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ABSTRACT: Highly efficient catalyst-free annulative functionalization ap-
proaches to a novel imidazole-pyrrolo[1,2-a]pyrazine hybrid structure were
devised from the reaction of β-enaminone with propargylamine where
regioselective conjugate substitution of β-enaminone with propargylamine
followed by cycloisomerization proceeded smoothly in a domino fashion to
construct two heterocyclic moieties (pyrazine and imidazole) via successive
formation of three C−N bonds, leading to the target tricyclic skeleton.

■ INTRODUCTION
Imidazole is one of the most frequently employed heterocycles
in medicinal chemistry research.1 Moreover, as many
imidazole-fused heterocycles are known to exhibit a broad
range of pharmacological properties such as antianxiety,
antiulcer, anthelminthic, antifungal, or antiviral activity (Figure
1),2 design and synthesis of novel heterocyclic scaffolds fused
with imidazole are highly desired.3,4

As part of our ongoing efforts to make novel hybrid chemical
structures (Scheme 1a),5 we recently established a catalyst-free
annulative functionalization6 route to a 1,2,4-triazole-pyrrolo-
[1,2-a]pyrazine scaffold 3 from 1 where β-enaminone 2 was
used as an intermediate (Scheme 1b).7 Inspired by this work,
we wondered if exposure of 2 to propargylamine8 instead of
acyl hydrazide would provide imidazole-fused pyrrolo[1,2-
a]pyrazine 4.9 Mechanistically, we anticipated that intermo-
lecular conjugate substitution of 2 with propargylamine would
afford A where nucleophilic addition of nitrogen to the
pendant nitrile followed by intramolecular hydroamination and
subsequent double bond isomerization would occur to give 4
as shown in the box of Scheme 1. It should be mentioned that
strategic combination of these processes has not been utilized
for the successive synthesis of pyrazine and imidazole. As the
expected product 4 contains unique substitution patterns
around its tricyclic core which might be useful for biological
studies with this class of compounds, we decided to investigate
the feasibility of our hypothesis, which is described here.

■ RESULTS AND DISCUSSION
Based on our experience that 1,2,4-triazole-fused pyrrolo[1,2-
a]pyrazine 3 was formed in good yield by heating a reaction
mixture of 2 and acyl hydrazide in toluene at 150 °C, we
expected to obtain 4 directly from 2 under the similar

conditions (Table 1). When 2a was allowed to react with
propargylamine (3 equiv) in toluene at 150 °C for 20 h,
however, three products (3a, 3a′, and 5a) were obtained in 15,
19, and 9% yields, respectively (entry 1). The starting material
2a was also recovered in 53% yield. The formation of 3a′ can
be rationalized as depicted in the box of Table 1. Nucleophilic
addition of propargylamine to the nitrile of 2a would give B
where intramolecular conjugate substitution by imine would
furnish C. Final cycloisomerization of C would lead to 3a′. The
reaction in EtOH at 120 °C proceeded more efficiently to give
rise to 3a and 3a′ in 72 and 17% yields, respectively (entry 2).
For structural determination of 3a and 3a′, 2D NMR
experiments (HSQC, HMBC, and NOESY) were carried
out.10 In addition, the crystal structure of 3a′ was firmly
established by X-ray crystallographic analysis (Figure 2).11

Surprisingly, we discovered that the concentration of the
reaction mixture affects the product ratio; only 3a was isolated
in 98% yield when the reaction was carried out in EtOH (3
mL) at 120 °C (entries 3−6). The reaction in EtOH (0.5 mL)
rather increased the formation of 3a′ (entry 7). Decreasing the
amounts of propargylamine (2 or 1.5 equiv) resulted in a
mixture of 3a and 3a′ (entries 8 and 9). Lowering the reaction
temperature to 100 °C also led to a mixture of 3a and 3a′
(entry 10). These outcomes indicate that the ratio of β-
enaminone 2a and propargylamine, the concentration, and the
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reaction temperature are crucial to regioselective construction
of imidazole-pyrrolo[1,2-a]pyrazine hybrid skeleton 3a. The
same reactions in other solvents such as CH3CN and toluene
also delivered three products (3a, 3a′ and 5a) after prolonged
reaction times (entries 11 and 12). Interestingly, we were able

to observe the formation of 5a in 96% yield when the reaction
was carried out in toluene at 60 °C (entry 13).

Having found the optimal conditions for the synthesis of 3a,
we examined the reaction scope with diverse enaminone 2
(Table 2). Unfortunately, we were not able to observe the
exclusive formation of 3b−n with other enaminones 2b−n
under the optimized conditions except for 2a and 2k; The
regioisomers 3′ were also detected as minor products from the
reaction mixtures. Even when the scale-up reaction of 2a (300
mg, 1.13 mmol) with propargylamine (3 equiv) was conducted
in EtOH at 120 °C, a mixture of 3a (211 mg, 68%) and 3a′
(28 mg, 9%) was obtained. The chemical structure of 3k was
unequivocally confirmed by X-ray crystallographic analysis
(Figure 3).12

In the meantime, we also investigated the two-step sequence
for the regioselective synthesis of 3 as the intermediate 5a was
isolated in 96% yield upon exposure of 2a to propargylamine in
toluene at 60 °C (Table 3). Indeed, the reactions with other
enaminones 2b−n under the same conditions delivered the
corresponding intermediates 5b−n in good to excellent yields.
Heating a solution of 5a without any catalysts13 in EtOH at
120 °C underwent smooth cycloisomerization to form the
imidazole ring,14 cleanly furnishing the desired product 3a.
Other intermediates 5b−n were also submitted to the same
conditions to afford the corresponding products 3b−n in
excellent yields.

A scale-up reaction of 2a (500 mg) with propargylamine in
toluene at 60 °C provided 5a in 95% yield (Scheme 2a).
Subsequent cycloisomerization of 5a (300 mg) in EtOH at 120
°C proceeded well to give 3a in 92% yield (Scheme 2b).

When this two-step protocol was applied to 6, a new 6-
acylated diimidazo[1,2-a:2′,1′-c]pyrazine 8 was obtained by
way of the intermediate 7 in good overall yield (Scheme 3a).
Interestingly, exposure of β-enaminone 9 derived from indole-
2-carbonitrile to propargylamine in toluene at 60 °C gave a

Figure 1. Bioactive Agents Containing Imidazole.

Scheme 1. Access to Hybrid Skeletons via Annulative
Functionalization Strategies
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regioisomeric mixture of 10 and 11 in a ratio of 1:1.1
presumably as a result of nonselective nucleophilic addition of
propargylamine (Scheme 3b). Each isomer was readily

converted to the corresponding 6-acylated imidazo[2′,1′:3,4]-
pyrazino[1,2-a]indole (12 and 13). Other propargylic amines
such as but-3-yn-2-amine and but-2-yn-1-amine were success-
fully employed in the reactions with 2a in EtOH at 120 °C to
furnish 14 and 15 in good yields (Scheme 3c,3d). Pd−Cu
catalyzed arylated cycloisomerization of 5a with several aryl
iodides enabled installation of an arylmethyl moiety at the C2
site of this heterocycle to afford 16−18 (Scheme 3e).15

Further expansion of the heterocyclic chemical space
associated with this core scaffold was realized by simple
synthetic manipulation (Scheme 4). Suzuki−Miyaura cross-
coupling of 3m with 4-methoxyphenylboronic acid provided
19 having an additional aryl group at the C9 position.
Claisen−Schmidt aldol condensation16 of 3k with 3-
chlorobenzaldehyde cleanly afforded the enone 20 which was
converted to the dihydropyrazole 21 upon treatment with
hydrazine in EtOH at 100 °C. In addition, exposure of 3k to
DMF-DMA led to the β-enaminone 22 in 88% yield. When 22
was treated with hydrazine, the pyrazole 23 was obtained,
thereby permitting installation of a pyrazole motif at the C6
site. Cyclization of 22 under acidic conditions produced the
polycyclic imidazole 24 in an excellent yield.17 Finally,
Friedla ̈nder reaction18 of 3k with 2-aminobenzaldehyde
under basic conditions allowed introduction of a quinoline
unit at the C6 position to give 25 in 81% yield.

■ CONCLUSIONS
In summary, two efficient synthetic routes to a novel
imidazole-pyrrolo[1,2-a]pyrazine hybrid scaffold with unique
substitution patterns were developed via exploitation of
regioselective annulative functionalization strategies with β-
enaminone and propargylamine where a domino intermolec-
ular conjugate substitution-intramolecular cycloisomerization
process allowed consecutive construction of pyrazine and
imidazole to give the desired N-fused structure without any
catalysts. Application of this protocol to other heterocyclic
systems as well as derivatization of the resulting products
permitted further expansion of the N-fused heterocyclic
chemical space. Efforts to make some related N-fused
heterocycles as well as biological studies with the compounds
described here are currently underway and the results will be
published soon.

■ EXPERIMENTAL SECTION
General Methods. Unless specified, all reagents and starting

materials were purchased from commercial sources and used as
received without purification. “Concentrated” refers to the removal of
volatile solvents via distillation using a rotary evaporator. “Dried”
refers to pouring onto or passing through anhydrous magnesium
sulfate followed by filtration. Flash chromatography was performed
using silica gel (230−400 mesh) with hexanes, ethyl acetate, and
dichloromethane as the eluents. All reactions were monitored by thin-
layer chromatography on 0.25 mm silica plates (F-254) visualized
with UV light. Melting points were measured by using a capillary
melting point apparatus. 1H and 13C NMR spectra were recorded on a
400 MHz NMR spectrometer and were described as chemical shifts,
multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet),
coupling constant in hertz (Hz), and number of protons. HSQC,
HMBC, and NOESY 2D NMR spectra of 3a and 3a′ were recorded
on a 600 MHz NMR spectrometer. HRMS were measured with an
electrospray ionization (ESI) and Q-TOF mass analyzer. X-ray crystal
structures of 3a′ and 3k were determined with a SuperNova, Dual, Cu
at home/near, AtlasS2 diffractometer.

General Procedure for the Synthesis of 2. A mixture of 1-(2-oxo-
2-phenylethyl)-1H-pyrrole-2-carbonitrile (0.95 mmol, 1.0 equiv) and

Table 1. Reaction Optimization for the Synthesis of 3aa,b

entry
solvent
(mL)

temperature
(°C)

time
(h) yield (%)b

1 toluene (1) 150 20 15 (3a)/19 (3a′)/9 (5a)/53
(2a)

2 EtOH (1) 120 0.5 72 (3a)/17 (3a′)
3 EtOH (2) 120 0.5 81 (3a)/4 (3a′)
4 EtOH (3) 120 0.5 98 (3a)
5 EtOH (4) 120 1.0 96 (3a)/3 (3a′)
6 EtOH (5) 120 1.5 95 (3a)/3 (3a′)
7 EtOH

(0.5)
120 0.5 69 (3a)/26 (3a′)

8c EtOH (3) 120 1.0 77 (3a)/18 (3a′)
9d EtOH (3) 120 2.0 80 (3a)/16 (3a′)
10 EtOH (3) 100 5 80 (3a)/17 (3a′)
11 CH3CN

(3)
120 24 36 (3a)/36 (3a′)/27 (5a)

12 toluene (3) 120 39 48 (3a)/31 (3a′)/20 (5a)
13 toluene (3) 60 16 96 (5a)

aA solution of 2a (30 mg, 0.11 mmol) and propargylamine (3 equiv)
in solvent was stirred at the indicated temperature for the indicated
time. bIsolated yield (%). cPropargylamine (2 equiv) was used.
dPropargylamine (1.5 equiv) was used.

Figure 2. Thermal ellipsoid plot for 3a′ with 50% probability.
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Table 2. Synthesis of 3a,b
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DMF-DMA (2.0 equiv) in toluene (5.0 mL) was stirred at 120 °C for
12 h (a heating mantle was used). The reaction was carried out in a

20 mL sealed vial. The reaction mixture was concentrated in vacuo to
yield the crude product, which was purified by silica gel column

Table 2. continued

aA solution of 2 (0.11 mmol) and propargylamine (3 equiv) in EtOH (3 mL) was stirred at 120 °C. bIsolated yield (%).
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chromatography (hexane/ethyl acetate/dichloromethane = 3:1:2) to
afford 2a (247.0 mg, 98%) as a brown solid. The characterization data
of 2a−2e, 2g, and 2i−2l are in the ref 7.

(Z)-1-(1-(Dimethylamino)-3-(4-fluorophenyl)-3-oxoprop-1-en-2-
yl)-1H-pyrrole-2-carbonitrile (2f).

Hexane/ethyl acetate/dichloromethane (5:1:2) as the eluent;
Yellow solid, mp: 103.2−103.6 °C (218.0 mg, 81%); 1H NMR
(400 MHz, CDCl3) δ 7.42−7.32 (m, 3H), 6.98−6.89 (m, 2H),
6.77 (d, J = 3.6 Hz, 1H), 6.74 (d, J = 2.4 Hz, 1H), 6.16 (t, J =
3.2 Hz, 1H), 3.00 (s, 3H), 2.30 (s, 3H); 13C{1H} NMR (100
MHz, CDCl3) δ 188.8, 164.8 (J = 249.0 Hz), 150.6, 135.5 (J =
4.0 Hz), 131.0, 129.9 (J = 8.0 Hz), 120.1, 115.0 (J = 22.0 Hz),
113.5, 110.2, 108.4, 108.2, 47.6, 36.0; 19F NMR (376 MHz,
CDCl3) δ − 109.6; HRMS (ESI-QTOF) m/z [M + H]+ calcd
for C16H15FN3O 284.1194, found 284.1191.

(Z)-1-(3-(3-Bromophenyl)-1-(dimethylamino)-3-oxoprop-1-en-2-
yl)-1H-pyrrole-2-carbonitrile (2h).

Hexane/ethyl acetate/dichloromethane (1:1:2) as the eluent;
Ivory solid, mp: 81.9−82.1 °C (245.2 mg, 75%); 1H NMR
(400 MHz, CDCl3) δ 7.52 (s, 1H), 7.46 (d, J = 8.0 Hz, 1H),
7.36 (s, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.16 (d, J = 8.0 Hz,
1H), 6.79 (d, J = 4.0 Hz, 1H), 6.76 (d, J = 3.2 Hz, 1H), 6.19 (t,
J = 3.4 Hz, 1H), 3.03 (s, 3H), 2.33 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 188.5, 150.9, 141.3, 132.9, 131.0, 130.4,
129.6, 125.6, 122.1, 120.3, 113.5, 110.4, 108.4, 108.3, 47.9,

36.2; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C16H15BrN3O 344.0393, found 344.0390.

(Z)-4-Bromo-1-(1-(dimethylamino)-3-oxo-3-phenylprop-1-en-2-

yl)-1H-pyrrole-2-carbonitrile (2m).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Yellow gum (281.2 mg, 86%); 1H NMR (400 MHz, CDCl3) δ
7.48 (d, J = 6.8 Hz, 2H), 7.42 (t, J = 7.2 Hz, 1H), 7.36 (t, J =
7.2 Hz, 2H), 7.30 (d, J = 6.0 Hz, 1H), 6.86 (s, 1H), 6.83 (s,
1H), 2.99 (s, 3H), 2.42 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 190.0, 151.2, 139.0, 130.4, 130.3, 128.1, 127.7,
121.1, 112.2, 109.1, 108.5, 96.6, 47.7, 36.3; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C16H15BrN3O 344.0393,
found 344.0393.

(Z)-4-Benzoyl-1-(1-(dimethylamino)-3-oxo-3-phenylprop-1-en-

2-yl)-1H-pyrrole-2-carbonitrile (2n).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Orange gum (292.9 mg, 83%); 1H NMR (400 MHz, CDCl3) δ
7.71 (d, J = 7.2 Hz, 2H), 7.56−7.52 (m, 1H), 7.49 (d, J = 7.2
Hz, 2H), 7.45−7.42 (m, 3H), 7.40−7.35 (m, 5H), 3.06 (s,
3H), 2.49 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 190.2,
189.11, 151.0, 139.0, 138.5, 135.9, 132.4, 130.7, 129.0, 128.5,
128.4, 127.9, 125.0, 121.3, 112.5, 110.5, 108.7, 47.9, 36.9;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C23H19N3O2
370.1550, found 370.1537.

General Procedure for the Synthesis of 3 and 3′. A mixture of 2

(0.11 mmol, 1.0 equiv) and propargyl amine (3.0 equiv) in ethyl

alcohol (3.0 mL) was stirred at 120 °C for 30 min (a heating mantle

was used). The reaction was carried out in a 7 mL sealed vial. The

reaction mixture was concentrated in vacuo to yield the crude product,

which was purified by silica gel column chromatography (hexane/

ethyl acetate/dichloromethane = 4:1:2) to afford 3 and 3′ as yellow

solids. X-ray crystal structure of 3k was obtained via dissolution of the

compound in a mixed solvent (dichloromethane/hexane, 1:1) and

slow evaporation of the solvent at room temperature.

Figure 3. Thermal ellipsoid plot for 3k with 50% probability.
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Table 3. Synthesis of 3 via 5a,b
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Table 3. continued

aA solution of 2 (0.75 mmol) and propargylamine (3 equiv) in toluene (4 mL) was stirred at 60 °C. A solution of 5 (0.18 mmol) in EtOH (2 mL)
was stirred at 120 °C. bIsolated yield (%).
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(2-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(phenyl)-

methanone (3a).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 162.7−163.1 °C (30.5 mg, 98%); 1H NMR
(400 MHz, CDCl3) δ 8.34 (d, J = 2.4 Hz, 1H), 7.80 (d, J = 8.0
Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.60 (s, 1H), 7.54 (t, J = 7.6
Hz, 2H), 7.15 (d, J = 3.6 Hz, 1H), 6.97 (s, 1H), 6.76 (t, J = 3.2
Hz, 1H), 2.39 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ
189.1, 142.8, 138.9, 137.7, 133.1, 129.6, 128.9, 122.09, 122.05,
121.6, 118.8, 113.4, 110.5, 103.7, 14.2; HRMS (ESI-QTOF)
m/z [M + H]+ calcd for C17H14N3O 276.1131, found
276.1132.

Synthesis of 3a′. A mixture of 2a (0.11 mmol, 1.0 equiv) and

propargyl amine (3.0 equiv) in ethyl alcohol (0.5 mL) was stirred at

120 °C for 30 min (a heating mantle was used). The reaction was

carried out in a 7 mL sealed vial. The reaction mixture was

concentrated in vacuo to yield the crude product, which was purified

by silica gel column chromatography (hexane/ethyl acetate/dichloro-

methane = 6:1:2) to afford 3a′ (8.1 mg, 26%) as a yellow solid along

with 3a (21.5 mg, 69%) as a yellow solid. X-ray crystal structure of 3a′

was obtained via dissolution of the compound in a mixed solvent

(dichloromethane/hexane, 1:1) and slow evaporation of the solvent at

room temperature.

(3-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(phenyl)-
methanone (3a′).

Hexane/ethyl acetate/dichloromethane (6:1:2) as the eluent;
Yellow solid, mp: 191.5−192.4 °C (8.1 mg, 26%); 1H NMR
(400 MHz, CDCl3) δ 8.26 (s, 1H), 7.86 (d, J = 7.6 Hz, 2H),
7.69 (t, J = 7.6 Hz, 1H), 7.57 (t, J = 7.2 Hz, 2H), 7.48 (s, 1H),
7.15 (s, 2H), 6.77 (s, 1H), 2.32 (s, 3H); 13C{1H} NMR (100
MHz, CDCl3) δ 189.2, 139.0, 137.6, 133.4, 130.1, 129.8, 129.0,
122.6, 122.4, 122.0, 118.8, 118.3, 113.3, 103.5, 8.9; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C17H14N3O 276.1131,
found 276.1148.

(2-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(p-tolyl)-
methanone (3b).

Hexane/ethyl acetate/dichloromethane (5:1:2) as the eluent;
Yellow solid, mp: 162.6−163.0 °C (26.1 mg, 82%); 1H NMR
(400 MHz, CDCl3) δ 8.26 (d, J = 3.2 Hz, 1H), 7.72 (d, J = 8.0
Hz, 2H), 7.59 (s, 1H), 7.34 (d, J = 7.6 Hz, 2H), 7.15 (d, J =
4.0 Hz, 1H), 6.96 (s, 1H), 6.75 (t, J = 3.6 Hz, 1H), 2.47 (s,
3H), 2.39 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 188.8,
144.2, 142.6, 138.9, 134.9, 129.9, 129.6, 122.2, 122.1, 120.9,
118.7, 113.3, 110.5, 103.6, 21.9, 14.2; HRMS (ESI-QTOF) m/
z [M + H]+ calcd for C18H16N3O 290.1288, found 290.1292.

(3-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(p-tolyl)-
methanone (3b′).

Hexane/ethyl acetate/dichloromethane (5:1:2) as the eluent;
Yellow solid, mp: 249.6−250.1 °C (2.3 mg, 7%); 1H NMR
(400 MHz, CDCl3) δ 8.19−8.16 (m, 1H), 7.77 (d, J = 8.0 Hz,
2H), 7.46 (s, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 4.0
Hz, 2H), 6.75 (t, J = 2.8 Hz, 1H), 2.49 (s, 3H), 2.33 (s, 3H);

Scheme 2. Scale-Up Reactions
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13C{1H} NMR (100 MHz, CDCl3) δ 188.8, 144.5, 139.0,
134.8, 130.0, 129.9, 129.7, 122.60, 122.57, 122.0, 118.2, 118.1,
113.2, 103.3, 21.9, 8.9; HRMS (ESI-QTOF) m/z [M + H]+
calcd for C18H16N3O 290.1288, found 290.1293.

(2-Methoxyphenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]-

pyrazin-6-yl)methanone (3c).

Scheme 3. Applications
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Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 215.5−215.9 °C (29.6 mg, 88%); 1H NMR
(400 MHz, CDCl3) δ 8.66 (d, J = 3.2 Hz, 1H), 7.56 (s, 1H),
7.52 (t, J = 8.2 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.16 (d, J =
3.6 Hz, 1H), 7.08 (t, J = 7.4 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H),
6.93 (s, 1H), 6.77 (t, J = 3.2 Hz, 1H), 3.77 (s, 3H), 2.37 (s,
3H); 13C{1H} NMR (100 MHz, CDCl3) δ 188.8, 157.3, 142.8,
139.2, 132.6, 129.6, 127.5, 122.9, 122.8, 122.0, 120.8, 119.3,
113.3, 111.7, 110.4, 103.8, 55.9, 14.2; HRMS (ESI-QTOF) m/
z [M + H]+ calcd for C18H16N3O2 306.1237, found 306.1236.

(2-Methoxyphenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]-

pyrazin-6-yl)methanone (3c′).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 238.2−239.1 °C (1.7 mg, 5%); 1H NMR
(400 MHz, CDCl3) δ 8.57 (s, 1H), 7.55 (t, J = 7.8 Hz, 1H),
7.45 (d, J = 7.5 Hz, 2H), 7.15−7.08 (m, 3H), 7.05 (d, J = 8.4
Hz, 1H), 6.77 (s, 1H), 3.78 (s, 3H), 2.27 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 188.8, 157.5, 132.9, 130.1, 129.9,
127.4, 123.4, 122.5, 121.8, 120.8, 120.0, 118.8, 113.2, 111.8,

Scheme 4. Derivatization
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103.3, 77.4, 55.9, 8.9; HRMS (ESI-QTOF) m/z [M + H]+
calcd for C18H16N3O2 306.1237, found 306.1247.

(3-Methoxyphenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]-

pyrazin-6-yl)methanone (3d).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 136.1−136.5 °C (25.5 mg, 76%); 1H NMR
(400 MHz, CDCl3) δ 8.34−8.30 (m, 1H), 7.64 (s, 1H), 7.43
(t, J = 7.8 Hz, 1H), 7.36−7.30 (m, 2H), 7.18 (d, J = 8.4 Hz,
1H), 7.14 (d, J = 3.6 Hz, 1H), 6.97 (s, 1H), 6.75 (t, J = 3.4 Hz,
1H), 3.87 (s, 3H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 188.9, 159.9, 142.8, 138.9, 129.8, 122.1, 122.04,
121.98, 121.6, 119.2, 118.8, 114.2, 113.3, 110.5, 103.6, 55.7,
14.2; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C18H16N3O2 306.1237, found 306.1236.

(3-Methoxyphenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]-

pyrazin-6-yl)methanone (3d′).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 184.1−184.5 °C (1.0 mg, 3%); 1H NMR
(400 MHz, CDCl3) δ 8.25−8.24 (m, 1H), 7.51−7.49 (m, 1H),
7.44 (t, J = 7.4 Hz, 1H), 7.38 (d, J = 6.5 Hz, 2H), 7.20 (d, J =
8.4 Hz, 1H), 7.13 (s, 2H), 6.75 (s, 1H), 3.88 (s, 3H), 2.32 (s,
3H); 13C{1H} NMR (100 MHz, CDCl3) δ 188.8, 160.0, 138.8,
130.0, 129.8, 122.6, 122.3, 122.2, 122.0, 119.7, 118.9, 118.3,
114.2, 113.2, 103.4, 77.4, 55.7, 8.9; HRMS (ESI-QTOF) m/z
[M + H]+ calcd for C18H16N3O2 306.1237, found 306.1242.

(4-Methoxyphenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]-
pyrazin-6-yl)methanone (3e).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Orange solid, mp: 174.3−174.7 °C (31.9 mg, 95%); 1H NMR
(400 MHz, CDCl3) δ 8.12 (d, J = 2.8 Hz, 1H), 7.83 (d, J = 8.4
Hz, 2H), 7.55 (s, 1H), 7.12 (d, J = 3.2 Hz, 1H), 7.00 (d, J =
8.4 Hz, 2H), 6.97 (s, 1H), 6.72 (t, J = 3.6 Hz, 1H), 3.90 (s,
3H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.7,
163.9, 142.4, 138.8, 132.2, 129.9, 122.3, 122.1, 119.7, 118.5,
114.2, 113.2, 110.5, 103.4, 55.8, 14.2; HRMS (ESI-QTOF) m/
z [M + H]+ calcd for C18H16N3O2 306.1237, found 306.1240.

(4-Methoxyphenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]-
pyrazin-6-yl)methanone (3e′).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 193.0−193.5 °C (1.0 mg, 3%); 1H NMR
(400 MHz, CDCl3) δ 8.03 (dd, J = 2.8, 1.2 Hz, 1H), 7.86 (d, J
= 8.8 Hz, 2H), 7.40 (s, 1H), 7.12−7.09 (m, 2H), 7.01 (d, J =
8.8 Hz, 2H), 6.72−6.70 (m, 1H), 3.90 (s, 3H), 2.32 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 187.7, 164.1, 138.9,
132.3, 129.8, 129.7, 122.7, 122.6, 122.0, 117.9, 117.0, 114.2,
113.1, 103.2, 55.8, 9.0; HRMS (ESI-QTOF) m/z [M + H]+
calcd for C18H16N3O2 306.1237, found 306.1241.

(4-Fluorophenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-
6-yl)methanone (3f).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 199.6−200.0 °C (25.5 mg, 79%); 1H NMR
(400 MHz, CDCl3) δ 8.22 (d, J = 2.8 Hz, 1H), 7.87−7.79 (m,
2H), 7.56 (s, 1H), 7.20 (t, J = 8.4 Hz, 2H), 7.12 (d, J = 4.0 Hz,
1H), 6.96 (s, 1H), 6.73 (t, J = 3.2 Hz, 1H), 2.36 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 187.5, 167.0 (J = 249.0
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Hz), 142.8, 138.8, 133.8 (J = 4.0 Hz), 132.2 (J = 8.0 Hz),
122.1, 121.9, 121.0, 118.6, 116.2 (J = 22.0 Hz), 113.4, 110.5,
103.6, 14.2; 19F NMR (376 MHz, CDCl3) δ − 104.5; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C17H13FN3O 294.1037,
found 294.1040.

(4-Fluorophenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-

6-yl)methanone (3f′).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 242.3−242.8 °C (1.9 mg, 6%); 1H NMR
(400 MHz, Acetone-d6) δ 8.18 (dd, J = 2.8, 1.2 Hz, 1H), 8.13
(dd, J = 8.8, 5.6 Hz, 2H), 7.92 (s, 1H), 7.39 (d, J = 8.8 Hz,
2H), 7.10 (d, J = 1.0 Hz, 1H), 6.97 (dd, J = 4.0, 1.6 Hz, 1H),
6.74−6.71 (m, 1H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 187.6, 165.9 (J = 254.0 Hz), 139.0, 133.7 (J = 6.0
Hz), 132.4 (J = 9.0 Hz), 130.1, 122.6, 122.4, 122.0, 118.3,
118.2, 116.3 (J = 22.0 Hz), 113.4, 103.5, 8.9; 19F NMR (376
MHz, CDCl3) δ − 104.1; HRMS (ESI-QTOF) m/z [M + H]+
calcd for C17H13FN3O 294.1037, found 294.1044.

(4-Chlorophenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-

6-yl)methanone (3g).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Yellow solid, mp: 198.2−198.6 °C (26.2 mg, 77%); 1H NMR
(400 MHz, CDCl3) δ 8.26 (d, J = 3.2 Hz, 1H), 7.73 (d, J = 8.4
Hz, 2H), 7.57 (s, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.12 (d, J =
3.2 Hz, 1H), 6.96 (s, 1H), 6.73 (t, J = 3.6 Hz, 1H), 2.36 (s,
3H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.8, 142.9, 139.5,
138.8, 135.9, 131.0, 129.2, 122.0, 121.8, 121.4, 118.7, 113.4,
110.5, 103.7, 14.2; HRMS (ESI-QTOF) m/z [M + H]+ calcd
for C17H13ClN3O 310.0742, found 310.0744.

(4-Chlorophenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-
6-yl)methanone (3g′).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Yellow solid, mp: 230.1−230.5 °C (6.1 mg, 18%); 1H NMR
(400 MHz, CDCl3) δ 8.22−8.20 (m, 1H), 7.81 (d, J = 8.4 Hz,
2H), 7.54 (d, J = 8.4 Hz, 2H), 7.43 (s, 1H), 7.14 (d, J = 3.6
Hz, 2H), 6.76 (t, J = 3.6 Hz, 1H), 2.33 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 187.9, 139.9, 139.0, 135.9, 131.1, 130.2,
129.3, 122.6, 122.2, 122.0, 118.7, 118.2, 113.4, 103.6, 8.9;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C17H13ClN3O
310.0742, found 310.0746.

(3-Bromophenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-
6-yl)methanone (3h).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 211.0−211.4 °C (24.9 mg, 64%); 1H NMR
(400 MHz, CDCl3) δ 8.33 (d, J = 3.2 Hz, 1H), 7.93 (s, 1H),
7.77 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.60 (s,
1H), 7.41 (t, J = 8.0 Hz, 1H), 7.15 (d, J = 3.6 Hz, 1H), 6.99 (s,
1H), 6.76 (t, J = 3.4 Hz, 1H), 2.39 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 187.5, 143.0, 139.5, 138.9, 135.9, 132.3,
130.4, 128.0, 123.1, 122.1, 122.0, 121.7, 118.9, 113.5, 110.6,
103.8, 14.3; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C17H13BrN3O 354.0237, found 354.0234.

(3-Bromophenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-
6-yl)methanone (3h′).

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://doi.org/10.1021/acs.joc.4c01576
J. Org. Chem. 2024, 89, 17966−17990

17978

https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.4c01576?fig=&ref=pdf
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.4c01576?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 233.5−233.9 °C (3.9 mg, 10%); 1H NMR
(400 MHz, CDCl3) δ 8.27 (s, 1H), 8.00 (s, 1H), 7.81 (d, J =
8.0 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.46−7.42 (m, 2H),
7.16 (s, 2H), 6.78−6.67 (m, 1H), 2.34 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 187.6, 139.4, 139.0, 136.2, 132.6, 130.4,
130.3, 128.2, 123.3, 122.6, 122.0, 119.3, 118.3, 113.5, 103.7,
77.4, 9.0; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C17H13BrN3O 354.0237, found 354.0238.

(4-Bromophenyl)(2-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-

6-yl)methanone (3i).

Hexane/ethyl acetate/dichloromethane (5:1:2) as the eluent;
Yellow solid, mp: 179.3−179.7 °C (27.3 mg, 70%); 1H NMR
(400 MHz, CDCl3) δ 8.33−8.29 (m, 1H), 7.73−7.66 (m, 4H),
7.58 (s, 1H), 7.17 (d, J = 4.0 Hz, 1H), 6.99 (s, 1H), 6.77 (t, J =
3.4 Hz, 1H), 2.40 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3)
δ 188.0, 143.0, 138.9, 136.4, 132.2, 131.1, 128.2, 122.1, 121.8,
121.5, 118.8, 113.5, 110.5, 103.8, 14.3; HRMS (ESI-QTOF)
m/z [M + H]+ calcd for C17H13BrN3O 354.0237, found
354.0233.

(4-Bromophenyl)(3-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-

6-yl)methanone (3i′).

Hexane/ethyl acetate/dichloromethane (5:1:2) as the eluent;
Yellow solid, mp: 253.4−253.8 °C (4.7 mg, 12%); 1H NMR
(400 MHz, CDCl3) δ 8.23−8.22 (m, 1H), 7.75−7.70 (m, 4H),
7.44 (s, 1H), 7.15 (d, J = 4.0 Hz, 2H), 6.79−6.75 (m, 1H),
2.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 188.0,
136.3, 132.3, 131.2, 130.2, 128.5, 122.6, 122.2, 122.0, 118.8,
118.3, 113.4, 103.6, 77.4, 9.0; HRMS (ESI-QTOF) m/z [M +
H]+ calcd for C17H13BrN3O 354.0237, found 354.0239.

4-(2-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazine-6-carbonyl)-
benzonitrile (3j).

Hexane/ethyl acetate/dichloromethane (2:1:2) as the eluent;
Orange solid, mp: 285.4−285.8 °C (18.8 mg, 57%); 1H NMR
(400 MHz, CDCl3) δ 8.41 (d, J = 3.6 Hz, 1H), 7.91−7.84 (m,
4H), 7.57 (s, 1H), 7.19 (d, J = 3.2 Hz, 1H), 6.99 (s, 1H), 6.80
(t, J = 3.4 Hz, 1H), 2.40 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 187.5, 143.4, 141.5, 139.0, 132.7, 129.9, 122.6,
122.1, 121.5, 119.0, 117.8, 116.3, 113.8, 110.5, 104.2, 14.3;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C18H13N4O
301.1084, found 301.1086.

4-(3-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazine-6-carbonyl)-
benzonitrile (3j′).

Hexane/ethyl acetate/dichloromethane (2:1:2) as the eluent;
Yellow solid, mp: 242.7−243.1 °C (9.9 mg, 30%); 1H NMR
(400 MHz, CDCl3) δ 8.34−8.32 (m, 1H), 7.94 (d, J = 8.4 Hz,
2H), 7.88 (d, J = 8.0 Hz, 2H), 7.42 (s, 1H), 7.18 (d, J = 2.0
Hz, 2H), 6.81−6.79 (m, 1H), 2.33 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 187.5, 141.3, 132.8, 130.6, 130.0, 122.0,
121.9, 119.9, 118.5, 117.8, 116.6, 113.7, 104.0, 77.4, 14.3, 8.9;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C18H13N4O
301.1084, found 301.1091.

1-(2-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)ethan-1-
one (3k).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 199.4−199.8 °C (19.5 mg, 83%); 1H NMR
(400 MHz, CDCl3) δ 8.54 (d, J = 3.2 Hz, 1H), 7.82 (s, 1H),
7.05 (d, J = 3.2 Hz, 1H), 6.89 (s, 1H), 6.67 (t, J = 3.2 Hz, 1H),
2.52 (s, 3H), 2.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3)
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δ 190.2, 142.7, 138.8, 121.9, 121.6, 119.6, 119.4, 113.2, 110.3,
103.2, 26.6, 14.2; HRMS (ESI-QTOF) m/z [M + H]+ calcd
for C12H12N3O 214.0975, found 214.0976. The crystal 3k for
X-ray crystallographic analysis was obtained via dissolution of
the compound in a mixed solvent (dichloromethane/ethyl
acetate/EtOH, 1:1:1) and slow evaporation of the solvent at
room temperature.
Synthesis of 3k′. A mixture of 2k (0.64 mmol, 1.0 equiv) and

propargyl amine (3.0 equiv) in ethyl alcohol (2.8 mL) was stirred at

120 °C for 1 h (a heating mantle was used). The reaction was carried

out in a 7 mL sealed vial. The reaction mixture was concentrated in

vacuo to yield the crude product, which was purified by silica gel

column chromatography (hexane/ethyl acetate/dichloromethane =

1:1:1) to afford 3k′ (19.0 mg, 14%) as a yellow solid along with 3k

(95.1 mg, 70%) as a yellow solid.
1-(3-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)ethan-1-

one (3k′).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Yellow solid, mp: 183.7−184.2 °C (19.0 mg, 14%); 1H NMR
(400 MHz, CDCl3) δ 8.59 (s, 1H), 7.79 (d, J = 2.8 Hz, 1H),
7.14 (d, J = 2.4 Hz, 1H), 7.10 (s, 1H), 6.72 (d, J = 2.8 Hz,
1H), 2.66 (s, 3H), 2.45 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 190.5, 139.1, 130.2, 122.5, 122.3, 121.7, 119.2,
117.1, 113.3, 103.3, 26.8, 9.0; HRMS (ESI-QTOF) m/z [M +
H]+ calcd for C12H12N3O 214.0975, found 214.0977.

(2-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(naphthalen-

2-yl)methanone (3l).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 99.2−99.6 °C (28.3 mg, 79%); 1H NMR
(400 MHz, CDCl3) δ 8.37−8.26 (m, 2H), 8.04−7.93 (m, 3H),
7.89 (d, J = 8.4 Hz, 1H), 7.71−7.57 (m, 3H), 7.18 (d, J = 3.2
Hz, 1H), 6.95 (s, 1H), 6.77 (t, J = 3.4 Hz, 1H), 2.39 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 189.1, 142.7, 138.9,
135.5, 134.9, 132.3, 131.1, 129.4, 129.1, 128.9, 128.1, 127.4,
125.4, 122.3, 122.1, 121.4, 118.8, 113.4, 110.6, 103.7, 14.3;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C21H16N3O
326.1288, found 326.1285.

(3-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(naphthalen-
2-yl)methanone (3l′).

Hexane/ethyl acetate/dichloromethane (4:1:2) as the eluent;
Yellow solid, mp: 231.8−232.3 °C (3.9 mg, 11%); 1H NMR
(400 MHz, CDCl3) δ 8.36 (s, 1H), 8.24 (dd, J = 2.6, 1.2 Hz,
1H), 8.02 (d, J = 8.5 Hz, 1H), 7.98−7.93 (m, 3H), 7.68 (t, J =
7.5 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.53 (s, 1H), 7.18−7.14
(m, 2H), 6.78 (t, J = 3.2 Hz, 1H), 2.29 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 189.1, 139.0, 135.7, 134.8, 132.4, 131.4,
130.0, 129.5, 129.1, 129.0, 128.1, 127.5, 125.4, 122.7, 122.6,
122.1, 118.6, 118.2, 113.3, 103.5, 9.0; HRMS (ESI-QTOF) m/
z [M + H]+ calcd for C21H16N3O 326.1288, found 326.1294.

(9-Bromo-2-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)-
(phenyl)methanone (3m).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Yellow solid, mp: 193.3−193.7 °C (28.8 mg, 74%); 1H NMR
(400 MHz, CDCl3) δ 8.38 (s, 1H), 7.78 (d, J = 7.6 Hz, 2H),
7.67 (t, J = 7.4 Hz, 1H), 7.63 (s, 1H), 7.55 (t, J = 7.8 Hz, 2H),
7.13 (s, 1H), 7.00 (s, 1H), 2.39 (s, 3H); 13C{1H} NMR (100
MHz, CDCl3) δ 188.8, 143.2, 137.4, 137.3, 133.2, 129.6, 129.0,
122.6, 121.8, 121.2, 118.4, 110.9, 105.8, 102.7, 14.3; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C17H13BrN3O
354.0237, found 354.0233.

(9-Bromo-3-methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)-
(phenyl)methanone (3m′).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Yellow solid, mp: 190.7−191.2 °C (2.3 mg, 6%); 1H NMR
(400 MHz, CDCl3) δ 8.31 (d, J = 1.2 Hz, 1H), 7.84 (d, J = 7.2
Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 8.0 Hz, 2H), 7.49
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(s, 1H), 7.16 (s, 1H), 7.13 (d, J = 1.2 Hz, 1H), 2.32 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 188.8, 137.4, 137.3,
133.5, 130.5, 129.7, 129.0, 123.0, 122.4, 121.6, 119.1, 117.9,
105.6, 102.6, 8.9; HRMS (ESI-QTOF) m/z [M + H]+ calcd
for C17H13BrN3O 354.0237, found 354.0243.

(2-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazine-6,9-diyl)bis-
(phenylmethanone) (3n).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Yellow solid, mp: 207.5−208.2 °C (29.9 mg, 70%); 1H NMR
(400 MHz, CDCl3) δ 8.85 (d, J = 1.6 Hz, 1H), 7.95−7.91 (m,
2H), 7.82−7.79 (m, 2H), 7.72 (s, 1H), 7.67 (t, J = 7.6 Hz,
1H), 7.59−7.53 (m, 4H), 7.48 (t, J = 7.6 Hz, 2H), 7.02 (s,
1H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 190.8,
188.6, 143.3, 139.0, 138.2, 137.1, 133.4, 132.2, 129.6, 129.4,
129.0, 128.5, 127.3, 123.9, 123.3, 122.9, 121.5, 111.4, 104.9,
14.2; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C24H17N3O2 380.1394, found 380.1402.

(3-Methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazine-6,9-diyl)bis-
(phenylmethanone) (3n′).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Yellow solid, mp: 165.8−166.6 °C (10.6 mg, 25%); 1H NMR
(400 MHz, CDCl3) δ 8.78 (d, J = 1.6 Hz, 1H), 7.96−7.93 (m,
2H), 7.89−7.85 (m, 2H), 7.71 (t, J = 7.6 Hz, 1H), 7.60−7.56
(m, 5H), 7.50 (t, J = 7.6 Hz, 2H), 7.19 (d, J = 1.2 Hz, 1H),
2.35 (d, J = 0.8 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ
190.9, 188.6, 139.1, 138.3, 137.1, 133.7, 132.3, 130.6, 129.8,
129.4, 129.1, 128.5, 127.3, 123.6, 123.5, 123.0, 121.9, 120.7,
104.7, 8.9; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C24H17N3O2 380.1394, found 380.1392.
General Procedure for the Synthesis of 5. A mixture of 2a

(0.75 mmol, 1.0 equiv) and propargyl amine (3.0 equiv) in toluene
(4.0 mL) was stirred at 60 °C for 17 h (a heating mantle was used).
The reaction was carried out in a 20 mL sealed vial. The reaction
mixture was concentrated in vacuo to yield the crude product, which
was triturated with mixed solvent (hexane/dichloromethane = 5:1) to
afford 5a. Additional purification of the filtrate by silica gel column
chromatography (hexane/ethyl acetate/dichloromethane = 3:1:2)
furnished 5a. Overall, 5a was obtained in 96% yield (198.2 mg) as a
brown solid.
Scale-Up Experiment. A mixture of 2a (1.88 mmol, 1.0 equiv)

and propargyl amine (3.0 equiv) in toluene (8.0 mL) was stirred at 60
°C for 19 h (a heating mantle was used). The reaction mixture was
concentrated in vacuo to yield the crude product, which was triturated

with mixed solvent (hexane/dichloromethane = 5:1) to afford 5a.

Additional purification of the filtrate by silica gel column

chromatography (hexane/ethyl acetate/dichloromethane = 3:1:2)

furnished 5a. Overall, 5a was obtained in 95% yield (491.7 mg) as a

brown solid.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-4-

yl)(phenyl)methanone (5a).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Brown solid, mp: 165.8−166.2 °C (198.2 mg, 96%); 1H NMR
(400 MHz, CDCl3) δ 8.45−8.42 (m, 1H), 7.71 (d, J = 7.6 Hz,
2H), 7.59 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.46 (s,
1H), 6.89 (d, J = 4.0 Hz, 1H), 6.57 (t, J = 3.4 Hz, 1H), 4.76 (d,
J = 2.4 Hz, 2H), 2.40 (t, J = 2.4 Hz, 1H); 13C{1H} NMR (100
MHz, CDCl3) δ 188.1, 151.0, 138.5, 133.2, 132.0, 129.2, 128.6,
121.9, 121.6, 116.6, 112.4, 108.7, 76.9, 75.6, 38.0; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C17H14N3O 276.1131,
found 276.1135.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-4-

yl)(p-tolyl)methanone (5b).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 166.1−166.5 °C (204.0 mg, 94%); 1H NMR
(400 MHz, CDCl3) δ 8.38 (d, J = 3.6 Hz, 1H), 7.63 (d, J = 7.2
Hz, 2H), 7.43 (s, 1H), 7.29 (d, J = 7.6 Hz, 2H), 6.87 (d, J =
3.6 Hz, 1H), 6.55 (t, J = 3.2 Hz, 1H), 4.76 (d, J = 2.4 Hz, 2H),
2.45 (s, 3H), 2.42 (t, J = 2.4 Hz, 1H); 13C{1H} NMR (100
MHz, CDCl3) δ 187.9, 151.0, 142.8, 135.6, 132.6, 129.4, 129.3,
121.9, 121.5, 116.7, 112.3, 108.6, 77.1, 75.3, 37.9, 21.7; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C18H16N3O 290.1288,
found 290.1290.
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(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-4-
yl)(2-methoxyphenyl)methanone (5c).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 164.8−165.2 °C (210.7 mg, 92%); 1H NMR
(400 MHz, CDCl3) δ 8.66−8.63 (m, 1H), 7.46 (t, J = 7.8 Hz,
1H), 7.35 (s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.04 (t, J = 7.6 Hz,
1H), 7.00 (d, J = 8.4 Hz, 1H), 6.87 (d, J = 4.0 Hz, 1H), 6.56 (t,
J = 3.4 Hz, 1H), 4.70 (d, J = 2.4 Hz, 2H), 3.82 (s, 3H), 2.33 (t,
J = 2.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.1,
156.9, 151.1, 134.0, 131.8, 129.4, 127.9, 122.0, 121.8, 120.6,
117.5, 112.2, 111.5, 108.4, 76.9, 75.4, 55.8, 38.0; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C18H16N3O2 306.1237, found
306.1234.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-4-
yl)(3-methoxyphenyl)methanone (5d).

Hexane/ethyl acetate/dichloromethane (2:1:2) as the eluent;
Yellow solid, mp: 121.1−121.5 °C (226.7 mg, 99%); 1H NMR
(400 MHz, CDCl3) δ 8.44−8.41 (m, 1H), 7.51 (s, 1H), 7.40
(t, J = 7.8 Hz, 1H), 7.28 (s, 1H), 7.25−7.23 (m, 1H), 7.14−
7.10 (m, 1H), 6.89 (d, J = 4.0 Hz, 1H), 6.59−6.55 (m, 1H),
4.77 (d, J = 2.8 Hz, 2H), 3.87 (s, 3H), 2.42 (t, J = 2.6 Hz, 1H);
13C{1H} NMR (100 MHz, CDCl3) δ 187.7, 159.8, 150.9,
139.7, 133.3, 129.6, 121.9, 121.63, 121.57, 118.4, 116.5, 113.8,
112.4, 108.7, 77.0, 75.6, 55.6, 38.0; HRMS (ESI-QTOF) m/z
[M + H]+ calcd for C18H16N3O2 306.1237, found 306.1238.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-4-
yl)(4-methoxyphenyl)methanone (5e).

Hexane/ethyl acetate/dichloromethane (2:1:2) as the eluent;
Yellow solid, mp: 144.9−145.3 °C (222.1 mg, 97%); 1H NMR
(400 MHz, CDCl3) δ 8.32−8.29 (m, 1H), 7.74 (d, J = 8.8 Hz,
2H), 7.42 (s, 1H), 6.99 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 4.0
Hz, 1H), 6.55 (t, J = 3.4 Hz, 1H), 4.77 (d, J = 2.8 Hz, 2H),
3.90 (s, 3H), 2.43 (t, J = 2.4 Hz, 1H); 13C{1H} NMR (100
MHz, CDCl3) δ 187.0, 163.0, 151.0, 131.8, 131.5, 130.8, 122.0,
121.4, 116.6, 113.9, 112.3, 108.5, 75.3, 55.7, 37.8; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C18H16N3O2 306.1237,
found 306.1237.

(4-Fluorophenyl)(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo-

[1,2-a]pyrazin-4-yl)methanone (5f).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 176.4−176.8 °C (182.6 mg, 83%); 1H NMR
(400 MHz, CDCl3) δ 8.39−8.35 (m, 1H), 7.78−7.72 (m, 2H),
7.45 (s, 1H), 7.23−7.15 (m, 2H), 6.89 (d, J = 4.0 Hz, 1H),
6.57 (t, J = 3.4 Hz, 1H), 4.78 (d, J = 2.8 Hz, 2H), 2.44 (t, J =
2.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 186.6,
166.3 (J = 252.0 Hz), 150.9, 134.7 (J = 3.0 Hz), 132.8, 131.7 (J
= 9.0 Hz), 121.9, 121.5, 116.5, 116.0 (J = 22.0 Hz), 112.4,
108.8, 76.9, 75.8, 37.9; 19F NMR (376 MHz, CDCl3) δ −
106.7; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C17H13FN3O 294.1037, found 294.1041.

(4-Chlorophenyl)(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo-

[1,2-a]pyrazin-4-yl)methanone (5g).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 159.6−160.0 °C (209.1 mg, 90%); 1H NMR
(400 MHz, CDCl3) δ 8.40−8.36 (m, 1H), 7.66 (d, J = 7.6 Hz,
2H), 7.48 (d, J = 8.4 Hz, 2H), 7.44 (s, 1H), 6.88 (d, J = 4.0
Hz, 1H), 6.56 (t, J = 3.4 Hz, 1H), 4.77 (d, J = 2.4 Hz, 2H),
2.45 (t, J = 3.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ
186.6, 150.8, 138.3, 136.8, 133.0, 130.6, 128.9, 121.9, 121.6,
116.4, 112.4, 108.8, 75.8, 37.9; HRMS (ESI-QTOF) m/z [M +
H]+ calcd for C17H13ClN3O 310.0742, found 310.0747.
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(3-Bromophenyl)(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo-

[1,2-a]pyrazin-4-yl)methanone (5h).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 159.2−159.6 °C (217.8 mg, 82%); 1H NMR
(400 MHz, CDCl3) δ 8.45−8.40 (m, 1H), 7.85 (s, 1H), 7.71
(d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.53 (s, 1H),
7.39 (t, J = 8.0 Hz, 1H), 6.89 (d, J = 4.0 Hz, 1H), 6.57 (t, J =
3.4 Hz, 1H), 4.79 (d, J = 2.4 Hz, 2H), 2.50 (t, J = 2.6 Hz, 1H);
13C{1H} NMR (100 MHz, CDCl3) δ 186.1, 150.8, 140.3,
134.8, 133.5, 132.1, 130.3, 127.7, 122.7, 121.8, 121.6, 116.2,
112.5, 108.8, 76.8, 76.3, 37.9; HRMS (ESI-QTOF) m/z [M +
H]+ calcd for C17H13BrN3O 354.0237, found 354.0234.

(4-Bromophenyl)(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo-

[1,2-a]pyrazin-4-yl)methanone (5i).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Brown solid, mp: 158.7−159.1 °C (252.4 mg, 95%); 1H NMR
(400 MHz, CDCl3) δ 8.39 (d, J = 2.4 Hz, 1H), 7.65 (d, J = 8.4
Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.44 (s, 1H), 6.89 (d, J =
4.0 Hz, 1H), 6.57 (t, J = 3.2 Hz, 1H), 4.78 (d, J = 2.4 Hz, 2H),
2.45 (t, J = 2.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ
186.8, 150.8, 137.2, 133.1, 131.9, 130.7, 126.8, 121.9, 121.6,
116.4, 112.5, 108.8, 75.8, 38.0; HRMS (ESI-QTOF) m/z [M +
H]+ calcd for C17H13BrN3O 354.0237, found 354.0242.

4-(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]-

pyrazine-4-carbonyl)benzonitrile (5j). Hexane/ethyl acetate/di-

chloromethane (2:1:2) as the eluent; Yellow solid, mp: 269.3−

269.7 °C (220.7 mg, 98%); 1H NMR (400 MHz, CDCl3) δ 8.44 (d, J

= 2.8 Hz, 1H), 7.83−7.77 (m, 4H), 7.43 (s, 1H), 6.90 (d, J = 4.0 Hz,

1H), 6.59 (t, J = 3.4 Hz, 1H), 4.78 (d, J = 2.4 Hz, 2H), 2.45 (t, J = 2.2

Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 185.9, 150.7, 142.4,

133.9, 132.5, 129.5, 121.73, 121.71, 118.0, 116.2, 115.3, 112.7, 109.1,

76.6, 76.3, 38.1; HRMS (ESI-QTOF) m/z [M + H]+ calcd for

C18H13N4O 301.1084, found 301.1084.

1-(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-
4-yl)ethan-1-one (5k).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Ivory solid, mp: 139.5−139.9 °C (120.4 mg, 75%); 1H NMR
(400 MHz, CDCl3) δ 8.51 (d, J = 2.8 Hz, 1H), 7.76 (s, 1H),
6.82 (d, J = 4.0 Hz, 1H), 6.49 (t, J = 3.2 Hz, 1H), 4.83 (d, J =
2.0 Hz, 2H), 2.57 (t, J = 2.4 Hz, 1H), 2.48 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 188.8, 151.0, 129.5, 122.1, 121.9,
116.9, 112.2, 108.4, 75.8, 37.9, 25.8; HRMS (ESI-QTOF) m/z
[M + H]+ calcd for C12H12N3O 214.0975, found 214.0976.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazin-4-
yl)(naphthalen-2-yl)methanone (5l).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 158.4−158.8 °C (205.0 mg, 84%); 1H NMR
(400 MHz, CDCl3) δ 8.47−8.44 (m, 1H), 8.22 (s, 1H), 7.97
(d, J = 8.8 Hz, 1H), 7.94 (d, J = 7.6 Hz, 2H), 7.83 (d, J = 8.4
Hz, 1H), 7.66−7.58 (m, 2H), 7.57 (s, 1H), 6.91 (d, J = 4.0 Hz,
1H), 6.59 (t, J = 3.4 Hz, 1H), 4.76 (d, J = 2.4 Hz, 2H), 2.33 (t,
J = 2.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.9,
151.0, 135.6, 135.0, 133.2, 132.4, 130.1, 129.1, 128.8, 128.3,
128.0, 127.2, 125.6, 122.0, 121.6, 116.8, 112.4, 108.7, 77.0,
75.6, 37.9; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C21H16N3O 326.1288, found 326.1286.

(7-Bromo-1-imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]-
pyrazin-4-yl)(phenyl)methanone (5m).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Ivory solid, mp: 137.8−138.2 °C (220.5 mg, 83%); 1H NMR
(400 MHz, CDCl3) δ 8.46 (s, 1H), 7.68 (d, J = 7.2 Hz, 2H),
7.59 (t, J = 7.4 Hz, 1H), 7.53−7.45 (m, 3H), 6.87 (s, 1H), 4.74
(d, J = 2.0 Hz, 2H), 2.43 (t, J = 2.4 Hz, 1H); 13C{1H} NMR
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(100 MHz, CDCl3) δ 187.7, 149.6, 138.1, 133.2, 132.1, 129.1,
128.7, 122.4, 121.2, 115.9, 110.5, 100.9, 76.6, 76.1, 38.2;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C17H13BrN3O
354.0237, found 354.0234.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrrolo[1,2-a]pyrazine-
4,7-diyl)bis(phenylmethanone) (5n).

Hexane/ethyl acetate/dichloromethane (1:1:1) as the eluent;
Yellow solid, mp: 145.7−146.3 °C (266.8 mg, 94%); 1H NMR
(400 MHz, CDCl3) δ 8.92 (d, J = 0.8 Hz, 1H), 7.89 (d, J = 7.6
Hz, 2H), 7.70 (d, J = 7.2 Hz, 2H), 7.62 (s, 1H), 7.60−7.55 (m,
2H), 7.50 (td, J = 7.6, 2.8 Hz, 5H), 7.43 (d, J = 0.8 Hz, 1H),
4.77 (d, J = 2.4 Hz, 2H), 2.45 (t, J = 2.4 Hz, 1H); 13C{1H}
NMR (100 MHz, CDCl3) δ 190.4, 187.8, 150.4, 139.0, 137.9,
134.7, 132.28, 132.26, 129.2, 129.1, 128.7, 128.6, 126.52,
126.46, 123.1, 115.7, 110.3, 76.4, 76.2, 38.2; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C24H17N3O2 380.1394, found
380.1399.
General Procedure for the Synthesis of 3 from 5. A mixture

of 5a (0.18 mmol, 1.0 equiv) in ethyl alcohol (2.0 mL) was stirred at
120 °C for 1 h (a heating mantle was used). The reaction was carried
out in a 7 mL sealed vial. The reaction mixture was concentrated in
vacuo to yield the crude product, which was purified by silica gel
column chromatography (hexane/ethyl acetate/dichloromethane =
3:1:2) to afford 3a (49.8 mg, 100%) as a yellow solid.
Scale-Up Experiment. A mixture of 5a (1.09 mmol, 1.0 equiv) in

ethyl alcohol (6.0 mL) was stirred at 120 °C for 2 h (a heating mantle
was used). The reaction was carried out in a 20 mL sealed vial. The
reaction mixture was concentrated in vacuo to yield the crude product,
which was purified by silica gel column chromatography (hexane/
ethyl acetate/dichloromethane = 3:1:2) to afford 3a (276.1 mg, 92%)
as a yellow solid.
Synthesis of 7. A mixture of 6 (0.75 mmol, 1.0 equiv) and

propargyl amine (3.0 equiv) in toluene (4.0 mL) was stirred at 60 °C
for 18 h (a heating mantle was used). The reaction was carried out in
a 20 mL sealed vial. The reaction mixture was concentrated in vacuo
to yield the crude product, which was suspended in dichloromethane
(1.5 mL) and filtered to afford 7 (203.1 mg, 98%) as an ivory solid.

(8-Imino-7-(prop-2-yn-1-yl)-7,8-dihydroimidazo[1,2-a]pyrazin-5-
yl)(phenyl)methanone (7).

Ivory solid, mp: 150.5−150.9 °C (203.1 mg, 98%); 1H NMR
(400 MHz, CDCl3) δ 8.59 (s, 1H), 8.54 (s, 1H), 7.73 (s, 1H),
7.71 (d, J = 8.0 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.52 (t, J =
7.6 Hz, 2H), 7.45 (s, 1H), 4.81 (d, J = 2.4 Hz, 2H), 2.48 (t, J =

2.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.3,
149.3, 137.7, 135.6, 133.8, 132.44, 132.37, 129.1, 128.8, 119.0,
115.4, 76.7, 76.1, 38.4; HRMS (ESI-QTOF) m/z [M + H]+
calcd for C16H13N4O 277.1084, found 277.1085.
Synthesis of 8. A mixture of 7 (0.18 mmol, 1.0 equiv) in ethyl

alcohol (2.0 mL) was stirred at 120 °C for 7 h (a heating mantle was
used). The reaction was carried out in a 7 mL sealed vial. The
reaction mixture was concentrated in vacuo to yield the crude product,
which was purified by silica gel column chromatography (ethyl
acetate/dichloromethane = 1:1) to afford 8 (42.8 mg, 86%) as an
ivory solid.

(9-Methyldiimidazo[1,2-a:2′ ,1′-c]pyrazin-5-yl)(phenyl)-
methanone (8).

Ivory solid, mp: 257.4−257.8 °C (42.8 mg, 86%); 1H NMR
(400 MHz, CDCl3) δ 8.54 (s, 1H), 7.94 (s, 1H), 7.83 (d, J =
6.8 Hz, 2H), 7.69 (t, J = 7.2 Hz, 1H), 7.62 (s, 1H), 7.57 (t, J =
7.4 Hz, 2H), 7.18 (s, 1H), 2.43 (s, 3H); 13C{1H} NMR (100
MHz, CDCl3) δ 188.4, 144.7, 137.0, 133.4, 133.0, 129.8, 129.6,
129.2, 129.1, 122.6, 121.4, 116.5, 112.0, 14.4; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C16H13N4O 277.1084, found
277.1085.
General Procedure for the Synthesis of 10 and 11. A mixture

of 9 (0.55 mmol 1.0 equiv) and propargyl amine (3.0 equiv) in
toluene (4.0 mL) was stirred at 60 °C for 19 h (a heating mantle was
used). The reaction was carried out in a 20 mL sealed vial. The
reaction mixture was concentrated in vacuo to yield the crude product,
which was triturated with mixed solvent (hexane/dichloromethane =
5:1) to afford 10 and 11. Additional purification of the filtrate by silica
gel column chromatography (hexane/ethyl acetate/dichloromethane
= 3:1:2) furnished 10 (65.4 mg, 37%) as a yellow solid and 11 (71.5
mg, 40%) as a yellow solid.

(1-Imino-2-(prop-2-yn-1-yl)-1,2-dihydropyrazino[1,2-a]indol-4-
yl)(phenyl)methanone (10).

Yellow solid, mp: 170.8−171.2 °C (65.4 mg, 37%); 1H NMR
(400 MHz, CDCl3) δ 7.95 (d, J = 7.6 Hz, 2H), 7.79 (s, 1H),
7.69 (d, J = 8.0 Hz, 1H), 7.63 (t, J = 7.2 Hz, 1H), 7.51 (t, J =
7.6 Hz, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.25−7.20 (m, 2H),
7.19 (s, 1H), 7.14 (s, 1H), 4.71 (d, J = 2.0 Hz, 2H), 2.35 (t, J =
2.8 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 185.9,
151.7, 137.2, 133.8, 133.3, 130.1, 129.2, 128.8, 128.6, 126.9,
124.1, 122.3, 121.7, 118.7, 115.9, 103.2, 77.1, 75.1, 37.9;
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HRMS (ESI-QTOF) m/z [M + H]+ calcd for C21H16N3O
326.1288, found 326.1291.

Phenyl(1-(prop-2-yn-1-ylamino)-1,2-dihydropyrazino[1,2-a]-

indol-4-yl)methanone (11).

Yellow solid, mp: 170.7−171.3 °C (71.5 mg, 40%); 1H NMR
(400 MHz, CDCl3) δ 8.04 (d, J = 7.5 Hz, 2H), 7.80 (d, J = 8.0
Hz, 1H), 7.75 (d, J = 8.8 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H),
7.59 (s, 1H), 7.53 (t, J = 7.2 Hz, 2H), 7.36−7.28 (m, 2H), 6.99
(s, 1H), 5.79 (s, 1H), 4.43 (dd, J = 5.2, 2.4 Hz, 2H), 2.32 (t, J
= 2.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.8,
152.6, 137.5, 137.3, 133.1, 132.1, 130.3, 128.5, 128.3, 123.4,
123.0, 122.9, 121.8, 116.2, 95.5, 92.2, 79.6, 72.0, 30.8; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C21H16N3O 326.1288,
found 326.1295.
General Procedure for the Synthesis of 12 and 13. A mixture

of 10 (0.15 mmol, 1.0 equiv) in ethyl alcohol (2.0 mL) was stirred at

120 °C for 1 h (a heating mantle was used). The reaction was carried

out in a 7 mL sealed vial. The reaction mixture was concentrated in

vacuo to yield the crude product, which was purified by silica gel

column chromatography (hexane/ethyl acetate/dichloromethane =

5:1:2) to afford 12 (39.0 mg, 80%) as a yellow solid.

(2-Methylimidazo[2′,1′:3,4]pyrazino[1,2-a]indol-6-yl)(phenyl)-

methanone (12).

Hexane/ethyl acetate/dichloromethane (5:1:2) as the eluent;
Yellow solid, mp: 259.7−261.1 °C (39.0 mg, 80%); 1H NMR
(400 MHz, CDCl3) δ 8.05 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.0
Hz, 1H), 7.71 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.8 Hz, 2H), 7.45
(s, 1H), 7.35−7.26 (m, 3H), 7.18 (t, J = 7.8 Hz, 1H), 7.04 (s,
1H), 2.44 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 187.6,
142.5, 138.2, 136.2, 134.6, 132.2, 130.5, 129.7, 129.2, 126.6,
124.9, 122.8, 122.6, 121.8, 115.2, 114.2, 111.9, 98.0, 14.3;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C21H16N3O
326.1288, found 326.1285.

(3-Methylimidazo[2′,1′:3,4]pyrazino[1,2-a]indol-6-yl)(phenyl)-
methanone (13).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Yellow solid, mp: 174.4−174.9 °C (42.5 mg, 87%); 1H NMR
(400 MHz, CDCl3) δ 8.04 (d, J = 7.2 Hz, 2H), 7.79 (d, J = 8.0
Hz, 1H), 7.69 (t, J = 7.2 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 7.42
(s, 1H), 7.28−7.26 (m, 2H), 7.20−7.12 (m, 3H), 2.38 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 187.9, 138.2, 136.2,
134.8, 132.0, 130.4, 130.0, 129.8, 129.3, 127.1, 125.3, 123.6,
122.8, 122.6, 121.7, 114.0, 112.0, 97.8, 9.0; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C21H16N3O 326.1288, found
326.1291.
Synthesis of 14. A mixture of 2a (0.11 mmol, 1.0 equiv) and 1-

methyl-prop-2-ynylamine (3.0 equiv) in ethyl alcohol (3.0 mL) was
stirred at 120 °C for 28 h (a heating mantle was used). The reaction
was carried out in a 7 mL sealed vial. The reaction mixture was
concentrated in vacuo to yield the crude product, which was purified
by silica gel column chromatography (hexane/ethyl acetate/dichloro-
methane = 4:1:2) to afford 14 (27.5 mg, 84%) as a yellow solid.

(2,3-Dimethylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(phenyl)-
methanone (14).

Yellow solid, mp: 198.0−198.4 °C (27.5 mg, 84%); 1H NMR
(400 MHz, CDCl3) δ 8.31 (d, J = 3.2 Hz, 1H), 7.83 (d, J = 7.6
Hz, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.43
(s, 1H), 7.13 (d, J = 3.6 Hz, 1H), 6.75 (t, J = 3.2 Hz, 1H), 2.33
(s, 3H), 2.23 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ
189.2, 138.2, 137.8, 137.7, 133.1, 129.7, 128.9, 122.3, 121.8,
119.5, 118.2, 116.9, 113.2, 103.0, 13.2, 8.2; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C18H16N3O 290.1288, found
290.1290.
Synthesis of 15. A mixture of 2a (0.04 mmol, 1.0 equiv), but-2-

yn-1-amine hydrochloride (3.0 equiv), and triethylamine (3.0 equiv)
in ethyl alcohol (1.0 mL) was stirred at 120 °C for 18 h (a heating
mantle was used). The reaction was carried out in a 7 mL sealed vial.
The reaction mixture was concentrated in vacuo to yield the crude
product, which was purified by silica gel column chromatography
(hexane:ethyl acetate:dichloromethane = 3:1:2) to afford 15 (7.0 mg,
64%) as a yellow solid.
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(2-Ethylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)(phenyl)-
methanone (15).

Yellow solid, mp: 166.7−167.0 °C (7.0 mg, 64%); 1H NMR
(400 MHz, CDCl3) δ 8.88 (dd, J = 2.4, 1.2 Hz, 1H), 7.89 (s,
1H), 7.72 (d, J = 7.0 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.47 (t,
J = 7.4 Hz, 2H), 6.82−6.79 (m, 2H), 5.58 (s, 1H), 4.40 (dd, J
= 5.0, 2.4 Hz, 2H), 1.84 (t, J = 2.4 Hz, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 189.8, 152.1, 143.1, 139.1, 131.6, 129.4,
128.4, 120.7, 120.5, 118.9, 113.6, 102.5, 80.2, 74.9, 31.3, 3.8;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C18H15N3O
290.1288, found 290.1292.
General Procedure for the Synthesis of 16−18. A mixture of

5a (0.11 mmol, 1.0 equiv), 1-iodo-4-nitrobenzene (1.3 equiv),
Pd(PPh3)2Cl2 (0.1 equiv), CuI (0.1 equiv), and Et3N (10.0 equiv)
in DMF (1.0 mL) was stirred at rt for 1 h under N2. The reaction was
carried out in a 7 mL sealed vial. The reaction mixture diluted with
dichloromethane (3.0 mL), and washed with water (10.0 mL). The
water layer was extracted with dichloromethane (3.0 mL) one more
time. The organic layers were dried over MgSO4 and concentrated in
vacuo to give the crude product, which was purified by silica gel
column chromatography (hexane/ethyl acetate/dichloromethane =
3:1:2) to afford 16 (29.2 mg, 67%) as a brown solid.

(2-(4-Nitrobenzyl)imidazo[1,2-a]pyrrolo[2,1-c]pyrazin-6-yl)-
(phenyl)methanone (16).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Brown solid, mp: 196.7−197.1 °C (29.2 mg, 67%); 1H NMR
(400 MHz, CDCl3) δ 8.32 (d, J = 3.2 Hz, 1H), 8.12 (d, J = 8.4
Hz, 2H), 7.78 (d, J = 7.2 Hz, 2H), 7.64 (t, J = 7.2 Hz, 1H),
7.59 (s, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H),
7.17 (d, J = 4.0 Hz, 1H), 6.91 (s, 1H), 6.76 (t, J = 3.4 Hz, 1H),
4.17 (s, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 189.0,
146.9, 146.7, 144.5, 139.4, 137.4, 133.2, 129.9, 129.6, 128.9,
123.8, 122.4, 121.8, 121.2, 119.1, 113.5, 111.5, 104.3, 35.0;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C23H17N4O3
397.1295, found 397.1300.

4-((6-Benzoylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-2-yl)methyl)-
benzaldehyde (17).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Brown gum (23.8 mg, 57%); 1H NMR (400 MHz, CDCl3) δ
9.96 (s, 1H), 8.33 (d, J = 2.8 Hz, 1H), 7.83−7.77 (m, 4H),
7.64 (t, J = 7.6 Hz, 1H), 7.57 (s, 1H), 7.52 (t, J = 7.6 Hz, 2H),
7.47 (d, J = 7.6 Hz, 2H), 7.20 (d, J = 3.6 Hz, 1H), 6.85 (s,
1H), 6.77 (t, J = 3.4 Hz, 1H), 4.17 (s, 2H); 13C{1H} NMR
(100 MHz, CDCl3) δ 192.1, 189.0, 146.4, 145.3, 139.3, 137.5,
135.0, 133.2, 130.2, 129.8, 129.6, 128.9, 122.4, 121.9, 121.3,
119.1, 113.5, 111.4, 104.3, 35.5; HRMS (ESI-QTOF) m/z [M
+ H]+ calcd for C24H18N3O2 380.1394, found 380.1393.

Ethyl 4-((6-Benzoylimidazo[1,2-a]pyrrolo[2,1-c]pyrazin-2-yl)-
methyl)benzoate (18).

Hexane/ethyl acetate/dichloromethane (3:1:2) as the eluent;
Brown gum (21.4 mg, 46%); 1H NMR (400 MHz, CDCl3) δ
8.34 (d, J = 3.2 Hz, 1H), 7.98 (d, J = 8.4 Hz, 2H), 7.78 (d, J =
7.6 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.56 (s, 1H), 7.52 (t, J =
7.6 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 2.8 Hz, 1H),
6.79−6.76 (m, 2H), 4.36 (q, J = 7. Two Hz, 2H), 4.14 (s, 2H),
1.38 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ
189.1, 166.7, 146.0, 144.4, 139.3, 137.5, 133.2, 130.0, 129.6,
129.1, 128.9, 122.3, 122.0, 121.5, 119.1, 113.5, 111.3, 104.1,
61.0, 35.4, 14.5; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C26H22N3O3 424.1656, found 424.1659.
Synthesis of 19. A mixture of 3m (0.08 mmol, 1.0 equiv), 4-

methoxyphenylboronic acid (2.0 equiv), Pd(PPh3)4 (0.1 equiv), and
K2CO3 (1.5 equiv) in ethyl alcohol (1.5 mL) was stirred at 100 °C for
22 h (a heating mantle was used). The reaction was carried out in a 7
mL sealed vial. The reaction mixture was concentrated in vacuo to
yield the crude product, diluted with ethyl acetate (1.0 mL), and
washed with water (1.0 mL). The water layer was extracted with ethyl
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acetate (1.0 mL) one more time. The organic layers were dried over
MgSO4 and concentrated in vacuo to yield the crude product, which
was purified by silica gel column chromatography (hexane/ethyl
acetate/dichloromethane = 3:1:2) to afford 19 (20.1 mg, 63%) as an
orange solid.

(9-(4-Methoxyphenyl)-2-methylimidazo[1,2-a]pyrrolo[2,1-c]-
pyrazin-6-yl)(phenyl)methanone (19).

Orange solid, mp: 165.7−166.6 °C (20.1 mg, 63%); 1H NMR
(400 MHz, CDCl3) δ 8.59 (d, J = 1.5 Hz, 1H), 7.82 (d, J = 6.8
Hz, 2H), 7.67 (t, J = 7.6 Hz, 1H), 7.61 (d, J = 9.6 Hz, 3H),
7.55 (t, J = 7.6 Hz, 2H), 7.40 (d, J = 1.5 Hz, 1H), 6.97 (d, J =
3.2 Hz, 2H), 6.95 (s, 1H), 3.84 (s, 3H), 2.40 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 189.2, 158.8, 143.0, 138.6, 137.7,
133.1, 129.7, 129.0, 128.9, 127.3, 127.2, 122.9, 121.9, 121.5,
114.7, 114.4, 110.7, 101.2, 55.5, 14.3; HRMS (ESI-QTOF) m/
z [M + H]+ calcd for C24H20N3O2 382.1550, found 382.1559.
Synthesis of 20. A solution of 3k (0.09 mmol, 1.0 equiv), 3-

chlorobenzaldehyde (1.5 equiv), and barium hydroxide (2.0 equiv) in
ethyl alcohol (1.0 mL) was stirred at rt for 10 min. The reaction was
carried out in a 7 mL sealed vial. A sudden color change indicated
progress of the reaction. The reaction mixture was diluted with ice-
cold water (1.0 mL) and the resulting solid was filtered off in vacuo
and washed with water (1.0 mL) to afford 20 (30.0 mg, 99%) as an
orange solid.

(E)-3-(3-Chlorophenyl)-1-(2-methylimidazo[1,2-a]pyrrolo[2,1-c]-
pyrazin-6-yl)prop-2-en-1-one (20).

Orange solid, mp: 251.3−251.7 °C (30.0 mg, 99%); 1H NMR
(400 MHz, CDCl3) δ 8.56 (dd, J = 2.8, 1.2 Hz, 1H), 8.10 (s,
1H), 7.81 (d, J = 15.5 Hz, 1H), 7.66 (s, 1H), 7.51 (d, J = 7.2
Hz, 1H), 7.44−7.37 (m, 2H), 7.33 (d, J = 15.5 Hz, 1H), 7.16
(dd, J = 3.6, 1.2 Hz, 1H), 7.11 (s, 1H), 6.78−6.74 (m, 1H),
2.42 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 182.6,
144.0, 143.0, 139.2, 136.2, 135.3, 130.9, 130.5, 127.9, 127.2,
123.1, 122.3, 122.1, 119.5, 118.8, 113.5, 110.4, 103.8, 14.3;
HRMS (ESI-QTOF) m/z [M + H]+ calcd for C19H15ClN3O
336.0898, found 336.0904.
Synthesis of 21. A solution of 20 (0.03 mmol, 1.0 equiv) and

hydrazine monohydrate (2.0 equiv) in ethyl alcohol (1.0 mL) was
stirred at 100 °C for 30 min (a heating mantle was used). The
reaction was carried out in a 7 mL sealed vial. The reaction mixture
was concentrated in vacuo to yield the crude product, which was

triturated with mixed solvent (hexane/dichloromethane = 5:1) to
afford 21 (10.1 mg, 96%) as a yellow solid.

6-(5-(3-Chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-2-
methylimidazo[1,2-a]pyrrolo[2,1-c]pyrazine (21).

Yellow solid, mp: 216.2−217.1 °C (10.1 mg, 96%); 1H NMR
(400 MHz, CDCl3) δ 8.68 (dd, J = 2.8, 1.4 Hz, 1H), 7.37 (s,
1H), 7.30−7.27 (m, 2H), 7.25−7.23 (m, 1H), 7.14−7.13 (m,
2H), 6.94 (s, 1H), 6.73−6.70 (m, 1H), 6.32 (s, 1H), 4.92 (t, J
= 10.0 Hz, 1H), 3.48 (dd, J = 15.6, 10.8 Hz, 1H), 3.04 (dd, J =
15.6, 9.2 Hz, 1H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 143.9, 143.7, 141.3, 138.1, 134.9, 130.4, 128.4,
126.7, 124.6, 122.3, 120.1, 119.0, 112.6, 111.7, 109.9, 103.1,
63.2, 41.9, 14.2; HRMS (ESI-QTOF) m/z [M + H]+ calcd for
C19H17ClN5 350.1167, found 350.1176.
Synthesis of 22. A solution of 3k (0.14 mmol, 1.0 equiv) and

DMF-DMA (2.0 equiv) in toluene (1.3 mL) was stirred at 120 °C for
27 h (a heating mantle was used). The reaction was carried out in a 7
mL sealed vial. The reaction mixture was concentrated in vacuo to
yield the crude product, which was purified by silica gel column
chromatography (hexane/ethyl acetate/dichloromethane = 1:4:2) to
afford 22 (33.4 mg, 88%) as a yellow solid.

(E)-3-(Dimethylamino)-1-(2-methylimidazo[1,2-a]pyrrolo[2,1-c]-
pyrazin-6-yl)prop-2-en-1-one (22).

Yellow solid, mp: 167.5−167.7 °C (33.4 mg, 88%); 1H NMR
(400 MHz, CDCl3) δ 8.16−8.12 (m, 1H), 7.79 (d, J = 12.0
Hz, 1H), 7.61 (s, 1H), 7.05 (d, J = 4.0 Hz, 1H), 6.99 (s, 1H),
6.66 (t, J = 3.2 Hz, 1H), 5.42 (d, J = 12.2 Hz, 1H), 3.16 (s,
3H), 2.91 (s, 3H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 182.0, 154.9, 141.2, 138.6, 125.1, 122.1, 118.5,
113.1, 112.5, 110.2, 102.5, 92.6, 45.4, 37.5, 14.1; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C15H17N4O 269.1397, found
269.1405.
Synthesis of 23. A solution of 22 (0.04 mmol, 1.0 equiv) and

hydrazine monohydrate (4.0 equiv) in ethyl alcohol (1.0 mL) was
stirred at 120 °C for 25 min (a heating mantle was used). The
reaction was carried out in a 7 mL sealed vial. The reaction mixture
was concentrated in vacuo to yield the crude product, which was
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triturated with mixed solvent (hexane/dichloromethane = 5:1) to
afford 23 (8.3 mg, 94%) as a yellow solid.

2-Methyl-6-(1H-pyrazol-3-yl)imidazo[1,2-a]pyrrolo[2,1-c]-
pyrazine (23).

Yellow solid, mp: 249.3−249.9 °C (8.3 mg, 94%); 1H NMR
(400 MHz, DMSO-d6) δ 13.37 (s, 1H), 8.27−8.25 (m, 1H),
8.08 (s, 1H), 7.98 (d, J = 2.4 Hz, 1H), 7.39−7.38 (m, 1H),
6.87 (dd, J = 3.6, 1.5 Hz, 1H), 6.81 (d, J = 2.0 Hz, 1H), 6.68
(dd, J = 3.6, 2.8 Hz, 1H), 2.28 (s, 3H); 13C{1H} NMR (100
MHz, DMSO-d6) δ 143.4, 139.4, 136.7, 130.0, 122.1, 118.9,
117.3, 111.9, 110.8, 109.7, 104.1, 101.7, 14.0; HRMS (ESI-
QTOF) m/z [M + H]+ calcd for C13H12N5 238.1087, found
238.1100.
Synthesis of 24. A solution of 22 (0.11 mmol, 1.0 equiv) in acetic

acid (1.0 mL) was stirred at 120 °C for 4 h (a heating mantle was
used). The reaction mixture was diluted with dichloromethane (3.0
mL) and washed with aqueous sodium bicarbonate solution (3.0 mL).
The aqueous layer was extracted with dichloromethane (3.0 mL) one
more time. The organic layers were dried over MgSO4 and
concentrated in vacuo to give the crude product, which was purified
by silica gel column chromatography (hexane/ethyl acetate/dichloro-
methane = 1:6:2) to afford 24 (22.8 mg, 91%) as a red solid.

9-Methyl-5H-imidazo[2′,1′:3,4]pyrazino[2,1,6-cd]indolizin-5-one
(24).

Red solid, mp: 271.5−271.9 °C (22.8 mg, 91%); 1H NMR
(400 MHz, CDCl3) δ 8.85 (s, 1H), 7.93 (d, J = 10.0 Hz, 1H),
7.60 (s, 1H), 7.48 (d, J = 4.0 Hz, 1H), 7.25 (s, 1H), 6.71 (d, J
= 10.0 Hz, 1H), 2.58 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 177.6, 145.5, 137.0, 132.8, 125.1, 122.3, 121.9,
121.5, 117.8, 116.5, 111.6, 107.2, 14.8; HRMS (ESI-QTOF)
m/z [M + H]+ calcd for C13H10N3O 224.0818, found
224.0817.
Synthesis of 25. A solution of 3k (0.05 mmol, 1.0 equiv) and 2-

aminobenzaldehyde (1.5 equiv) in ethanol (0.5 mL), containing 40%
aqueous NaOH solution (0.5 mL) was stirred at 60 °C for 1 h (a
heating mantle was used). The reaction was carried out in a 7 mL
sealed vial. The reaction mixture was concentrated in vacuo, diluted
with ethyl acetate (1.0 mL), and washed with water (1.0 mL). The
water layer was extracted with ethyl acetate (1.0 mL) one more time.
The organic layer was dried over MgSO4 and concentrated in vacuo to
give the crude product, which was purified by silica gel column

chromatography (hexane/ethyl acetate/dichloromethane = 1:1:2) to
afford 25 (11.3 mg, 81%) as a yellow solid.

2-Methyl-6-(quinolin-2-yl)imidazo[1,2-a]pyrrolo[2,1-c]pyrazine
(25).

Yellow solid, mp: 102.9−103.4 °C (11.3 mg, 81%); 1H NMR
(400 MHz, CDCl3) δ 8.32 (d, J = 8.4 Hz, 1H), 8.18 (d, J = 8.4
Hz, 1H), 7.92−7.89 (m, 2H), 7.83−7.79 (m, 1H), 7.76 (d, J =
8.4 Hz, 1H), 7.66−7.61 (m, 1H), 7.49 (s, 1H), 7.15 (dd, J =
4.0, 1.2 Hz, 1H), 7.07−7.05 (m, 1H), 6.72−6.68 (m, 1H), 2.42
(s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 151.1, 148.0,
141.0, 138.3, 137.6, 130.6, 129.7, 127.79, 127.76, 127.7, 125.3,
122.8, 120.6, 116.6, 112.7, 111.6, 110.4, 103.0, 14.3; HRMS
(ESI-QTOF) m/z [M + H]+ calcd for C19H15N4 299.1291,
found 299.1307.
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