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Over the last twenty years, the Groebke-Blackburn-Bienaymé (GBB) reaction has been
emerged as a powerful tool to access different nitrogen-based heterocycles as privileged scaffolds
in medicinal chemistry. This multicomponent reaction is usually catalyzed by ordinary Brgnsted
or Lewis acid catalysts. Herein, we present a comparative study on the catalytic efficiencies of
different rare earth triflates in GBB reactions under microwave heating, involving 2-aminopyridine
or 2-aminothiazole, as aminoazole component, and different aldehydes and aliphatic isocyanides.
The use of gadolinium(IIl) triflate as cheaper alternative catalyst for the most commonly
used scandium(Ill) triflate was acknowledged for the first time, and a library of twenty three
imidazo[1,2-a]pyridines and imidazo[2,1-b]thiazoles could be obtained in good to excellent yields.
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Introduction

The oriented construction of molecular complexity
and diversity to access the vastness of chemical space
underpins the search for new drugs in modern organic and
medicinal chemistry.'* The importance of understanding
the interactions between small organic molecules with
biological targets pushes the chemical community
towards the development of powerful tools for the rapid
and efficient generation of new chemical entities library.
Multicomponent reactions (MCR) are referred to as the
processes where three or more starting materials are
combining together in a one-pot operation to afford a
single product, which incorporates into its structure all
atoms of the reactants (or most of them).*> These multi-
bonding-forming transformations are highly atom efficient,
generating structural complexity and diversity in a single
step from relatively simple and cheap starting materials and
catalysts, usually under environmental friendly conditions.®

In 1998, three different research groups headed by Katrin
Groebke (Switzerland), Christopher Blackburn (United
States) and Hugues Bienaymé (France) independently
described a three-multicomponent reaction involving
amidines (aminoazoles), aldehydes and isocyanides to
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afford several different nitrogen-based heterocycles.”!°
Over the last two decades, the chemical community has
witnessed many variations of this fascinating reaction,
especially related to the aminoazole component used
to access different heterocyclic moieties, as well as
the experimental conditions (i.e., microwave heating,
ultrasound, mechanochemical ball-milling conditions,
etc). Several important aspects and applications of the so-
called Groebke-Blackburn-Bienaymé (GBB) reaction were
extensively reviewed elsewhere.!!"?

Among all nitrogen-based heterocycles easily obtained
by GBB reaction, the imidazo[ 1,2-a]pyridine has a central
role as privileged scaffold with interesting biological
properties.'!7 For instance, this moiety is present in
important drugs, commercially market as anxiolytic
(Alpidem), sedative (Saripidem and Necopidem), hypnotic
(Zolpidem), anti-ulcer (Zolimidine), and cardiotonic
(Olprinone), among others (Figure 1).

The GBB reaction can be catalyzed by simple Brgnsted
acids, such as HCIO,,'#% p-toluenesulfonic acid (PTSA),*!
AcOH,? HCl1,»** as well as SiO,/H,SO,.> Also, GBB
reactions catalyzed by heterogeneous catalysts such as
succinyl-f-cyclodextrin,® calix[6]arene-SO,H surfactant,”
multi-walled carbon nanotubes/H,SO,,* cellulose @Fe, 0O,
nanoparticles (NPs),” and fluconazole modified silica-
coated magnetite NPs (Fe,0,@Si0,-Flu)*® were recently
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Figure 1. Drugs containing the imidazo[1,2-a]pyridine moiety.

described. However, Lewis acids are the most widely used
catalysts for this organic transformation; examples include
InCl,,*' BiCl,,*>* RuCly,* FeCl,,*» ZnCl,,*® ZrCl,,>
CeCl,.7H,0,* and LaCl;.7H,0,* among others.

From the plethora of possibilities for catalysts, rare
earth metal triflates [RE(OTY);] have been emerged as
promising water-tolerant and cost-effective Lewis acid
catalysts for organic transformations.*** RE(OTY); are
relatively safe to handle and commercially available from
several chemical suppliers in different purity grades.
Sc(OTf), generally exhibits higher catalytic activity
than its lanthanide(IIT) counterparts,*' also being the
most expensive and commonly used catalyst for GBB
reactions.**® However, recent studies on the use of
Yb(OTY),*-! and In(OTf),>>> as catalysts for this reaction
were also described in the literature. Although they are
used in GBB reactions applied to synthesis of different
nitrogen-based heterocycles, random generalizations of
the scope and limitations of a particular set of reagents
prevent a more general conclusion on the utility and
reactivity of such catalysts. Herein, we present the
evaluation of a series of rare earth triflates as catalysts in the
Groebke-Blackburn-Bienaymé reaction for the synthesis
of imidazo[1,2-a]pyridines and imidazo[2,1-b]thiazoles.
A comparative study of the catalytic activity of selected
RE(OTY), in model reactions were carefully carried out, and
the scope and limitations of the use of relatively inexpensive
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gadolinium(III) triflate in Groebke-Blackburn-Bienaymé
reactions were demonstrated for the first time.

Results and Discussion

Our starting point was a control experiment composed
of two model reactions between 2-aminopyridine,
benzaldehyde and fert-butyl isocyanide or methyl
isocyanoacetate in different reaction conditions (Table 1).
The screening of the best reaction condition was
conducted using Sc(OTf),;, the most common catalyst
among the rare earth triflates. Firstly, we carried out the
uncatalyzed reactions at room temperature using EtOAc,
dichloromethane (DCM) or EtOH as solvents for 72 h,
and the imidazo[1,2-a]pyridine 1 was obtained in very
poor yields (entries 1-3). However, the use of 5.0 mol%
of Sc(OTf); as catalyst in methanol at room temperature
for 24 h promoted an increase in the yield of 1 up to 93%
(entry 5). When the reactions were carried out in a sealed
tube under microwave heating at optimal temperature
value of 150 °C, using 5.0 mol% of Sc(OTf), in methanol
for 30 min, the imidazo[1,2-a]pyridines 1 and 2 were
obtained in 95 and 76% yield, respectively (entries 7 and
10). Lower catalyst loadings and temperature values led to
incomplete reactions with lower conversions and isolated
yields observed for both 1 and 2.

Once we had established the optimal conditions for the
Sc(OTf),-catalyzed Groebke-Blackburn-Bienaymé reaction
for the synthesis of imidazo[1,2-a]pyridines 1 or 2, we next
evaluated the catalytic activity of different commercially
available metal triflates-M(OTf),, where M = Sc, Y, La,
Eu, Gd and Yb (Figure 2). Despite not being rare earth
elements, the use of In(OTf), and Bi(OTf), as Lewis acid
catalysts was also investigated. As a general trend, the
model reaction using 2-aminopyridine, benzaldehyde and
tert-butyl isocyanide for the preparation of 1 (60-95% yield)
was more efficiently catalyzed by metal triflates than the
reaction with methyl isocyanoacetate to obtain 2 (49-76%
yield). Overall, Sc(OTf), was the most active catalyst for
both reactions, whilst the lower yields were observed when
Y (OTf); was used as catalyst. It is noteworthy that the rare
earth triflates composed of La(OTf), and Gd(OTf), showed
similar catalytic activity to Sc(OTf), in the model reaction
for the preparation of 1.

The cost of the commercially available rare earth
triflates must be taken into account when studying Lewis
acid-catalyzed GBB reactions. Although there are some
examples of GBB reactions catalyzed by Yb(OTf),*-5!
and In(OTY);** described elsewhere, the Sc(OTf), is still
the most commonly used catalyst,**® despite of being
the most expensive salt, whereas La(OTf), and Gd(OT¥),
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Table 1. Control experiments for RE(OTf);-catalyzed GBB multicomponent model reactions

1R= C(CH3)3
2R= CHQCOQMG

entry* Solvent/catalyst Temperature® / °C time / h Product Yield® / %
1 EtOAc, no catalyst t 72 1 traces
2 CH,Cl,, no catalyst rt 72 1 traces
3 EtOH, no catalyst rt 72 1 12
4 EtOH, 5.0 mol% Sc(OTf), It 24 1 92
5 MeOH, 5.0 mol% Sc(OTf), It 24 1 93
6 MeOH, no catalyst 150 0.5 1 13
7 MeOH, 5.0 mol% Sc(OTf), 150 0.5 1 95
8 MeOH, 2.5 mol% Sc(OTf), 150 0.5 1 87
9 MeOH, 1.0 mol% Sc(OTf), 150 0.5 1 75
10 MeOH, 5.0 mol% Sc(OTf), 150 0.5 2 76
11 MeOH, 5.0 mol% Sc(OTf), 150 1 2 70
12 MeOH, 5.0 mol% Sc(OTf), 150 2 2 68

“Reagents and conditions: 2-aminopyridine (0.5 mmol), benzaldehyde (0.5 mmol), fert-butyl isocyanide or methyl isocyanoacetate (0.5 mmol), and a
catalytic amount of Sc(OTf), were dissolved in the appropriate solvent (1.5 mL); all heated reactions were performed in a sealed tube under microwave
irradiation using MONOWAVE 300® (Anton Paar) reactor; “isolated yields. rt: room temperature.

Yield (%)

Catalyst

Figure 2. Screening of different metal triflates as catalyst for GBB
multicomponent model reactions for imidazo[1,2-a]pyridines 1 (blue)
and 2 (red). Reagents and conditions: 2-aminopyridine (0.5 mmol),
benzaldehyde (0.5 mmol), tert-butyl isocyanide or methyl isocyanoacetate
(0.5 mmol), M(OTf), (5.0 mol%), MeOH (1.5 mL), 150 °C, 0.5 h
(microwave; sealed tube).

are usually cheaper alternatives. Also, the reactivity of
the carbonyl compound may impact the efficiency of the
Lewis acid catalyzed GBB reactions, as the initial steps in
the reaction mechanism involve the formation of a Schiff
base via nucleophilic attack of the aminoazole component
to the carbonyl group of the aldehyde.”®

Keeping these considerations in mind, we next studied
the influence of the aldehyde component on the GBB
reaction catalyzed by Sc(OTf),, La(OTf), and Gd(OT¥),.
Then, the reaction of a series of para-substituted
benzaldehydes with electron withdrawing and electron
donating groups (R?), using the standard conditions selected
in the control experiments earlier discussed, furnished
the desired imidazo[1,2-a]pyridines 1-6 in very similar
yields, regardless the rare earth triflate used as catalyst
(Table 2). For example, the reaction of 2-aminopyridine,
para-anisaldehyde and fert-butyl isocyanide, catalyzed
by 5.0 mol% of RE(OTf), at 150 °C in MeOH, led
to 4 in yields higher than 90% (entry 4). However, it
seems that La(OT¥), is the less efficient catalyst for the
reaction of 2-aminopyridine, benzaldehyde and methyl
isocyanoacetate (entry 2).

The screening of the catalytic efficiency of Sc(OTf),,
La(OTf), and Gd(OTf), through the series of aldehydes
shown in Table 2 allowed us to determine the good catalytic
activity of Gd(OTf), in GBB reactions, as an alternative to
the most expensive Sc(OTf),. Since the pioneering work of
Kobayashi and Hachiya®® on the use of lanthanide triflates
as Lewis acid catalysts in aldol reaction in aqueous media,
gadolinium(III) triflate has been investigated as Lewis
acid in many different reactions. Some selected examples
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Table 2. Study of the reactivity of the aldehyde component in the GBB reaction catalyzed by different RE(OTf),

N
| N CHO R _N
_ + + NC RN
N” "NH, R? H
R1 = C(CH3)3, CH2C02M€ 5
R2=H, NO,, OMe, Me, Br 1-6 R
Yield® / %
entry?* Product R! R?
Sc(OTf), La(OTf), Gd(OTf),
1 1 C(CH,), H 95 90 90
2 2 CH,CO,Me H 76 49 70
3 3 C(CH,), NO, 88 88 89
4 4 C(CH,), OMe 93 95 94
5 5 C(CH,), Me 83 82 85
6 6 C(CH,), Br 90 93 90

“Reagents and conditions: 2-aminopyridine (0.5 mmol), aldehyde (0.5 mmol), tert-butyl isocyanide or methyl isocyanoacetate (0.5 mmol), RE(OTf),

(5.0 mol%; RE = Sc, La, Gd), MeOH (1.5 mL), 150 °C, 0.5 h (microwave; sealed tube); “isolated yields.

include the Gd(OTf),-catalyzed [3 + 3] cycloaddition
of aziridines with N,N-dialkyl-3-vinylanilines for the
stereoselective synthesis of tetrahydroisoquinolines®”#
and the 1,5-hydride shift ring closure sequence for the
preparation of polycyclic tetrahydroquinolines.® Also
interestingly, Gd(OTf), was used as Lewis acid co-catalyst
to accelerate the oxidative addition of Ni® catalyst to
enones, in a study on the conjugation addition of cyanide
to unsaturated ketones.*

The catalytic activity of different rare earth triflates
correlates well with the lanthanide position in the periodic
table, and it can be explained by different properties of
the lanthanide element, such as electronic configuration
and radius of Ln** cation, the rate of the salt hydrolysis as
well as water-exchange rate constant (WERC) in inner-
sphere water ligands. In general, the experimental data
available for the discontinuity in the lanthanide properties
reflect a drop in the product yield when gadolinium-based
Lewis acid catalysts are used, for example, in the Friedel-
Crafts aromatic sulfonylation reaction.®’ This so-called
“gadolinium break” phenomenon is widely discussed in the
literature®'%* but was not observed for the GBB reactions
of this study.

In this scenario, it became obvious to us to evaluate
the scope and limitations of the Gd(OTf),-catalyzed
GBB reactions by varying the three components in the
set of reagents. In order to explore the great potential
to generate molecular diversity applying this protocol,
we conducted a substrate scope study with selected
aromatic and aliphatic aldehydes, different isocyanides

and aminoazoles to construct the structurally diverse
chemical library shown in Scheme 1. Our main effort
was focused on exploring the use of aromatic aldehydes
substituted with electronically diverse groups in different
positions. Thus, the reaction of 2-aminopyridine,
tert-butyl isocyanide or cyclohexyl isocyanide, and several
benzaldehydes catalyzed by 5.0 mol% of Gd(OTf), in
methanol at 150 °C for 30 min under microwave heating
led to the imidazo[1,2-a]pyridines 1-9, 11, 15 and 16 in
good to excellent yields (70-94%). Similarly, the GBB
reaction of 2-aminopyridine with ferz-butyl isocyanide
(or cyclohexyl isocyanide) and aliphatic aldehydes such
as butyraldehyde or isobutyraldehyde led to the expected
imidazo[1,2-a]pyridines 12-13 and 17-18 in very good
yields. At this point, it is worthy to mention that the work
up procedure used in our protocol was very simple: after
completion of the reaction, the solvent was simply removed
under reduced pressure and the crude product was directly
purified by column chromatography. In fact, for the most
efficient reactions (yields > 90%), the desired high pure
imidazo[1,2-a]pyridines could be obtained by simple
filtration in a small silica gel pad using hexane/EtOAc
(1:1 v/v) as solvent (to retain the catalyst).

We also embarked our study with 2-aminothiazole as
heteroaromatic aminoazole component for the preparation
of imidazo[2,1-b]thiazoles. Thus, the model reaction
between 2-aminothiazole, tert-butyl isocyanide and
benzaldehyde was performed with 5.0 mol% of RE(OT¥), in
methanol at 150 °C using microwave heating (Table 3). The
reactions catalyzed by Sc(OTf),, La(OTf), and Yb(OT¥), led



1438

A Comparative Study on the Groebke-Blackburn-Bienaymé Three-Component Reaction

J. Braz. Chem. Soc.

R3 N
A 1
| . geCHO . R 5.0 mol% Gd(OTf) NN
N7 “NH, NC  “MeOH, MW, 150 °C, 0.5 h )=
R’LN RZ
H
1-18
B B B B B
N™ SN N™SN N N™ SN N" N
%N o N %N %N %N
H H H H H
OMe
1.(90%) 2 (70%) 3(88%) NO2 4(94%) OMe 5(85%) Me
B B B B B
N" N N™ N N N" N N" N
_ — o, _ _ _
N N N N N o
H H H H R/
NO, NO; —
Br |
6 (90%) 7 (90%) 8 (93%) 9 (87%) 10 (70%)
T ® ® L L
N" N N" N >N NN N™ N
%N %N %N Q\N Q\N
H H H H H
11 (89%) 12 (85%) 13 (82%) 14 (90%) 15 (79%) NO2
N™N N" N N™ N
N (O Oy
Q\H H Hi
NO,
16 (77%) 17 (90%) 18 (92%)

Scheme 1. Substrate scope: Gd(OTf);-catalyzed GBB multicomponent reaction for the synthesis of imidazo[1,2-a]pyridines 1-18.

to the desired imidazo[2,1-b]thiazole 19 only in moderate
yields (entries 1-3). When the reaction was carried out with
5.0 mol% of Gd(OTf¥), as catalyst, under similar conditions,
the product 19 could be obtained in 68% yield after 3 h
(entry 5; best condition).

Next, we examined the reactivity of different
aromatic and aliphatic aldehydes for the preparation
of the imidazo[2,1-b]thiazoles 19-23 (Scheme 2).
When compared to the imidazo[1,2-a]pyridine series,
the yields obtained for the fused-imidazo heterocycles
19-21 were slightly lower. The mechanism of the GBB
reaction involves a non-concerted [4 + 1] cycloaddition
of the isocyanide (acting as a vinylidene carbenoid) to
the Schiff base formed between the aminoazole and the

aldehyde.” Bienaymé and Bouzid® previously observed
that electron-poor aminoazoles, such as 2-amino-5-
nitrothiazole, 2-amino-2-thiazoline or 2-aminoisoxazole,
furnished the desired nitrogen-annulated heterocycles
in low yields due to the formation of side products that
may arise from the addition of nucleophilic solvents
(such as methanol) to the Schiff base. In fact, the use of
less nucleophilic trifluoroethanol (TFE) as solvent may
increase the product yield by preventing the formation of
the addition side products.®** Nevertheless, in our hands,
the use of TFE as solvent for the model reaction shown in
Table 3 did not result in the increase of the yield observed
for imidazo[2,1-b]thiazole 19.
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Table 3. RE(OTf),-catalyzed model reaction for the synthesis of
imidazo[2,1-b]thiazole 19

s IS
q/)\"“"z ﬂ\Nc <;KN
©/CHO —’9\”

19
entry® Catalyst time / h Yield®/ %
1 Sc(OTf), 15 51
2 La(OTf), 1.5 48
3 Yb(OTf), 1.5 53
4 Gd(OTf), 1.5 49
5 Gd(OTf), 3.0 68

“‘Reagents and conditions: 2-aminothiazole (0.5 mmol), benzaldehyde
(0.5 mmol), tert-butylisocyanide (0.5 mmol), RE(OTf), (5.0 mol%;
RE =Sc, La, Gd, Yb), MeOH (1.5 mL), 150 °C (microwave; sealed tube);
bisolated yields.

Conclusions

A systematic study on the use of rare earth triflate
as catalyst for Groebke-Blackburn-Bienaymé reactions
was presented. As a general conclusion, the catalytic
efficiencies of the most common rare earth triflates are
undistinguished under the conditions studied so far, i.e.,
microwave heating at 150 °C in methanol, despite of
the set of reagents used to construct a series of different
imidazo[1,2-a]pyridines and imidazo[2,1-b]thiazoles.
The aldehyde or aliphatic isocyanide components did
not seem to represent major limitations to the method,
and the difference in the product yields observed for
each individual set of the reagents seems to be related
either to the reactivity of aminoazole component and/or
to the isolation and purification processes. The current
study showed that Gd(OTf); can be efficiently used

</\)S\ + R-CHO + %NC
~
N” NH,
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as Lewis acid catalyst for GBB reactions as a cheaper
alternative to the most commonly used Sc(OTf), salt. The
gadolinium(III) triflate-catalyzed GBB reactions under
microwave heating exhibited good substrate tolerance
(mainly for isocyanide and carbonyl components) and
easy work up procedure, allowing the construction of
a chemically diverse library of twenty-three nitrogen-
based heterocycles. Currently, we are working on the
immobilization of rare earth triflate salts into polymeric
ionic liquid phases to be used as recyclable heterogeneous
catalysts in Groebke-Blackburn-Bienaymé reaction and
related multicomponent transformations.

Experimental

All reagents used in this study were obtained from
commercial suppliers and used without further purification,
unless otherwise stated. Caution: isocyanides are
harmful and toxic reagents! All reactions were carried
out inside the fume hoods with appropriate ventilation.
Melting points of all compounds were determined using
a Buchi 545 MP apparatus and are uncorrected. Column
chromatography was performed using silica gel (pore
size 60 A, 230-400 mesh). Thin layer chromatography
(TLC) analyses were carried out using silica gel plates 60
F254 from Merck®; UV-light, vanillin or p-anisaldehyde
solution were used for visualization. '"H and *C nuclear
magnetic resonance (NMR) spectra were recorded at
room temperature on Bruker DPX300, DPX400 or AV400
spectrometers, using CDCI, as solvent. Chemical shifts (6)
are expressed in ppm and referenced to the solvent peak;
coupling constants are expressed in hertz (Hz). NMR free
induction decay (FID) were processed using ACD/
NMR Processor Academic Edition (open access).® High
resolution mass spectrometry (HRMS) analyses were
carried out using a Bruker MicroTOF 61 spectrometer

LA

MeOH, MW, 150 °C, 3.0 h ) H

19-23

7 S S

S

19 (68%) 0 (54%) NO

S

S S

A #@ #@ #3 wy

(62%)
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Scheme 2. Substrate scope: Gd(OTf),-catalyzed GBB multicomponent reaction for the synthesis of imidazo[2,1-b]thiazoles 19-23.
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(electrospray ionization, ESI(+)). Microwave experiments
were carried out using MONOWAVE 300 microwave reactor
(Anton Paar®), operating at 2.455 GHz frequency with
continuous irradiation power from 0 to 300 W; G4 and G10
borosilicate glass vials (manufacturer design), sealed with
Teflon septum, were used for reactions in a 0.5 mmol and
>1.0 mmol scale, respectively. All described reaction times
reflect the irradiation time at the set reaction temperature.

General procedure for the metal triflate-catalyzed Groebke-
Blackburn-Bienaymé three component reaction for the
synthesis of imidazo[1,2-a]pyridines 1 and 2

2-Aminopyridine (0.5 mmol), benzaldehyde (0.5 mmol),
tert-butyl isocyanide or methyl isocyanoacetate (0.5 mmol),
and the appropriated metal triflate-M(OTf),, M =Sc, Y, La,
Eu, Gd, YD, In, Bi (1.0, 2.5 or 5.0 mol%)-were dissolved in
the appropriate solvent (1.5 mL of MeOH, EtOH, EtOAc
or CH,Cl,). The reaction mixture was stirred at room
temperature or at 150 °C (in this case using microwave
heating and sealed tube) during the time specified in
Table 1 and Figure 2. Upon completion of the reaction,
the solvent was removed under reduced pressure and the
crude products were purified by column chromatography
using hexane/EtOAc (1:1 v/v) as eluent, furnishing the
imidazo[1,2-a]pyridines 1 and 2 as pure solids in the yields
depicted in Table 1 and Figure 2.

The Gd(OTf),-catalyzed Groebke-Blackburn-Bienaymé
three component reaction for the synthesis of
imidazo[1,2-a]pyridines 1-18 and imidazo[2,1-b]thiazoles
19-23 under microwave heating

In a G4 type microwave vial (Anton Paar design),
the 2-aminopyridine or 2-aminothiazole (0.5 mmol), the
corresponding aldehyde (0.5 mmol; see Scheme 1), the
isocyanide (0.5 mmol; see Scheme 1), and the catalyst
Gd(OTf); (5.0 mol%) were dissolved in MeOH (1.5 mL).
The vial was sealed with a Teflon septum (Anton Paar
design) and the reaction mixture was stirred (600 rpm)
at 150 °C under microwave heating (variable power)
for 30-180 min. Upon completion of the reaction, as
indicated by TLC analysis of the crude mixture (eluent
hexane/EtOAc 1:1 v/v), the solvent was removed under
reduced pressure and the crude products were purified by
column chromatography using hexane/EtOAc (gradient
0 to 50%) as eluent, furnishing the corresponding
imidazo[1,2-a]pyridines 1-18 or imidazo[2,1-b]thiazoles
19-23 as pure solids in the yields depicted in Schemes 1
and 2. Please refer to Supplementary Information section
for NMR spectra for all compounds.

J. Braz. Chem. Soc.

N-tert-Butyl-2-phenylimidazo[1,2-a]pyridin-3-amine (1)866-¢8

CAS 214531-11-6; white solid; mp 161-163 °C (lit:
160-162 °C);57% 'TH NMR (400 MHz, CDCl,) 6 1.03 (s, 9H),
3.14 (br s, H-NH), 6.77 (td, J 6.7, 1.2 Hz, 1H), 7.13 (ddd,
J9.0,6.7, 1.2 Hz, 1H), 7.29-7.33 (m, 1H), 7.40-7.45 (m,
2H), 7.55 (td, J 9.0, 1.2 Hz, 1H), 7.89-7.92 (m, 2H), 8.23
(dt, J6.7, 1.2 Hz, 1H); *C NMR (100 MHz, CDCl,) 6 30.2,
56.4,111.2,117.3,123.4,123.5,123.9,127.3, 128.1, 128.2,
135.3,139.5, 142.0; HRMS (pESI) m/z, calcd. for C,,H,,\N;*
[M + H]*: 266.1652, found: 266.1656.

Methyl 2-(2-phenylimidazo[1,2-a]pyridin-3-ylamino)acetate
(2)e

CAS 879608-97-6; yellowish solid; "H NMR (400 MHz,
CDCly) 6 3.71 (s, 3H), 3.81 (d, J 5.3 Hz, 2H), 3.90 (br s,
H-NH), 6.3 (t, /6.8 Hz, 1H), 7.15-7.19 (m, 1H), 7.28-7.34
(m, 1H), 7.44 (t, J 7.8 Hz, 2H), 7.57 (d, J 9.0 Hz, 1H),
8.00-8.05 (m, 2H), 8.27 (d, J 6.8 Hz, 1H); C NMR
(100 MHz, CDCl) 6 49.0, 52.1, 112.1, 117.0, 122.9,
124.6, 124.8, 126.9, 127.7, 128.6, 133.3, 135.3, 141.2,
172.1; HRMS (pESI) m/z, caled. for C,¢H,(N;O,* [M + H]J*:
282.1237, found: 282.1229.

N-tert-Butyl-2-(4-nitrophenyl)imidazo[1,2-a]pyridin-3-amine
(©)

CAS 2118265-54-4; orange solid; mp 198-200 °C;
'H NMR (300 MHz, CDCl,) 6 1.09 (s, 9H), 3.04 (br s,
H-NH), 6.82 (td, J 6.8, 1.1 Hz, 1H), 7.19 (ddd, J 9.0, 6.8,
1.1 Hz, 1H), 7.55 (dt, J 9.0, 1.1 Hz, 1H), 8.18 (dt, J 6.8,
1.1 Hz, 1H), 8.22-8.29 (m, 4H); *C NMR (75 MHz, CDCl,)
0 30.5, 56.8, 112.0, 117.7, 123.4, 123.5, 124.8, 125.0,
128.4,137.1, 141.9, 142.5, 146.6; HRMS (pESI) m/z, calcd.
for C,;H;(N,O,* [M + HJ*: 311.1503, found: 311.1500.

N-tert-Butyl-2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-
3-amine (4)%6:50:53

CAS 518015-55-9; pale yellow solid; mp 130-132 °C
(lit: 138-142°C);>* '"H NMR (300 MHz, CDCl;) 6 1.04
(s, 9H), 3.06 (br s, H-NH), 3.85 (s, 3H), 6.75 (td, J 6.8,
1.2 Hz, 1H), 6.94-6.99 (m, 2H), 7.11 (ddd, J 9.0, 6.8,
1.1 Hz, 1H), 7.48-7.56 (m, 1H), 7.83-7.88 (m, 2H), 8.20
(dt, J 6.8, 1.1 Hz, 1H); *C NMR (75 MHz, CDCl,) 6 30.3,
55.2,56.3,111.1,113.6,117.0, 122.8, 123.3, 123.8, 127.8,
129.3, 139.3, 141.9, 158.9; HRMS (pESI) m/z, calcd. for
C,sH,,N;0* [M + H]*: 296.1757, found: 296.1756.

N-tert-Butyl-2-(p-tolyl)imidazo[1,2-a]pyridin-3-amine (5)5"°

CAS 518015-60-6; white solid; mp 149-152 °C (lit:
149-150 °C).* '"H NMR (300 MHz, CDCL,) 6 1.04 (s,
9H), 2.38 (s, 3H), 3.10 (br s, H-NH), 6.74 (td, J 6.8, 1.1 Hz,
1H), 7.11 (ddd, 9.0, 6.8, 1.1 Hz, 1H), 7.19-7.27 (m, 2H),
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7.53 (dt, J 9.0, 1.1 Hz, 1H), 7.76-7.83 (m, 2H), 8.21 (dt,
J 6.8, 1.1 Hz, 1H); *C NMR (75 MHz, CDCl,) 6 21.3,
30.3,56.4,111.1,117.2,123.2,123.4,123.8, 127.9, 128.9,
132.3, 137.0, 139.5, 141.9; HRMS (pESI) m/z, calcd. for
CsH,,N5* [M + HJ*: 280.1802, found: 280.1812.

N-tert-Butyl-2-(4-bromophenyl)imidazo[1,2-a]pyridin-
3-amine (6)%"""

CAS 1370642-49-1; white solid; mp 144-146 °C (lit:
146-147 °C);** 'H NMR (400 MHz, CDCl,) 6 1.06 (s,
9H), 3.00 (br s, H-NH), 6.79 (td, J 6.7, 1.1 Hz, 1H), 7.15
(ddd, J 9.0, 6.7, 1.1 Hz, 1H), 7.50-7.59 (m, 3H), 7.84-7.90
(m, 2H), 8.20 (dt, J 6.7, 1.1 Hz, 1H); C NMR (75 MHz,
CDCl,)630.4,36.5,111.5,117.4,121.3,123.4,123.5,124.3,
129.6,131.4,134.2,138.4, 142.1; HRMS (pESI) m/z, calcd.
for C,;H,,BrN;* [M + H]*: 344.0757, found: 344.0758.

N-tert-Butyl-2-(2-nitrophenyl)imidazo[1,2-a]pyridin-3-amine
(7)5058

CAS 2025389-47-1; yellow solid; mp 160-162 °C (lit:
156-159 °C);>* 'H NMR (300 MHz, CDCl,) 6 0.95 (s, 9H),
2.74 (br s, H-NH), 6.81 (t, J 6.8 Hz, 1H), 7.13-7.27 (m,
1H), 7.45-7.58 (m, 2H), 7.66 (t, J 7.5 Hz, 1H), 7.82 (d,
J 8.8 Hz, 1H), 7.92 (d, J 8.0 Hz, 1H), 8.19 (d, J 6.8 Hz,
1H); C NMR (75 MHz, CDCL,) 6 30.0, 55.6, 111.8,
117.6, 123.3, 124.2, 124.5, 124.7, 128.4, 130.1, 132.4,
132.8, 136.0, 142.3, 149.4; HRMS (pESI) m/z, calcd. for
C,;H,N,O, [M]*: 311.1503, found: 311.1477.

N-tert-Butyl-2-(3-nitrophenyl)imidazo[1,2-a]pyridin-3-amine
(8)32

CAS 1171753-50-6; yellow solid; mp 167-170 °C;
'H NMR (300 MHz, CDCl,) 6 1.10 (s, 9H), 3.05 (br s,
H-NH), 6.83 (td, J 6.8, 1.1 Hz, 1H), 7.19 (ddd, J 9.0,
6.8, 1.1 Hz, 1H), 7.54-7.61 (m, 2H), 8.14 (ddd, J 8.3,
2.3, 1.1 Hz, 1H), 8.20 (dt, J 6.8, 1.1 Hz, 1H), 8.44 (ddd,
J 177,15, 1.1 Hz, 1H), 9.02 (t, J 1.9 Hz, 1H); “C NMR
(75 MHz, CDCl,) 6 30.5,56.6, 111.9, 117.6, 121.9, 122.6,
123.3, 124.0, 124.8, 129.1, 133.7, 136.9, 137.0, 142.4,
148.2; HRMS (pESI) m/z, caled. for C;H,;(N,O,* [M + HJ*:
311.1503, found: 311.1501.

N-tert-Butyl-2-(4-chloro-3-nitrophenyl)imidazo[1,2-a]pyridin-
3-amine (9)

Yellow solid; mp 130-135 °C; '"H NMR (300 MHz,
CDCl5) 6 1.14 (s, 9H), 2.93 (br s, H-NH), 6.83 (td, J 6.8,
1.1 Hz, 1H), 7.20 (ddd, J 9.0, 6.8, 1.1 Hz, 1H), 7.52-7.58
(m, 2H), 8.15 (dt, J 6.8, 1.1 Hz, 1H), 8.30 (dd, J 8.4,2.0 Hz,
1H), 8.78 (d, J 2.0 Hz, 1H); *C NMR (75 MHz, CDCl,)
0229,30.6,58.7,112.1,117.7,123.2,124.1, 124.5, 125.0,
125.1, 131.6, 132.0, 135.4, 136.0, 142.4, 147.7; HRMS
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(pESI) m/z, calcd. for C;H(CIN,O," [M + HJ*: 345.1113,
found: 345.1114.

N-tert-Butyl-2-(furan-2-yl)imidazo[1,2-a]pyridin-3-amine
(10)36,37

CAS 943633-38-3; yellowish solid; mp 98-101 °C;
'H NMR (300 MHz, CDCL,) 6 1.15 (s, 9H), 3.55 (br s,
H-NH), 6.49-6.55 (m, 1H), 6.80 (t, J 6.8 Hz, 1H), 6.99
(d, J 3.1 Hz, 1H), 7.17 (t, J 7.9 Hz, 1H), 7.5 (br s, 1H),
7.57 (d, J 9.0 Hz, 1H), 8.27 (d, J 6.8 Hz, 1H); “C NMR
(75 MHz, CDCl,) 6 29.9, 56.4,108.0, 111.7, 111.8, 116.6,
123.8, 124.1, 125.2, 129.6, 141.5, 141.7, 149.4; HRMS
(pESI) m/z, calcd. for C;sH (N;O* [M + H]*: 256.1444,
found: 256.1447.

N-tert-Butyl-6-methyl-2-phenylimidazo[1,2-a]pyridin-
3-amine (11)7'78

CAS 334905-16-7; white solid; mp 215-217 °C (lit:
216-219°C);? '"H NMR (300 MHz, CDCl,) 6 0.95 (s, 9H),
2.26 (s,3H), 2.34 (br s, H-NH), 6.90 (dd, /9.2, 1.3 Hz, 1H),
7.20-7.24 (m, 1H), 7.31-7.38 (m, 3H), 7.80 (d, J 7.5 Hz,
2H), 7.91 (s, 1H); C NMR (75 MHz, CDCl,) 6 18.4,30.2,
56.3,118.5,120.8,121.0,123.2,127.1, 127.2, 128.0, 128.2,
135.3,139.2, 141.0; HRMS (pESI) m/z, calcd. for C,¢H,,N;*
[M + HJ*: 280.1808, found: 280.1841.

N-tert-Butyl-2-propylimidazo[1,2-a]pyridin-3-amine (12)37¢¢

CAS 1155257-79-6; white solid; mp 132-133 °C (lit:
129-130 °C);** 'H NMR (300 MHz, CDCl,) 6 0.98 (t,
J 7.4 Hz, 3H), 1.18 (s, 9H), 1.82 (sext, J 7.4 Hz, 2H),
2.68-2.73 (m, 2H, NH), 6.72 (t, J 6.8 Hz, 1H), 7.03-7.13
(m, 1H), 7.47 (d, J 9.0 Hz, 1H), 8.15 (d, J 6.8 Hz, 1H);
3C NMR (75 MHz, CDCl,) 6 14.3, 22.6, 29.6, 30.3, 55 .4,
111.0,116.4,123.2,123.6, 140.7, 141.6; HRMS (pESI) m/z,
calcd. for C,,H,,N;* [M + H]*: 232.1808, found: 232.1810.

N-tert-Butyl-2-isopropylimidazo[1,2-a]pyridin-3-amine
(13)36.74

CAS 552855-93-3; white solid; mp 138-140 °C;
'H NMR (300 MHz, CDCl,) 6 1.20 (s, 9H), 1.35 (d,
J 6.8 Hz, 6H), 2.70 (br s, H-NH), 3.16 (sept, J 6.8 Hz, 1H),
6.68 (td, J 6.8, 1.1 Hz, 1H), 7.05 (ddd, J 9.0, 6.8, 1.1 Hz,
1H), 7.48 (d, J 9.0 Hz, 1H), 8.14 (dt, J 6.8, 11 Hz, 1H);
BCNMR (75 MHz, CDCl,) 6 22.9,25.9, 30.3, 55.1, 110.6,
116.9,121.6,123.0, 123.3, 142.1, 146.6; HRMS (pESI) m/z,
calcd. for C,,H,,N;* [M + H]*: 232.1808, found: 232.1808.

N-Cyclohexyl-2-phenylimidazo[1,2-a]pyridin-3-amine
(1 4)68,75,76

CAS 214531-48-3; white solid; mp 177-179 °C (lit:
178-180 °C);” 'H NMR (500 MHz, CDCL,) 6 1.12-1.29
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(m, 5H), 1.51-1.87 (m, 5H), 2.93-2.98 (m, 1H), 3.36 (br
s, H-NH), 6.82 (t, J 6.6 Hz, 1H), 7.17 (t, J 7.8 Hz, 1H),
7.30-7.33 (m, 1H), 7.44 (t, J 7.8 Hz, 2H), 7.26 (d, J 9.1 Hz,
1H), 8.05 (d,J 7.3 Hz, 2H), 8.16 (d, J 6.6 Hz, 1H); *C NMR
(75 MHz, CDCL,) 6 24.8, 25.7, 34.1, 56.9, 111.4, 117.4,
122.7, 123.7, 124.9, 127.0, 127.2, 128.5, 134.6, 136.6,
141.6; HRMS (pESI) m/z, caled. for C,oH,,N,* [M + HJ*:
292.1808, found: 292.1810.

N-Cyclohexyl-2-(4-nitrophenyl)imidazo[1,2-a]pyridin-
3-amine (15)%°72

CAS 1218933-47-1; yellow/orange solid; mp
232-234 °C (lit: 235-237°C);%72 '"H NMR (300 MHz,
CDCly) 0 1.07-1.38 (m, 5H), 1.48-1.93 (m, 5H), 2.90-3.04
(m, 1H), 3.20 (br s, H-NH), 6.85 (t, J 6.8 Hz, 1H), 7.21
(t,J7.5Hz, 1H), 7.57 (d,J 9.0 Hz, 1H), 8.08 (d, J 6.8 Hz,
1H), 8.25-8.34 (m, 4H); 3*C NMR (75 MHz, CDCl;) ¢
24.8,25.6,34.2,57.0, 112.4, 117.6, 122.4, 123.8, 125.2,
126.6, 127.2, 133.9, 140.7, 141.8, 146.5; HRMS (pESI)
m/z, calcd. for C,,H,N,O,* [M + H]*: 337.1659, found:
337.1671.

N-Cyclohexyl-2-(3-nitrophenyl)imidazo[1,2-a]pyridin-
3-amine (16)*

CAS 857298-24-9; yellow solid; mp 196-198 °C (lit:
198-200 °C);* '"H NMR (300 MHz, CDCl,) 6 1.09-1.40 (m,
5H), 1.59-1.97 (m, 5H), 2.92-3.14 (m, 1H, H-NH), 6.83
(t, J 6.8 Hz, 1H), 7.15-7.23 (m, 1H), 7.54-7.63 (m, 2H),
8.08-8.16 (m, 2H), 8.51 (d, J 7.7 Hz, 1H), 9.06 (t,J 1.7 Hz,
1H); BC NMR (75 MHz, CDCl,) 6 24.8, 25.6, 34.3, 57.2,
112.1, 117.7, 121.5, 121.7, 122.7, 124.7, 125.6, 129.3,
132.7,134.4,136.3, 141.9, 148.5; HRMS (pESI) m/z, calcd.
for C,,H,,N,O," [M + H]*: 337.1659, found: 337.1663.

N-Cyclohexyl-2-propylimidazo[1,2-a]pyridin-3-amine (17)

CAS 858909-77-0; white solid; mp 74-77 °C; '"H NMR
(500 MHz, CDCl;) 6 0.99 (t, J 7.3 Hz, 1H), 1.17-1.28 (m,
5H), 1.60-1.88 (m, 7H), 2.69-2.72 (m, 2H), 2.81-2.90 (m,
1H, H-NH), 6.77 (td, J 6.8, 1.2 Hz, 1H), 7.11 (ddd, J 9.0,
6.8,1.2Hz, 1H), 7.50 (dt,J9.0, 1.2 Hz, 1H), 8.05 (dt, J 6.8,
1.2 Hz, 1H); *C NMR (125 MHz, CDCl,) 6 14.2, 22.7,
24.8, 25.7, 29.0, 34.2, 57.2, 111.4, 116.4, 122.5, 123.6,
124.7,138.6, 140.9; HRMS (pESI) m/z, calcd. for C,;H,,N;*
[M + HJ*: 258.1965, found: 258.1972.

N-Cyclohexyl-2-isopropylimidazo[1,2-a]pyridin-3-amine
(18)77

CAS 484692-11-7; white solid; mp 114-116 °C (lit:
116-118 °C);”7 '"H NMR (300 MHz, CDCI,) 6 1.18-1.34
(m, 5H), 1.38 (d, J 6.8 Hz, 6H), 1.55-1.94 (m, 5H), 2.86
(br s, H-NH), 3.16 (sept, J 6.8 Hz, 1H), 6.79 (t, J 6.8 Hz,
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1H), 7.09-7.18 (m, 1H), 7.60 (d, J 9.0 Hz, 1H), 8.07 (d,
J 6.8 Hz, 1H); *C NMR (75 MHz, CDCl,) d 22.7, 24.9,
25.7,25.9,34.2,57.2, 111.7, 116.4, 122.6, 123.2, 124.0,
140.7, 143.4; HRMS (pESI) m/z, caled. for C,H,,N,*
[M + HJ*: 258.1965, found: 258.1972.

N-tert-Butyl-6-phenylimidazo[2,1-b]thiazol-5-amine (19)&%
CAS 214531-41-6; yellowish solid; mp 151-154 °C
(lit: 150-152 °C);>* '"H NMR (300 MHz, CDCI;) 6 0.99 (s,
9H), 6.66 (d, J 4.6 Hz, 1H), 7.16-7.20 (m, 1H), 7.28-7.34
(m, 3H), 7.81 (d, J 7.4 Hz, 2H); *C NMR (75 MHz,
CDCl,) d 30.2, 55.8, 111.5, 117.8, 125.5, 126.8, 127.2,
128.2, 135.1, 140.0, 145.5; HRMS (pESI) m/z, calcd. for
CsHgN;S* [M + H]*: 272.1216, found: 272.1212.

N-tert-Butyl-6-(4-nitrophenyl)imidazo[2,1-b]thiazol-5-amine
(20)

Yellow solid; mp 190-192 °C; 'H NMR (300 MHz,
CDCl,) 0 1.13 (s, 9H), 2.93 (br s, NH), 6.82 (d, J 4.2 Hz,
1H), 7.39 (d, J 4.2 Hz, 1H), 8.19-8.29 (m, 4H); *C NMR
(75 MHz, CDCl,) 6 30.3,56.3, 112.7, 117.6, 123.6, 127.0,
127.2,138.1, 141.9, 146.0, 146.7; HRMS (pESI) m/z, calcd.
for C,sH;N,0,S* [M + H]*: 317.1067, found: 317.1064.

N-tert-Butyl-6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-
5-amine (21)

Brownish solid; mp 130-132 °C; '"H NMR (300 MHz,
CDCl,) 6 1.06 (s, 9H), 2.97 (br s, H-NH), 3.83 (s, 3H),
6.70 (d, J 4.5 Hz, 1H), 6.92 (d, J 8.9 Hz, 2H), 7.35 (d,
J4.5Hz, 1H), 7.82 (d, J 8.9 Hz, 2H); '3*C NMR (75 MHz,
CDCl,)630.2,55.2,55.6,111.1,113.5,117.8,124.7, 127.9,
128.4, 139.9, 145.2, 158.4; HRMS (pESI) m/z, calcd. for
C,sH,oN;OS* [M + H]*: 302.1322, found: 302.1328.

N-tert-Butyl-6-propylimidazo[2,1-b]thiazol-5-amine (22)
White solid; mp 100-103 °C; 'H NMR (300 MHz,
CDCl,) 6 0.90 (t, J 7.4 Hz, 3H), 1.10 (s, 9H), 1.68 (sext,
J 7.4 Hz, 2H), 2.47 (t, J 7.4 Hz, 2H), 2.65 (br s, H-NH),
6.58 (d, J 4.4 Hz, 1H), 7.22 (d, J 4.4 Hz, 1H); *C NMR
(75 MHz, CDCl,) 6 14.2, 22.6, 29.7, 30.1, 54.7, 110.3,
117.7,125.1, 141.5, 144.7; HRMS (pESI) m/z, calcd. for
C,H,(N;S* [M + H]*: 238.1372, found: 238.1381.

N-tert-Butyl-6-isopropylimidazo[2,1-b]thiazol-5-amine (23)

White solid; mp 146-149 °C; 'H NMR (300 MHz,
CDCl,) 6 1.19 (s, 9H), 1.21 (d, J 6.8 Hz, 6H), 2.64 (br s,
H-NH), 2.90 (sept, J 6.8 Hz), 6.57 (d, J 4.5 Hz, 1H), 7.22
(d, J 4.4 Hz, 1H); BC NMR (75 MHz, CDCl,) 6 22.9,
26.1,30.2,54.3,110.3,117.7, 123.5, 145.0, 146.9; HRMS
(pESI) m/z, caled. for C,H,,N;S* [M + HJ*: 238.1379,
found: 238.1381.
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