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Multi-component and domino reactions are efficient and effective methods in the 
sustainable and diversity-oriented synthesis of heterocycles. In particular, transition 
metal-catalyzed multi-component sequences have recently gained considerable inter-
est. Based upon the Sonogashira entry to alkynones, alkenones, and intermediate 
allenes, we have opened new avenues to the one-pot synthesis of numerous classes 
of heterocyclic frameworks in an MCR fashion. This methodological approach has 
now found various applications in one-pot syntheses of functional chromophores, 
pharmaceutically active compounds, and marine alkaloids and derivatives. 
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Multi-component Reactions as Useful Platforms 
to Explore the Chemical Space

Romano V. A. Orru 

The rapid generation of diverse sets of complex molecules can be achieved by 
employing diversity-oriented synthetic strategies in combination with so-called 
complexity-generating reactions. Multi-component reactions (MCRs), which com-
bine in one pot at least three simple building blocks, provide a most powerful 
platform to access diversity as well as complexity in a limited number of reaction 
steps. Here we describe novel modular reaction sequences based on our previously 
reported MCR chemistry in combination with other common organic reactions or 
even with a second MCR. The combination of our MCRs with, e.g., cycloadditions, 
transition-metal mediated cross-coupling reactions, or more traditional MCRs, such 
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as the Biginelli-3CR, the Ugi-4CR, and the Passerini-3CR, will be shown. Examples 
in which the synthetic methodology was applied for the easy generation of focused 
libraries for the synthesis of medicinally relevant ligands will be discussed.
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Multi-component Heterocyclizations:  
Control of Chemo- and Regioselectivity

Valentin A. Chebanov, Yana I. Sakhno, Vyacheslav E. Saraev,  
Elena A. Muravyova, Anastasia Yu. Andrushchenko, and Sergey M. Desenko 

The control of selectivity, for example chemo- and regioselectivity, is among the 
most important objectives in organic chemistry. For multi-component reactions 
involving the simultaneous molecular interaction of three or more components, the 
issue of selectivity is of particular significance due to the high probability of several 
potential parallel reaction pathways leading to different product classes. Many dif-
ferent process parameters such as temperature, pressure, solvent, catalyst type, 
microwave and ultrasonic irradiations, and other factors can be utilized to modulate 
the selectivity of synthetic transformations.

In the present report some of our results in the tuning of chemo- and regioselec-
tivity of multi-component reactions involving active methylene compounds, carbonyls, 
and aminoazoles, containing several nonequivalent nucleophilic reaction centers, 
are observed. The general principles of the direction control for this type of interac-
tion are reported, and synthetic methodology allowing high selectivity in obtaining 
certain types of heterocycles is presented.
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Multi-component Reactions of H2S  
with Aldehydes and Amines as an Efficient Route 
to Heterocycles and Thioaza-Crown Compounds

V. R. Akhmetova, G. R. Khabibullina, E. B. Rakhimova, R. A. Vagapov, 
 R.R. Khairullina, Z.T. Niatshina, and N.N. Murzakova 

The approaches to the synthesis of sulfur- and nitrogen-containing mono- and poly-
heterocycles obtained by condensation of amines and hydrazines with thiomethy-
lating reagent “CH

2
O–H

2
S”.

Nowadays our attention focuses on the investigation of synthetic possibilities of 
multi-component reactions of H

2
S with different carbonyl compounds, amines, and 

hydrazines to produce new types of heterocyclic compounds, such as substituted 
thiadiazinanes (1), dithiadiazacyclooctanes (2), and thiadiaza- (3) and dithiadiaz-
abicyclanes (4).

In this report the results of investigations devoted to the one-pot design of thioaza-
crown compounds are considered. The rules which define intermolecular cyclocon-
densation of binucleophilic starting compounds with the “CH

2
O–H

2
S” reagent will 

be discussed.
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Sulfur- and nitrogen-containing heterocycles are of special interest as potential 
antibacterial and antivirus preparations and also as selective sorbents and flotation 
agents for metals and complexones in supramolecular chemistry.
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Cascade Recyclizations of 1H-Pyrrole-2, 
3-diones: A Method of Unusual Heterocyclic 
Systems Construction

Andrey N. Maslivets 

Monocyclic 1H-pyrrole-2,3-diones and 1H-pyrrole-2,3-diones, in which one 
pyrrolidone cycle is annexed to an azaheterocyclic fragment, under the action of 
NH, OH, SH, CH bi-nucleophilic reagents undergo cascade recyclizations with 
unusual condensed, bridged, and spiro-bis-azaheterocyclic systems formation. 
Some examples of the formed compounds that have resulted appear below.

Cycloaddition reactions of 1H-pyrrole-2,3-diones and heterocumulenes, gener-
ated on their basis, represent a convenient way of unusual condensed azaheterocy-
clic systems and ensembles of heterocyclic systems formation. Below are some 
examples of the formed compounds that have resulted.
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In the report, schemes of the mentioned transformations will be presented.
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Alkyne-Induced Tandem Transformations  
of (Hetero)Annulated Five-, Six-,  
or Seven-Membered N-Heterocycles  
and a New MCR on This Motif

Leonid G. Voskressensky 

Medium-sized N-containing heterocycles, in particular eight- and nine-membered 
rings, are key structures of various structurally remarkable natural products. As the 
direct formation of these ring sizes from acyclic precursors is entropically and 
enthalpically disfavored, the efficient construction of medium-sized cycles is a chal-
lenge and has therefore attracted considerable attention in recent years. We have 
recently reported tetrahydropyridine (THPy) and tetrahydroazepine ring expansion 
in tetrahydropyrrolopyridines under the action of activated alkynes. Applying this 
methodology to other THP and tetrahydroazepine-containing substrates showed 
that this reaction is general for a number of heterocyclic systems (Scheme 1).
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Scheme 1 Synthesis of medium-size heterocycles
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We have elaborated a new isocyanide-based MCR representing the combination 
of the Passerini reaction with the above-described tetrahydropyridine ring enlarge-
ment process (Scheme 2). The scope and limitations of this MCR will be discussed. 
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Scheme 2 Tandem of the Passerini reaction and tetrahydropyridine ring enlargement
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N–C and C–C Recyclizations  
of Pyrimidinium Salts

Gevorg G. Danagulyan, Armen D. Murtchyan, and Araksya K. Tumanyan 

The urgency of the study of pyrimidine systems’ nucleophilic rearrangements is 
doubtless. They attract researchers’ attention by the fact that they are not always a 
priori evident and frequently unpredictable. Accompanied with the complex recon-
struction of a molecule skeleton resulting in a cardinal change of configuration, 
they are nevertheless one-stage processes from the preparative point of view that 
just predetermines the interest toward the study of similar transformations. Recent 
publications have shown that these reactions have turned into an important method 
of organic synthesis and have been applied for the transformation of various bio-
logically active and medicinal compounds – nucleosides and drugs.

We have studied in detail rearrangements of recyclizational transformations of 
pyrimidines into pyridine derivatives (the so-called Kost–Sagitullin rearrange-
ments). In these reactions the nitrogen atom of a pyrimidine ring is substituted by 
the exocyclic carbon atom being in the second position (N–C substitution or N–C 
recyclizations) (Scheme 1); another type of nucleophilic recyclization of pyrimidines, 
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Scheme 1 Kost-Sagitullin rearrangement
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which occurs with a heterocycle substitution of the carbon atom by the exocyclic 
carbon atom, is the C–C recyclization (Scheme 2).

In developing our investigations of nucleophilic recyclizations, we studied 
transformations of pyrimidines on the models that are potentially able to competi-
tively undergo various types of recyclizations – both Dimroth rearrangements 
and/or Kost–Sagitullin rearrangements, and C–C recyclizations. As a result of the 
reaction of pyrimidinium salt 1 with alcoholic methylamine, we managed to iso-
late from the reaction mixture a compound in 55% yield methylimine of 2-amino-
4-hydroxy-6-methylamino-5-phenylpyridine-3-aldehyde (2). The same salt 1, 
when heated in benzylamine, transformed into a mixture of three compounds: the 
product of destructive aminolysis (33%) and two products of C–C recyclization, 
pyrimidines 3 and 4 (Scheme 3).
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Synthetic Approach to Highly Functionalized 
Mesocyclic Heterocycles by Coupling  
an Ugi or Passerini Reaction (PADAM Strategy) 
with a Pd-Mediated Cyclocarbonylation

Luca Banfi, Andrea Basso, Fabio De Moliner, Giuseppe Guanti,  
Elena Petricci, Renata Riva, and Maurizio Taddei 

Multi-component reactions are useful tools for the synthesis of innovative and very 
complex scaffolds according to a convergent approach, providing a molecule that contains 
fragments derived from all the building blocks employed in the MCR condensation 
in a single synthetic step. As they can be followed by postcondensation transforma-
tions exploiting additional functional groups present in the building blocks and 
inert during the MCR step, they are particularly suitable for diversity-oriented 
synthesis.

In this context, we explored the possibility of submitting MCR-derived precur-
sors, endowed with a bromine on an aryl moiety, to an intramolecular cyclocarbo-
nylation reaction, in order to develop a fast new entry to highly functionalized and 
unusual N-heterocycles.

For this purpose we synthesized a series of compounds, equipped with a free 
alcoholic hydroxy group or a free secondary amino group. This task was accom-
plished by exploiting either the PADAM (Passerini-amine deprotection-acyl migration) 
strategy or an Ugi reaction followed by an unusual rearrangement that leaves the 
amine-derived nitrogen free to undergo the following process. In both cases we also 
placed the required bromine atom either on the isocyanide or on the amine 
moiety.

The acyclic precursors were then submitted to the cyclocarbonylation reaction 
promoted by a Pd catalyst under carbon monoxide atmosphere and microwave 
irradiation. The results of these preliminary tests will be discussed.
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Solvent-Free Three-Component Condensation 
of Aldehydes and Malononitrile with Naphthols 
Affording 2-Amino-4H-chromenes

M. Reza Naimi-Jamal, Sara Mashkouri, and Ali Sharifi 

Solvent-free and one-pot multi-component condensations represent very powerful 
green chemical technology procedures from both economical and synthetic points 
of view and represent a possible instrument to perform a near-ideal synthesis.

2-Amino-4H-chromenes represent an important class of compounds; they are 
the main components of many naturally occurring products and are generally pre-
pared by refluxing malononitrile, an aldehyde, and an activated phenol in the pres-
ence of hazardous organic bases such as piperidine in organic solvents such as 
ethanol and acetonitrile for several hours.

Herein we wish to report the three-component condensation of aldehydes and 
malononitrile with - and -naphthols with excellent yields.

General Procedure for 2-Amino-4H-Chromenes

In a typical experiment, a stoichiometric mixture of an aldehyde (1), malononitrile (2), 
and -naphthol (3) (1.0 mmol each) and sodium carbonate (0.1 mmol) were mixed 
using a mortar and pestle. The resulting mixture was heated in a drying oven at 
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125°C. After cooling, the mixture was washed with hot water and purified by 
recrystallization from hot ethanol, if necessary.

Different 2-amino-4H-chromenes were prepared with a similar method. The 
procedure is very simple, efficient, and environmentally friendly, as it does not use 
any solvent and toxic catalyst.
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New Pyrido[3,2-c]pyridones and Pyrido[3,2-c]
pyrazoles Accessible by a One-Step  
Multi-component Synthesis

Nikolai M. Przhevalski, Elena N. Rozhkova, Gennadii P. Tokmakov,  
and Igor V. Magedov 

We have recently initiated a research program aimed at the structural simplification 
of natural products, specifically by utilizing multi-component synthetic processes. 
We showed that the stereochemically complex structure of an important anticancer 
lead podofillotoxin can be efficiently simplified to a dihydropyridopyrazole scaf-
fold, which is accessible via a one-step multi-component synthetic reaction. The 
resulting library of compounds retains a significant portion of podofillotoxin’s 

N.M. Przhevalski ( ) 
Russian State Agrarian University, Moscow Timiryazev Agricultural Academy,  
Timiryazevskaya ul., 49, 127550, Moscow, Russia 
e-mail: prjevalski@mail.ru

BuNH2

A

Ar CHO
N
H

NN

N NH2

O OH

COOMeR

N
H

N N
N

N

O

O

H3C

MeO

Ph

N
H

N N
N

N

O

O

R

Ph

MeO

N
H

N N
N

N

CH2

N
H

Bu

O

MeO

Ph

N
H

N N
N

N

O

O Ph

MeO

Ph

BuNH2 N
H

N N
N

N

O

O

NH

Ph

Bu

Ph

N
H

N N
N

N
N

O

H2C

Bu

Ph

CH3OH

+

1

+
120-130 °C

30 min

2

2a 3a

2b 3b

130-150 °C

130-150 °C

a: R = CH3;
b: R = Ph



53

CNNC

O

H

x

+

+

N O

OH

Me

R

NH2
1,2

X

N

X

O

Me

CNR
Et3N, EtOH reflux (X=O)

i-PrOH,CH3COONH4, reflux (X=N)

R

CN

N

N

N

H
Me

Ar

3

NH2
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cytotoxic potency and apoptosis-inducing potential. In these efforts, we have been 
investigating a compound library based on pyrano[3,2-c]pyridine (1, X=O) and 
pyrano[3,2-c]quinolone scaffolds. A three-component reaction of pyridon (or qui-
nolone) with malononitril and various aromatic aldehydes in a 1:1:1 ratio proceeds 
smoothly in refluxing ethanol containing a small quantity of Et

3
N.

To develop compound libraries, we considered a reaction of 4-hydroxypyridones 
(as well as pyrazolones) with aldehydes, malononitril, and ammonium acetate. 
Indeed, we found that the desired compounds, pyrido[3,2-c]pyridones (2) and pyri-
dopyrazoles (3), can be synthesized via a four-component reaction.
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Synthesis of 1-Hydroxyaryl-4-Acyl-5-Aryl-3-
Hydroxy-3-Pyrrolin-2-Ones

M. N. Armisheva, N. A. Rassudihina, M. I. Vahrin, and V. L. Gein 

Multi-component reactions have attracted enormous interest. Among the multi-com-
ponent reactions, the three-component processes have been developed into useful 
organic procedures. The 3-hydroxy-3-pyrrolin-2-one derivatives are important due 
to their therapeutic and pharmacological properties.

Our investigations have shown that equivalent amounts of methylic esters of 
acylpyruvic acids, 4-aminophenoles, and aromatic aldehyde in glacial acid, with good 
yields, lead to 1-hydroxyaryl-4-acyl-5-aryl-3-hydroxy-3-pyrrolin-2-ones (I–XXX).

N.A. Rassudihina ( ) 
Perm State Pharmaceutical Academy, 614990 Lenin Street, 48 Perm, Russia 
e-mail: limans@list.ru
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The proposed structures of the synthesized compounds were confirmed by IR 
and 1H NMR spectroscopy.
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Synthesis of Highly Stable, Unusual  
Charge-Separated Pyridinium-, Isoquinolinium-, 
Quinolinium-, and N-Methylimidazolium-
Tetronic Acid Zwitterions

Ahmad Shaabani, Ali Hossein Rezayan, Afshin Sarvary, Marjan Heidary, 
and Seik Weng Ng 

In connection of our current studies on multi-component reactions involving zwitteri-
onic species, and of our interest in the chemistry of tetronic acid, herein we would 
like to present a unique strategy for the synthesis of the highly stable, unusual charge-
separated pyridinium-, isoquinolinium-, quinolinium-, and N-methylimidazolium-
tetronic acid zwitterions from the three-component reaction of pyridine, isoquinoline, 
quinoline, and N-methylimidazole with dialkyl acetylenedicarboxylates and 3- 
chlorotetronic acid in EtOH at room temperature.

A. Shaabani ( ) 
Department of Chemistry, Shahid Beheshti University, 19396-4716 Tehran, Iran 
e-mail: a-shaabani@cc.sbu.ac.ir
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Synthesis of 4(5)-Imidazolecarboxylic Acid 
Derivatives

Nikolai A. Beliaev, Vladimir S. Mokrushin, and Igor V. Paramonov 

Products of the well-known multi-component imidazole ring formation reaction (the 
Weidenhagen method) were studied. Earlier it was known that, depending on the 
reaction conditions, 1H-imidazol-4-ylmethanol (3) [1,2,3,4] or 1-(1H-imidazol-
4-yl)butane-1,2,3,4-tetrol (5) [4] forms. We have found that regardless of reaction 
conditions, copper salt 1 always contains imidazoles 2–5 in the following amounts: 
2, 2–3%; 3, 16–19%; 4, 5–7%; 5, 6–8%. The decomposition of salt 1 in acid media, 

N.A. Beliaev ( ) 
Urals State Technical University, Ekaterinburg 620002, Russia 
e-mail: beliaev@mail.ustu.ru
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the removal of copper by H
2
S, and the oxidation of the resulting mixture with diluted 

nitric acid at a high temperature gave acids 6–8, which were separated based on their 
different solubility and acidity. These results made it possible to elaborate the pre-
parative synthesis method. After modification, the method was successfully used for 
the production of acids 6–8 (important intermediates) in kilogram amounts.
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Polyfunctional U-MCR Reagents: Convenient 
Pathway to Novel Heterocyclic Systems

Alexey Ilyin 

U-4MCR is a well-known synthetic method for the synthesis of different polyfunc-
tional organic molecules. The use of bi- or tri-functional reagents usually leads to 
ring systems, some of which cannot be synthesized by other methods.

Some unsaturated carbonyl compounds in combination with oxy-, amino-, or 
mercaptoacids are suitable in U-4MCR with spontaneous postcondensation 
cyclization:

A. Ilyin ( ) 
Chemical Diversity Research Institute, Khimki, Moscow Reg, 114401, Russia 
e-mail: api@chemdiv.com

Also, the usage of aldehydo- or ketoacids in U-3MCR is convenient for the 
synthesis of different heterocyclic systems:
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Also, interesting postcondensation skeleton rearrangements of tandem U-4MCR 
products lead to natural-like tricyclic products:
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One-Pot Synthesis of Pyridines  
by Cyclocondensation of Acetyl- and 
Benzoylpyruvates, Trimethyl Orthoformate, 
and Enamines

Anna K. Garkushenko, Maria A. Dushek, Galina P. Sagitullina,  
and Reva S. Sagitullin 

The one-pot synthesis of nonsymmetrical pyridines by cyclocondensation of 
acetyl- (benzoyl)pyruvic acid esters, trimethyl orthoformate, and various enamines 
has been developed (Scheme 1).

A.K. Garkushenko ( ) 
Department of Organic Chemistry, F.M. Dostoevsky Omsk State University,  
Mira Prospect 55a, 644077, Omsk, Russia 
e-mail: sagitullina@orgchem.univer.omsk.su

The synthesis scheme to prepare pyridines 5–7 comprised of diketoesters’ 1, 2 
reaction with trimethyl orthoformate results in acetyl-(benzoyl)pyruvate meth-
oxymethylene derivatives. The subsequent conjugated addition of enamines 3, 4 to 
the activated double bond of structure 8 (Michael reaction) followed by the two-
step elimination of ethanol leads to intermediate 9. The latter undergoes an intra-
molecular heterocyclization by the interaction of amino- and acetyl groups to form 
substituted pyridines 5–7 (Scheme 2).

Scheme 1 One-pot synthesis of pyridines
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Scheme 2 Mechanism of the reaction
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Unprecedented Multi-component Approach  
to 1,4-Diazepine- and 1,4-Benzodiazepine  
Ring Formation

Volodymyr Kysil, Alexander Khvat, Sergey Tsirulnikov, Sergey Tkachenko, 
and Alexandre Ivachtchenko 

The isocyanide-based multi-component reaction of primary 1,3-diamines 1 with 
carbonyl compounds 2 has been developed as a novel approach to the 1,4-diazepine 
ring formation. The reaction of 1,3-diaminopropane 1a and 2-aminobenzylamine 
1b affords hitherto unknown 2-aminoderivatives of 1,4-diazepine 4a and 1,4-ben-
zodiazepine 4b, respectively, including those based on their spiro-heterocyclic 
compounds.

V. Kysil ( ) 
ChemDiv Inc, 11558 Sorrento Valley Rd., #5, San Diego, CA 92121, USA 
e-mail: vkysil@chemdiv.com

Importantly, the reaction of nonsymmetrical diamine 1b proved to be highly 
regioselective, providing only one isomer, 4b.

Detailed experimental features, mechanisms, and further applications of the devel-
oped reaction as well as its scope regarding each component will be discussed.
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Synthesis and Interaction with Butylamine  
of Methyl 6-Acyl-7-Phenyl-4,7-
Dihydrotetrazolo[1,5-a]Pyrimidine-5-
Carboxylates

Vladimir L. Gein and Olga S. Panova 

Multi-component reactions have attracted an enormous interest due to their efficacy 
for the creation of heterocyclic compounds in a single synthetic step. Among the 
multi-component reactions, the three-component processes have been developed 
into useful organic procedures. The 1-H-1,2,4-tetrazole derivatives are important 
due to their therapeutic and pharmacological properties.

O.S. Panova ( ) 
Department of Physical and Colloidal Chemistry, Perm State Pharmaceutical Academy,  
48 Lenin Street, 614990, Perm, Russia 
e-mail: perm@pfa.ru
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Reaction of methyl esters acylpyruvic acids, 5-aminotetrazole, and benzalde-
hyde leads to the formation of corresponding methyl 6-acyl-7-phenyl-4,7-
dihydrotetrazolo[1,5-a]pyrimidine-5-carboxylates (2a,  b) under solvent-free 
conditions. As the next step, to investigate chemical properties, we studied the 
interaction of heterocyclic compounds 2a, b with butylamine.

It has been observed that the product derived from the reaction of methyl 6- 
acyl-7-phenyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-5-carboxylates (2a,  b) with 
butylamine depends on the substitute in the sixth position of the heterocyclic com-
pound. In the case of the acetyl group, in the sixth position, the 6-butyl-7-methylen-
8-phenyl-6,7-dihydro-4 -pyrrolo[3,4-d]tetrazolo[1,5-a]pyrimidin-5(8 )-one (3a), 
whose structure was confirmed by X-ray crystallography, is formed. If the sixth 
position is occupied by a benzoyl radical, the N-butyl-6-benzoyl-7-phenyl-4,7-
dihydrotetrazolo[1,5-a]pyrimidin-5-carboxamide (3b) is obtained.

We propose the following mechanism of formation of 6-butyl-7-methylen-8-
phenyl-6,7-dihydro-4 -pyrrolo[3,4-d]tetrazolo[1,5-a]pyrimidin-5(8 )-one (3a). At 
the first stage, the intermediate amine derivative A is formed. Then its enamine 
form is cyclizated into compound 3a.

Structures of 2a, b and 3a, b were established by elemental analysis, IR and 1H 
NMR spectroscopic data.



68

One-Pot Synthesis of 5-Oxo-1,3,4,5-Tetrahydro-
Pyrrolo[4,3,2-de]Isoquinoline-3-Carboxamides

Alexey P. Ilyn, Dmitri V. Kravchenko, Victor V. Potapov,  
and Alexandre V. Ivachtchenko 

Fused tricyclic systems containing heteroaromatic moiety with different substituents’ 
profiles are in the top list of privileged heterocyclic scaffolds with pronounced 
pharmacological worth. However, due to a nontrivial structural composition, such 
compounds have still not found a robust and convenient synthetic decision for the 
preparation of the focused combinatorial libraries of high diversity. Therefore, the 
development of effective synthetic strategies to this type of heterocyclic compounds 
is one of the key objectives in modern combinatorial chemistry.

In the present work we have focused specifically on broadening the scope and 
synthetic potential of the modified Ugi MCR that we have recently developed and 
comprehensively evaluated. This synthetic strategy is based fundamentally on the 
use of bifunctional reagents in Ugi-type condensation. Thus, the combinatorial 
library of rare 5-oxo-1,3,4,5-tetrahydro-pyrrolo[4,3,2-de]isoquinoline-3-carboxam-
ides was obtained using a modified Ugi four-center, three-component reaction 
(U-4C-3CR). During the initial stage of our synthetic strategy, we obtained a 
bifunctional aldehydo-acid 1 based on the reaction of methyl 1H-indole-4-
carboxylate with POCl

3
 in DMF followed by alkali hydrolysis of the intermediate 

ester. We have further found that the reaction of 3-formyl-1H-indole-4-carboxylic 
acid 1 with primary amines 2 and isonitrile 3 in methanol at room temperature or 
50–60°C for 12–24 h directly led to novel carboxamide derivatives of 5-oxo-
1,3,4,5-tetrahydro-pyrrolo[4,3,2-de]isoquinolines 4. The process presumably fol-
lows the same initial course as the classical Ugi condensation with an intermediate 
Schiff base being attacked by the isonitrile to give a nitrilium intermediate, which 
then undergoes intramolecular cyclization. As proof of the mechanism suggested, 
we have not observed the formation of both the classical Passerini and branched 
Ugi-type products. Based on sufficient analytical data (1H NMR, LC–MS, as well 
as HR–MS analysis), we have unhesitatingly concluded that tricyclic product 4 was 
properly formed under the applied conditions. Therefore, the developed MCR may 

A.V. Ivachtchenko ( ) 
ChemDiv, Inc, 6605 Nancy Ridge Dr, San Diego, CA, 92121, USA 
e-mail: av@chemdiv.com
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provide a valuable practical tool for the synthesis of novel physiologically active 
agents containing the title core fragment.
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Synthesis of 4-Acyl-5-Aryl-1- 
(2,2-dimethoxyethyl)-3-Hydroxy-3-Pyrrolin-2-Ones

V. N. Vichegjanina, E. B. Levandovskaya, V. L. Gein, and M. I. Vahrin 

It is known that derivatives of tetrahydropyrrol-2,3-diones have expressed antimicrobial 
activity. With the purpose of synthesizing new tetrahydropyrrol-2,3-diones and 
studying the influence of their structure on antimicrobial action, it was of interest 
to enter the 2,2-dimethoxyethyl group into position 1 of the heterocycle.

With this purpose in mind, we investigated the interaction of methyl ether-sub-
stituted pyruvic acids with a mix of aromatic aldehyde and 2,2-dimethoxyethana-
mine. As previous research has shown, the reaction proceeds in dioxane at room 
temperature with the formation of 4-acyl-5-aryl-1-(2,2-dimethoxyethyl)-3-hydroxy-
3-pyrrolin-2-ones (I–III).

V.N. Vichegjanina ( ) 
Perm State Pharmaceutical Academy, Lenin Street, 48, Perm, 614990, Russia 
e-mail: perm@pfa.ru

, , 

R1= CH3 (I);    R2=H ( ), 4-NO2 ( ); 3-OH ( ); 

R1= C6H5 (II);   R2=H ( ), 4-NO2 ( ); 3-OH ( ); 

R1= C6H5 (III);   R2=H ( ), 4-NO2 ( ); 3-OH ( ), 2-Cl ( ), 

4-OC2H5 ( ), 4-OH ( ), 3-NO2 ( ), 4-Cl ( )
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The received compounds (I–III) are colorless crystal substances that are soluble 
in ethanol, acetone, and dimethyl sulfoxide and insoluble in water.

The structure of all the received compounds is established on the basis of data 
1H NMR spectroscopy. In 1H NMR spectra of compounds, the group of signals of 
aromatic protons as a multiplet at 7.2–7.8, a singlet of a proton C5H at 5.18–5.45, 
signals of protons 1-dimethoxyethyl substituent: a singlet of six protons of two 
methoxy groups at 3.11–3.22, a multiplet of a proton C1H at 4.35–4.44, a multiplet 
of a proton C1HaHb at 2.47–2.53, a multiplet of a proton C1HaHb at 3.65–3.72 are 
present.

All the received compounds (I–III) form with an alcoholic solution of FeCl3; 
their intense cherry color testifies to their existence in enolic form.
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Synthesis and Structure of Isopropyl 5-Methyl-
7-aryl-4,7-Dihydrotetrazolo[1,5-a] 
Pyrymidine-6-Carboxylates

I. N. Vladimirov, A. A. Zorina, N. V. Nosova, V. L. Gein, O. V. Fedorova,  
and M. I. Vahrin 

It was previously established that the interaction of ethers of ketoacids with a mix 
of aromatic aldehyde and 5-aminotetrazole or 3-amino-1,2,4-triazole leads to con-
densed heterocyclic systems. With the purpose of receiving new alkyl 1,5-dihydro-
tetrazolo[1,5-a]pyrimidine-6-carboxylates, we have been investigating the 
interaction of isopropylic ethers of acetoacetic acids with a mix of 5-aminotetrazole 
and aromatic aldehyde.

Our research has shown that heating equimolar quantities of initial reagents at 
130–170°C for 20–30 min leads to formed 5-methyl-7-aryl-4,7-dihydrotetrazolo[1,5-a]
pyrimidine-6-carboxylic acid isopropyl esters (I–VII).

The received substances (I–VII) are colorless or painted crystal substances, 
soluble in dimethylsulfoxyde and dimethylformamide, and insoluble in ethanol and 
water.
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The structure of all the received compounds (I–VII) is established on the basis 
of data 1H NMR and infrared spectroscopy. In a nuclear magnetic resonance 0  
spectra of compounds (I–VII), except for signals of alkoxygroups, there is the 
group of signals of aromatic protons as a multiplet at 6.50–6.90, a signal of the 
proton C5H as a singlet in the field of 6.50–6.70, a signal of the NH-proton at 
11.3–11.4, and signals of the CH

3
 group as a singlet in the field of 2.25–2.45. In IR 

spectra the shifts caused by valent fluctuations of the NH-group in the field of 
3,200–3,450 sm-1, ether groups in the field of 1,650–1,750 sm-1, and also a shift of 
valent fluctuations of compounds C=C in the field of 1,660–1,700 sm-1.

The establishment of the structure of the crystal of 5-methyl-7-phenyl-4,7-di-
hydro-tetrazolo[1,5-a] pyrimidine-6-carboxylic acid isopropyl ester (I) has been 
received by slow crystallization from ethanol. We have carried out its rentgeno-
structure research. The received results testify to the full conformity of the offered 
structure of the compound.
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