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Abstract 3-Aminoimidazo[1,2-a]pyrazine is an important scaffold that
is found in many drugs. This scaffold is rapidly accessible through a
Groebke–Blackburn–Bienaymé cyclisation starting from an aminopyra-
zine, an aldehyde and an isocyanide. A scale-up process of this multi-
component reaction has been achieved in high yield and with excellent
purity. The scope and limitations of this process leading to various 3-
aminoimidazo[1,2-a]pyrazines are disclosed.

Key words cyclisation, Groebke–Blackburn–Bienaymé reaction, one-
pot process, multicomponent reaction, sulfate salt

3-Aminoimidazo[1,2-a]pyrazines are important build-
ing blocks for the pharmaceutical and agrochemical indus-
tries. These compounds are accessible through the three-
component Groebke–Blackburn–Bienaymé cyclisation (GBB
reaction) involving an aldehyde, an amine (or preformed
imine) and an isonitrile. This multicomponent reaction
(MCR) was discovered independently by three pharmaceu-
tical groups at Hoffmann La Roche (Groebke),2 Millenium
Pharmaceutical (Blackburn)3 and Rhone Poulenc (Bienaymé)4

in 1998. Recently, it became attractive to the scientific com-
munity, especially to pharmaceutical research groups, be-
cause a broad variety of target compounds can be made by
varying the three compounds, leading to combinatorial li-
braries.5

For our development activities, we required an efficient
and scalable synthesis of aminoimidazopyrazine deriva-
tives 1a (Scheme 1) and 1b (Table 2), which are key inter-
mediates for drug candidates designed to treat malaria.6 In
this manuscript, we report on our progress toward the de-
velopment of a practical process for the synthesis of inter-
mediate 1b by using the GBB reaction from easily accessible
starting materials: 2-aminopyrazine, 4-fluorobenzaldehyde

and 1,2-difluoro-4-isocyanobenzene. We have examined
the impact of dehydrating agents, Lewis acids and isocya-
nide quantity on this three-component reaction. We also
studied the scope and limitations of this GBB reaction for
various aldehydes and isocyanides and have established op-
timised reaction conditions.

Our objective was to develop a one-pot process that was
suitable for manufacturing 3-aminoimidazo[1,2-a]pyrazine
1 on an industrial scale. Preliminary investigations of the
MCR was performed utilising the reaction conditions
shown in Scheme 1, in which 2-aminopyrazine (2), benzal-
dehyde (3a) and isocyanide 4a reacted in the presence of
boron trifluoride and a catalytic amount of p-toluene sul-
fonic acid (PTSA). Under these conditions, the reaction rate
appeared to be very slow, as indicated by gas chromatogra-
phy analyses. After three days, only 49% conversion was ob-
served.

Scheme 1  Toward a one-pot process. Reagents and conditions: 2 (1 
equiv), 3a (1 equiv), 4a (1 equiv), PTSA (1.2 mol%), BF3·MeCN (4 mol%), 
r.t., CH2Cl2.

Although the GBB reaction can be effective in water at
elevated temperature,7 we thought that the water by-prod-
uct formed during the reaction could slow down the con-
version into product 1. To test this hypothesis, we added a
dehydrating agent to the previous reaction, which greatly
increased its rate (Table 1). GC analyses of the crude reac-
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tion mixture after 17 hours showed that the conversion was
increased from 40% to 64 and 86% by adding MgSO4 and
trimethyl orthoformate, respectively (entries 2 and 3). The
use of trimethyl orthoformate as dehydrating agent led to a
homogeneous reaction mixture, which is more appropriate
for industrial processes. Furthermore, unreacted trimethyl
orthoformate can be easily separated from the product by
evaporation. Product 1a was isolated as a sulfate salt by fil-
tration in 44% yield. Formation of the sulfate salt was found
to be a scalable purification method, which avoided time-
consuming and cost-demanding processes such as column
chromatographic purification. The sulfate salt was prepared
by adding sulfuric acid to crude 1a in isopropanol and iso-
lated by simple filtration in good purity.

Table 1  Effect of Dehydrating Agent

The impact of isocyanide stoichiometry on the GBB re-
action was then investigated (Table 2). The preformed
imine 5b was treated with 0.8 to 5 equivalents of isocya-
nide. The highest yield was obtained when 3 equivalents of
isocyanide were used (entry 3). Surprisingly, increasing the
amount of isocyanide from 3 to 5 equivalents decreased the
isolated yield (entry 4). GC analyses of the isolated 1b sul-
fate salt revealed that the more isocyanide added, the lower
the purity obtained (entries 2 and 3). Supported by 1H NMR
analysis of the isolated salt, the major impurity appeared to
be a side-product derived from the isocyanide. It could be
formed during the reaction or from the prepared isocya-
nide solution. This point will be discussed later.

Furthermore, the impact of Lewis acids was examined.
Imine 5b was treated with isocyanide 4b in the presence of
a variety of Lewis acids as shown in Table 3. Titanium tetra-
chloride and aluminium chloride furnished the desired
product 1b in high yields of 83 and 89%, respectively (en-
tries 3 and 4). In terms of purity, the reaction with boron
trifluoride-acetonitrile complex appeared to be more at-
tractive. The reaction provided 1b with excellent purity
(>99%) and in moderate yield (63%).

We previously pointed out that the quality of isocya-
nides determines the level of impurities observed in the fi-
nal product. Isocyanides possess some specific features and
can be characterised by their repulsive odour and volatility.
They are usually sensitive to acid and hydrolyzed to their
corresponding formamide when exposed to aqueous acidic
conditions. They also have the property to form a complex

catalysed by a Lewis acid.8 Such characteristics need to be
taken into account for the preparation of isocyanides. Sev-
eral methods for the preparation of isocyanides are known
and have been well described.

Commonly, such compounds are prepared by using the
carbylamines method (Hofmann isonitrile synthesis)9,10 or
by formamide dehydration11,12 (Scheme 2). The isocyanides
used in the previous reactions were prepared by reaction of
the corresponding aniline with dihalocarbene (Scheme 2,
A). In this reaction the dihalocarbene was generated in situ

Entry Dehydrating agent Yield (%)a

1 none 40

2 MgSO4 (2 equiv) 64

3 trimethyl orthoformate (2 equiv) 80
a Yield based on GC analyses of the crude reaction mixture after 17 h.

Table 2  Stoichiometry of Isocyanidea

Entry Equivalent Yield (%)b Purity (%)c

1 0.8 35  71

2 1 43 >99

3 3 89  90

4 5 68  77
a Reaction conditions: BF3·MeCN (5 mol%), trimethyl orthoformate (2 
equiv), CH2Cl2, r.t., 3 days.
b Isolated yield of the corresponding sulfate salt.
c Purity based on GC analyses.
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Table 3  Influence of the Lewis Acid in the GBB Reaction Leading to 1ba

Entry Lewis acid Yield (%)b Purity (%)c

1 BF3·MeCN 63 >99

2 ZnCl2d 64  84

3 TiCl4 83  81

4 AlCl3 89  79

5 Ti(iPrO)4 10  37

6 I2 84  74

7 TMSCle 77  74
a Reaction conditions: 5b (1 equiv), 4b (3 equiv), BF3·MeCN (5 mol%), 
trimethyl orthoformate (2 equiv), CH2Cl2, r.t., 3 days.
b Isolated yield of the corresponding sulfate salt.
c Purity determined by GC analyses.
d 0.25 equiv Lewis acid.
e 1 equiv Lewis acid.
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from potassium hydroxide and chloroform. Nucleophilic at-
tack by the aniline and subsequent elimination of 2 equiva-
lents of HCl gave the isocyanide. This method had several
disadvantages. First, the reaction did not proceed to full

conversion and the remaining aniline could disturb the GBB
reaction. An acidic work-up to eliminate this aniline was
not feasible because of the instability of isocyanides under
such conditions. Furthermore, allowing the reaction to
heat, even at lower temperature, could be problematic. In-
deed, it has been observed that 1,2-difluorophenyl isocya-
nide decomposed at 40 °C. Another common way to pre-
pare isocyanide is to dehydrate a formamide (Scheme 2, B).
The formamide was prepared under mild conditions by
treating the aniline with methyl formate in the presence of
NaHMDS at 0 °C.13 Among several dehydrating conditions
used to obtain isocyanides from formamides, phosphoryl
chloride appeared to be the most efficient.11,12 The reaction
was performed at 0 °C and rapidly completed after 1 hour.
Moreover, the diisopropylamine hydrochloric salt formed
during the reaction precipitated out from the toluene solu-
tion and could easily be eliminated by filtration. The re-
maining traces of diisopropylamine were removed with a
very mild acidic workup.

Scheme 2  Preparation of isocyanide
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Scheme 3  A scalable one-pot process. Isolated yield of the corresponding salt.
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Employing the optimization conditions for the GBB re-
action, two one-pot reactions were carried out (Scheme 3).
First, aminopyrazine, benzaldehyde and prepared isocya-
nide solution from formamide were combined in toluene in
the presence of PTSA (1 mol%), boron trifluoride acetoni-
trile complex (5 mol%) and trimethyl orthoformate (2
equiv). After one day at r.t., the sulfate salt of 1b was isolat-
ed in a satisfactory yield of 61% with excellent purity (>99%
determined by GC analysis). The yield was improved when
the imine intermediate was pre-formed (Scheme 3, bot-
tom). In this one-pot, two-step process, aminopyrazine,
benzaldehyde and p-toluene sulfonic acid (1 mol%) were al-
lowed to heat to reflux with a Dean–Stark apparatus for 16
hours. The isocyanide solution, trimethyl orthoformate and
boron trifluoride acetonitrile complex (5 mol%) were then
added at room temperature. After stirring for an additional
16 hours, 1b was isolated as a sulfate salt in 85% yield.
Scale-up of the reaction (100 mmol) provided 36 grams of
1b in 82% yield. The last result demonstrated the reproduc-
ibility and viability of the process on large scale.

The reaction of imine 5b with isonitrile 4b to form
product 1b was followed by FTIR measurements. After the
addition of isonitrile, the formation of the desired product

1b increases inversely to the consumption of imine 5b,
whereas the isonitrile is consumed faster. Interestingly, the
rate of formation of the product or consumption of starting
materials is very slow during the 25 min after isonitrile ad-
dition to the reaction mixture, then it becomes faster. Final-
ly, the rate of formation/consumption of 1b and 5b decreas-
es to approach a plateau after 3.5 hours, while isonitrile is
almost completely consumed after 2.5 hours. After about 5
hours, the reaction comes to an end. The rapid consump-
tion of trimethyl orthoformate as soon as isonitrile is added
is also notable. The results of this FTIR investigation are
summarised in the Supporting Information.

A plausible mechanism for this three-component reac-
tion is depicted in (Scheme 4). Condensation of aminopyra-
zine with benzaldehyde affords the imine intermediate af-
ter releasing water. The resulting imine is complexed with
the Lewis acid boron trifluoride to form iminium species I.
Isocyanide addition to iminium I furnishes nitrilium inter-
mediate II. Intramolecular addition of the pyrazine nitrogen
to the nitrilium carbon gave intermediate III through 5-exo-
dig cyclisation. Aromatisation of III through a 1,3-H shift
leads to imidazo[1,2-a]heteroaromatic 1.

Table 4  Investigation of the Isocyaniydea

Entry RNC Product Yield (%)b

1 1b 85

2 1c 70

3 1d 75

4 1e 77

5 1f 78

6 1g 68
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Table 4 (continued)

Employing the optimised conditions, the scope and lim-
itations of this GBB process were studied. A variety of isocy-
anides, aromatic, aliphatic, or functionalised, were investi-
gated (Table 4). Electron-poor aryl isocyanides (entries 1–6)
furnished products 1 in high yield (68–85%). Electron-rich
p-methoxyphenyl isocyanide (entry 8) afforded product 1i
in an excellent yield of 90%. Both aliphatic and function-
alised isocyanides also proceeded in good yields (66–87%;
entries 9–12). These results demonstrated the good toler-
ance of the GBB reaction toward isocyanides.

Various aldehydes were also explored (Table 5). Reac-
tions for both electron-poor and electron-rich benzalde-
hydes and 3,4-difluorophenyl isocyanide 4b provided 1s in
high yields (82–95%; entries 1–5). When both isocyanide
and aldehyde are electron-rich, the yield was lower. For in-
stance, the reaction for p-methoxyphenyl isocyanide and p-
methoxybenzaldehyde afforded product 1s in 37% yield de-
termined by 1H NMR spectroscopic analysis of the crude,
result not shown. In comparison, the reaction for p-meth-
oxyphenyl isocyanide and electron-poor 4-fluorobenzalde-
hyde gave 1i in an excellent yield of 90% (Table 4, entry 8).
Reaction of a heteroaromatic aldehyde, such as pyridine al-
dehyde, resulted in only 9% conversion (entry 6). Reaction
of cyclohexanecarboxaldehyde and 3,4-difluorophenyl iso-
cyanide furnished 1s in 36% (entry 7). No conversion was
observed when both isocyanide and aldehyde were aliphat-
ic (entry 8).

To further broaden the scope of this GBB process, we re-
placed 2-aminopyrazine with 2-aminopyridine 6 (Scheme
5). Reaction of 6 with fluorobenzaldehyde 3b and difluoro-
phenylisocyanide 4b gave imidazo[1,2-a]pyridine 7 in a
good yield of 67%. Encouraged by this promising result, we
are currently investigating other scaffolds that we want to
disclose in a future manuscript.

Scheme 5  Preliminary result for the formation of 3-aminoimidazo[1,2-
a]pyridine. Reagents and conditions: 1. 6 (1 equiv), 3b (1 equiv), PTSA (1 
mol%), toluene, reflux, 16 h; 2. 4b (1.3 equiv), BF3

_MeCN (5 mol%), 
trimethyl orthoformate (2 equiv), CH2Cl2, r.t., 24 h.

In conclusion, a scalable process employing a one-pot,
three-component, Groebke–Blackburn–Bienaymé type re-
action was developed for the syntheses of 3-aminoimid-
azo[1,2-a]pyrazines in high yield with excellent purity. It
was demonstrated that both Lewis acid boron trifluoride
and dehydrating agent trimethyl orthoformate were essen-
tial to promote this reaction leading to higher yields. The

 7 1h 62

 8 1i 90

 9 1j 66

10 1k 87

11 1l 70

12 1m 77c

a Reaction conditions: 1. 2 (1 equiv), 3b (1 equiv), PTSA (1 mol%), toluene, reflux, 16 h; 2. R-NC (1.3 equiv), BF3·MeCN (5 mol%), trimethyl orthoformate (2 
equiv), CH2Cl2, r.t., 24 h.
b Isolated yield of sulfate salt.
c Yield determined by 1H NMR spectroscopic analysis.
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optimised process required no halogenated solvents or het-
erogeneous conditions. Most products could be isolated and
purified by forming their corresponding sulfate salts. Fur-
thermore, this GBB type of reaction has been shown to be
versatile with respect to a range of isocyanides and alde-
hydes, and can be used to synthesise a large pool of valu-
able 3-aminoimidazo[1,2-a]pyrazines.

The solvents used were bulk quality, used in our scale-up facilities.
The starting materials used were purchased from commercial sources
(Sigma Aldrich; ABCR). The reactions described in this manuscript
were performed in standard laboratory glassware. The NMR spectra
were recorded on a Bruker Avance 400 (1H NMR: 400 MHz; 13C NMR:
100 MHz; 19F NMR: 376 MHz) or Bruker BBO (1H NMR: 500 MHz)
spectrometer, measured in the solvent indicated, with tetramethylsi-
lane (TMS) as an internal standard. Coupling constants (J) are report-
ed in hertz (Hz). The LC-HRMS analyses were performed by using
electrospray ionisation in positive ion modus after separation by liq-
uid chromatography (Nexera from Shimadzu). The elemental compo-
sition was derived from the averaged mass spectra acquired at the
high resolution of about 30,000 with an LTQ Orbitrap XL mass spec-
trometer (Thermo Scientific). The high-mass accuracy below 1 ppm
was obtained by using a lock mass. GC spectra were measured on a
HP-5890 GC with an FID detector, HPLC on an Agilent 1100 with a UV
detector.

Groebke–Blackburn–Bienaymé Type Cyclisation; General Proce-
dure
A reactor equipped with a Dean–Stark reflux condenser was charged
with 2-aminopyrazine (1 equiv), aldehyde (1 equiv), PTSA (1.2 mol%),
and toluene (0.5 M) under an atmosphere of nitrogen. The reaction
mixture was heated to 110 °C for 16 h. After cooling the mixture to
r.t., trimethyl orthoformate (2 equiv) and BF3·MeCN 1 M (4 mol%)
were added. A freshly prepared solution of isocyanide (1.3 equiv) was
then added dropwise and the reaction mixture was stirred at r.t. for
24 h. MeOH (about 6 equiv) was added and the mixture was stirred
for another 10 min. The reaction mixture was concentrated under re-
duced pressure at 50 °C. The crude product was dissolved in a mini-
mum amount of i-PrOH at reflux. Concentrated sulfuric acid (1.3
equiv) was added slowly to the solution. The precipitation mixture
was slowly cooled to –10 °C. The precipitate was filtered, rinsed with
cold i-PrOH (minimum amount) and dried under reduced pressure to
furnish the desired product as a sulfate salt.

2-Phenyl-N-(p-tolyl)imidazo[1,2-a]pyrazin-3-amine (1a)
The corresponding sulfate salt was obtained as a dark-orange solid.
1H NMR (400 MHz, DMSO + D2O): δ = 9.46 (s, 1 H), 8.24 (d, J = 4.5 Hz,
1 H), 8.05 (d, J = 4.5 Hz, 1 H), 8.02 (d, J = 7.5 Hz, 2 H), 7.40–7.47 (m,
3 H), 6.96 (d, J = 7.8 Hz, 2 H), 6.52 (d, J = 7.5 Hz, 2 H), 2.15 (s, 3 H).
13C NMR (100 MHz, DMSO + D2O): δ = 142.2, 141.1, 138.4, 135.5,
131.1, 130.5, 130.1, 129.4, 129.2, 127.6, 124.7, 124.7, 118.8, 114.5,
20.5.
HR-LC MS: m/z [M + H]+ calcd for C19H17N4

+: 301.14477; found:
301.14482.

N-(2,3-Difluorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-
3-amine (1b)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 1.33 g (85%).
1H NMR (400 MHz, DMSO + D2O): δ = 9.35 (s, 1 H), 8.28 (dd, J = 5.0,
1.3 Hz, 1 H), 8.00–8.05 (m, 3 H), 7.30 (t, J = 9.0 Hz, 2 H), 7.19 (q,
J = 9.5 Hz, 1 H), 6.62 (ddd, J = 12.5, 6.8, 2.8 Hz, 1 H), 6.37–6.40 (m,
1 H).
13C NMR (100 MHz, DMSO): δ = 163.1 (d, J = 247.3 Hz), 150.6 (dd,
J = 244.3, 12.4 Hz), 143.8 (dd, J = 236.2, 12.4 Hz), 141.7 (d, J = 7.3 Hz),
141.2, 139.8, 136.4, 129.8 (2C), 128.3, 125.5, 123.0, 118.9, 118.7 (d,
J = 18.3 Hz), 116.4 (d, J = 21.2 Hz, 2C), 110.3, 103.4 (d, J = 21.3 Hz).

Table 5  Investigation of the Aldehydesa

Entry R1NC R2CHO Product Yield (%)b

1

4b

1b 85

2 1n 86

3 1o 95

4 1p 84

5 1q 82

6 1r 9c

7 1s 36c

8 1u n.r.d

a Reaction conditions: 1. 2 (1 equiv), R2-CHO (1 equiv), PTSA (1 mol%), tol-
uene, reflux, 16 h; 2. R1-NC (1.3 equiv), BF3·MeCN (5 mol%), trimethyl or-
thoformate (2 equiv), CH2Cl2, r.t., 24 h.
b Isolated yield of the sulfate salt.
c Conversion determined by GC analysis of the reaction mixture.
d No reaction.
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HR-LC MS: m/z [M + H]+ calcd for C18H12F3N4
+: 341.10086; found:

341.10108.

N-(3-Fluorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-
amine (1c)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 1.36 g (70%).
1H NMR (400 MHz, DMSO): δ = 10.93 (br, 2 H), 9.49 (d, J = 1.0 Hz, 1 H),
8.79 (s, 1 H), 8.32 (dd, J = 5.1, 1.2 Hz, 1 H), 8.06–8.09 (m, 1 H), 8.08
(dd, J = 9.3, 4.5 Hz, 2 H), 7.32 (t, J = 9.0 Hz, 2 H), 7.01 (t, J = 8.8 Hz,
2 H), 6.64 (dd, J = 8.9, 4.3 Hz, 1 H).
13C NMR (100 MHz, DMSO): δ = 163.0 (d, J = 247.2 Hz), 156.8 (d,
J = 235.5 Hz), 141.3, 140.4, 139.5, 136.1, 129.8 (d, J = 8.8 Hz, 2C),
128.4, 125.2, 124.0, 118.8, 116.5 (d, J = 22.0 Hz, 2C), 116.4 (d,
J = 21.3 Hz, 2C), 115.7 (d, J = 7.3 Hz, 2C).
HR-LC MS: m/z [M + H]+ calcd for C18H13F2N4

+: 323.11028; found:
323.11047.

N-(3-Fluorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-
amine (1d)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 1.18 g (75%).
1H NMR (400 MHz, DMSO): δ = 10.36 (br, 2 H), 9.48 (d, J = 0.8 Hz, 1 H),
8.99 (s, 1 H), 8.33 (dd, J = 4.8, 0.8 Hz, 1 H), 8.06–8.10 (m, 3 H), 7.33 (t,
J = 8.9 Hz, 2 H), 7.18 (dd, J = 15.1, 8.0 Hz, 1 H), 6.59 (td, J = 8.5, 2.1 Hz,
1 H), 6.41–6.47 (m, 2 H).
13C NMR (100 MHz, DMSO): δ = 163.8 (d, J = 242.0 Hz), 163.1 (d,
J = 247.4 Hz), 146.3 (d, J = 10.8 Hz), 141.4, 139.8, 136.4, 131.7 (d,
J = 10.0 Hz), 129.8 (d, J = 8.5 Hz, 2C), 128.2 (d, J = 3.1 Hz), 125.5, 122.9,
118.9, 116.5 (d, J = 21.6 Hz, 2C), 110.5, 106.5 (d, J = 21.6 Hz), 101.3 (d,
J = 26.2 Hz).
HR-LC MS: m/z [M + H]+ calcd for C18H13F2N4

+: 323.11028; found:
323.11042.

N-(2-Fluorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-
amine (1e)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 1.11 g (77%).
1H NMR (400 MHz, DMSO): δ = 10.84 (br, 2 H), 9.46 (d, J = 1.3 Hz, 1 H),
8.66 (s, 1 H), 8.41 (dd, J = 5.0, 1.3 Hz, 1 H), 8.05–8.08 (m, 3 H), 7.32 (t,
J = 8.9 Hz, 2 H), 7.25 (ddd, J = 11.9, 8.0, 1.5 Hz, 1 H), 6.78–6.88 (m,
2 H), 6.28 (td, J = 8.3, 1.5 Hz, 1 H).
13C NMR (100 MHz, DMSO): δ = 163.1 (d, J = 247.2 Hz), 152.0 (d,
J = 241.4 Hz), 141.9, 139.7, 136.3, 132.0 (d, J = 11.8 Hz), 129.7 (d,
J = 8.8 Hz, 2C), 128.4, 125.5, 125.1, 122.9, 120.7, 119.0, 116.4 (d,
J = 21.3 Hz, 2C), 116.3–116.5 (m), 115.2.
HR-LC MS: m/z [M + H]+ cald for C18H13F2N4

+: 323.11028; found:
323.11051.

N-(4-Nitrophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-
amine (1f)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.

Yield: 1.40 g (78%).
1H NMR (400 MHz, DMSO + D2O): δ = 9.42 (d, J = 1.1 Hz, 1 H), 8.32 (dd,
J = 5.0, 1.1 Hz, 1 H), 8.02–8.07 (m, 5 H), 7.31 (t, J = 8.9 Hz, 2 H), 6.75 (d,
J = 8.7 Hz, 2 H).
13C NMR (100 MHz, DMSO): δ = 163.1 (d, J = 247.2 Hz), 151.0 (2C),
141.4, 140.7, 140.1, 136.9, 129.7 (d, 2C, J = 8.4 Hz), 128.3, 126.6 (2C),
126.4, 120.9, 118.8, 116.5 (d, J = 22.4 Hz, 2C), 114.0.
HR-LC MS: m/z [M + H]+ calcd for C18H13FN4O2

+: 350.10478; found:
350.10483.

N-(4-Chlorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-
amine (1g)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 1.29 g (68%).
1H NMR (400 MHz, DMSO): δ = 10.45 (br, 2 H), 9.46 (s, 1 H), 8.89 (s,
1 H, HSO4-), 8.30 (d, J = 5.0 Hz, 1 H), 8.05–8.08 (m, 3 H), 7.33 (t,
J = 8.9 Hz, 2 H), 7.19 (d, J = 8.9 Hz, 2 H), 6.62 (d, J = 8.9 Hz, 2 H).
13C NMR (100 MHz, DMSO): δ = 163.1 (d, J = 247.2 Hz), 143.1, 141.5,
139.6, 136.2, 129.8 (4C), 128.3, 125.2, 123.7, 123.3, 119.0, 116.5 (d,
J = 21.2 Hz, 2C), 116.0 (2C).
HR-LC MS: m/z [M + H]+ cald for C18H13ClFN4

+: 339.08073; found:
339.08092.

N-(p-Methylphenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-
amine (1h)
The corresponding sulfate was obtained as a yellow-brown solid.
Yield: 1.11 g (62%).
1H NMR (400 MHz, DMSO): δ = 9.48 (s, 1 H), 9.05 (br, 2 H), 8.65 (s, 1 H,
HSO4-), 8.26 (d, J = 5.0 Hz, 1 H), 8.09 (dd, J = 8.5, 5.5 Hz, 2 H), 8.07 (d,
J = 5.0 Hz, 1 H), 7.32 (t, J = 8.5 Hz, 2 H), 6.98 (d, J = 8.2 Hz, 2 H), 6.53 (d,
J = 8.2 Hz, 2 H), 2.17 (s, 3 H, CH3).
13C NMR (100 MHz, 100 MHz, DMSO): δ = 163.1 (d, J = 247.2 Hz),
141.6, 141.3, 139.0, 135.9, 130.5 (2C), 129.8 (d, J = 8.1 Hz, 2C), 129.0,
128.3, 124.6 (2C), 119.0, 116.4 (d, J = 22.0 Hz, 2C), 114.6 (2C), 20.6
(CH3).
HR-LC MS: m/z [M + H]+ cald for C19H16FN4

+: 319.13535; found:
319.13543.

N-(4-Methoxyphenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-
3-amine (1i)
The corresponding sulfate salt was obtained as an ochre solid.
Yield: 1.41 g (90%).
1H NMR (400 MHz, DMSO): δ = 9.47 (s, 1 H), 9.47 (br, 2 H), 8.57 (br s,
1 H), 8.26 (d, J = 6.0 Hz, 1 H), 8.03–8.07 (m, 3 H), 7.31 (t, J = 8.9 Hz,
2 H), 6.77 (d, J = 9.0 Hz, 2 H), 6.58 (d, J = 9.0 Hz, 2 H), 3.64 (s, 3 H, CH3).
13C NMR (100 MHz, DMSO): δ = 163.1 (d, J = 247.3 Hz), 153.8, 141.7,
138.4, 136.9, 135.6, 129.9 (d, J = 8.1 Hz, 2C), 128.2, 125.6, 123.9, 119.0,
116.4 (d, J = 22.0 Hz, 2C), 116.0 (2C), 115.4 (2C), 55.7 (CH3).
HR-LC MS: m/z [M + H]+ cald for C19H16FN4O+: 335.13027; found:
335.13043.

N-(Cyclohexyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-amine 
(1j)
The corresponding sulfate salt was obtained as a yellow solid.
Yield: 0.89 g (66%).
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2017, 49, 2266–2274
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1H NMR (400 MHz, DMSO + D2O): δ = 9.09 (s, 1 H), 8.53 (d, J = 5.3 Hz,
1 H), 8.03 (dd, J = 8.5, 5.5 Hz, 2 H), 7.86 (d, J = 5.3 Hz, 1 H), 7.33 (t,
J = 8.9 Hz, 2 H), 2.91–2.96 (m, 1 H), 1.68 (d, J = 10.5 Hz, 2 H), 1.57 (d,
J = 12.0 Hz, 2 H), 1.41 (m, 1 H), 1.21–1.26 (m, 2 H), 0.92–1.07 (m, 3 H).
13C NMR (100 MHz, DMSO): δ = 162.99 (d, J = 247.2 Hz), 140.1, 135.8,
133.8, 133.0, 130.2 (d, J = 8.1 Hz, 2C), 129.2, 121.5, 118.2, 116.3 (d,
J = 22.0 Hz, 2C), 56.3, 34.0, 25.5, 25.1.
HR-LC MS: m/z [M + H]+ cald for C18H20FN4

+: 311.16665; found:
311.16677.

N-(Isopropyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-amine 
(1k)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 0.80 g (87%).
1H NMR (400 MHz, DMSO): δ = 10.0–9.0 (2 H, br s), 9.34 (s, 1 H), 8.75
(d, J = 5.3 Hz, 1 H), 8.10 (dd, J = 8.7, 5.7 Hz, 2 H), 8.02 (d, J = 5.5 Hz,
1 H), 7.39 (t, J = 8.9 Hz, 2 H), 3.38 (sept, J = 6.3 Hz, 1 H), 1.09 (d,
J = 6.3 Hz, 6 H).
13C NMR (100 MHz, DMSO): δ = 163.0 (d, J = 247.2 Hz), 140.2, 135.9,
133.8, 133.3, 130.1 (d, J = 8.1 Hz, 2C), 129.2, 121.5, 118.2, 116.4 (d,
J = 22.0 Hz, 2C), 49.0, 23.6 (2C).
HR-LC MS: m/z [M + H]+ calcd for C15H16FN4

+: 271.13535; found:
271.13531.

N-(p-Toluenesulfonylmethyl)-2-(4-fluorophenyl)imidazo[1,2-
a]pyrazin-3-amine (1l)
Purification of the crude was conducted differently. The crude mate-
rial was suspended in EtOAc and stirred at 50 °C for a few hours. The
suspension was then cooled to 0 °C and filtered off. The solid was
washed with EtOAc and 1l was obtained as a pale-brown solid.
Yield: 0.40 g (70%).
1H NMR (400 MHz, DMSO): δ = 8.77 (s, 1 H), 8.09 (d, J = 3.8 Hz, 1 H),
7.86–7.89 (m, 2 H), 7.76 (d, J = 4.8 Hz, 1 H), 7.41 (d, J = 8.0 Hz, 2 H),
7.18 (t, J = 8.8 Hz, 2 H), 7.11 (d, J = 8.0 Hz, 2 H), 6.46 (t, J = 6.9 Hz, 1 H),
4.54 (d, J = 7.0 Hz, 2 H), 2.22 (s, 3 H, CH3).
13C NMR (100 MHz, DMSO): δ = 162.4 (d, J = 245.8 Hz), 144.7, 142.7,
136.2, 136.0, 135.0, 129.9 (3C), 129.6 (d, J = 8.1 Hz, 2C), 128.8, 128.1
(2C), 125.2, 117.2, 116.0 (d, J = 21.3 Hz, 2C), 68.7, 21.5.
HR-LC MS: m/z [M + H]+ calcd for C20H18FN4O2

+: 397.11290; found:
397.11288.

N-(3,4-Difluorophenyl)-2-(4-chlorophenyl)imidazo[1,2-a]pyrazin-
3-amine (1n)
The corresponding sulfate salt was obtained as a yellow solid.
Yield: 0.93 g (86%).
1H NMR (400 MHz, DMSO + D2O): δ = 9.32 (s, 1 H), 8.27 (d, J = 4.6 Hz,
1 H), 7.96–8.01 (m, 3 H), 7.49 (d, J = 8.5 Hz, 2 H), 7.16 (dt, J = 9.8,
9.2 Hz, 1 H), 6.57–6.61 (m, 1 H), 6.35–6.38 (m, 1 H).
13C NMR (100 MHz, DMSO): δ = 150.5 (J = 244.3, 13.9 Hz, dd), 143.9
(J = 237.0, 13.2 Hz, dd), 141.6 (br), 141.0, 140.1, 136.5, 134.5, 130.7,
129.5 (2C), 129.2 (2C), 125.4, 123.3, 119.0, 118.7 (d, J = 17.6 Hz),
110.3, 103.4 (d, J = 20.5 Hz).
HR-LC MS: m/z [M + H]+ calcd for C18H12ClF2N4

+: 357.07131; found:
357.07132.

N-(3,4-Difluorophenyl)-2-phenylimidazo[1,2-a]pyrazin-3-amine 
(1o)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 0.91 g (95%).
1H NMR (400 MHz, DMSO + D2O): δ = 9.32 (d, J = 1.3 Hz, 1 H), 8.29 (dd,
J = 5.0, 1.3 Hz, 1 H), 8.03 (d, J = 5.0 Hz, 1 H), 7.95 (d, J = 8.3 Hz, 2 H),),
7.39–7.45 (m, 3 H), 7.16 (dt, J = 10.3, 9.0 Hz, 1 H), 6.56–6.62 (m, 1 H),
6.38–6.40 (m, 1 H).
13C NMR (100 MHz, DMSO): δ = 150.5 (dd, J = 244.3, 13.9 Hz), 143.8
(dd, J = 237.0, 12.5 Hz), 141.8 (d, J = 9.5 Hz), 141.7 (d, J = 8.1 Hz),
139.5, 136.2, 131.3, 130.0, 129.5 (2C), 127.6 (2C), 125.5, 123.4, 119.0,
118.7 (d, J = 17.6 Hz), 110.4, 103.3 (d, J = 21.3 Hz).
HR-LC MS: m/z [M + H]+ calcd for C18H13F2N4

+: 323.11028; found:
323.11030.

N-(3,4-Difluorophenyl)-2-(4-methylphenyl)imidazo[1,2-a]pyra-
zin-3-amine (1p)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 0.99 g (84%).
1H NMR (400 MHz, DMSO + D2O): δ = 9.33 (d, J = 1.0 Hz, 1 H), 8.31 (dd,
J = 4.9, 1.1 Hz, 1 H), 8.05 (d, J = 5.0 Hz, 1 H), 7.85 (d, J = 8 Hz, 2 H), 7.25
(d, J = 8.0 Hz, 2 H), 7.19–7.12 (m, 1 H,), 6.62–6.57 (m, 1 H), 6.38–6.40
(m, 1 H), 2.28 (s, 3 H).
13C NMR (100 MHz, DMSO): δ = 150.1 (dd, J = 243.6, 13.4 Hz), 143.5
(dd, J = 236.5, 12.9 Hz), 141.4, 141.2 (d, J = 8.5 Hz), 139.9, 138.9, 135.9,
130.1 (2C), 128.2, 127.5 (2C), 125.5, 123.2, 119.0, 118.7 (d,
J = 18.3 Hz), 110.4, 103.4 (d, J = 20.6 Hz), 21.4.
HR-LC MS: m/z [M + H]+ calcd for C19H15F2N4

+: 337.12593; found:
337.12604.

N-(3,4-Difluorophenyl)-2-(4-methoxylphenyl)imidazo[1,2-a]pyra-
zin-3-amine (1q)
The corresponding sulfate salt was obtained as a mustard-yellow sol-
id.
Yield: 1.01 g (82%).
1H NMR (400 MHz, DMSO + D2O): δ = 9.34 (d, J = 1.0 Hz, 1 H), 8.31 (dd,
J = 5.0, 1.3 Hz, 1 H), 8.06 (d, J = 5.0 Hz, 1 H), 7.94 (d, J = 9.1 Hz, 2 H),
7.19 (dt, J = 10.3, 9.1 Hz, 1 H), 7.02 (d, J = 9.1 Hz, 2 H), 6.59–6.64 (m,
1 H), 6.40–6.42 (m, 1 H), 3.76 (s, 3 H).
13C NMR (100 MHz, DMSO): δ = 160.8, 150.5 (dd, J = 243.5, 13.2 Hz),
143.8 (dd, J = 236.3, 13.2 Hz), 141.8 (br, 2C), 138.6, 135.9, 129.1 (2C),
125.7, 123.3, 122.6, 118.8, 118.7 (d, J = 19.0 Hz), 115.0 (2C), 110.3,
103.3 (d, J = 21.3 Hz), 55.8.
HR-LC MS: m/z [M + H]+ calcd for C19H15F2N4O+: 353.12084; found:
353.12097.

N-(3,4-Difluorophenyl)-5-methyl-2-phenylimidazo[1,2-a]pyridin-
3-amine (7)
2-Amino-6-methylpyridine was used instead of 2-aminopyrazine.
Purification of the crude material was conducted differently. The
crude material was suspended in TBME and stirred at r.t. for a few
hours. The suspension was then cool to 0 °C and filtered off. The solid
was washed with TBME and 7 was obtained as a white solid.
Yield: 1.01 g (67%).
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2017, 49, 2266–2274
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1H NMR (400 MHz, DMSO): δ = 8.31 (s, 1 H), 8.01 (d, J = 8.5 Hz, 2 H),
7.48 (d, J = 9.0 Hz, 1 H), 7.38 (t, J = 7.8 Hz, 2 H), 7.13 –7.31 (m, 3 H),
6.66 (d, J = 6.8 Hz, 1 H), 6.43 (br s, 1 H), 6.19 (br s, 1 H), 2.65 (s, 3 H).
13C NMR (100 MHz, DMSO): δ = 150.7 (dd, J = 243.5, 13.9 Hz), 146.0
(dd, J = 8.5 Hz), 143.9, 142.9 (dd, J = 234.2, 13.1 Hz), 139.3, 136.5,
133.6, 128.9 (2C), 128.2, 127.1 (2C), 126.4, 119.6, 118.8 (d,
J = 17.7 Hz), 115.6, 114.2, 108.8, 101.8 (d, J = 20.0 Hz), 18.8.
19F NMR (377 MHz, DMSO): δ = –137.1 (d, J = 23.2 Hz), –152.6 (d,
J = 23.0 Hz).
HR-LC MS: m/z [M + H]+ calcd for C20H16F2N3

+: 336.1312; found:
336.1310.
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