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Abstract: A small-sized library of novel 3,4,11,1 la-tetrahydro-2#-pyrazino[l,2-0]isoquinolin-l(6//)-
ones is synthesized. Key synthetic step is based on a new variant of Ugi four component reaction 
using Afunctional keto acids, amine and isocyanide as starting materials. The reaction leads to small 
molecule peptidomimetics with promising pharmacological potential and is readily amenable to high-
throughput combinatorial library production. 

Introduction 

Compounds containing the 3,4,11,1 Ια-tetrahydroisoquinoline scaffold constitute an important 
pharmacophore moiety present in many drugs acting on various pharmacological targets (1). In 
particular, compounds containing the 3,4,11,1 la-tetrahydro-2#-pyrazino[l,2-&]isoquinolin-l(6//)-one 
heterocyclic system were described as potential filaricides (2), CNS-active agents (3) and antibiotics 
(4). These examples illustrate the ongoing interest toward the scaffolds containing pyrazino[l,2-
Z>]isoquinolin-l-one fragment. However, the described synthetic strategies approaches to 3,4,11,11a-
tetrahydro-2#-pyrazino[l,2-&]isoquinoIin-l(6#)-ones (5) have found limitations mainly due to lack 
of versatility and a limited number of the appropriate initial reactants. In addition, they have not 
provided a robust method suitable for the production of combinatorial libraries. 

Ugi four-component reaction was shown to be an effective synthetic strategy to differently substituted 
derivatives of piperazinone (6). One of important modifications of the classical four-component Ugi 
reaction includes the use of bifunctional reagents. Synthetic methods using bifunctional aldehyde or 
keto acids, amine and isocyanide as starting materials, have been reported (7). Recently, we developed 
a novel modification of classical four-component Ugi reaction, in which the heterocyclic keto acids 
were used as the bifunctional coupling partners in the reaction with isonitriles and amines (8,9). Using 
this method, we efficiently synthesized several series of novel azaheterocyclic scaffolds including 
pyrrolo[l,2-a][l,4]diazepines (8), 3,4-dihydropyrazino[l,2-a]indol-l(2i/)-ones and 3,4-
dihydropyrrolo[l,2-a]pyrazin-l(2£f)-ones (9). In this work, we have focused on broadening the scope 
of this useful synthetic methodology and developed an efficient synthetic route to novel 3,4,11,11a-
tetrahydro-2#-pyrazino[l,2-£]isoquinolin-l(6//)-one heterocycles amenable to high-throughput 
combinatorial format. 

Results and Discussion 

Our synthesis started from l,2,3,4-tetrahydroisoquinoline-3-carboxyIic acid 1 (Scheme-1), which was 
prepared as reported (10). 
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Scheme-1: Synthesis of keto acid 4. 
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The reaction of carboxylic acid 1 with thionyl chloride in methanol smoothly led to isoquinoIine-3-
carboxylate 2 in 65% yield. The solution of the carboxylate 2 in 1,4-dioxane was treated with 
chloroacetone under phase transfer conditions, in the presence of K 2 C0 3 and 18-crown-6, to afford the 
desired methyl 2-(2-oxopropyl)-l,2,3,4-tetrahydroisoquinoline-3-carboxylate 3 in good yield (62%). 
Subsequent mild alkali hydrolysis afforded the desired keto acid 4 (yield 70%). When keto acid 4 was 
treated with isonitrile and primary amine in methanol at 40 °C, conversion into 3-methyl-l-oxo-
1,3,4,6,11,1 la-hexahydro-2//-pyrazino[l,2-i]isoquinoline-3-carboxamides 5a-i (Scheme-2) 
proceeded smoothly and without any indication of major side reaction. 
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Scheme-2: Synthesis of pyrazino[l,2-£]isoquino!ine-3-carboxamides 5a-i. 

The desired compounds usually precipitated from the reaction media thus allowing their easy 
separation by filtration of the reaction mixtures. Isolated yields of compounds 5a-i (Table-1) were 
generally high (>60%). Their assignment was made on the basis of 'H NMR, 13C NMR and LCMS 
data. According to LCMS data, all the synthesized compounds have purity >95%. The process is not 
adversely affected by the presence of halogen or ether residues in the initial reactants. The process 
does, however, appear to be impeded by steric congestion, with the sterically hindered amines (for 
example, when R = tert-Bu) undergoing slow and incomplete conversion to the final products. 
Electronic effects of electron-withdrawing substituents, such as nitro-substituents on anilines, can 
significantly decrease the efficacy of condensation. Another restriction is the limited number of 
commercially or synthetically available isonitriles. 

The library synthesized in this work represents a compact set of small molecules containing special 
biomolecular recognition elements typical of natural peptides. For example, they contain certain 
characteristic conformationally fixed amino acid fragments, such as dipeptide moieties with cis 
configuration of amide bond and masked phenylalanine fragment. Therefore, these molecules are 
potentially capable of perturbing many disease-related biological pathways. Biological evaluation of 
the obtained compounds is currently in progress, and the results of these studies will be reported in 
due course. 

Table-1: r V r 2 Substituents and Yields of Compounds 5a-i. 
Entry R1 R2 Yield, % 

5a o- Q ^ r 72 

5b a· 75 

5c o^Q^r 69 

5d a- 65 
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5e α c m Q - ^ - 75 

5f ά - 0 65 

5g σ - 77 

5h ο CI 

(Λ—, 71 

5i ο CH 70 

Experimental 

General procedure for preparation of 3-carboxamide derivatives of 4-oxo-4,5,6,7-
tetrahydropyrazolo[l,5-a]pyrazine-6-carboxamides 5a-i. The equimolar amounts of keto acids 4 
(as an 1:1 mixture of isomers), the corresponding isonitrile and the amine were dissolved in methanol 
to an approximate concentration of 1M in each component. The reaction mixture was stirred at 40°C 
for 10-12 h. The reaction was followed by TLC (5% MeOH in CH2CI2). On completion, the reaction 
mixture was cooled to rt, the formed precipitate was filtered off and purified by chromatography on 
silica gel, eluting with a gradient of 0-10% MeOH in CH2C12. 

Ar-cycloheptyl-3-methyI-l-oxo-2-(2-phenylethyI)-l,3,4,6,ll,llfl-hexahydro-2ii-pyrazino[l,2-
6]isoquinoIine-3-carboxamide 5a: Yield 72%, white crystalline solid, mp 203-204 °C. HRMS: m/z 
[M+H*] calcd for C29H37N3O2: 460.2959. Found: 460.2953; 'H-NMR (400 MHz, DMSO-^): δ 1.15-
1.82 (m, 12H, cyclooctane), 1.42 (s, CH3, 3H), 2.7-2.89 (q, J = 5.4 Hz, 4H, 2CH2), 2.9-3.14 (m, 3H, 
CH, CH2), 3.23-3.31 (d, J = 3.9, 1H, CH2), 3.48-3.5 (d, J = 3.8 Hz, 2H, CH2), 3.72-3.80 (m, 1H, CH), 
3.8-3.92 (d, J = 3.9 Hz, 1H, CH2), 6.9-7.28 (m, 9H, ArH), 7.9 (d, J = 7.4 Hz, 1H, NH); 13C NMR 
(DMSO-4;): δ 22.66, 24.6, 28.3, 31.5, 34.8, 36.3, 39.7, 40.0, 51.4, 60.1, 62.28, 62.32, 65.4, 99.7, 
115.6, 123.0, 126:9, 129.1, 129.2, 129.3, 129.4, 134.2, 140.3, 141.9, 143.9, 169.6, 170.2. 

A^-cycloheptyl^-cyclopentyl-S-methyl-l-oxo-l^^^jlljlla-hexahydro^iT-pyrazinoll^-
Z>]isoquinoline-3-carboxamide 5f: Yield 65%, white crystalline solid, mp 190-191 °C. HRMS: m/z 
[M+Hl calcd for C26H37N3O2: 424.2945. Found: 424.2953; 'H-NMR (400 MHz, DMSO-<4): δ 1,41 
(s, 3H, CH3), 1.20-1.92 (m, 20H, cyclooctane, cyclopentane), 2.2-2.38 (m, 1H, CH), 2.61-2.7 (m, 3H, 
CH, CH2), 2.73-3.1 (m, 1H, CH), 3.1-3.2 (d, J = 4.0 Hz, 1H, CH2), 3.41-3.48 (m, 1H, CH2), 3.7-3.8 
(m, 1H, CH), 3.81-3.90 (d, 7 = 3.9 Hz, 1H, CH2), 6.9-7.17 (m, 4H, ArH), 7.6 (br s, 1H, NH). 

Conclusions 

We have developed a novel synthetic approach to 3,4,11,1 la-tetrahydro-2//-pyrazino[l,2-
i]isoquinolin-l(6/7)-ones based on a novel modification of the Ugi four-component reaction. Through 
the use of simple complexity-generating reactions conducted under similar, easily reproducible 
conditions, three simple components are converted efficiently into complex peptidomimetic scaffold 
with several randomization points. As a synthetic tool for creating diverse compound libraries, the 
four-component condensation used in this work offers a large number of potential input reactants and 
resulting products and can be used in combinatorial format. 
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