2H), 7.33 (dd, J = 13.6, 6.0 Hz, 2H), 6.72 (dd, J = 7.0, 1.6 Hz,
1H), 4.19 (dt, J= 14.3, 6.9, 6.9 Hz, 4H), 2.41 (s, 3H), 1.22 (t, J= 7.1, 7.1 Hz, 3H), 1.09 (t, J
= 7.2, 7.2 Hz, 3H); 13C NMR (100 MHz, CDCI3) § 157.0, 154.9, 143.4, 139.1, 136.8,
132.9,128.8, 128.2, 127.6, 126.7, 123.8, 115.6, 115.0, 63.93, 62.53, 21.36, 14.31; HRMS
(ESI+, mV2) calculated for C20H23N404 [M + H]+ 383.1714; found 383.1712.

Diethyl 1-(6-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3d)

White solid. 1H NMR (400 MHz, CDCI3) § 8.44 (s, 1H), 7.77 (d, J = 7.4 Hz, 2H), 7.52 (d, J
= 9.2 Hz, 1H), 7.45 -7.37 (m, 3H), 7.34 =7.30 (m, 1H), 7.11 (d, J = 11.9 Hz, 1H), 4.26
~4.13 (m, 4H), 2.37 (5, 3H), 1.23 (t, J= 7.1, 7.1 Hz, 3H), 1.08 (t, J = 7.2, 7.2 Hz, 3H); 13C
NMR (100 MHz, CDCI3) § 156.9, 155.2, 142.0, 139.0, 133.1, 128.9, 128.7, 128.1, 126.7,
122.6,122.1, 118.1, 116.6, 63.8, 62.4, 18.4, 14.3; HRMS (ESI+, m/2) calculated for
C20H23N404 [M + H]+ 383.1714; found 383.1715.

Diethyl 1-(8-bromo-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3e)

Yellow solid. 1H NMR (400 MHz, CDCI3) 6 8.71 (s, 1H), 7.79 (d, J = 7.6 Hz, 2H), 7.59 (s,
1H), 7.53 (d, J= 7.3 Hz, 1H), 7.39 (t, J = 7.5, 7.5 Hz, 2H), 7.32 (d, J = 7.3 Hz, 1H), 6.76 (t,
J=7.1,7.1Hz, 1H), 4.34 -4.08 (m, 4H), 1.22 (t, J=7.1,7.1 Hz, 3H), 1.05(t, J=7.1,7.1
Hz, 3H); 13C NMR (100 MHz, CDCI3) 6 157.0, 154.9, 140.7, 140.3, 132.2, 128.7, 128.5,
128.1,127.0, 124.0, 119.6, 112.7, 111.4, 64.0, 62.6, 14.2; [M+H]+ = 447; HRMS (ESI+,
mv2) calculated for C19H20BrN404 [M + H]+ 447.0662; found 447.0665.
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Diethyl 1-(6-bromo-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3f)
Yellow solid. 1H NMR (400 MHz, CDCI3) § 8.87 (s, 1H), 7.76 (d, J = 7.4 Hz, 2H), 7.53
-7.44 (m, 3H), 7.39 (d, J= 6.1 Hz, 1H), 7.37 =7.32 (m, 1H), 7.19 (s, 1H), 4.24 (dd, J = 12.3,
5.4 Hz, 4H), 1.27 (d, J=6.5 Hz, 3H), 1.11 (t, J= 7.0, 7.0 Hz, 3H); 13C NMR (100 MHz,
CDCI3) 6 156.6, 154.9, 141.4, 140.1, 132.3, 129.3, 129.0, 128.6, 126.9, 124.8, 118.7, 117.9,
107.3, 64.2, 62.7, 14.3; HRMS (ESI+, m/2) calculated for C19H20BrN404 [M + H]+
447.0662; found 447.0667.

Diethyl 1-(6-bromo-8-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (39g)
Yellow solid. 1H NMR (400 MHz, CDCI3) 6 8.73 (s, 1H), 7.97 (d, J= 7.2 Hz, 1H), 7.74 (d,
J=7.8Hz, 2H), 7.45 -7.15 (m, 3H), 7.13 (s, 1H), 4.34 =3.95 (m, 64H), 2.61 (s, 3H), 1.24 (t,
J=7.1,7.1Hz, 3H),1.04 (t, J=7.1, 7.1 Hz, 3H); 13C NMR (100 MHz, CDCI3) & 156.9,
154.9, 146.5, 141.6, 139.5, 132.4, 128.6, 128.2, 127.8, 126.9, 122.5, 118.8, 107.1, 64.0,
62.5, 16.4, 14.3, 14.2; HRMS (ESI+, nV2) calculated for C20H22BrN40O4 [M + H]+
461.0819; found 416.0812.

Diethyl 1-(7-chloro-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3h)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.67 (s, 1H), 7.75 (d, J= 7.8 Hz, 3H), 7.60 (d, J
= 2.0 Hz, 1H), 7.36 (dt, J=19.7, 4.3, 4.3 Hz, 3H), 6.87 (dd, J= 7.3, 2.0 Hz, 1H), 4.26 -4.12
(m, 4H), 1.21 (t, J= 7.1, 7.1 Hz, 3H), 1.08 (t, J = 7.3, 7.3 Hz, 3H); 13C NMR (100 MHz,
CDCI3) 6 157.0, 155.0, 142.8, 140.2, 132.6, 128.8, 128.5, 128.0, 126.8, 125.2, 118.6, 116.1,
114.1, 64.1, 62.6, 14.3; HRMS (ESI+, m/z) calculated for C19H20CIN404 [M + H]+
403.1168; found 403.1166.

Diethyl 1-(6-cyano-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3i)
White solid. 1H NMR (400 MHz, CDCI3) 6 9.23 (s, 1H), 7.79 (d, J= 7.2 Hz, 2H), 7.68 (d, J
=9.2 Hz, 1H), 7.62 -7.27 (m, 5H), 4.43 -4.13 (m, 4H), 1.26 (t, J=7.1, 7.1 Hz, 3H), 1.11 (,
J=17.3, 7.3 Hz, 3H); 13C NMR (100 MHz, CDCI3) 6 156.9, 154.6, 142.2, 131.7, 131.0,
129.2,129.1, 127.1, 125.8, 119.5, 118.3, 116.6, 110.0, 64.5, 63.1, 14.3; HRMS (ESI+, m/2)
calculated for C20H20N504 [M + H]+ 394.1510; found 394.1515.

Diethyl 1-(6-(methoxycarbonyl)-2-phenylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3j)
White solid. 1H NMR (400 MHz, CDCI3) § 9.42 (s, 1H), 7.83 (t, J = 9.1, 9.1 Hz, 3H), 7.63
(d,J=9.2Hz, 1H), 7.44 (t, J= 7.5, 7.5 Hz, 2H), 7.37 (dd, J= 8.4, 6.2 Hz, 1H), 6.85 (s, 1H),
4.24 -4.17 (m, 4H), 3.97 (s, 3H), 1.25 (t, J= 7.1, 7.1 Hz, 3H), 1.09 (t, 3= 7.0, 7.0 Hz, 3H);
13C NMR (100 MHz, CDCI3) § 165.3, 156.7, 154.9, 143.6, 140.9, 132.2, 128.9, 128.8,
126.9, 125.5, 119.4, 116.7, 116.5, 64.2, 62.1, 52.5, 14.3, 14.2; HRMS (ESI+, m/2) calculated
for C21H23N406 [M + H]+ 427.1612; found 427.1615.
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Diethyl 1-(2-(4-methoxyphenyl)-6-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3k)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.42 (s, 1H), 7.70 (d, J = 10.6 Hz, 2H), 7.49 (d,
J=5.7 Hz, 1H), 7.10 (d, J = 9.6 Hz, 1H), 7.02 -6.81 (m, 3H), 4.22 (dq, J = 14.0, 7.0, 7.0,
6.9 Hz, 4H), 3.83 (s, 3H), 2.37 (s, 3H), 1.24 (t, J= 6.8, 6.8 Hz, 3H), 1.09 (t, J= 6.9, 6.9 Hz,
3H); 13C NMR (100 MHz, CDCI3) & 159.6, 156.6, 155.4, 142.0, 139.1, 129.7, 128.9, 127.9,
125.5,122.2,116.4, 114.3, 113.9, 63.9, 62.4, 55.2, 18.4, 14.3; HRMS (ESI+, m/2) calculated
for C21H25N405 [M + H]+ 413.1819; found 413.1814.

Diethyl 1-(2-(3-methoxyphenyl)-6-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3l)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.44 (s, 1H), 7.66 (s, 1H), 7.52 (d, J = 9.1 Hz,
1H), 7.39 (s, 1H), 7.33 =7.21 (m, 2H), 7.11 (d, J = 9.2 Hz, 1H), 6.86 (dt, J = 6.5, 2.9, 2.9 Hz,
1H), 4.23 -4.17 (m, 4H), 3.81 (s, 3H), 2.37 (s, 3H), 1.22 (t, J=7.1, 7.1 Hz, 3H), 1.09 (t, I =
7.0, 7.0 Hz, 3H); 13C NMR (100 MHz, CDCI3) 6 159.8, 156.9, 155.2, 141.8, 138.9, 134.1,
129.6, 128.9, 122.2,119.0, 118.2, 116.5, 114.4, 111.8, 63.8, 62.3, 55.1, 18.3, 14.2; HRMS
(ESI+, m/2) calculated for C21H25N405 [M + H]+ 413.1819; found 413.1823.

Diethyl 1-(6-methyl-2-(4-(trifluoromethoxy)phenyl)imidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3m)
Off-white solid. 1H NMR (400 MHz, CDCI3) 6 8.44 (s, 1H), 7.83 (s, 1H), 7.74 (dd, J = 8.4,
5.5 Hz, 2H), 7.50 (d, J = 9.1 Hz, 1H), 7.12 (dd, J= 9.1, 1.7 Hz, 1H), 7.05 (t, J = 8.7, 8.7 Hz,
2H), 4.21 -4.17 (m, 4H), 2.37 (s, 3H), 1.23 (t, J= 7.2, 7.2 Hz, 3H), 1.08 (t, J= 7.2, 7.2 Hz,
3H); 13C NMR (100 MHz, CDCI3) 6 162.6 (d, J = 246 Hz), 156.9, 155.3, 142.0, 138.4,
129.1,128.6 (d, J=7.0 Hz), 122.3, 122.1, 117.9, 116.5, 115.7 (d, J = 21 Hz), 64.0, 62.5,
18.4, 14.3; HRMS (ESI+, m/z) calculated for C21H22F3N405 [M + H]+ 467.1537; found
467.1539.

Diethyl 1-(6-methyl-2-(naphthalen-2-yl)imidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3n)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.61 (s, 1H), 8.44 (s, 1H), 8.28 (s, 1H), 7.87 (d,
J=9.2 Hz, 1H), 7.78 =7.67 (m, 3H), 7.48 =7.39 (m, 3H), 6.99 (d, J = 11.0 Hz, 1H), 4.12 (dt,
J=229,74,7.4Hz, 4H),2.28 (s, 3H), 1.16 (t, J=7.2, 7.2 Hz, 3H), 0.97 (t, J= 7.1, 7.1 Hz,
3H); 13C NMR (100 MHz, CDCI3) 8 157.1, 155.2, 142.1, 138.8, 133.3, 132.8, 130.0, 129.0,
128.3,128.1, 127.4, 126.1, 124.4, 122.2, 118.3, 116.3, 63.8, 62.3, 18.3, 14.3; HRMS (ESI+,
mvz) calculated for C24H25N404 [M + H]+ 433.1870; found 433.1876.

Diethyl 1-(2-(4-cyanophenyl)-6-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-
dicarboxylate (30)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.56 (s, 1H), 7.90 =7.78 (m, 3H), 7.63 (d, J =
8.4 Hz, 2H), 7.36 (s, 1H), 6.80 —6.73 (m, 1H), 4.31 —-4.07 (m, 4H), 2.44 (s, 3H), 1.24 (t, J =
7.2,7.2 Hz, 3H), 1.08 (t, J= 7.2, 7.2 Hz, 3H); 13C NMR (100 MHz, CDCI3) & 157.0, 155.0,
143.6, 137.9, 137.2, 132.3, 132.0, 130.4, 128.4, 127.2, 124.2, 118.7, 115.6, 111.2, 64.1,
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62.6, 21.4, 14.3; HRMS (ESI+, m/2) calculated for C21H22N504 [M + H]+ 408.1666;
found 408.1666.

Diethyl 1-(2-(4-fluorophenyl)-6-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3p)
White solid. 1H NMR (400 MHz, CDCI3) & 8.44 (s, 1H), 7.83 (s, 1H), 7.74 (dd, J=8.4,5.5
Hz, 2H), 7.50 (d, J= 9.1 Hz, 1H), 7.12 (dd, J= 9.1, 1.7 Hz, 1H), 7.05 (t, J= 8.7, 8.7 Hz,
2H), 4.21 -4.17 (m, 4H), 2.37 (s, 3H), 1.23 (t, J= 7.2, 7.2 Hz, 3H), 1.08 (t, J = 7.2, 7.2 Hz,
3H); 13C NMR (100 MHz, CDCI3) 8 162.6 (d, J = 246 Hz), 156.9, 155.3, 142.0, 138.4,
129.1,128.6 (d, J= 7.0 Hz), 122.3, 122.1, 117.9, 116.5, 115.7 (d, J = 21 Hz), 64.0, 62.5,
18.4, 14.3; HRMS (ESI+, m/2) calculated for C20H22FN404 [M + H]+ 401.1620; found
401.1625

Diethyl 1-(2-(4-chlorophenyl)-6-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3q)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.71 (s, 1H), 8.11 (s, 1H), 7.72 (d, J = 8.2 Hz,
2H), 7.60 (d, J= 9.1 Hz, 1H), 7.31 -7.28 (m, 3H), 6.90 (t, J= 6.8, 6.8 Hz, 1H), 4.22 -4.16
(m, 4H), 1.20 (t, J=7.2, 7.2 Hz, 3H), 1.07 (t, J= 7.2, 7.2 Hz, 3H); 13C NMR (100 MHz,
CDCI3) 6 157.0, 155.1, 143.0, 138.3, 134.1, 131.2, 128.9, 128.1, 126.1, 124.6, 118.5, 117.2,
112.6, 64.0, 62.5, 14.3; HRMS (ESI+, m/Z) calculated for C20H22CIN40O4 [M + H]+
417.1324; found 417.1327.

Diethyl 1-(2-(4-chlorophenyl)imidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (3r)
White solid. 1H NMR (400 MHz, CDCI3) 6 8.56 (s, 1H), 8.02 (s, 1H), 7.69 (d, J = 8.2 Hz,
2H), 7.32 =7.26 (m, 3H), 6.73 =6.71 (m, 1H), 4.22 -4.16 (m, 4H), 2.41 (s, 3H), 1.22 (t, J =
7.2,7.2 Hz, 3H), 1.07 (t, J=7.2, 7.2 Hz, 3H); 13C NMR (100 MHz, CDCI3) § 157.0, 155.1,
1435, 138.0, 137.2, 133.9, 131.3, 128.8, 128.0, 123.9, 118.0, 115.6, 115.2, 64.0, 62.5, 21.3,
14.3; HRMS (ESI+, nV2) calculated for C19H20CIN4O4 [M + H]+ 403.1168; found
403.1166.

Diethyl 1-(2-(4-chlorophenyl)-7-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-

dicarboxylate (3s)
White solid. 1H NMR (400 MHz, DMSO-d6) & 10.49 (s, 1H), 8.47 (s, 1H), 8.10 (d, J=8.2
Hz, 2H), 7.54 (dd, J = 17.1, 8.7 Hz, 3H), 7.24 (d, J = 9.2 Hz, 1H), 4.19 —4.05 (m, 4H), 2.33
(s,3H), 1.22 (t, J=7.2, 7.2 Hz, 3H), 0.88 (d, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCI3
+ CD30D) § 157.5, 154.4, 141.4, 137.1, 133.0, 132.1, 129.4, 129.2, 128.8, 122.5, 122.2,
118.4,116.8, 63.7, 61.9, 18.2, 14.7, 14.4; HRMS (ESI+, nV2) calculated for
C20H22CIN404 [M + H]+ 417.1324; found 417.1325.

Diethyl 1-(2-(4-chlorophenyl)-6-(methoxycarbonyl)imidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-
dicarboxylate (3t)
Off-white solid. 1H NMR (400 MHz, CDCI3 + CD30D) 6 9.43 (s, 1H), 7.88 (d, J = 9.4 Hz,
1H), 7.79 (d, J= 6.8 Hz, 2H), 7.61 (d, J=9.3 Hz, 1H), 7.44 (d, J = 8.5 Hz, 3H), 4.21 (dd, J
=15.6, 8.1 Hz, 4H), 3.99 (s, 3H), 1.27 (t, 3= 7.1, 7.1 Hz, 3H), 1.07 (d, J=7.1, 7.1 Hz, 3H);
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13C NMR (100 MHz, CDCI3 + CD30D) & 165.2, 156.9, 154.6, 143.4, 139.7, 134.8, 130.3,
129.0, 128.4, 125.9, 119.7, 116.8, 116.4, 64.1, 62.5, 52.5, 14.1; HRMS (ESI+, m/2)
calculated for C21H22CIN406 [M + H]+ 461.1222; found 461.1227.

Diethyl 1-(6-(methoxycarbonyl)-2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-3-
yhhydrazine-1,2-dicarboxylate (3u)

Off-white solid. 1H NMR (400 MHz, CDCI3) 6 9.37 (s, 1H), 7.82 (d, J = 9.5 Hz, 1H), 7.74
(d, J=8.6 Hz, 2H), 7.59 (d, J = 9.4 Hz, 1H), 7.32 (s, 1H), 7.02 -6.96 (m, 2H), 4.23 (tt, J =
10.0, 10.0, 5.3, 5.3 Hz, 4H), 3.97 (s, 3H), 3.86 (s, 3H), 1.28 —1.22 (m, 3H), 1.22 -1.03 (m,
3H); 13C NMR (100 MHz, CDCI3) & 165.4, 160.0, 156.6, 155.0, 143.4, 140.8, 129.7, 128.4,
125.4,124.7,118.5, 116.4, 116.3, 114.4, 64.18, 62.6, 55.2, 52.4, 14.2; HRMS (ESI+, m/2)
calculated for C22H25N407 [M + H]+ 457.1718; found 457.1714.

Diethyl 1-(6-methylimidazo[1,2-a]pyridin-3-yl)hydrazine-1,2-dicarboxylate (6)

White solid. 1H NMR (400 MHz, CDCI3) § 8.73 (s, 1H), 8.23 (s, 1H), 7.55 (s, 1H), 7.50 (d,
J=9.2 Hz, 1H), 7.08 (dd, J = 9.2, 1.7 Hz, 1H), 4.22 (t, J = 7.3, 7.3 Hz, 4H), 2.32 (s, 3H),
1.37 -1.10 (m, 6H); 13C NMR (100 MHz, CDCI3) 156.6, 155.2, 142.8, 129.7, 128.5, 122.9,
122.4,121.6, 116.9, 63.6, 62.1, 18.2, 14.4, 14.3; HRMS (ESI+, nV2) calculated for
C14H19N404 [M + H]+ 307.1401; found 307.1404.
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QU=
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A* = concerted mechanism

Scheme 5.
Plausible reaction mechanisms
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Table 1

DEAD (2.2 equiv)

Catalyst

//N
O

soo:/igi? t(ésmeLq)l,Jif‘s, )h E(OZCN_NgozEt
1a 3a
Reaction condition optimization
Entry Catalyst Equiv of Catalsyt Oxidant Solvent T [°C] 3a Yieldl@
1 Pd(OAc), 5 mol % TBHP DMF 100 29
2 PdCl, 5 mol % TBHP DMF 100 11
3 Pd,(dba)s 5 mol % TBHP DMF 100 9
4 FeCl3.6H,0 20 mol % TBHP DMF 100 0
5 FeCl,.4H,0 20 mol % TBHP DMF 100 53
6 FeS0,4.7H,0 20 mol % TBHP DMF 100 65
7 FeS0O,4.7H,0 20 mol % TBHP MeCN 80 88
8 FeS0O,4.7H,0 20 mol % -- MeCN 80 91
9 - -- - MeCN 80 92
10 - - - Acetone 80 99
11 - - - EtOAc 80 78
12 - - - CHCl3 80 81
13 -- - -- Toluene 80 99
14 - - - DCE 80 99
15 - -- - DMA 80 7
16 -- - -- DMSO 80 50
17 - - - Xylenes 80 93
18 - - - NMP 80 64
19 - - - DMF 80 59
20 - - - MeOH 80 Incomplete

CO,Et

4 (Not detected)

Page 17

Yields are those of isolated products, unless indicated otherwise. DEAD = Diethyl Azodicarboxylate, DMF = N,N-dimethylformamide, TBHP =
tert-Butyl hydroperoxide, DCE = 1,2-dichloroethane, EtOAc = Ethyl Acetate, DMA = dimethylacetamide, DCE = dichloroethane, NMP = n-
methylpyrrolidone
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