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1. A PASSIONATE LIFE
Dr. Emilian Georgescu, Vice-President of the Roumanian Chemical Society, has passed away on
October 5, 2020 at the local Hospital in Râmnicu Vâlcea, Roumania, because of Covid-19 illness. His
presence, integrity, generosity, leadership, solidarity and organization will be sorely missed. A perfect
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gentleman, a generous person, a beautiful character, Emil had an unfailingly positive attitude and remained
enthusiastic about science to the very end of his life.
The Georgescu family (Florentina and Emilian) was the torchbearer that strengthening the Roumania
chemist community for decades. For his lifelong love in chemistry and leadership, is not a wander that it was
promptly recognized in the Roumanian community. The impressive number of Romanian chemistry
publications that have paid a tribute to his memory is the testimony. The present authors have proudly
enjoyed for more than 50 years the friendship of Emilian!
Born on December 15, in Dolj county, Roumania, Dr. Georgescu graduate in 1970, with a Master of
Science Chemistry, from “A. I. Cuza” University, Iaşi, Roumania and “Doctor in Chemistry” in 1981, supervisor
Prof. Magda Petrovanu, from Polytechnic Institute “G. Asachi” Iaşi, Roumania. Immediately after graduation in
1970, Dr. Emilian Georgescu was hired by the Research Center (over years having different names) of the
Chemical Plant (also with different names over years) of Râmnicu Vâlcea. It is notably to remark his over
+50 years loyalty to his working place.
First, in the present paper, we would like to provide evidences concerning the immense role of
Dr. Curcaneanu and Georgescu’s family in providing the only opportunity for Roumanian chemist to have
their own meetings over many decades. Without meeting opportunities, we believe, that any chemical
community cannot exist.
Next, we like to provide information concerning the beautiful and remarkable chemical contributions
in the area of heterocyclic chemistry and protocols for various industrial chemical applications.
From incipient days of 1974 until his retirement in 1995, the major organizer of the Chemistry
Meetings was Dr. Curcaneanu assisted by his collaborators from Research Center Râmnicu Vâlcea.
Staring in 1995 until 2020, Dr. Georgescu was the main organizer of what lately (2000) became known as
“The National Conference of Chemistry,” now a biannually major meeting of Roumanian chemists.

Participants to one of the 1980’ meeting. Many of them, for decades, during the dark days of communism,
have been loyal participants. In the front row among others is Prof. I. Haiduc, Dr. Curcaneanu and Dr. F. Georgescu.

A few historical comments. After the World War II, when Roumania became a communist country, all
the way to 1989, when communism fallen, the Roumanian Chemist community had only two major meetings,
the first “3rd Conferinţa Republicană de Chimie, National Meeting”, in 1966 in Timişoara with a remarkable
international participation. The next gathering of the Roumanian chemist occurred in 1968, when in Iaşi the
“Conferinţa Republicană de Chimie” has taken place, and incredibly none afterwards. Unfortunately, the
“greenlight” for any national event was strictly controlled by an illiterate chemist, from the communist
leadership. She was opposing strongly to any high-quality professional events, including the National Meeting
in Chemistry. Fortunately, in 1973, Dr. Stefan Curcaneanu, the head of The Research Center of Râmnicu
Vâlcea Chemical Plant, organized a low profile gathering of a chemistry meeting as an one day event with local
participants. Over the years, the next meetings have taken place in different neighboring locations, however
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more often in Căciulata, a beautiful spa located on the shore of the majestic Olt river, in the vicinity of Cozia
Monastery (founded in 1388, original frescoes from 1390). During the forthcoming years, although pseudoillegal (it had no approval from the communist leadership), this meeting started quickly to embrace chemist
from all over Roumania, however, paying a lot of attention to keep the low-profile title, in order to survived.
The authors of the present paper started to attend systematically the meeting at a very early stage. We all were
aware that the meeting was heading de facto toward a genuine National Meeting, but never we and all
participants recognized officially this fact, for obvious reason of surviving.
For many participants it was a permanent concern the scientific quality of the presented oral or poster
communication. The Râmnicu Vâlcea Meeting (RVM) was the most appropriate and unique ground to test the
quality of a future paper. Many of those contributions became published papers in Roumanian or international
journals, frequently having proudly as footnote that it was presented at a RVM (see the footnote):

In 1994, one of the authors (MG) of the present paper, have sent a letter to the main organizer of the
RVM on the occasion of the 20th anniversary acknowledging their unmatched contribution to the Roumanian
Chemistry and the disappointment that an improved and updated contribution from a previous ACS Meeting
cannot be presented in RVM:1

1 MG is very grateful to Brandusa Curcaneanu for providing a copy of the letter sent from Rice University and the picture
with Meeting participants.
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After 1990, when Roumania became a democracy, the RVM became publicly without fears and
prudence, the beacon of Roumanian chemical community and became officially valued as a major chemical
event. In 2000 it was promoted to be “National Chemistry Meeting” under the management of Roumanian
Academy of Science, Roumanian Chemical Society and The Research Center of Râmnicu Vâlcea. Soon,
foreign chemists’ participation, unimaginably before 1990, became routinely. A peak event was in 2013
when Dr. Marinda Wu, President of the American Chemical Society presented a paper at the 2013 meeting.
Additional to the leadership of Emilian to organize during five (!) decades the RVM, countless of organic
chemist from Iaşi and Bucharest are very grateful to Emilian for helping them over many years with
chemicals that positively affected their professional live. During 1947-1989, due to shortage in hard
currency, the import of chemical for research was kept, especially in academic Institute, at very low level,
which vanish during 80’. Only Research Centers affiliated to the giant chemical plants had some limited hard
currency available to buy chemicals. The Research Center from Râmnicu Vâlcea was one of those. For
decades, Emilian had generously provided for many active in research Roumanian chemist countless of
expensive chemicals from his own collection. Consequently, many research papers (including of the authors)
were finalized and published and many PhD thesis have been completed. Unfortunately, officially, we never
been able as we wished, to officially acknowledge Emilian’s generosity in order to avoid any official
harassment by communist authorities.

Dr. Marinda Wu, 2013 American Chemical Society President, at Râmnicu Vâlcea
receiving the Honorary Membership of Roumanian Chemical Society from
Prof. Sorin Rosca, then President of the Roumanian Chemical Society. Also in the
picture are Profs. Gheorghita Jinescu and Radu Cornel, Vice-Presidents.

It is also worth mentioning how painful it was during the communist era to send a paper for
publication to Western Chemical Journals. Each time, when a paper was submitted for publication, and of the
version of paper with revisions by referees’ requests, they cannot be mailed if the Police approval was
missing. The Police approval was necessary to avoid “leaks” of “classified” information to capitalistic
countries. The concept of what means a classified information in the hand of communist authorities was
subjective. The process of approval took many months, or years. Exhausted of harassments, many chemists
have decided to publish results in local chemistry journals, unfortunately, with lower international visibility.
Reading early Emilian’s paper, although describing a very nice chemistry, we very often disappointed that
the paper would have deserved a better visibility place to be published.
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For many years, during 1981-1992, Emilian was teaching Organic Chemistry at the Râmnicu Vâlcea
branch of the University Politechnica Bucharest.
Emilian acted as expert reviewer of the Advisory Board for Science and Technology 1998-2001; Panel
for Technology and Industrial Products of the National Agency for Scientific Research, 2003-2006; Panel 8
(Engineering Sciences) of the National Agency for Scientific Research, 2007-2012
In 1980 Emilian was awarded with the once in live time “Gh. Spacu” award and in 2018 the
“Academic Merit” of the Roumanian Academy of Sciences. The Roumanian Chemical Society awarded him
in 2011 with the “C. D. Nenitzescu Medal” and in 2015 with “Diploma of Chemistry Promotion.”
Emilian is co-author of 92 published papers and 50 communications at Chemical Meetings, presented
in Roumania, UK, Poland, Netherlands, Greece, Belgium, Croatia, Serbia, Hungary, Ireland, Turkey,
Bulgaria, Switzerland, Austria, France, Germany, Italy, Moldova. A selective presentation of scientific
contributions, papers and patents will be exemplified next.
In this section selective papers will briefly be commented by grouping them in the following
subsection:
2. Scientific contributions
2.1.1. Background theoretical features
2.1.1.A. Electronic structure of N-ylides
2.1.1.B. 1,3-dipolar cycloaddition
2.1.1.C. Regiochemistry
2.1.2. Indolizines syntheses by 1,3-Dipolar cycloaddition of azomethine ylides of heterocycles with one
nitrogen in the ring
2.1.2. A. Pyridines
2.1.2. B. Quinolines. Benzoquinolines
2.1.2. C. Isoquinolines
2.1.3. 1,3-Dipolar cycloaddition of azomethine ylides of heterocycles with two nitrogen atoms in the
ring
2.1.3. A. Syntheses of pyrrolo[1,2-b]pyridazines and pyrrolo[2,1-a]phthalazines
2.1.3. B. Syntheses of pyrrolo[1,2-c]pyrimidines and of pyrrolo[1,2-c]quinazolines
2.1.3. C. Syntheses of pyrrolo[1,2-c]quinazolines
2.1.3. D. Syntheses starting from benzimidazoles
2.1.4. Electrochemical and fluorescent spectral studies
2.1.5. Synthesis of strigolactone mimics (SL).
2. SCIENTIFIC CONTRIBUTIONS
During the 60’s, 70’s and 80’s, in Roumania, renowned research in Organic Chemistry was conducted
in four centers: Bucharest (University, Polytechnic), Cluj (University), Iaşi (University, Polytechnic) and
Timişoara (Polytechnic). In Iaşi, the “alma mater” of Emilian, competitive research in organic chemistry was
performed in the groups of Prof. C. Simionescu at Polytechnic and of Profs. I. Zugravescu and of Magda
Petrovanu at the University. The University group of Iaşi research interest was focused on the “Huisgen
reaction1 (1,3-dipolar cycloaddition)” in particular, cycloaddition of azomethine ylides (AZM), discovered in
1963 by Huisgen.2 In the groups of Profs Zugravescu and Petrovanu, the interest in research of new
heterocyclic compounds was mostly driven to synthesize drugs candidates. In particular, many compounds
have been made using 1,3-diploar cycloadditions with azomethine ylide. For chemistry graduate students,
without any doubt, at the University of Iaşi the “chemical bible” was the “N-Ylide Chemistry” book,
authored by I. Zugravescu and Magda Petrovanu, published in 1976 by Mc-Graw-Hill, London.3
Emilian completed his undergraduate studies and the graduate work with Prof. Magda Petrovanu, at
University of Iaşi. In preparation for the PhD Thesis, Emilian or alkyl bromoacetates (ROCOCH2Br) carried
out a large number of experiments synthesizing many quaternary ammonium salts of quinazoline (Quinaz)
with phenacyl bromide derivatives (ArCOCH2Br) which subsequently, with bases (NEt3, or epoxy propane,
or 1,2-epoxybutane) have been converted into 1,3-dipolar compounds (azomethine ylides, AMY) and then
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subjected to cycloaddition reaction with electron depleted (electrophilic) acetylenes (substituted with ester or
ketone groups). He isolated a large number of pyrrolo[1,2-c]quinazolines (Pyrrolo-c-Quinaz).

Quinazoline

AMY-Quinaz Pyrrolo-c-Quinaz

In 1981, Emilian defended his PhD thesis entitled “Quinazoline Dipolar Derivatives,” Prof. Magda
Petrovanu supervisor, that was in part published in several papers.4-7 Over the years more examples8-19 were
discovered.2
The aim of this tribute is to commend Emilian’s work that covers +50 years in his endeavor to
synergistically explore a convenient, efficient, with a broad scope construction of pyrrolo core condensed to
nitrogen heteroaromatic systems such as pyridines, quinolines, isoquinolines, quinazolines, phthalazines,
indoles! Moreover, it was discovered that a dramatic improvement was achieved by running the
cycloaddition under Multicomponent reactions (MCRs) technique. MCRs constitute one of the most
efficient tools in modern synthetic organic chemistry, since they have all features that promote an ideal
synthesis: high atom efficiency, quick and simple implementation, time and energy saving, environmentfriendly and they offer a targeted and diversity-oriented synthesis. Therefore, the development of new
multicomponent reactions towards biomedical and industrial scaffolds is inevitable at the present time. The
scope of the cycloaddition was studied by performing the one-pot three-component methodology
developed by Emilian that essentially involve reaction between the azomethine precursor N-alkyl ammonium
salt (obtained from nitrogen heterocycle), the alkyl oxirane and the electrophilic alkyne (less frequent
alkenes) dipolarophile that afforded a broad scale of pyrrolo derivatives.
2.1.1. Background theoretical features
2.1.1.A. Electronic structure of N-ylides
Before embarking upon chemical details concerning E&F discoveries, some discussion regarding
background theoretical features, terminology and organization of this paper could be beneficial for a better
understanding of the experimental facts.
Since the key reaction in the majority of E&F chemistry is the 1,3-dipolar cycloaddition we will
examine the electronic structure of an 1,3-dipole.
First 1,3-dipole analyzed is for the basic azomethine ylide (AMY), then the modified AMY by an
attached carbonyl group, namely AMY_COCH3 and lastly the AMY incorporated into the heteroaromatic
system as pyrimidine-AMY_COCH3 and quinazoline-AMY_COCH3.
Formally, AMY is electronically related to allyl anion. Intuitively, the electron distribution is
represented by the following canonical structures:

AMY-a AMY-a’ AMY-b AMY-b’ AMY-c
Fig. 1 – The intuitive resonance structures for azomethine ylide.

2 All papers published by Emilian has as co-author his wife Florentina. Therefore, we believe that is fair to use
Emilian&Florentina (E&F) names whenever reference is made to their research interest
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Computationally, the Natural Resonance Theory (NRT, NBO7)20 predict the following canonical
structures with resonance weights. It is notable that the leading structure is represented by the canonical
structure AMY-c’, yet the sum of the symmetrical identical canonical structures AMY-a and AMY-a’ is
55.34%. The CC “bond” of AMY-c’ has some atypical properties: computed bond length of 2.4707 Å that
display a Delocalization Index (DI,22 AIMAII23) of 0.3984 (for a normal sigma bond is around 1.00). The
HOMO (Q-Chem 5.3.0, 6-31+G*/EDF1),24 followed by transfer with file.47 to NBO-7, that controls the
AMY cycloaddition capability is depicted in the Figure 3, as MO plots.

AMY-a AMY-a’ AMY-c’ (or d?)
Fig. 2 – The main resonance structure and their weights calculated with NBO-7.21

(a)

(b)

Fig. 3 – HOMO of AMY, (a) 3D and (b) 2D pictures; the energy is of -0.13644 a.u.
(atomic units; numbering of atoms is from NBO-7 calculation).

The next model, AMY_COCH3 is carbonyl stabilized AMY like the one shown below. Compared
with AMY, there is no significant change concerning the termini C atoms participation in HOMO because
they have almost identical relative participation. Note that although HOMO comprises the C=O group,
however, its participation in the HOMO is minor.

Fig. 4 – HOMO (EDF2/6-31G*) of AMY_COCH3; the energy is of -0.20037 a.u.
(Numbering of atoms is from NBO-7 calculation).
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Computationally (Q-Chem 5.4.0, EDF2/6-31+G*), the cis- and trans- diastereomers (more stable)
around the C3=N2 bond are separated by a gap of ca. 4 kcal/mol.

(a) cis- isomer

(b) trans- isomer

Fig. 5 – The two diastereomers of AMY_COCH3 around the N=C bond.

In both conformers, one can identify C=O…..H8C1 and -C=O……H13N hydrogen bonds show in the
molecular graphs below, produced with AIMll. The former hydrogen bond (green circles, Bond Critical
Point (BCP) electron density is 0.0219 au) is slightly weaker than the latter (BCP electron density is 0.0270
au). The hydrogen bonds enclose a six membered ring which is confirmed by the ring critical point, RCP,
(red circle).

(a)

(b)

Fig. 6 – AIMll molecular graphs (medium size green circles are BCP locations, small red circle is RCP location)
for the two diastereomers of AMY_COCH3.

Lastly, when the AMY_COCH3 is incorporated into a nitrogen(s) six-membered heteroaromatic
cycle, like pyrimidine or quinazoline (two of the favorite nitrogen heterocycles of E&F), are expected more
profound changes of the electronic structure ylide.
For example, in the HOMO of the model Pyrimidine-AMY_COCH3 [see Figure 6(a)] the
heterocyclic termini carbon atom, C6 (figure 6(b), has a smaller coefficient (at AM1 25 level is -0.25) than the
external carbon termini, -CH-COCH3 (at AM1 level is 0.54). A noteworthy feature is that C6 (see the
structure on right) has a HOMO participation almost identical with C2!
It is significant to note the existence of C=O….H14-C13 (pyrimidine) hydrogen bond which is
freezing the conformation of the AMY, and thus is outline the geometry of the 1,3-cycloaddition reaction, for
example with electrophilic alkynes.
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pyrimidine-AMY_COCH3
(a)

(b)

Fig. 7 – (a) The HOMO of Pyrimidine-AMY_COCH3; orbital energy -0.17964 a.u.

Fig. 8 – AIMll molecular graph calculated at Q-Chem 5.4.0: EDF2/6-31+G*, and transferred the corresponding .wfn file
to AIMll package. (Small size green circles are BCP locations, medium red circles are RCP location).

Conclusion: Pyrimidine-AMY_COCH3 is a bifurcated ylide (!) with a shared nitrogen atom: one
ylide segment is C2-N+-CH- and the second ylide segment is C6-N+-CH-.
In presence of a electrophilic dipolarophile, two pyrrolo derivatives, namely B and C, is anticipate to
result:
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Experimental findings confirm the above analysis. E&F have isolated 100+ examples, all the
pyrrolo[1,2-c] derivative, while Prof. Mangalagiu26 (from the alma matter of E&F) isolated in a few
circumstances a pyrrolo[1,2-b] derivative.
The model QuinazN3-AMY_COCH3, formally a catacondensed pyrimidine to a benzene ring, the
AMY segment HOMO has a new appearance compared with Pyrimidine-AMY_COCH3. According to the
HOMO picture the ylide is no longer bifurcated, but localized to C4-N+-CH--segment.

(a)

(b)

Figure 9 – (a) The HOMO of QuinazN3-AMY_COCH3; energy -0.1741 a.u.; (b) QuinazN3-AMY_COCH3.

2.1.1.B. 1,3-dipolar cycloaddition
The 1,3-dipolar cycloaddition of AMY derivatives to electrophilic dipolarophiles (alkenes or alkynes)
represents the main reaction for producing new nitrogen containing heterocyclic compounds. The close
relationship with the Diels–Alder reaction was underlined by the theoretical treatment of concerted
cycloadditions published in 1965 by R. B. Woodward and R. Hoffmann. 27 In their reviews, the 1,3-dipolar
cycloaddition and the Diels-Alder reactions were presented side by side as thermally allowed suprafacial–
suprafacial [4ps+2ps] processes. For a suprafacial process, the two carbon-carbon bonds are formed to the
same face of the azomethine ylide and to the same face of the dipolarophile. The most successful qualitative
reactivity28,29 and selectivity30-32 model for 1,3-dipolar cycloadditions is based on frontier molecular orbital
(FMO) theory33-37 commonly involving approximate quantum mechanical methods and electronic properties
of isolated reactants.
Computational studies concerning understanding the reaction mechanism have voyaged three levels of
sophistication. The first level of examination is related only to transition state, and it was designed in 1971
by Sustmann as due to the frontier molecular orbital (FMO) model for the classification of reactivities in 1,3dipolar cycloadditions.31,32,38 The FMO model still is enormously successful in the rationalization of 1,3dipolar cycloadditions. In 1972 the regioselectivity in 1,3-dipolar cycloadditions become understandable
using the FMO approach.
Contrary to the early days disputes, currently the great majority of Huisgen reactions are generally
considered to proceed as concerted reactions.39
At the second level AMY cycloaddition is controlled only by the HOMO of 1,3-dipole and the LUMO
of dipolarophile (normal electron demand)
The third level, due to Houk,40-42 is based on distortion/interaction model for interpretation of 1,3dipolar cycloadditions unified reaction valley approach, is examining, the reaction path embedded in the
reaction valley from the location of the minimum associated with the reactants (in the entrance channel) to
the first-order saddle point being the position of the transition state (TS) and, finally, down to the minimum
associated with the products (in the exit channel). During this journey all changes in the physical and
chemical properties of the reaction complex (RC, the supermolecule made up from the reacting molecules)
are monitored so that a detailed account of the reaction mechanism can be given. At the entry (pre-chemical
region) into the reaction channel, the van der Waals interactions and hydrogen bonding (in case of
acetylenes) are dominant. Important changes occur in the pre-chemical and chemical regions regarding the
reactant orientation, preparation for the reaction, charge transfer, charge polarization, rehybridization, and
bond formation.
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2.1.1.C. Regiochemistry
For asymmetric dipole-dipolarophile pairs, two regioisomeric products are possible. Both electronic/
stereoelectronic and steric factors contribute to the regioselectivity of 1,3-dipolar cycloadditions. When an
AMY add to an asymmetric electrophilic dipolarophile, as it is illustrated in the model equation below, when
only the a regioisomer A in which the two EWG are remote is obtained. The regioisomer B was rarely
isolated.

Scheme 1

Scheme 2

Steric effects can either cooperate or compete with the aforementioned electronic effects. Sometimes
steric effects completely outweighs the electronic preference, giving the opposite regioisomer exclusively.30
The regioselectivity is dictated by the FMO analysis. Note that PMO treatment predicts the preferred
kinetic product. Very powerful tool to understand the regiospecificity of 1,3-dipolar cycloaddition is
provided by Salem-Klopman33,34,36,43,44 equation that is comprising three terms: filled orbitals repulsion,
coulombic interactions and orbital interactions. For AMY cycloaddition to an acetylene dipolarophile,
(HOMO controlled, Sustmann nomenclature), the simplified version of second order stabilization energy,
DE, in which only the HOMO-LUMO interactions are considered is:
(Equation 1)
where b is Hückel resonance energy
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To predict the regiochemistry of the AMY cycloaddition to asymmetric substituted electrophilic
dipolarophile, the following sequences has to be undertaken:
(a) Calculate EHOMO and ELUMO of both components. AM1 or PM3 level of theory calculations could
be an option.
(b) Identify which HOMO/LUMO pair is closer in energy.
(c) Extract the size of coefficients of atomic orbitals on the atoms at which bonding is to take place.
(d) Match up the larger coefficient on one component with the larger on the other. The preferred
regiochemistry is that yields higher stabilization energy (DE) as the result of large/large and
small/small interactions. A lower DE, and therefore less preferred regiochemistry that yields
lower DE are the large/small and large/small interactions.
For example, using as a model the reaction between 1,3-pyrimidine_AMY_COCH3 with 3-butynone
(Spartan 20 at AM1 level) results,
(a) EdipoleHOMO-EdipolarophileLUMO = -8.31 eV, while EdipolarophileHOMO-EdipolLUMO = -10.2 eV.
(b) Closer in energy is the pair dipole HOMO with dipolarophile LUMO (normal).
(c) The size of calculated coefficients is shown in the Figure 10.
(d) The larger coefficients are 0.55 on dipole and 0.50 on dipolarophile and the small/small
interaction is given by coefficients -0.26 on dipole, and -0.33 on dipolarophile. Therefore, the
preferred regiochemistry, with the stabilization energy (see equation 1) DE=0.25b2/8.31 places
the two EWD substituents remote. The alternative orientation, produces a 3-pyrroline with the
two EWD groups in vicinal configuration, which is less preferred because the DE=0.19b 2/8.31 is
smaller.

(a)

(b)

Figure 10 – (a) FMO preferred regiochemistry, (b) FMO less preferred regiochemistry.

2.1.2. Indolizines syntheses by 1,3-Dipolar cycloaddition
of azomethine ylides of heterocycles with one nitrogen in the ring
Indolizines have been prepared by “classical” (two-steps) or one-spot three component protocols
starting from pyridine, quinoline and isoquinoline scaffolds first converted into ylides generated in situ
which subsequently reacted by 1,3-dipolar cycloaddition with electrophilic alkenes or alkynes. Thus
indolizine derivatives have been prepared from pyridine derivatives, pyrrolo[1,2-a]quinoline from quinoline
derivatives and isoquinoline afforded pyrrolo[2,1-a]isoquinoline derivatives.

Dr. Emilian Georgescu, a passionate and compassionate chemist

17

2.1.2. A. Pyridines
Alkyne dipolarophile. One-Pot Three Component protocol
The best yields to fulfill the task of conversion of a nitrogen heterocycle template into pyrrolo
heterocycles is accomplished by the One-Pot Three Component technique (other terms in the literature: (i)
one-pot multi-component domino reaction, (ii) multistep tandem reactions (ii) cascade reactions; (see a
tentative attempt of Nicolaou et al.45 to unify the nomenclature ).
Multicomponent reactions (MCRs) represent one of the most efficient tools in modern synthetic
organic chemistry, since they have all features that contribute to an ideal synthesis: high atom efficiency,
quick and simple implementation, time and energy saving, environment-friendly and they offer a target and
diversity- oriented synthesis.
One-Pot Three Component methodology was developed in E&F group for the synthesis of pyrrolo
derivatives from substituted pyridines,46 quinoline47 and pyrimidines.48 Here, more details will be presented
for pyridines template, while for quinolines and pyrimidines, see “2.1.2 B. Quinolines” and “2.1.4. A.
Synthesis of pyrrolo[1,2-c]pyrimidine,” respectively.
A mixture of substituted pyridine, substituted phenacyl bromide (or ethyl bromoacetates), propiolic
ester and 1,2-epoxybutane was refluxed for 24 h to yield the substituted indolizines:

Selected substituents:
R1
7-CH3
7-CH3
7-CO-C6H5
5-CH3
7-CO-C6H5
H

R2
H
H
H
8-C2H5
H
H

R3
C6H5Cl (p)
C6H5F (p)
C6H5F (p)
C6H5NO2 (m)
OC2H5
C6H5Cl (p)

R4
CH3
C2H5
C2H5
C2H5
C2H5
C2H5
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One-Pot Three Component methodology has been used to prepare indolizines (yields 43-61 %) of 2,2’dipyridyl.49 Note that only the nitrogen from one ring is reacting.

Selected substituents
Ar: C6H5; 4-C6H5C6H4; 2-NO2C6H4-; 3-NO2C6H4-; 4-FC6H4; 4-ClC6H4; 4-BrC6H4; 4-CH3C6H4; 1naphtyl; 2-naphtyl
R: CH3; OCH3, OCH2CH3
Two Steps protocol
Most of indolizine syntheses from pyridine derivatives have been carried out using the “standard”
protocol entailing two steps. In the first step the N-alkyl quaternary salt is made. In step two the quaternary
salt, the electrophilic dipolarophile alkene or alkyne and epoxypropane or 1,2-epoxybutane9,50-54 are kept at
room temperature for 10-20 days. The in situ generate AMY from the quaternary salt and the epoxide reacts
in a 1,3-dipolar cycloaddition with the dipolarophile, followed by a “spontaneous” oxidation to yield the
indolizines derivatives.
In step two, AMY formation is achieved by extraction of a proton from -CH2- group flanked by two
strongly EWG, the quaternary nitrogen and the -CO- group. Because the 1,3-dipoles are in most cases
unstable, the in-situ cycloaddition is the prevailing approach. As base a versatile, efficient and convenient
has proven to be either epoxypropane or 1,2-epoxybutane. In this case it is conceivable the alkoxide A is the
base that resulted from the bromide nucleophilic ring opening reaction.

A

As dipolarophile, the most beneficial are the asymmetric electrophilic alkynes (see below). Most of the
cycloaddition required up to 20 days reaction time at room temperature. The last step is oxidation of the
dihydro-indolizine furnishing indolizine. Responsible for the “spontaneous” oxidation is the oxygen from the
air (however not proven) or an oxidant such as tetrapyridinocobalt(II)dichromate (TPCD) that has be proven
to afford better yields.55 The latter has been caried out in dimethylformamide, pyridine as base, stirred at
90°C for 2 h. it is worth mentioning that recently it was discovered that diethyl azodicarboxylate is a strong
promotor of similar oxidation.56
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Selected R and R1 substituents
R: H; 7-CH3; 7-CN; 7-COCH3; 7-COC6H5; 7-t-Bu; 6-COOCH3; 7-CH2Ph, 7-CH2C6H4-(p-NO2)
R1: 8-C2H5;
Selected R2 and R3 substituents
H, COOCH3; COOC2H5; COCH3: -COC6H5-, C6H5Selected aromatic substituents:
C6H5; 4-XC6H4 (X=F, Cl. Br); 4-CH3OC6H4; -CH2C6H5; 2-naphthyl; -CH2C6H4(p-NO2); 3-NO2;
4-NO2; 3,4-(MeO)2C6H3; -COC6H5; 4-CNC6H4; 2,4-Cl2C6H3; substituted-NH-Aromatic (2-F; 3-CF3;
2-C2H5; 4-CH3; 2-OCH3)
The dipolar cycloaddition affords the dihydro-indolizine. Although experimentally it was not tested,
“spontaneous” air oxidation is accepted as the “uncontrolled” last step that converts with less than 50% yield
the dihydroderivative into indolizine. Better results are obtained if when the oxidation is controlled by
adding an oxidant such as tetrapyridinocobalt(II)dichromate (TPCD, [CoPy4(HCrO4)2]).55
As electrophilic alkyne dipolarophile the following compounds reacted well under the standard
reaction conditions to afford the corresponding indolizines in good yields:

All the above alkynes carry a series of versatile functional groups such as ester or carbonyl electronwithdrawing group (EWG), bestowing the triple bond to be more beneficial in the conversion and yield of
cycloaddition transformation. EWGs lower the LUMO of alkynes, and therefore reducing the HOMOLUMO gap increasing the second order perturbation energy (see equation 1).
Quaternary salts obtained by the reaction of several pyridines with chloro- or bromoacetanilides were
reacted with corresponding activated alkynes in the presence of 1,2-epoxybutane, yielding new carbamoylsubstituted indolizines derivatives (yields: 26-51%):
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Scheme 3 – All the structures in red are reacting in one-spot during 10-20 days at RT.

Selected substituents:
R: H; 5-CH3; 7-CH3;
R1: H, 8-CH2CH3
R2: 2-F; 2-C2H5; 3-CF3; 2-CH3
R3: H; 6-C2H5
R4: COOC2H5; CO-C6H5; COCH3
The asymmetric electrophilic alkyne dipolarophile shown in the list above display a high
regioselectivity. Notably, the CH end of alkyne add to the methine carbanion center of the dipolarophile.
The rational for the observed regiochemistry is discussed in section 2.1.1.

Scheme 3 – The regioselectivity in the AMY cycloaddition to an electrophilic alkyne. Always the terminal
the carbanionic center of ylide.

CH of alkyne adds to

Alkenes dipolarophile
Electrophilic alkene, like crotononitrile react 4-methylpyridinium-carbamoylmethylides generated in
situ from the corresponding quaternary salts in presence of tetrapyridinecobalt(II)-dichromate to produce 3carbamoyl substituted indolizine (12% yield). The cycloadduct contain a tetrahydropyrrole that is oxidized to
the indolizine derivative.
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2.1.2. B. Quinolines. Benzoquinolines
Alkynes dipolarophile. One-Pot Three Component protocol
A library of 47 pyrrolo[1,2-a]quinoline derivatives has been prepared (yields 43-70%) by the one-pot
three component methodology.47,57,58 The three components are quinoline derivatives, substituted 2bromoacetophenones or 2-bromo-1-(naphthyl)ethanones and, the unsymmetrical electrophilic alkynes (ethyl
propiolate, 3-butyn-2-one, benzoylacetylene ). Epoxypropane an 1,2-epoxybutane were employed as base
and solvent. Reaction’s duration 30-50 h at RT.

Selected substituents:
R1: H; 5-CH3; 7-CH3
R2: CH3; C6H5; OCH2CH3
Ar: Benzene substituted with H; 3-Br; 4-F; 4-Cl; 4-Br; 4-CH3, 4-C6H5; 2-NO2; 3-NO2; 3-OCH3; 4-OCH3; 4CN; 1-naphthyl, 2-naphthyl;
Benzoquinolines19
Un interesting improvement for the One-Pot Three Component protocol has been published by E&F
group in 2020. If the 1,3-dipolar cycloaddition is operated in a sealed tube heated at 120oC under microwave, the
reaction time is reduced to 30 minutes compared with the already described reaction duration of up to 20 days at
RT. Nine new benzo[f]pyrrolo[1,2-a]quinoline derivatives have been synthesized this way, yields 36-53%.

Substituents:
R: 3-CH3OC6H4; 4-CH3C6H4; 4-NO2C6H4; 3,4-(CH3O)2C6H3; 3-ClC6H4NH; 4-i-PrC6H4NH;
2,6-Et2C6H3NH
X: Cl; Br
R1: H; COOMe,
R2: H; COMe; COPh; COOMe
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2.1.2. C. Isoquinolines
Pyrrolo[2,1-a]isoquinolines has been prepared by the “classical” approach: namely, in two steps. In
step 1 the N-metylcarbamoyl quaternary salts has been obtained by heating the isoquinoline with
chloroacetanilide or bromoacetanilide in CHCl3 at reflux for 20 h.

Selected substituents:
R: 2-F; 2-OMe; 3-OMe; 3-Me; 3-CF3; 3-Cl. 4-F; 4-Cl; 2,6-Me2;
In step 2 (one-pot), a mixture of N-methylcarbamoyl quaternary salt was converted in situ with the
epoxide into the AMY which by an 1,3-dipolar cycloaddition to an electrophilic acetylenic, and subsequent
“spontaneous” oxidation gave the pyrrolo[2,1-a]isoquinolines (yields 29-61%). The one-pot reaction has
been carried out at room temperature for 10-12 days.

Alkene dipolarophile
Two electrophilic dipolarofile, acrylonitrile and crotonitrile, displayed 1,3-dipolar cycloaddition with
AMY obtained in situ from the N-methylcarbamoyl quaternary salt with pyridine (at 90o) or 1,2-epoxybutane
(reflux 5-8 h) afforded the tetrahydropyrrole which by “spontaneous” oxidation or
tetrapyridinecobalt(II)dichromate oxidation as a reaction promoter and dehydrogenating catalyst59 gave the
pyrrolo[2,1-a]isoquinolines (yields acrylonitrile 38%, crotononitrile 34%).

Why the cycloaddition involves atom “c” and atom “d” is avoided? The 1,3-dipole could be localized
on “CaNCc” or “CaNCd”. Examining the 1,3 dipole HOMO3 it turns out that C atom
3

Single point AM1 calculation (Spartan 20) on geometry optimized at EFD2/6-31+G* level of theory.
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HOMO of the left azomethine dipole “c” (C7 in the picture above)
has a much larger MO coefficient than atom “d” (C9 in the picture).

2.1.3. 1,3-Dipolar cycloaddition of azomethine ylides
of heterocycles with two nitrogen atoms in the ring
In this section the examination of 1,3-dipolar cycloaddition of AMY begins with pyridazine and
phthalazine derivatives, then will continue with pyrimidine, and quinazoline derivatives.
It will be shown how pyridazine, phthalazine, pyrimidine, and quinazoline have been converted
into pyrrolo[1,2-b]pyridazine, pyrrolo[2,1-a]phthalazine, pyrrolo[1,2-c]pyrimidine, and pyrrolo[1,2c]quinazoline.
Almost half of papers of the E&F group (42 papers) are bestowed to 1,3-dipolar cycloaddition of
substituted pyrimidine-azomethine ylides (pyrimidine-AMY_COR) and substituted quinazoline-azomethine
ylides (quinazolineN3-AMY_COR) derivatives to electron depleted (electrophilic) acetylene and alkenes.

2.1.3. A. Syntheses of pyrrolo[1,2-b]pyridazines and pyrrolo[2,1-a]phthalazines
Treatment of the mixture of 1-methylcarbamoyl pyridazinium bromide, with ethyl propiolate, in the
presence of 1,2-epoxybutane as acid acceptor and reaction solvent, afforded (after stirred at RT for 10-12
days), 7-carbamoyl-pyrrolo[1,2-b]-pyridazine 10 (yield 28.5%). The reaction occurs via pyridazinium-Ncarbamoylmethylide 8, obtained in situ by α-deprotonation of the corresponding quaternary salt with,
followed by 1,3-dipolar cycloaddition reactions of these ylides with ethyl propiolate. The intermediate ylide
(diazinium N-carbamoylmethylides) have been obtained by the dehydrohalogenation of the corresponding Nphenylcarbamoylmethyl diazinium quaternary salts.
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By the direct reactions of the pyridazine with bromo acetanilides the corresponding N-phenylcarbamoylmethyl quaternary salts (70% yield) was obtained.
Next, we would comment on the findings concerning phtalazine AZM 1,3-cycloaddition to
electrophilic either symmetrical or unsymmetrical triple bonds.60 Although, the E&F group published a
single paper invoking this specific chemistry, very interesting results have ensued from the 1,3-cycloaddition
of phthalazinium N-ylides with symmetrical electrophilic alkyne, like acetylene dimethyl dicarboxylic ester
(DMAD). It is for the first time, in the E&F group, when a dihydropyrrolo (pyrroline) derivative has been
isolated (yield 82%). Intermediates of this type are generally unstable, leading to the fully aromatic
compounds by dehydrogenation (oxidation).

The structure has been confirmed X-ray diffraction analysis. Arguable, the most important outcome is
the unexpected trans stereochemistry of the two pyrrolinic protons at C1 and C10b, respectively.
The one-pot three-component procedure that avoids the formation of the dihydro derivatives, is
producing directly the fully aromatic compounds in good yield (69-81%).

Selected substituents:
Ar: 2-MeO; 3-MeO; 2-Cl; 2,4-dichloro; 4-NO2
R: Me; MeO; EtO
The X-ray finding is a unique, although an opportunity, in order to speculate on the stereochemistry of
the 1,3-dipolar cycloaddition.
The first issue that we would like to address is the dipole preferred conformation. An appropriate
model computationally would be the model of pyridazine ylide (pyridazine-AMY_COCH3) rather than the
larger phthalazine model. The conformer search protocol carried out with Spartan 20 around bonds N1-C1
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and C1-C2 provided the lowest energy conformer with the geometry illustrated in Figure 9. The fact that in
the preferred conformation the carbonyl oxygen (O14 in the picture) is facing the hydrogen (H8 in the
picture) on the other end of the 1,3-dipole, invites to a closer examination whether there is a hydrogen bond
between the oxygen donor (C13=O14) and the hydrogen H8-C7). The calculated (Q-Chem 5.4: EDF2/631+G*) bond distance is 1.956 Å, acceptable for a hydrogen bond distance.

Fig. 11 – The lowest energy geometry for pyridazine-AMY_COCH3.
The side chain -CHCOCH3 conformation has O14 in the vicinity of H8
(Q-Chem5.4 numbering of atoms) which produce a hydrogen bond,
evidence by the molecular graph from Figure 12 (see the arrow).

Indeed, the hydrogen bond between the O1 and H10, as it is evidenced by AIMAll (shown in the
Figure below) and NBO-7 calculation providing both BCP and NBCP (natural BCP) values.

Fig. 12 – The molecular graph of the pyridazine-AMY_COCH3. The green dots: BCP printed above electron density.
The white text is the index of delocalization. The arrow point toward the hydrogen bond.

The calculated AIMll hydrogen bond descriptors such as density (rBCP) at BCP is 0.0283 au, (typical
range is 0.002 - 0.034 a.u),61 the Laplacian of the charge density ( evaluated at the BCP is 0.094851 (typical
range from 0.024 to 0.139 au) and the index of delocalization (ID) is 0.0932 within the typical range.62
Assuming a concerted mechanism for the 1,3-dipolar cycloaddition, and having the geometry of dipole
in hand, one can design that the primary derivative will be the 3-pyrroline derivative with the
stereochemistry of substituents around the pyrroline ring shown in the Figure 13. The cycloaddition is
controlled by dipoleHOMO-dipolarophileLUMO interaction, as it is shown also in Figure 13.
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(a) (b)
Fig. 13 – The 1,3-dipolar cycloaddition. In the graph showing the frontier orbitals interaction the upper picture is HOMO of dipole
and the lower picture is LUMO of dipolarophile.

At this point in the present paper, it worth discussing and recognize what experimental evidences are
available for the 1,3-cycloaddtion of AMY to electrophilic alkynes.

Thermodynamic
control?

Kinetic control?

??

DG= -10 kcal/mol. DG= -20.3 kcal/mol
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Historically, a primary pyrroline structure was claimed in 1969 by the group of Prof. Petrovanu (see a
discussion in reference63). Secondary 2-pyrroline were successfully isolated and for some of them X-ray
structure have been determined by the group of Prof. Mangalagiu64-69 and Dr. Dumitrascu.70,71 Interestingly,
in all cases primary product is a 1,3-dipolar cycloaddition to Me or Et esters of acetylene dicarboxylate .

The secondary 2-pyroline isolated in some cases from the 1,3-dipolar cycloaddition to the dimethyl or
diethyl esters of acetylene dicarboxylic acid are shown below. In one isomer the double bond is conjugated
with the heteroaromatic ring 2(Ar)-pyrroline,67,70 or conjugated with the COR group 4(CO)-pyrroline.60,68,69
As it was already mentioned the former is computationally more stable than the latter.

2.1.3. B. Syntheses of pyrrolo[1,2-c]pyrimidines and of pyrrolo[1,2-c]quinazolines
Syntheses of pyrrolo[1,2-c]pyrimidines
The AMY of pyrimidine was generated in two steps that will presented below. Next either isolated,
when dipole was stable, or using a three component cascade reaction the ylide added in 1,3-dipolar
cycloaddition to a electrophilic alkyne to be converted into a pyrrolo derivative. Most of the time the isolated
heterocyclic compound was a pyrrolo[c] derivative and in only one case has resulted a pyrrolo[b]-derivative.
The last step involves a dehydrogenation (oxidation). In almost all the papers published related to
1,3-dipolar cycloaddition, the last step was left at the level of “spontaneous” oxidation or “air” oxidation.
Also, examining the reported yields for the final product, overwhelmingly are below 50%. Is it possible that
half of some of intermediate of one-spot approach be consumed during the oxidation, and therefore
producing a less than 50% yield. An examination of the mass balance would answer the question. It is
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gratifying that when an oxidant was used,72-74 as for example tetrapyridinecobalt(II)dichromate (TPCD,
[Py4Co(HCrO4)2]),75 the pyrrolo derivative became available in better yields.
In 2013, E&F group published a paper describing the best procedure to prepare pyrrolo[1,2c]pyrimidine as a One-Pot Three Component synthesis microwave promoted.48 Their findings described a
green and faster procedure (with epoxides) than any of the previous “classical” contributions (NEt 3, NaOH,
Na2CO3) that started to be published by E&F since 1981.50

A

B

D

E

The major features of the microwave assisted synthesis are:
1. Green, with a good atom economy
2. Fast, 0.5 hours at 120oC instead of 28 hours (60oC) or 58 hours (rt).
3. Clean, no dimers from the [3,3]-cycloaddition.
4. Large libraries become available.

Fig. 14 – The major side reaction is dimerization, [3+3] cycloaddition.

Unfortunately yields are systematically around or less than 50%, similar to the classical procedures.
Perhaps, attention will be paid in the future to examine the mass balance.
In 2012 E&F have designed a classical One-Pot Three Component protocol76 for delivering a library
of pyrrolo[1,2-c]pyrimidines without dimer formation, which is the major side-reaction product identified so
far. The three key components for the synthesis of a library of pyrrolo-[1,2-c]pyrimidines resulted from 4aryl substituted (Me, MeO-) pyrimidine, substituted (Me, MeO, Br, NO2,Ph-, naphthyl-)-bromoacetophenones
and nonsymmetrical electron deficient (-COOMe, -COOEt, -COMe) alkynes. The reaction was carried out in
propylene oxide, at room temperature for 40 h. When 1,2-epoxybutane was used the reaction was run at
reflux for 24 h. In both conditions RT or reflux, the last step consisted from partly solvent evaporation
followed by addition of methanol for overnight crystallization. Next, let us add some more details for each of
the of the three steps: quaternization, ylide generation, 1,3-dipolar cycloaddition.
In the first step, quaternization of the heterocycle nitrogen compound is achieved with phenacetyl
bromide. When the quaternary salt was isolated (linear synthesis), the reaction was carried out in chloroform
or methanol. In some experiments the quaternary salt was isolated, in others was further used as crude. It is
interesting to note that the quaternization occurs at N1.
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DFT calculation, at EDF1/6-31+G* level of theory, predict the quaternization reaction at N1 is with
8.2 kcal/mol cheaper than the quaternization reaction at N3.

Fig. 15 – DFT calculate structure for model N1 (left) and N3 (right) quaternization.

Intuitively, however, the lack of quaternization at N3 was attributed to more steric hindrance than at
N1. The computed structure for the model quaternization structure at (see Figure 13, left) shows clearly the
geometrical distortion, that among others factors, prohibits the stabilization p-conjugation among the two six
membered rings, stabilization that is “ideal” in the case of N1 quaternary salt as result of coplanarity of the
two aromatic ring.
In step two, the pyrimidine-AMY formation is achieved by extraction of a proton from -CH2- group
flanked by two strongly EWG, the quaternary nitrogen and the -CO- group. As base very efficient and
convenient proved to be the epoxypropane or 1,2-epoxybutane.50-54,77 Conceivable, the alkoxide is the base
that resulted from the bromide nucleophilic ring opening reaction.

When triethylamine (in CH3CN, at reflux), was the base employed, in some cases the dimers
formation was isolated. A solution of 1M NaOH78 in EtOH:H2O 1:1 works well in some cases, as for
example to generate the ylide YY from the methylene precursor.79
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Na2CO3 in many cases proved to be an alternative as a base.80

2.1.3. C. Syntheses of pyrrolo[1,2-c]quinazolines
Starting from a quinazoline derivative, a quaternary salt, either at N1 or/and N3, can be accomplished,
for example, with CH3COCH2Br. In the second step, with a base, the iminium salt of quinazoline can be
converted into quinazoline-AZM-N1 and/or quinazoline-AZM-N3.

quinazoline-AZM-N1.

quinazoline-AZM-N3

Pyrrolo derivatives can result from a Huisgen [3+2] cycloaddtion of the AZM ylide to and
electrophilic acetylene, and subsequent dehydrogenation of the dehydropyroll. The quinazoline-AZM-N1
would provide the pyrollo[1,2-a]quinazoline. The quinazoline-AZM-N3 would provide the pyrollo[1,2b]quinazoline and/or pyrollo[1,2-c]quinazoline.
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When an alkene or an alkyne electrophilic dipolarophile is present, a Huisgen [3 + 2] cycloaddition
can occur. If the dipolarophile is asymmetric, the reaction product has in most of the cases a well-defined
regiochemistry.

The last step is the oxidation (aromatization) of the dihydropyrrolo ring. Even today, when no oxidant
is added, it is not clarified who is the oxidant.
One obvious candidate would be oxygen from air. Nevertheless, if one look at reaction yields of the
isolated pyrrolo-derivatives one note that all are below 50%, one can speculate that the reactant or reaction
product could act as hydrogen acceptor.

Oxidants like diethyl a azocarboxylate promote the dipolar cycloaddition reaction ending with
moderate to good yields of pyrrolo[2,1-a]isoquinoline scaffolds.56
2.1.3. D. Syntheses starting from benzimidazoles
In 2020 E&F group published a paper describing the syntheses of 21. Benzimidazolinium salts
(yields: 71 - 97%) starting from 1-substituted benzimidazole and the alkylating agent, at reflux in acetone.
The duration of the reaction (0.5 -10 h) is dependent of the structure of the alkylated agent.81
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The quaternary ammonium salts are the precursors of the benzimidazolium ylides, that via 1,3-dipolar
cycloaddition yields various pyrrolobenzimidazoles, pyrroloquinoxalines, and pyrroloquinoxalinones, as it
will be described in what follows.
In 2013 it was discovered16 a complex reaction path temperature dependent when 1-benzylbenzimidazole skeleton was reacting in one-pot, three component reaction with phenacyl bromides, 1,2-epoxybutane,
and an electrophilic alkynes. When the reaction was performed at reflux for 24 h, the reaction product
resulted is pyrrolo[1,2-a]benzimidazole derivatives in ca. 70%. If the reaction is performed at room
temperature for 60 h, almost equal quantities of pyrrolo[1,2-a]benzimidazole and 4,5-dihydropyrrolo[1,2a]quinoxalines have resulted.

When the alkynes in the above picture is ethyl propiolate, the resulting products are mixture of
pyrrolo[1,2-a]quinoxalin-4-ones and pyrrolo[1,2-a]benzimidazoles. Pyrrolo[1,2-a]quinoxalin-4-ones are
always the major reaction product and the ratio of pyrrolo[1,2-a]quinoxalin-4-one to pyrrolo[1,2a]benzimidazole depends on reaction conditions and reactant structures.
A more careful HPLC analysis of the crude reaction mixture resulted from 1-substituted 3phenacylbenzimidazolium converted in situ in benzimidazolium ylides, in the presence of various acid
acceptors (1,2-epoxybutane, NEt3, K2CO3) and solvents (1,2-epoxybutane, acetonitrile, DMF), with two
different non-symmetrical activated dipolarophiles such as ethyl propiolate or 3-butyn-2-one led to complex
mixtures of pyrrolo[1,2-a]benzimidazoles, 4-hydroxy-4,5-dihydropyrrolo[1,2-a]quinoxalines, 4,5-dihydropyrrolo[1,2-a]quinoxalines and pyrrolo[1,2-a]quinoxaline quaternary salts.82
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It is remarkable to note that pyrrolo[1,2-a]benzimidazoles are the major reaction products along with
small amounts of pyrrolo[1,2-a]quinoxalinium salts, when an oxidant such as tetrapyridinecobalt(II)dichromate (TPCD) in DMF at 90oC was added in the presence of triethylamine. In the same reactions
carried out in the presence of an epoxide and TPCD at 65oC, pyrrolo [1,2-a]benzimidazoles are still the
major reaction products but the amounts of pyrrolo[1,2-a]quinoxalines increase.72,82 The oxidant converts the
primary product resulted from the 1,3-dipolar cycloaddition with electrophilic alkynes into the pyrrolo
derivative much faster than the ring opening that yields to pyrrole derivatives.
The unsubstituted (on the imidazole ring) benzimidazole refluxed with 2-bromoactophenone, an
unsymmetric electrophilic alkynes (HC≡C-COMe or HC≡C-COOEt), the three component in ratio 1:2:1, in
1,2-epoxybutane lead to pyrrolo[1,2-a]quinoxalin-4-one as only reaction product.83
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A mixture of pyrrolo[1,2-a]benzimidazoles, 4-methylene-pyrrolo[1,2-a]quinoxaline derivatives and
pyrrolo[1,2- a]quinoxalin-4-one derivatives results when N-acetonylbenzimidazolium chlorides (obtained
from 1-substituted benzimidazoles and chloroacetone) reacts with electrophilic acetylenes (ethyl propiolate,
1-phenylpropynone and dimethyl acetylenedicarboxylate) in the presence of bases (Et3N in acetonitrile,
reflux 3 h or Et3N and tetrapyridinecobalt(II)dichromate in DMF, 90oC, 3h).73

In the reaction of 1-benzyl-3-acetonylbenzimidazolium chloride with 3-butyn-2-one in acetonitrile, in
the presence of triethylamine, only pyrrolo[1,2-a]quinoxalin-4-one was obtained (92% yield at reflux
temperature and 88% yield at room temperature) and traces of pyrrolo[1,2-a]benzimidazole.
Only pyrrolo[1,2-a]benzimidazoles and pyrrolo[1,2-a]quinoxalin-4-ones are obtained when these
reactions were carried out in the presence of oxidants, such as TPCD (tetrapyridinecobalt(II)dichromate) or
CrO3 in DMF at 90°C.
It is interesting to note that a N3-cyanomethyl substituent is impeding cyclization of the of the pyrrole
intermediate to a pyrrolo[1,2-a]quinoxaline, as it is the case when the N3 substituent is a -COOEt group:

The N1-benzyl benzimidazole and bromoacetonitrile are refluxed 6 hours in acetone and converted
into benzimidazolium bromide.
In one-pot methodology, the bromide and 1,2-epoxybutane at reflux, in situ, gives the
benzimidazolium N-ylide that reacts with electrophilic alkynes (but-3-yn-2-one, esters of propiolic acid, and
esters acetylene dicarboxylic acid).
In the one-pot three-component procedure that avoids the isolation of benzimidazolium bromides.
Thus, the N1-substituted benzimidazoles were refluxed with bromoacetonitrile in 1,2-epoxybutane for two
hours before the acetylenic dipolarophile was added and the reaction mixture refluxed additional 72 h to
complete the reaction. Pyrroles has resulted in 46-61% yields.
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2.1.4. Electrochemical and fluorescent spectral studies
In 2010 Emilian, in collaboration with a group coordinated by Prof. Ungureanu (University Polytechnica,
Bucharest) have started to explore fluorescent properties and redox properties of some indolizine46,84,85 and
pyrrolopyrimidine derivatives,86-90 using cyclic voltammetry and differential pulse voltammetry. All
compounds studied are new, and have been synthesized for this purpose.
Indolizines are a π-rich system that can be easily oxidized to the radical cation, are also highly
luminescent; this property enabling the design of fluorescent91 markers and sensors. An example of studied
indolizines46 is shown below:

The redox processes for each compound were established, analyzed and assigned to the particular
functional groups such as methyl/oxidation, ketone/oxidation, halogen/reduction, ester/reduction, and
indolizine/reduction.
Pyrrolo[1,2-c]pyrimidines are good candidates for electrochemical sensors. Also they display interesting
fluorescent properties. An example of chemical structure is illustrated below:
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From cyclic voltammetry curves, the reversibility of each process in the anodic and cathodic domains
has been estimated. Processes obtained in the anodic domains are irreversible, while the cathodic ones are
reversible or quasi-reversible.
2.1.5. Synthesis of strigolactone mimics (SL)
SL are functioning as plant hormones, endogenous signals which regulate plant response to stress and
exogenous signals involved into exchange of information in the plant rhizosphere. Three new SL mimics92,93
containing an aromatic or heteroaromatic ring, have been easily prepared (39-78% yield) by mixing (24 h,
RT) in DMF/K2CO3 each of the three -OH precursors, shown below, with bromo-3-methyl-5H-furan-2-one.

All three SLs were confirmed to be active on plant pathogenic fungi and parasitic weed seeds. Related
to compounds involved in plant self-protection such as isoxazole derivatives94 as nitric oxide elicitors in
plants have been prepared by 1,3-dipolar cycloaddition (catalyzed by Cu(I) and KHCO3) of aromatic nitrile
oxides and non-symmetric electrophilic alkynes.

Three Schiff bases containing a furoxan moiety as potential nitric oxide donors in plant tissues have
been prepared from furoxan aldehyde and amines. For example, by treating furoxan carbaldehyde with
phenylsulfonyl hydrazide derivative the corresponding phenylsulfonylhydrazone resulted for which X-ray
are available.95
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3. APPLIED RESEARCH
As we mentioned before Emilian Georgescu graduated from “A. I. Cuza” University, Iaşi, Roumania
in 1970, the same year with Florentina. They have both been hired by the Râmnicu Vâlcea Chemical
Company’s Research Department. At that time, it was customary that young university graduates make a sixmonth tour in the Company to learn the basics of the technologies used in different production lines. Because
the Company just opened a biological waste water treatment plant, they did not get to finish the tour and
started working in the new plant’s laboratory to integrate the analytical methods and set up the quality
control protocols. After six month they moved to the research department of the company, department which
in 1973 will become the Râmnicu Vâlcea Research Center. This was also the year when we first met.
One of the authors of this paper (FP) graduated in 1969 and started his career the same year at the
Center of Organic Chemistry in Bucharest having Professor Costin D. Nenitzescu as founder and director at
the time. The Center has been transferred that year from the network of research institutes of the Roumanian
Academy into the network of the Ministry of Chemical Industry. In January 1970 the Center had to organize
a general staff meeting to kick-off the yearly activity plan. We gathered in the institute’s library, with some
officials of the Ministry of Chemical Industry present, and Professor Nenitzescu started to speak in front of
us: “Good morning. A factory which last year produced 4000 screws and wants to produce 5000 screws this
year holds in January a plan kick-off meeting. We are not such a plant. Have a nice day”. Unfortunately,
Professor Nenitzescu died a few months later.
Starting with that year developing technologies for chemical products needed by the national industry
became paramount for all chemical research organizations in Romania, aiming to reduce entirely if possible, all
imports. Thus, in 1973, together with a colleague whose name was Emil Georgescu, we went to the Chemical
Company from Râmnicu Vâlcea to begin a cooperation in developing and implementing a technology for methyl
chloroform, a solvent extensively used at the time for dry cleaning. We entered the office of the guys appointed to
work with us and so we met Emilian and Florentina Georgescu. Exchanging phone numbers was the surprise:
Emilian’s number was 14639 and Emil’s 146394. We remained friends for life.
Emilian Georgescu’s career was split between applied chemical research demanded by official policy
and fundamental chemistry which was his personal call and love, fortunately accepted by his employer. The
same was true for all research institutes with more or less freedom to do basic research.
Applied research results, according to the official policy, were considered at least company secrets and
some of them even state secrets. You needed approval to access that data so nowadays, if you were not
personally involved in the same projects, the easiest way to review the applied research Emilian was
involved in is to consult the patents he authored.
His industrial research has followed closely the development stages of the Company.
Without going into too much detail, the Râmnicu Vâlcea Chemical Company had five main development
stages.96 In this short list we mentioned in chronological order just the start-up of new plants or technologies.
Stage I – 1966 – 1970
- 1968 first brine electrolysis unit
- 1969 first oxo-alcohols plant, HCH-lindane plant, first vinyl chloride plant (40000 t/y), first PVC
production line (36000 t/y)
Stage II – 1971 – 1975
- 1972 first Chlorinated Solvents plant
- 1974 second Chlorinated Solvents plant, new electrolysis plant with mercury cathodes and titanium
anodes
- 1975 Oxo alcohols II, Vinyl chloride II and PVC II are started
Stage III – 1976 – 1990
- 1977 Propylene oxide (10000 t/y), Propylene glycol (6300 t/y), 2-Ethyl-hexanoic acid (100 t/y),
Vinylic copolymers, Polysulfide polymers (Thiokols)
- 1978 Polyethers polyols, Ethyl chloride, Polycarbonates, Methyl chloroform, Phosgene
- 1979 Alkylamines (di-isobutyl, cyclohexyl, sec-butyl), thiocarbamic herbicides
- 1982 N-ethyl-cyclohexyl-amine
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- 1983 Trimethylolpropane, Alpha-naphthol, Chloroformates (methyl, ethyl, 2-ethyl-hexyl) Carbaryl
- 1984 more amines and diamines, new electrolysis with diaphragm and titanium anodes
- 1985 pesticides (mecloran, methylthiophanate)
Stage IV – 1990 – 1995
- polyethers for rigid foams
- plasticizers (dioctylphtalate)
Stage V – 1996 – 2014
- hydrogen peroxide (6000 t/y), oxo alcohols process upgrade to rhodium catalyst, electrolysis
upgrade to ion exchange membrane process, phthalic anhydride
Today less than 20% of the Râmnicu Vâlcea Chemical Company survived.
Emilian was involved in most of the technologies implemented during all the development stages of
the Company, not including the very first stage.
The first patents he authored were focusing on valorizing residues generated by operational
technologies:
– oxo synthesis: isolation of 2-ethylhexanal resultant as by product and catalytic oxidation to the
corresponding acid97 or separation of higher alcohols98 from residual heavy oils
– chlorinated solvents: isolation of high value compounds like hexachloroethane,99,100 hexachlorobutadiene101 or hexachlorobenzene,102,103 generated as by-products of the high temperature chlorination of
propylene.
PVC was one of the main profit sources for the Company and naturally it was a primary target for in
house research and the for the Râmnicu Vâlcea Research Center. The first vinyl chloride polymerization
processes applied in the Company was using lauryl peroxide as initiator. This peroxide is stable, starting to
decompose slowly at temperatures higher than 50ºC, thus making the polymerization process slow. It also
serves as a secondary emulsion stabilizer, contributing to the homogeneity of the reaction mixture. To speed
up the reaction a new initiator was tested104,105: diethylperoxydicarbonate, generated in situ from ethyl
chloroformate, hydrogen peroxide and an inorganic base. The new process was relatively hard to control and
reproducibility was not glorious, so the next logic step was to synthetize the peroxide by itself and then add it
into the polymerization reaction in a much more controlled manner.
In 1973 the Râmnicu Vâlcea Research Center was having the only laboratory in Romania able to
safely handle phosgene. The hood in that laboratory had such a high exhaust flow that it was an effort to
open the door to the lab when the ventilation was on. The chemistry practiced by Emilian in that lab was
preparing chloroformates106,107 from phosgene and quite a wide range of alcohols (methyl, ethyl, 2-ethylhexyl, cyclohexyl, diehyleneglycol etc.). Chloroformates were then used to manufacture peroxydicarbonates108-111
used as polymerization initiators for PVC, or as intermediates in the production of pesticides.
The first synthesized was diethyl peroxydicarbonate, but it was stable only at temperatures below
-10ºC, polymerization was too fast and the homogeneity of final product was not utterly controllable.
Switching to di-2-ethylhexyl-peroxydicarbonate solved these inconveniences and fully controlled processes
have been developed.112-116 Use of peroxydicarbonates as initiators has been extended also to another big
chemical company located in Borzesti, where dicyclohexyl peroxydicarbonate manufactured in the pilot
equipment of Râmnicu Vâlcea Research Center was used.
The process to obtain peroxydicarbonates is an efficient 2 phase process: an organic phase, usually the
chloroformate dissolved in carbon tetrachloride or an aromatic hydrocarbon, and an aqueous phase
containing hydrogen peroxide and the inorganic base. The peroxydicarbonate remains in the organic phase
used as such in the polymerization process.
PVC technology uses polyvinyl alcohols with various degrees of hydrolysis as suspending agents in
the suspension polymerization process. For these polyvinyl alcohols Emilian developed a process in two
steps: first vinyl-polyacetate117 was synthesized, followed by a controlled hydrolysis to the desired partially
hydrolyzed polyvinyl alcohol.118,119 Also, in the latest versions of the PVC technology stable aqueous
suspensions of antioxidants were developed to be used in the polymerization reaction mixture.120
An extension of the chloroformates production technology was applied to the synthesis of
bischloroformate obtained from diethylene glycol.121 This has been converted to diethylenglycol-
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diallylcarbonate122 designed to be used as monomer for “organic glass”. Despite successful tests for
manufacturing lenses, the process has not been promoted to industrial development.
Production of esters of 2,4-dichlorophenoxyacetic acid123-126 was one of the last technologies the
Company implemented. The process has been developed in cooperation with research institutes from
Bucharest.
In the last years, Emilian was involved in synthesis of novel active ingredients for plant protection such as
so-called strigolactone mimics which act as both rhizosphere exo-signals and hormonal endo-signals,127-129 as well
as new isoxazole and furoxan derivatives which activate various defense mechanisms in plants.130,131
Emilian authored 60 patents. Many of them have been turned into industrial processes that have been
running for years, supplying useful products to a continuously growing market.
The use of peroxydicarbonates as initiators in vinylic monomers polymerization is certainly his most
important achievement in applied research and had a high impact on the Company’s position on the PVC
market.
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