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Abstract: An efficient synthesis of alkyl 7-hydroxy-1-oxo-1,2,3,4-
tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate derivatives by re-
action between diamines, dialkyl acetylenedicarboxylates, and al-
kyl or aryl glyoxales is reported. Ease of handling, easy purification,
and good yields are the main advantages of the presented method.
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Nitrogen-containing heterocycles are a widespread struc-
tural motif, found as key elements of numerous drugs and
designed medicinal agents in medicinal chemistry.1 Addi-
tionally, they can act as biomimetic and active pharmaco-
phores.2 Among them, pyrroles are heterocycles of great
importance because of their presence in numerous natural
products like the porphyrin ring systems of chlorophyll,
vitamin B12, heme, and various cytochrome enzymes.1

Moreover, polysubstituted pyrroles have biological prop-
erties, such as antitumor,3 antioxidant,4 antifungal,5 and
ionotropic6 activities, and they are poly (ADP-ribose)
polymerase inhibitors 7 and AT1-selective angiotensin II
receptor antagonists.8

Pyrrole-fused heterocyclic derivatives can be highlighted,
and these compounds are widespread in natural products
and bioactive agents, such as aptazapine and ketorolac.2

Accordingly, the synthesis of new pyrroles and pyrrole-
fused heterocyclic derivatives have been considered by
chemists, and a range of methods have been reported for
their synthesis.9,10

1,2,3,4-Tetrahydropyrrolo[1,2-a]pyrazine derivatives are
one of the most important class of pyrrole-fused heterocy-
cles due to their broad biological activities, including an-
tihypersensitive,11 antihypoxic,12 psychotropic,13 and
antiarrhythmic properties.14 Moreover, they are also re-
ported as serotonin and noradrenaline reuptake inhibi-
tors,15 aldose reductase inhibitors,16 and potassium
channel ligands.17 Besides these biological applications,
this skeleton is widely present in natural products, such as
hanishin, dibromophakellin, agelastatin A, longamide B,
and cyclooroidin (Figure 1).18 Although many methods
have been reported for the synthesis of 1,2,3,4-tetrahydro-

pyrrolo[1,2-a]pyrazine, they suffer from some disadvan-
tages such as multistep synthesis, tedious workup, and
using expensive starting materials, so the development of
novel strategies for the synthesis of their derivatives is
still required.19

Accordingly, and as part of our program aimed at devel-
oping new routes for the synthesis of heterocyclic com-
pounds,20 we decided to synthesize alkyl 7-hydroxy-1-
oxo-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carbox-
ylate by the reaction of dialkyl acetylenedicarboxylate 1,
glyoxals 2, and aliphatic and aromatic 1,2-diamines in the
presence of p-toluenesulfonic acid (PTSA).

Figure 1  Some examples of natural products bearing the 1,2,3,4-tet-
rahydropyrrolo[1,2-a]pyrazine moiety

To optimize the reaction conditions, we chose the reaction
of dimethyl acetylenedicarboxylate (1a), ethylenedi-
amine, and methylglyoxal (2a) as a model reaction. Vari-
ous solvents, catalysts, and amounts of them have been
studied in the model reaction. The best results were ob-
tained by performing the reaction in ethanol in the pres-
ence of PTSA (10 mol%) at reflux for three hours.21 The
results are summarized in Table 1.

According to Table 1, increasing the amount of PTSA
and/or using another catalysts failed to improve the yield
(Table 1, entry 7–9) while decreasing the amount of PTSA
led to reduced yield (Table 1, entry 6). Moreover, we have
also performed the model reaction in the absence of
PTSA, but these conditions suffered from disadvantages
such as long reaction time and lower yield compared to
using PTSA as catalyst (Table 1, entry 10).
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With the optimized reaction conditions in hand, we ex-
tended our study to different dialkyl acetylenedicarboxyl-
ates 1 and methyl- or arylglyoxals 2. The results are
summarized in Table 2.

We also examined o-phenylenediamine instead of ethyl-
enediamine but we did not observe any change in the re-
action mixture probably related to low electron density at
the nitrogen in o-phenylenediamine in comparison to eth-
ylenediamine. In another attempt, when we used 1,3-di-

aminopropane and 1,4-diaminobutane instead of
ethylenediamine, a complex mixture was obtained, which
is related to the competition between polymerization and
cyclization of diamines and dialkyl acetylenedicarboxyl-
ates. To expand the product derivatives, we decided to use
1,2-diaminopropane instead of ethylenediamine, but a
complex mixture was obtained, because there are two pos-
sibilities for the reaction between 1,2-diaminopropane
and dialkylacetylenedicarboxylates. These intermediates
have also two possibilities to react with glyoxals. There-
fore, four products can be obtained by the reaction of un-
symmetrical diamines, dialkyl acetylenedicarboxylates,
and glyoxals.

Table 1  Optimization of the Reaction Conditions

Entry Solvent Acids (mol%) Yield (%)

1 EtOH PTSA (10) 70a

2 THF PTSA (10) 35a

4 MeCN PTSA (10) 50a

5 CHCl3 PTSA (10) 20a

6 EtOH PTSA (5) 55a

7 EtOH PTSA (15) 70a

8 EtOH FeCl3 (10) 40a

9 EtOH AcOH (10) 48a

10 EtOH – 60b

a Reflux, 3 h.
b Reflux, 72 h.
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Table 2  Three-Component Synthesis of Alkyl 7-Hydroxy-1-oxo-
1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate Derivatives 
3a–f

Entry Product 3 R1 R2 Yield (%)

1 3a Me Me 70

2 3b Et Me 74

3 3c Me Ph 83

4 3d Et Ph 66

5 3e Me 4-ClC6H4 76

6 3f Et 4-ClC6H4 66
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The molecular structures of all products 3a–f were as-
signed by IR, mass, 1H NMR, and 13C NMR spectra, and
their elemental analyses, as described for 3a. The 1H
NMR spectrum of 3a exhibited four singlet signals at δ =
2.20, 3.94, 7.28, and 8.39 ppm which are related to Me,
OMe, NH, and OH groups. One multiplet and one triplet
signal at δ = 3.65–3.68, and 3.95 ppm are related to CH2

groups. The 1H-decoupled 13C NMR spectrum of 3a
showed ten distinct signals in agreement with the suggest-
ed structure. The most important peak is related to the pyr-
role ring which appeared at δ = 103.4, 114.4, 118.2, and
145.9 ppm.

A plausible mechanism for the synthesis of product 3a–f
is proposed in Scheme 1.

Initial addition of ethylenediamine to dialkyl acetylenedi-
carboxylate leads to intermediate 4, and subsequent attack
of the resulting reactive intermediate 4 onto the glyoxal 2
results in the formation of intermediate 6. Finally, cycliza-
tion and dehydration of this intermediate affords the de-
sired product 3.

To investigate the proposed mechanism, intermediate 4a
was synthesized separately, and it was added to methylg-
lyoxal 2a in solution in the presence PTSA, and the same
product 3a was obtained.

In summary, we have presented a powerful and efficient
method to the synthesis of alkyl 7-hydroxy-1-oxo-1,2,3,4-
tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate deriva-
tives by the reaction of diamines, dialkyl acetylenedicar-
boxylates, and alkyl or aryl glyoxals. This is a simple
method in comparison to the other methods. Good yields,
easy purification, and use of simple and inexpensive start-
ing materials are advantages of this method. Due to the
importance of this class of compounds, the products can
be considered for biological applications in the near fu-
ture.
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pure products 3a–f.
Methyl 7-Hydroxy-6-methyl-1-oxo-1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine-8-carboxylate (3a)
Pale orange powder; 0.156 g, 70% yield; mp 187–189 °C. IR 
(KBr): 3211 (NH), 3099 (OH), 1715 (CO2Me), 1675 (NCO), 
1219 and 1146 (CO) cm–1. 1H NMR (400 MHz, CDCl3): δ = 
2.20 (s, 3 H, CH3), 3.65–3.68 (m, 2 H, CH2NH), 3.94 (s, 3 H, 
OMe), 3.95 (t, 3JHH = 5.6 Hz, 2 H, CH2N), 7.28 (s, 1 H, NH), 
8.39 (s, 1 H, OH). 13C NMR (100 MHz, CDCl3): δ = 7.9 
(CH3), 39.3 (CH2NH), 41.6 (CH2N), 52.1 (OMe), 103.4 (C6), 
114.4 (C8), 118.2 (C8a), 145.9 (COH), 159.3 (CO2CH3), 
167.5 (NCO). MS: m/z = 225 [M+ + 1], 224 [M+], 192, 164, 
136, 123, 107, 95, 79, 66, 53. Anal. Calcd (%) for 
C10H12N2O4: C, 53.57; H, 5.39; N, 12.40. Found: C, 53.51; 
H, 5.46; N, 12.38.
Ethyl 7-Hydroxy-6-methyl-1-oxo-1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine-8-carboxylate (3b)
Pale brown powder; 0.178 g, 74%; mp 178–179 °C. IR 
(KBr): 3393 (NH), 3193 (OH), 1710 (CO2Et), 1668 (NCO), 
1335, 1225 and 1150 (CO) cm–1. 1H NMR (400 MHz, 
CDCl3): δ = 1.34 (t, 3JHH = 7.0 Hz, 3 H, CH2CH3), 2.12 (s, 3 
H, CH3), 3.56–3.59 (m, 2 H, CH2NH), 3.87 (t, 3JHH = 5.7 Hz, 
2 H, CH2N), 4.32 (q, 3JHH = 7.0 Hz, 2 H, CH2CH3), 7.01 (s, 
1 H, NH), 8.28 (s, 1 H, OH). 13C NMR (100 MHz, CDCl3): 
δ = 7.9 (CH3), 14.2 (CH3), 39.3 (CH2NH), 41.6 (CH2N), 60.9 
(OCH2), 103.9 (C6), 114.3 (C8), 118.3 (C8a), 145.8 (COH), 
159.2 (CO2Et), 166.9 (NCO). MS: m/z = 239 [M+ + 1], 238 
[M+], 192, 164, 136, 123, 107, 95, 80, 67, 53. Anal. Calcd 
(%) for C11H14N2O4: C, 55.46; H, 5.92; N, 11.76. Found: C, 
55.36; H, 5.87; N, 11.82.
Methyl 7-Hydroxy-1-oxo-6-1,2,3,4-tetrahydrophenyl-
pyrrolo[1,2-a]pyrazine-8-carboxylate (3c)
Pale yellow powder; 0.238 g, 83% yield; mp 90–92 °C. IR 
(KBr): 3350 (NH), 3235 (OH), 1706 (CO2Me), 1664 (NCO), 
1580 and 1481 (Ar), 1348, 1225 and 1141 (CO) cm–1. 1H 
NMR (300.13 MHz, CDCl3): δ = 3.69–3.65 (m, 2 H, 
CH2NH), 3.98 (s, 3 H, OMe), 4.11 (t, 3JHH = 5.9 Hz, 2 H, 
CH2N), 6.59 (s, 1 H, NH), 7.35–7.39 (m, 1 H, CHpara of Ph), 
7.44–7.50 (m, 4 H, 2 × CHortho and 2 × CHmeta of Ph), 8.80 (s, 
1 H, OH). 13C NMR (75 MHz, CDCl3): δ = 39. 7 (CH2NH), 
43.1 (CH2N), 52.2 (OMe), 103.7 (C6), 118.7 (C8), 119.6 
(C8a), 128.0 (CHpara of Ph), 128.3 (Cipso), 128.7 (2 × CHortho 
of Ph), 129.4 (2 × CHmeta of Ph), 146.6 (COH), 158.9 

(CO2Me), 167.6 (NCO). MS: m/z = 287 [M+ + 1], 287 [M+], 
279, 262, 254, 219, 205, 167, 149, 132, 121, 113, 104, 93, 
83, 71, 57. Anal. Calcd (%) for C15H14N2O4: C, 62.93; H, 
4.93, N, 9.79. Found: C, 62.97; H, 5.01; N, 9.86.
Ethyl 7-Hydroxy-1-oxo-6-1,2,3,4-tetrahydrophenyl-
pyrrolo[1,2-a]pyrazine-8-carboxylate (3d)
Pale yellow powder; 0.198 g 66% yield; mp 213–214 °C. IR 
(KBr): 3184 (NH), 3064 (OH), 1708 (CO2Et), 1665 (NCO), 
1580 and 1481 (Ar), 1300, 1239 and 1197 (CO) cm–1. 1H 
NMR (400 MHz, CDCl3): δ = 1.45 (t, 3JHH = 7.2 Hz, 3H, 
CH2CH3), 3.10–3.64 (m, 2 H, CH2NH), 4.11 (t, 3JHH = 5.6 
Hz, 2 H, CH2N), 4.45 (q, 3JHH = 7.2 Hz, 2 H, CH2CH3), 7.12 
(s, 1 H, NH), 7.36–7.40 (m, 1 H, CHpara of Ph), 7.46–7.51 
(m, 4 H, 2 × CHortho and 2 × CHmeta of Ph), 8.75 (s, 1 H, OH). 
13C NMR (100 MHz, CDCl3): δ = 14.2 (CH3), 39.6 
(CH2NH), 43.1 (CH2N), 61.1 (OCH2), 104.1 (C6), 118.6 
(C8), 119.8 (C8a), 127.9 (CHpara of Ph), 128.4 (Cipso), 128.7 
(2 × CHortho of Ph), 129.4 (2 × CHmeta of Ph), 146.4 (COH), 
159.2 (CO2Et), 166.9 (NCO). MS: m/z = 301 [M+ + 1], 300 
[M+], 254, 225, 211, 198, 183, 169, 155, 141, 128, 115, 104, 
95, 77, 67, 53. Anal. Calcd (%) for C16H16N2O4: C, 63.99; H, 
5.37, N, 9.33. Found: C, 64.01; H, 5.49; N, 9.30.
Methyl 7-Hydroxy-1-oxo-6-(4-chlorophenyl)-1,2,3,4-
tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate (3e)
Pale beige powder; 0.245 g, 86% yield; mp 203–204 °C. IR 
(KBr): 3325 (NH), 3200 (OH), 1710 (CO2Me), 1660 (NCO), 
1574 and 1481 (Ar), 1299, 1233 and 1138 (C–O) cm–1. 1H 
NMR (400 MHz, CDCl3): δ = 3.63–3.68 (m, 2 H, CH2NH), 
3.99 (s, 3 H, OMe), 4.10 (t, 3JHH = 5.8 Hz, 2 H, CH2N), 6.84 
(s, 1 H, NH), 7.41 (d, 3JHH = 8.8 Hz, 2 H, 2 × CH of Ar), 7.46 
(d, 3JHH = 8.4 Hz, 2 H, 2 × CH of Ar), 8.85 (s, 1 H, OH). 13C 
NMR (100 MHz, CDCl3): δ = 39.6 (CH2NH), 43.1 (CH2N), 
52.3 (OMe), 103.7 (C6), 117.5 (C8), 120.0 (C8a), 126.7 
(Cipso), 129.0 (2 × CH of Ar), 130.7 (2 × CH of Ar), 133.9 
(CipsoCl), 146.8 (COH), 158.9 (CO2Me), 167.5 (NCO). MS: 
m/z = 322 [M+ + 2], 321 [M+ + 1], 320 [M+], 288, 262, 253, 
232, 189, 175, 162, 151, 137, 123, 111, 95, 80, 67, 53. Anal. 
Calcd (%) for C15H13ClN2O4: C, 66.02; H, 5.30; N, 13.39. 
Found: C, 65.98; H, 5.45; N, 13.43.
Ethyl 7-Hydroxy-1-oxo-6-(4-chlorophenyl)-1,2,3,4-
tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate (3f)
Yellow powder; 0.223 g, 66% yield; mp 243–244 °C. IR 
(KBr): 3181 (NH), 3073 (OH), 1713 (CO2Et), 1677 (NCO), 
1566 and 1476 (Ar), 1302, 1224 and 1150 (CO) cm–1. 1H 
NMR (400 MHz, CDCl3): δ = 1.45 (t, 3JHH = 7.0 Hz, 3 H, 
CH2CH3), 3.63–3.68 (m, 2 H, CH2NH), 4.10 (t, 3JHH = 5.8 
Hz, 2 H, CH2N), 4.46 (q, 3JHH = 7.0 Hz, 2 H, CH2CH3), 6.51 
(s, 1 H, NH), 7.41 (d, 3JHH = 8.8 Hz, 2 H, 2 × CH of Ar), 7.46 
(d, 3JHH = 8.8 Hz, 2 H, 2 × CH of Ar), 8.84 (s, 1 H, OH). 13C 
NMR (100 MHz, CDCl3): δ = 14.2 (CH3), 39.7 (CH2NH), 
43.1 (CH2N), 61.3 (OCH2), 104.2 (C6), 117.4 (C8), 120.1 
(C8a), 126.8 (Cipso), 129.0 (2 × CH of Ar), 130.5 (2 × CH of 
Ar), 133.9 (CipsoCl), 146.7 (COH), 158.7 (CO2Et), 166.9 
(NCO). MS: m/z = 336 [M+ + 2], 335 [M+ + 1], 334 [M+], 
288, 259, 245, 232, 203, 189, 175, 162, 138, 123, 111, 95, 
80, 67, 53. Anal. Calcd (%) for C16H15ClN2O4: C, 57.41; H, 
4.52; N, 8.37. Found: C, 57.32; H, 4.47; N, 8.31.
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