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ABSTRACT

SYNTHESIS OF NEW CARBAMOYL SUBSTITUTED
INDOLIZINES VIA 1,3-DIPOLAR CYCLOADDITION

REACTIONS OF AZOMETHINE YLIDES

IPEK, GuUnnur

M.Sc. , Department of Chemistry

Supervisor : Prof. Dr. Nihat CELEB

September 2010, 129 pages

This study focused on two important issues. Prejparand study of N-substituted
8-Hydroxyquinoline derivatives for cycloadditioraions was the first of these
issues. The second issue of the actual scope tie¢lses was synthesis of new
carbamoyl substituted indolizines via 1,3-dipolgecloaddition reactions of
azomethine ylides. Four types of azomethine ylidege prepared in situ from
pyridinium chlorides which were tested with varialsfinic and acetylenic

dipolaraphiles such as dimethyl acetylenedicarkairyldiethyl



acetylenedicarboxylate, vinyl acetate, diphenytyeae and phenyl acetylene.
Theoretical calculations of HOMO, LUMO energy levef both azomethine ylides
and dipolaraphiles constituted an important pathisf work. Based on the most
resent studies literature, six new carbamoyl stutisti indolizines, which were
purified by means of thin layer chromatography,evgynthesized. The structures of
new carbamoyl substituted indolizines were elu@ddty means of IR, NMR and

physical characteristics (melting points and reaticsh factors).

Keywords : 1,3-Dipolar cycloaddition reactions, N-substitugtdydroxyquinoline,

azomethine ylide, carbamoyl substituted indolizine



OZET

YENI KARBAMO iL SUBSTITUE INDOLIZINLERIN
AZOMET IN ILIDLERIN 1,3-DIPOLAR HALKASAL KATILMA

REAKSIYONLARI UZER INDEN SENTEZI

IPEK, Gunnur
Yuksek Lisans Tezi , Kimya Bolumu
Tez Dangmani : Prof. Dr. Nihat CELEB

Eylul 2010, 129 sayfa

Bu ¢alsmada iki Gnemli konu tzerine odaklanildi. Bu komdémn ilki N-substitie 8-
hidroksikinolin tirevlerinin halkasal katilma reaksnlari igin hazirlanmasi ve
calisiimasiydi. Tezin gergek kapsamini gluran ikinci konu ise yeni karbamoil
substittie indolizinlerin azometin ilidlerin 1,3-dilar halkasal katiima reaksiyonlari
Uzerinden senteziydi. Piridinyum kloridlerden himan doért ¢gt azometine ilid
cesitli olefinik ve asetilenik dipolarofil reaktifleolan dimetil asetilendikarboksilat,

dietil asetilendikarboksilat, vinil asetat, difensetilen ve fenil asetilen ile test edildi.



Azometin ilidler ve dipolarafillerin HOMO, LUMO emg seviyelerinin teorik
hesaplamalari bu ¢cafanin énemli bir kismini ofturdu. En son yapilan literatar
calismalari baz alinarak 6 adet yeni, ince tabaka krografisi ile saflatiriimis
karbamoil substittie indolizin sentezlendi. Bu yeemtezlenen indolizinlerin yapi
tayinleri IR, NMR ve bazi fiziksel sabitlere (erimektasi, Rf dgerleri) bal olarak

gerceklatirildi.

Anahtar Kelimeler : 1,3-Dipolar halkasal katilma reaksiyonlari, N-sitfist 8-

Hidroksikinolin, azometin ilid, karbamoil stibstitiredolizin
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1. INTRODUCTION

1.1. THEORY OF CONCERTED REACTIONS

Reactions in which more than one bond is brokeioroned can be divided into two
classes [1].

1. Those in which all bonds are broken and new ane$ormed simultaneously so
that no intermediates are involved. Such reactwasalled concerted or multicentre
reactions because the changes occur in concettloe aame time at more than one

center. In such processes there is only one erengier and one transition state.

Free Energy

v

Reaction co-ordinate

Figure 1. 1Energy profile of a Concerted Mechanism

2. This class includes reactions in which the bimnohing and bond breaking
processes other consecutively so that one or mtgamnediates are involved. These
intermediates may be highly stable and capablsad&iion or they may be reactive

species of only transient existence.



When the intermediate is stable, it is convenienegard the entire process as
consisting of two or more consecutive concertedgsees. But where the
intermediates are unstable, the entire procesgarded as one reaction which

proceeds in a stepwise manner.

Free Energy

C D

v

Reaction co-ordinate

Figure 1. 2Energy profile of a Stepwise Mechanism

In such a reaction C is formed from A via an unigtafitermediate B which has a
short life time. Since B lies in a shallow energgiiwit is unstable. It has a small
energy barrier to surmount by which if can passootiie products or it can revert to
the reactants. The more stable an intermediatleesjeeper is the energy well, so C

is relatively more stable than B.

1.1.1. Concerted Mechanism

Let us take a reaction in which a cyclic transitsdate is formed.

b
d

C

[ ]

Figure 1. 3A hypothetical fragmentation of a ring
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In the concerted fragmentation, the breaking ofathe andb—d bonds are going

on at the same time. The overall reaction doeswotve an intermediate. There is
only one energy barrier in which bathbonds are partially broken and neva=b
andc = d bondsare partially formed.

When the twas bonds break simultaneously and at an exactlyaheegate, it is
called a synchronous proceshowever the reactant is unsymmetrical, the éwo
bonds do not break at the same rate. In 1969 Rdhdward and R. Hoffmann
developed a general theory of concerted reactidgnshwroceed through a cyclic
transition state process which they turpedcyclic. They used the concept of orbital

symmetry to predict which types of cyclic trangitistate are energetically feasible.

1.1.2. Stepwise Mechanism

If the twoc bondsa—c andb—d break in two successive independent steps, then we
have an intermediate in which only one of shleonds is broken and the energy
profile will be as in Figure 1.2, with two transiti states.
The intermediates fall into two categories:
() Those which are highly polar

(i) Those which are essentially non-polar

1.2. Pericyclic Reactions

In 1969 R.B. Woodward and R. Hoffmann introducesltdrm pericyclic reactions to
differentiate those reactions which have a [1, 2]

(i) a common cyclic transition state;

(i) are highly stereospecific; and

(iii) their stereochemistry depending on the total nremalbr andc electrons

involved in the formation or breaking of bonds.

3



Thus pericyclic reactions are intra or intermolecydrocesses which involve
concerted reorganisation of electrons within aedid®op of interacting orbitals.
Six classes of pericyclic reactions have been neized [3].

» Cycloaddition reactions

Sigmatropic reactions
» Electrocyclic reactions
» Cheletropic reactions
» Group transfer reactions

» Dyotropic reactions

1.2.1. Cycloaddition Reactions

A concerted combination of tweelectron systems to form a ring of atoms having
two newo bonds and two fewer bonds is called a cycloaddition reaction [4]. The
number of participating-electrons in each component is given in brackedsquling
the name, and the reorganization of electrons reayelpicted by a cycle of curved
arrows - each representing the movement of a paileotrons. The major
cycloaddition reactions are Diels-Alder reactiod#2] cycloaddition and, the 1,3-
dipolar cycloaddition a [3 + 2]cycloaddition. THhige of reaction is non-polar

addition reaction.
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Figure 1. 4 A simple representation of Cycloaddition Reactions

According to the Huisgen a cycloaddition reacti@s ko fulfill with the following
requirements [5].

I) Cycloadditions are ring closures in which thenter ofe-bonds increases.

i) Cycloadditions are not associated with the @lismtion of small molecules or
ions. The cycloadduct corresponds to the wholayitieof the components.

lii) Cycloadditions do not involve the cleavagessbonds. The reverse is true for
retroadditions.

Iv) Cycloadditions can be intramolecular, if a nalke contains the necessary
numberof z-bonds(c-bondsfor retroadditions)n its skeleton.

v) When more then two components combine, only¢aetion step leading to
thering formationis a cycloaddition.

vi) The products of a cycloaddition need not bélstaor isolable, but the

cycloadducts must occur at least as intermediates.



1.2.2. Sigmatropic Reactions

Molecular rearrangements in whiclsdonded atom or group, flanked by one or
moren-electron systems, shifts to a new location witoaesponding
reorganization of the-bonds are called sigmatropic reactions. The taiaiber of
o-bonds andi-bonds remain unchanged. These rearrangementeseelskd by two
numbers set in brackets, which refer to the redatisstance (in atoms) each end of

thes-bond has moved.

R [5shit [1,3]-shift R
c=C—C=C—C =——— C=C—C=C—C —— > (C=C—C=C—C
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Figure 1. 5A simple representation of Sigmatropic Reactions
1.2.3. Electrocyclic Reactions

In organic chemistry, an electrocyclic reactioa itype of pericyclic rearrangement
reaction where the net result is one pi bond beonyerted into one sigma borat
vice-versa. These reactions are usually unnaméuay lbategorized by the following

criteria [2]:

electrocyclic reactions are photoinduced or thermal

« the number of pi electrons in the species with npoteonds determines
reaction mode

+ electrocyclic reaction can be a ring closure (etaxfclization) or a ring
opening reaction

« the stereospecifity is determined by conrotatorglisrotatory mode of

transition state formation as predicted by the Weard-Hoffmann rules.
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Figure 1. 6 A simple representation of Electrocyclic Reactions

1.2.4. Cheletropic Reactions

Cheletropic reactions are a special group of cytddan/cycloreversion reactions.
Two bonds are formed or broken at a single atore.fidmenclature for cheletropic

reactions is the same as for cycloadditions.

0
0 [4+1] /
/ . S// [— @S(\
NN 0

X o)
= ) @:o
+ C:O ~
A
R
[2+1]
I_'_ :CRZ _—_— R

Figure 1. 7 A simple representation of Cheletropic Reactions

1.2.5. Group Transfer Reactions

Group transfer reactions are pericyclic reactioheng one pi bond is converted to
one sigma bond, at the same time that a sigma imgrétes.The best known group

transfer reaction is the ene reaction.
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Figure 1. 8A simple representation of Group Transfer Reastion
1.2.6. Dyotropic Reactions

A Dyotropic Reaction in organic chemistry is a tygg@rganic reaction and more
specifically a pericyclic valence isomerizationnhich two sigma bonds
simultaneously migrate intramolecularly [6]. ThaeBon type is of some relevance
to organic chemistry because it can explain howagereactions occur and because
it is a synthetic tool in the synthesis of orgamiglecules for example in total

synthesis. It was first described by Manfred T.{®Re® 1971 [7, 8].

A A A
ST
B B B

A — g

Figure 1. 9A simple representation of Dyotropic Reactions.



1.3. 1,3-DIPOLAR CYCLOADDITION REACTIONS

The 1,3-dipolar cycloaddition reaction is the sengiost important method for the
construction of heterocyclic five-membered ring®iganic chemistry [9, 10].

The 1,3-dipolar cycloaddition reactions are usedHhe preparation of molecules of
fundamental importance for both academia and imd{is1]. The general
application of 1,3-dipoles in organic chemistry Viiest established by the
systematic studies by Huisgen in the 1960s [12}hAtsame time, the new concept

of conservation of orbital symmetry, developed bgdtward and Hoffmann [13,

14].
e @ —
. IPN0
b 2
7N
\N_/ b < a
= O 5
pe S b_d Ny
/ 0\
dipolaraphile 1,3-dipole - -
a [4,+2,] cycloaddition

Scheme 1. TThe simple representation of a 1,3-dipolar cycttidah.

The development of the 1,3-dipolar cycloadditioacteons has in recent years
entered a new stage as control of the stereochrgrmighe addition step is now the
major challenge. The stereochemistry of these imacmay be controlled either by
choosing the appropriate substrates or by compthe reaction using a metal

complex acting as catalyst [15].



1.3.1. The 1,3-Dipoles

The “1,3-dipole” is defined as a species whiclejgresented by zwitterionic
resonance structures and which undergoes 1,3 dditans to a multiple bond
system, the “dipolaraphile” [16]. The 1,3-dipolenststs of elements from main
groups IV, V, and VI. The parent 1,3-dipoles cotssaf elements from the second
row and the central atom of the dipole is limited\tor O [17]. Thus, a limited

number of structures can be formed by permutadig C, and O.

Dipolar cycloaddition reactions take place betwaesaturated hetero atom
compounds, such as diazoalkanes, alkyl and argkazhitrile oxides and nitrones,
and alkene or alkyne functions. Although the formeactants are neutral, their
Lewis structures have formal charges, and may ligewras 1,3-dipoles. The
terminology used for these reactions may be confusnless one pays careful
attention to the electronic structures of the dipoéactants. The 1,2-dipolar
structures retain valence shell octets for all estoms, suffer less charge
separation, and have one more covalent bond thémedb,3-dipolar structures.
Therefore, the most representative Lewis structioethese compounds are 1,2-
dipoles, not 1,3-dipoles. Another factor in ideyitify the best structure for a given
compound is electronegativity. Negative chargesst lon the most electronegative

atom, and positive charge on the least electronegatom.

Basically, 1,3-dipoles can be divided into two eifint types: the allyl anion type

and the propargyl/allenyl anion type. (Figure 1.10)
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Figure 1. 10Charge distribution of allyl anion and propargh$ayl anion type of

1,3 dipoles.
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Figure 1. 11Allyl anion type of 1,3-dipoles
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Figure 1. 12Propargyl/allenyl anion type of 1,3-dipoles.

In the propargyl-allenyl type, b atom must be rgan. No other element has an extra
pair of electrons available while remaining in thply bonded neutral state. In the

allyl type, b atom can be occupied by either sogin or an oxygen atom [18].

1.3.2. The Dipolaraphiles

An unsaturated system that undergoes 1,3-DC witdipoles is called
dipolarophile. Alkenes, alkynes, and their divenséero derivatives may react as
dipolarophiles. Generally electron deficient dipojahiles role model as
dipolarophiles in 1,3-DC reactions. Specific exagsptlo generally used electron
deficient dipolarophiles can be given ag-unsaturated carbonyl compoundy, (
allylic alcohols 8), allylic halides 9), alkynes 10), vinylic ethers

(118a), vinylic esters 11b), imines (2), and ketoneslQ) [19].
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Figure 1. 13Various C-C, C-N and C-O Dipolarophiles Used i&-Djpolar

Cycloadditions.

1.3.3. Mechanistic Approaches to 1,3-Dipolar Cyclafition Reactions

As a conclusion of serious collection of experina¢d&ata, Huisgen et al. claimed
that, 1,3-DC reactions proceed through a concentechanism, which means that all
the bonds were created simultaneously, but notssecdy to the same extent at a

certain time [12, 20].
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concerted mechanism

b
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/:\ . C;) ) b§c . — H
[m4s+n2s]

singlet diradical mechanism

*
©) a/\ N

/NN )6\ )*’

rotation around
C-C bond

Scheme 1. Zoncerted versus singlet diradical mechanisms3»DL reactions

Firestone et al. claimed that, the 1,3-DC reagimteeds through a singlet

diradical intermediate. Whagis- or trans-alkene is used, a 180° rotation of the C-C

bond is possible in this diradical intermediate #ng be expected to yield a mixture

of thecis- andtrans- isomers of the cycloadduct.

According to the Woodward-Hoffmann rules [13,14B-DC reaction proceeds over

concerted mechanism and thermally allowed withdigcription of {4 + 25. This

means that the three prbitals of the 1,3-dipole and the tweqrbitals of the

dipolarophile both combine suprafacially
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In concerted 1,3-DC reaction, the stereochemidttii@dipole and the
dipolarophile are retained in the final productislis exemplified in Scheme 1.3,
where the dipolarophilans-2-butenel4 reacts with the hypothetical dipale
furnishing exclusivelyrans-cycloadductl5. Starting from theis alkenel6 will

thus yield only theis-cycloadductl7. (Scheme 1.3)

S F N
o N | = —
/
a/%c

a\b//C a\b/c
15

trans-cycloadduct

+
® \_/ H
g/b§ + \__/ — ) \ _—

c a\b//c a\b/C
1 16 17

cis-cycloadduct

Scheme 1. 3Retaining the stereochemistry of dipolarophilemya concerted 1,3-

DC reaction.

1.3.4. Frontier Molecular Orbital Interactions

The transition state of the concerted 1,3-dipoja@taaddition reaction is controlled
by the frontier molecular orbitals (FMO) of the stiates. The LUMole Can
interact with the HOM@ygjarophilednd the HOM@pole With the LUMQyipolarophile
[13,14,21,22]. Sustmann has classified 1,3-dipoyatoaddition reactions into three
types, based on the relative FMO energies betweedipole and the dipolaraphile

[23,24,25].
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Type | comprises the reactions controlled by theMiiyole- LUMO gipolarophile
interaction, or so called normal-electron demanBDNreactions. Processes
governed by the HOM& olarophile LUMO gipoleinteraction, or the so-called inverse-
electron-demand (IED) reactions, form Type llitHé energies of the valance MOs
of two reactants are similar, the reaction is aalgd by both types of the HOMO-

LUMO interaction. The processes belong to typé-igjgre 1.14).

A dipole dipole dipolarophile dipolarophile

dipolarophile dipole LUMO

Vol e T e

Energy

Typel Type II Type I

Figure 1. 14The classification of 1,3-DC reactions on the $asgithe FMOs: type I,
a HOMQyipole LUMO aiencinteraction; type Il, interaction of both HOMQYe
I—U'\/loalkeneand LUMjSpole'HOMOalkené type ”l, a LUMQﬂipole‘HOMOaIkene

interaction.

1,3-DC reactions of type | are typical for subsisasuch as azomethine ylides and
azomethine imines, while reactions of nitronesremenally classified as type Il. 1,3-
DC reactions of nitrile oxides are also classifisl type Il, but they are better
classified as borderline to type lll, since nitribxides have relatively low lying
HOMO energies. Examples of type Il interactions 4r3-DC reactions of ozone

and nitrous oxide.
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1.3.5. The Selectivities of 1,3-Dipolar Cycloadditin Reactions

Depending upon the presence of substituents (efedwnating or electron
withdrawing) on dipole and dipolarophile, the FM@eggies and as a result the type
of 1,3-DC reactions may change.

For example, when methyl acrylate reacts Wtmethyl-C-phenylnitrone, the
reaction is controlled by the HOMbie: LUMO gipolarophileinteraction (type I).
However, the reaction of methyl vinyl ether witle ttame nitrone is controlled by
the LUMGyipole HOMOQyipolarophileinteraction (type 1ll). As it has been seen in this
example, substituents influence and perturb the FEvi€gies of the dipolarophile.
Additionally, the perturbation of FMO energiereactants may effect the selectivity
of the reaction. Three types of selectivity mustbasidered in 1,3-dipolar
cycloaddition reactions-regioselectivity, diasteeectivity, and enantioselectivity. The
regioselectivity is controlled by steric and elecic effects [26].

However, the electronic properties of the substratenetimes predominate in terms
of selectivity, and the atom with the largest HOMQhe dipole interacts with the

atom with the largest LUMO in the dipolarophile (Bme 1.4).

SO

Homo Lumo EWG EWG

LUMO HOMO

Scheme 1. Regioselectivity in 1,3-DC reactions.
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It is possible that when a dipolaroph@ié reacts with an allyl anion type dipd@,

the reaction could either go throughestlo- or anexo-transition state and produce
two diastereomeric cycloadducesndo-23 or exo-23 as depicted in Scheme 1.5. It is
very well known that, in Diels-Alder reactioendo- transition state is stabilized
with a secondary-orbital interaction. Here, it can be seen clettttendo

approach of the dipolarophile is stabilized by aksecondarytorbital interaction
between the HOMgoeand LUMQyipolarophieWhich contributes to thendo/exo

selectivity of the reaction (Type Il and 1l1).

18
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1.3.6. Theoretical Background and Computational Métod Used in 1,3-DC

Reactions

Molecular orbital theory explains the reactivit@fscycloaddition reactions by
using the energy differences between the reacsmutshe transition states. Linear
combination of atomic orbitals (LCAO) method is dse molecular orbital
calculations.

Interactions between two conjugated molecules onttrlapping p orbitals is
described in terms of theelectrons of the separate system. The orbitatanteract
have been called the frontier orbitals by Fukuil[27

Frontier orbitals are given the names, highest pieclmolecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO).

The principle of conservation of orbital symmeyplained by Fukui, Woodward
and Hoffmann [13,14,28,29], provides a fruitful tihetical basis for concerted
reactions.

Whether a concerted reaction is allowed or not,lmpredicted by orbital
symmetry rules, which are also known as Woodwaréfshlann rules [30]. The
orbital symmetry rules are related to the Huckehaaticity. The selection rules for
cycloaddition reactions can be derived from corsitien of the aromaticity of the
transition state. In applying the orbital symmesign inversions are taken into
account. System with zero and even number of sigarsions are called Huckel
systems. A thermal pericyclic reaction involvinglackel system is allowed only if
the total number of electrons is 4n+2. Systems witlodd number of sign inversions
are called Mébius systems, in which a thermal getic reaction is allowed, if the
total number of electrons is 4n. For photochenrieattions these rules are reversed
[31].
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In concerted reactions, if the new bonds are forfrad the same face of the

n system, the reaction is a suprafacial-suprafge@ess. Forqd 4 s+ 2 s], Diels-
Alder reactions suprafacial-suprafacial procesymmetry allowed according to
Woodward-Hoffmann rules [13,14]. In symmetry all@je 2 s+t 2 s] cyclization
reactions the new bonds are formed from the opposite faces ofitegstem. This
manner of bond formation is called antrafacial-sfgorial.

For the [t 4 s+t 2 s] suprafacial-suprafacial cycloaddition thengition state is
aromatic, while forg 2 s+t 2 s] suprafacial-suprafacial mode it is anti-artand

suprafacial-antrafacial mode is aromatic (Figud©}..

%é_&'/—\ _4 . (a)
N

v
L hv (b)

Figure 1. 15Representation of (ax @ s+t 2 s] and (b)4 2 s+t 2 s] reactions.

As two conjugated systems approach each other éhenigwest energy path,
the greatest stabilization upon the interactigoraided. The magnitude of this
stabilization depends upon the nature of the intarg molecular orbitals of the
conjugated systems and can be estimated by usengetturbational molecular

orbital (PMO) and frontier molecular orbital (FM@)eories.

21



The most popular semiemprical calculation methodgtee Austin Model 1 (AM1)
[32] and Parameterization Method 3 (PM3) [33]. Bath popular for organic
compounds and use more or less the same equatibhawng different set of
parameters.

Both provide accurate results in order to use fganic molecules that the data can

easily be used for estimating their reactivities.

1.3.6.1. Perturbational Molecular Orbital Theory (PMO)

How a change in structure, perturbation, will affdee MO’s can be understood by
the help of PMO. In a PMO a system under analgst®mpared to an another
related system for which the MO pattern is known.

In molecular orbital theory, reactivity is relatedthe relative energies and

shapes of the orbitals, which are involved durimgtransformation of reactants to
products. The shapes of the orbitals, which atteetenergy of the reactions, are
guantified by atomic coefficients.

PMO incorporates the concept of frontier orbitadty, which proposed that

the most important reactions between the highesteutar orbital of one reactant
and the lowest molecular orbital of the other raatt

A basic postulate of PMO theory is that the strehgeerlap occurs, when

the interacting orbitals, with the same sign, oo t@action centers have the highest
coefficients on the participating atoms. Anothestptate of PMO theory is that only
MO'’s of matching symmetry can interact for the bdowmation. Thus, relative
energies and symmetry of the frontier orbitalstaken into account in PMO theory.
The relative energies of the frontier orbitals baerapproximated by first order

perturbation theory.
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The above equation, derived from the PMO approadingt order changes,

indicates the change in energy of tifenuolecular orbital as a function of changes in
Coulomb integral (electronegativity or ionizatiootential) and resonance integrals
(bond energy). The PMO theory utilizes ground shiatetier eigenvalues and
eigenvectors in the second order perturbation thaod provides knowledge of the

energetics of the transition state between thepavticipating frontier orbitals [34].

1.3.6.2. Frontier Molecular Orbital Theory (FMO)

Frontier molecular orbital theory (FMO) provideg thasic framework for analysis
of the effect that symmetry of orbitals has upaactwity.

Cycloaddition reactions are allowed only when akrbaps between the HOMO of
one reactant and the LUMO of the other are sudhatipasitive lobe overlaps with

another positive lobe and a negative lobe only aitbther negative lobe.

To apply FMO theory, the coefficients and energiethe frontier orbitals are
necessary. The interaction energy between the HOMiDe reactant and the
LUMO of the second is calculated by using the sdamnder perturbation theory
[35]. The total interaction energgIE) is a measure of the transition state

stabilization (or destabilization) in the directiohmaximum overlap.

According to Fukui [35] , reactions take placehe tlirection of maximal
HOMO-LUMO overlap. In concerted cycloadditions tleaentation should be

favored in which the centers with the largest atoooiefficients interact.
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The use of these generalized frontier orbitals withe framework of qualitative
perturbation molecular orbital theory provides algative explanation of

differential reactivity, regioselectivity and pegisctivity in cycloadditions [36,37].
1.4. AZOMETHINE YLIDES

1.4.1. The History of Azomethine Ylides

The history of 1,3-dipoles goes back to Curtius wh&883 discovered diazoacetic
ester [38]. Five years later his younger collea@uehner studied the reaction of
diazoacetic ester witl,-unsaturated esters and described the first 1,3daction
[39]. In 1893 he suggested that the product ofdélaetion of methyl diazoacetate and
methyl acrylate was a 1-pyrazoline and that thiaised 2-pyrazole was formed after
rearrangement of the 1-pyrazole [40]. The gengyplieation of 1,3-dipoles in
organic chemistry was first established by theesysttic studies by Huisgen in the
1960s [12].

The first azomethine ylide was prepared fridr(p-nitrobenzyl)-3,4-
dihydroisoquinolinium bromide with triethylamine not pyridine. This is
exemplified in Scheme 1.6. It is not stable enotagbe isolated but adds readily to
dimethyl fumarate in situ [41].

NO
COO™ e 00 0™
Z - HBr Z &N

N
®
B

0 ®Z
IO:0O

Scheme 1. An example for the synthesis Nf(p-nitrobenzyl)-3,4-

dihydroisoquinolinium ylide via elimination of HBr
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Another short-lived azomethine ylide, which is obéal fromN-phenylacyl-
3,4-dihydroisoquinolinium bromide with triethylanginalso undergoes
cycloadditions with olefinic dipolarophiles; witl-phenylmaleimide in acetonitrile a
73% yield of the 1:1 adduct is obtained [41]. T$yathesis is represented in Scheme

1.7.

Scheme 1. Bynthesis oN-phenylacyl-3,4-dihydroisoquinolinium ylide

The first asymmetric catalytic 1,3-dipolar cycloéuduh reaction of azomethine
ylides was described by Zhang and co-workers ir220Q]. In this reaction, the
cycloaddition of the azomethine ylide and the dipophile with appropriate
substituents proceeded in good yield and high évseiectivity by using Trost's
ligand and a catalytic amount of AQOAc as the Leagsl. Since then, several

effective complexes including Cu(ll)/Ligand [43]ndl)/Ligand [44], and
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Cu(l)/Ligand [45] have been developed to affordlcgdducts with high

stereoselectivity.

1.4.2. 1,3-Dipolar Cycloaddition Reactions of Azontkine Ylides

Azomethine ylides are planar molecules composeamhefnitrogen atom and two
terminal sp carbons, and have fomrelectrons spread over the three-atom C-N-C
unit; such as they must be represented by a zieitter(or diradical) form. Four
zwitterionic resonance forms can be drawn, as showigure 1.16. The most
common representation has a positive charge locatéde nitrogen atom and a

negative charge distributed over the two carbomatf20].

Figure 1. 16Zwitterionic resonance forms of azomethine ylides

At most, four geometrical isomers are possibletiese transient molecules. Their
cycloadditions to olefin or acetylene dipolarophitgve rise to the formation of two
sets of carbon-carbon bonds in a single step. Becalithe structural complexity of
azomethine ylide itself compared to other dipoled @e stereochemical selectivity
in the cycloadditions, a number of sterecisomegspasssible for the cycloadducts.
These two points make azomethine ylides one oifftbst attractive 1,3-dipoles, both

in the fields of ylide chemistry and synthetic angachemistry.
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Scheme 1. &tereochemical examination of reaction betweerJA8} shaped ylide

and dipolarophile.

The 1, 3—dipolar cycloaddition of azomethine ylisdeth alkene or alkyne is a very
effective method for the construction of pyrrolidirand pyrrole-rings in the
synthesis of pyrrolidine- and pyrrole-containingletules. These molecules are very
important pharmaceuticals, natural alkaloids, oigaatalysts, and building blocks
in organic synthesis [46]. As with other cycloaduitreactions, it is generally
accepted that the 1,3—dipolar cycloaddition of agitnime ylides follows a concerted
pathway and proceeds according to the Woodwardritoifrules. However, a
stepwise pathway can not be ruled out [47].

Many methods for the formation of azomethine ylilase been developed [48], of
which the most common is the reaction of an amiitke an aldehyde to form an
iminium, followed by the generation of a carboanidhe in situ prepared
azomethine ylides are subject instantly to theaadtliton reaction because they are
very labile. Other common methods include the tla¢mng-opening of aziridines

[49], or heterocyclic compounds such as 4-oxazel[B€] and pyridines [51].
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Scheme 1. Different route of synthesis of azomethine ylide

Up to four new chiral centers can be generateteril{3-dipolar cycloaddition
reaction of azomethine ylides which results from different ylide geometries,
endo/exo selectivity and enantioselectivity. Henicis, demanding to control the
stereochemistry of the 1,3-dipolar cycloadditioaateon of azomethine ylides, to
synthesize enantiomerically enriched molecules.
The asymmetric versions of 1,3-DC reactions caaltained generally in three
ways;

* by attaching a chiral auxiliary to the dipole,

* by attaching a chiral auxiliary to the dipolaraleh or

* by employing a chiral Lewis acid (LA) capableaimplexing with both

1,3-dipole and dipolarophile [46].
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1.5. 8-HYDROXYQUINOLINE

1.5.1. The Properties and Biological Importance o8-Hydroxyquinoline

8-Hydroxyquinoline is a white to off-white crystaké powder which is obtained
from coal tar, but commercially it is prepared y&ip synthesis using acetic acid

instead of sulfuric acid yielding more than 90%8dflydroxyquinoline [52,53].

8-Hydroxyquinoline or 8-quinolinol is the name mésiquently used in the
analytical literature; the trivial name oxine igyeonvenient, particularly for the
description of the chelate compounds, which magabed oxinates. Of the seven

possible quinolinols only 8-quinolinol forms ch&atompounds with metal ions.

8-Hydroxyquinoline has a wide variety of uses asdnedicinal and agricultural
significances were discovered before the startigfent century [54,55]. Quinoline
family compounds are widely used as a parent comgpo make drugs, fungicides,
biocidal. 8-Hydroxyquinoline and its derivativeg®arsed due to their biological
activity as antibacterial [56], antimalarial [5@htipneumococcic [58], fungicidal
[59], antiseptic [60], antituberculotic [61], argioplastic [62], amebacidal [63],
pesticidal [64], anthelmintic [65], and anthidiucedctivities [66]. These properties
are closely related with their capability for quialg metallic ions. Existence of
hydrogen bonding intra- and intermolecular intdoactype O-H, N and their
different forces, give these compounds charactefistms, adopting ring structures

of quelating type and dimer forms.

8-Hydroxyquinoline is a metal chelator with antimabial and antifungal activity
which exists as a free lipophilic base or in forhwater soluble salts (e.g. as

sulphate).
29



This MRL application is limited to the use of 8-mgayquinoline sulphate for topical
treatment of umbilical infections in new born anisn@attle, sheep, goats, pigs and
horses ). The substance is used at a concentdta% in an ointment preparation
which is also used in human medicine as skin désiaint and in hair-shampoos at
low concentrations of 0.03 to 0.3%. 8- Hydroxyquiine is very effective as a
pesticide for grapevine graft disinfection. 8-Hyxlyquinoline is also used in nuclear
medicine and as a preservative for cosmetics, tmband wood [67]. 8-
Hydroxyquinoline is also used as a precipitatiregent for uranium and other
radioactive metals in nuclear power plant liquicsteaeffluent. More recently, it has
been used in extraction of radioactive trivalentt@nides, polonium and gadolinium
from nitrate aqueous medium [68]. 8-Hydroxyquinelimas been found to be non-
carcinogenic, employing four commonly used in vdssays for genetic toxicity
[69,70], while recent investigation showed thatagénase inhibitors, useful for
inhibition of tumor melastasis and for treatmentteumatoid arthritis contain 8-

hydroxyquinoline or its derivatives.

1.5.2. The Reactions and Preparation of 8-Hydroxyqgunoline

Of the seven possible quinolinols only 8-quinolifmims chelate compounds with
metal ions. In addition to chelation reactions &aqglinol forms salts with both acids

and bases and undergoes most of the typical plagclodjuinoline reactions.

In its phenolic properties it resemblesiaphtol except for some decrease in activity
and alteration of products in a few reactions,feedince which is due to its

chelating and basic functions [71].
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8-Hydroxyquinoline shows keto-enol tautomerism haligh 8-quinolinol is said to
be in the form of a keto tautomer to an extentbafud 30 percent in some solvents
[72], the oxinates are not obtained from the ketonf[73] but are formed through an

electrovalent bond to oxygen and coordinate bondttogen.

8-Hydroxyquinoline is far more sensitive to oxidetithan quinoline. The hydroxyl
group of 8-hydroxyquinoline is a strong ortho-pdraecting influence so that most
substituents are introduced in the 5- or 7-posjtaith the more active electron-
seeking reagents substituting in both positionse&aly 5-position is attacked first.
For electrophiles the influence of quinoline niteagon substitution is neglicible.
Phenolic reactions which require catalyst suchimsand aluminium chlorides as
metallic catalyst are much difficult. For examglee Pechmann and Fries reactions
on 8-Hydroxyquinoline have been reported unsuctesid the Friedel-Crafts
reaction gave rather poor results [53]. In contrastbove examples, Mannich
reaction,O-alkylation and allylation of 8-Hydroxyquinolineselted in very high

yield of the products [74-76].

Reactions on 8-Hydroxyquinoline include Michael iéidd [77], chelation with iron
and manganese [78], preparation of 8-methoxy-1-yhetrbostyril [79], carbamate
ester [80], and organosilyl derivatives [81]. Rabe8-hydroxyquinoline was
subjected to a number of reactions for examplenytation [82], reaction with
[(bromomethyl) hydroxy per fluoroisopropyl] fura@d], oxidation with hydrogen
per oxide in presence of acetic anhydride (reduitaondensation with hydrazine
[84], esterification with indoleacetic acid [85]canhelation for heavy metals

removal from hydrocarbon oils.
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1.6. INDOLIZINES

1.6.1. The Theoretical Background and Biological Importance of Indolizines

Heterocycles form one of the most important and imgkstigated classes of organic
molecules owing to their occurrance in living origams and a wide range of
biological activity. The key role in heterocyclibemistry belongs to heteroaromatic
structures, in particular to five- and six-membetieds and their fused-ring
derivatives. It is well known that the differenceahemical behavior between five-
and six-membered rings is accounted for by theedfit aromaticities and different
n-excessive ont-deficient characters of their electronic strucsyeg. pyrrole and

pyridine [86,87].

Indolizine is the simplest heteroaromatic moleadetaining both a-excessive
pyrrole and ar-deficient pyridine ring with only one bridgeheatrogen, the whole

system being isomeric with indole [88,89].

=]
©
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Figure 1. 17The numbering system for indolizine.

Indolizines are structurally similar to indoles aadindoles, which are important
“molecular templates” for many naturally occuritgtapeutics [90-92]. Indolizine
derivatives have been repoted to exhibit valualdibical activity against diseases,
such as cancer and HIV [93,94]. Indolizine derivegi have also been shown to be

antagonistic against neurokinin B (NKB), which &ibved to be a major factor in
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chronic diseases, such as asthma, in psychiatacakrs and in certain inflammatory
diseases [95,96]. In addition, Rise et al. [97]éhalrown that some indolizine
derivatives, especially indolizines with an oxyggam at C-1 position exhibit
activity against lipid peroxidation. Gundersan le{28] have reported that indolizine
derivatives, oxygenated at C-1, are potent antilarxis which inhibit 15-
lipoxygenase, an enzyme involved in the oxidatibtiaw density lipoproteins”,

thus leading to the development of atherosclerpsostate cancer and spontaneous
abortion in animals. There is a real perceivedirfieethe discovery of new
compounds endowed with antimicrobial activity, pblgsacting though mechanisms
of action, which are distinct from those of wellgam classes of antibacterial agents
to which many clinically relevant patogens are mesistant. Majority of tested
indolizine compounds showed good antistaphylocoasatell as antimycobacterial
activity. The Ames test showed that derivativegdblizine were investigated for
potential mutagenicity and antimutagenic activB9][ The most active indolizine
compounds examined carry afydroxybenzyl substituent in the indolizine 1-
position which were tested as antimycobacteriatsresgMycobacterium

tuberculosis [100]. In pharmaceutical industries, indolizineidatives are employed
as CNS depressant, cardiovascular agents, caleitmnldockers, anti-5-
hydroxytryptamine, anti-histamine, anti-acetylcheli anti-tumor and anticancer
agents [101,102]. They are also used in the tra@tofeangina pectoris. Some of the
indolizine derivatives are found to be anti-inflamtiory agent. Indolizines are also
used as spectral sensitizers, dyes, and internesdiathe synthesis of electron-
enriched cycloazines [103,104]. Thus, there isoavarg interest in the synthesis of
indolizine derivatives. To continue with these imtpat studies, attempts are made to

improve the methods of synthesis [105].
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At the present time the chemistry of indolizinesstttutes a fairly thoroughly
investigated branch of the chemistry of heterocyctimpounds, which was founded
by Scholtz and Chichibabin. Scholtz was the fiosbbtain 1,3-diacetylindolizine
from a-picoline and acetic anhydride. He then convert@atd indolizine
(pyrrocoline) [106-108]. Chichibabin elucidated thechanism of this reaction
[109,110]. He also developed one of the generanaost convenient methods for

the synthesis of indolizines from 2-methylfNaxoalkylpyridinium salts [111,112].

Indolizines and their partially or wholly reduceerivatives were comprehensively
reviewed in 1948 by Borrows and Holland. They waibsequently mentioned by
Elderfield in 1952 and in more detail in 1961 by 98y covering the literature up to

the middle of 1958 [113,114].

1.6.2. The Synthesis of Indolizines from Ylides

Ylides are converted into indolizines either by tlyelisation of the ylides
themselves or by their interaction with acetylesompounds, i.e. via 1,3-dipolar

cycloaddition.

The synthesis of certain substituted indolizinegre-bromo-1,3-diphenylbut-2-
en-1-one was used for the preparation of pyridingatis have been described. The

synthesis of 1-benzoyl-2-phenylindolizine is illaded in Scheme 1.10 [115].
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Scheme 1. 10’he synthesis of indolizine from ylide via cyclise.

The ylide formed under the conditions of base gatslcyclises with formation of
dihydroindolizine, which is aromatised during tleaction with elimination of

hydrogen.

Indolizines can be prepared by the 1,3-dipolaraaagtiition reaction between
pyridiniums and carboxylic acid in the presenca aofild base, and many five
membered heterocycles can be generated from thisooh€l16,117]. The classic
1,3-dipolar cycloaddition between pyridinium-relhteeteroaromatic ylides and

alkynes is very attractive due to its versatilibgdaefficiency [118,119].
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Scheme 1. 1Bynthesis of indolizines from ylides via 1,3-digotycloaddition.

The starting ylide was derived from 1-(2-oxo-2-pylethyl)pyridinium bromide in
the presence of O3 in DMF at room temperature. To this mixture wadext
phenylacetylene, the resulting mixture was heatd@@&C in the sealed flask using

the oil bath. After 10h, the major product was fednn 85% vyield [120].

Scheme 1. 1Proposed mechanism of the phenyl(2-phenylindofgzyt)methanone

via 1,3-dipolar cycloaddition.
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Pyridinium could be deprotonated by®0O; to give the corresponding ylide, which
would act as a dipolar to react with alkyne andegate indolizine via 1,3-dipolar

cycloaddition.

1.6.3. The Carbamoyl-substituted Indolizines

The presence of carbamoyl group on the pyrrole oirthe indolizines have
interesting effects on their chemical and biolobpraperties. One of the most
important methods for the synthesis of indolizidesvatives is based on 1,3-dipolar
cycloaddition reactions of N-heterocyclic ylideshwelectron-deficient alkynes or

alkenes [12,121,122].

Carbamoyl-substituted N-bridgehead heterocyclicpaumds are obtained by the
reactions of N-heterocyclic compounds with chloetanilides or bromoacetanilides
followed by the direct reactions of the intermeedibtmethylcarbamoyl quaternary

salts with activated alkynes or alkenes [123].

By the quaternisation reactions of several pyridqenoline and isoquinoline
derivatives with chloro- or bromoacetanilides thiermediate N-methylcarbamoyl

quaternary salts appeared easily accessible.

)
® ) CO)
AN S} ~
Cl CH2< HaC Z o
NH ? o

Figure 1. 18N-Methylcarbamoyl quaternary salts
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By the direct reaction of the intermediate N-methybamoyl pyridinium salts with
activated alkynes in an epoxide, as acid accepidre@action solvent, indolizines

bearing a carbamoyl group on the pyrrole ring dtaioed [130].

NH . 9 NH o, HC®
o epoxide ?H& }-NH @

@ o)
2 ﬁ/CHG% /N ©
| c |
N S

Scheme 1. 13Synthesis of dimethyl 3-(phenylcarbamoyl)indoieil,2-

dicarboxylate
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1.7. Aim of this work

The aim of this work at the beginning was to sttldy cycloaddition properties of 8-
Hydroxyquinoline derivatives. For this purpose wegared a lot of quinoline
derivatives. But we had some difficulties on thetabilities and reactivities toward

cycloaddition reactions. For this reason we charmygdarget on azomethine ylides.

Hence the aim of this work can be ordered as fdlow

» To synthesize some new carbamoyl substituted inide!s via 1,3-dipolar

cycloaddition reactions of azomethine ylides.

= To provide an application of the PMO and FMO methledding to

discussion of the reactivities of the azomethingeg.

= To make a comprasion the experimental results thiggttheoretical

predictions.

= To introduce new cyclic compounds to the heteracydiemistry.
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2. EXPERIMENTAL

Melting points were determined with Electrothermpparatus. IR spectra was
recorded on a SHIMADZU FTIR-8400S instruments (Nsaujol). *H and**C
NMR spectra were recorded on a BRUKER AVANCE spogter (400 MHz for
proton 100 MHz for carbon). Compounds were purifisthg preparative thin layer
chromatography technique until they were obsengea single spots on thin layer
chromatography (Kieselgel HF 254: Ethyl acetatehlkiromethane, Hexane,

Chloroform as eluant)
2.1. Preparation and Rearrangement of 8-Hydroxyquioline Derivatives

2.1.1. Preparation of 8-acetoxyquinoline (2a) andearrangement of 8-

acetoxyquinoline to 1-acetylquinolinium-8-olate (2

A

(2a)

8-Hyroxyquinolinela (2.00 g, 0.0138 mol) in pyridinkb (2.00 mL, 0.0253 mol),
acetic anhydridéc (2.00 mL, 0.0196 mol) were added and the reactiotture was

kept at room temperature 2 hours to give the produ8-acetoxyquinoline.
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This reaction mixture was poured into water andckshawith ethyl acetate and ethyl
acetate was removed under vacuum and the liqguidesmed phase was obtained.

The yield was 59 % (1.677 Q).

Color : Orange

IR (Nujol): v (cmi%) : 1763, 1712, 1597

8-acetoxyquinoline rearranged to 1-acetylquinohmi@-olate after two months.

0O
© 0

A %

N
N\ NS
/ /

(2a) (2b)

IR (Nujol): v (cm™) 1 1755, 1707, 1597

2.1.2. Preparation of 8-(2-chloroacetoxy)quinolinim chloride (2c) and
rearrangement of 8-(2-chloroacetoxy)quinolinium chbride (2c) to 1-(2-

chloroacetyl)-8-hydroxyquinolinium chloride (2d)

0
o
Cl\)J\O Cl
He
AN
Pz
(2c)

8-Hydroxyquinolinela (1.00 g, 0.00688 mol) was dissolved in 10 mL of GHF

and chloroacetyl chloridéd (0.55ml, 0.00688mol)was added, 5.00 mL of dry THF
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added more and filtered off using THF as a solaewt dried in vacuum desicator,

the product was obtained as a yellow color at higiedd of 98 % (1.730 Q).

Color : Yellow
M.p. : 134-13%C
IR (Nujol): v (cmi%) : 3165, 1786, 1649

8-(2-chloroacetoxy)quinolinium chloridg rearranged to 1-(2-chloroacetyl)-8-

hydroxyquinolinium chlorid@d after 1 week.

O Cl
S
C'\)J\o ci o
H @l Cl
NO® N
AN AN
= =
(2¢) (2d)
After rearrangement ;
M.p. : 208-216C
IR (Nujol): v (cm?) : 3331, 1720, 1631
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2.1.3. Neutralization of 8-(2-chloroacetoxy)quinotiium chloride (2c¢) using EgN
and rearrangement of quinolin-8-yl-2-chloroacetatg2e) to 1-(2-

chloroacetyl)quinolinium-8-olate (2f )

(0] (0]
CI\)J\O P CI\/U\O
H
N® N
AN ~
—_—
= =
(2¢) (2e)

8-(2-chloroacetoxy)quinolinium chlorid& (0.100 g, 0.387 mmol) was dissolved in
2 mL of THF and added g (0.036 g, 0.359 mmol, 0.050 mL). The liquid phase
was taken using a piece of cotton and the solvastr@moved under vacuum.
Quinolin-8-yl-2-chloroacetat2e was obtained at lower yield in liquid form. The

yield was 35 % (0.030g).
Color : Yellow to green
IR (Nujol): v (cm?) 1782, 1629, 1597

Quinolin-8-yl-2-chloroacetat@e) rearranged to 1-(2-chloroacetyl)quinolinium-8-

olate(2f ) after one day.

o cl
© 0
C'\)J\O o ﬁ)
ND
AN
=

|

(2e) (2f)

1-(2-chloroacetyl)quinolinium-8-olatef was obtained as yellow powders.
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M.p. : 96-97C
IR (Nujol): v (cm?) : 1643, 1597

2.1.4. Neutralization of 8-(2-chloroacetoxy)quinohium chloride (2c) using
Sodium bicarbonate and rearrangement of quinolin-8yl-2-chloroacetate (2e) to

1-(2-chloroacetyl)quinolinium-8-olate (2f )

0 0
Cl\)J\O o CI\)J\O
H

N® N

AN AN
_—

= ¥

(2¢) (2e)

Concentrated sodium bicarbonate solution was adidedy to the 8-(2-
chloroacetoxy)quinolinium chlorid2c (0.100 g, 0.387 mmoland after
neutralization it was extracted with ethyl acet&ainolin-8-yl-2-chloroacetat2e

was obtained at higher yield as 85 % (0.073 g).
Color : Yellow to green
IR (Nujol): v (cm?) 1782, 1629, 1597

Quinolin-8-yl-2-chloroacetat@e) rearranged to 1-(2-chloroacetyl)quinolinium-8-

olate(2f ) after one day.
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=

|

(2e) (2f)
1-(2-chloroacetyl)quinolinium-8-olat&f was obtained as yellow powder.
M.p. : 96-97C
IR (Nujol): v (cm?) : 1643, 1597

2.1.5. Preparation of 8-hydroxy-1-(2-(pyridinium-1yl)acetyl)quinolinium
chloride (2h) and 1-(2-(pyridinium-1-yl)acetyl)quinolinium-8-olate chloride

(2k)

2.1.5.1. Preparation of 8-hydroxy-1-(2-(pyridiniuma-yl)acetyl)quinolinium

chloride (2h)

(2h)

1-(2-chloroacetyl)-8-hydroxyquinolinium chloricl (0.100 g, 0.387 mmol) was
added to pyridindb (0.059 g, 0.774 mmol, 0.060 mL) and the mixture keyst at
room temperature for 2 days to give the producy@-dxy-1-(2-(pyridinium-1-
ylh)acetyl)quinolinium chlorid&h which was washed with dichloromethane. The

yield was 88 % (0.115 g).
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Color : Dark yellow
M.p. : 183-184C
IR (Nujol): v (cmi%) : 3427, 1724

2.1.5.2. Preparation of 1-(2-(pyridinium-1-yl)acety)quinolinium-8-olate chloride

(2k)

(2k)

1-(2-chloroacetyl)quinolinium-8-olatgf (1.350 g, 6.090 mmol) was added to
pyridine 1b (0.589 g, 7.450 mmol, 0.600 mL) and the mixture wept at room
temperature for 2 days to gave the product 1-(2idpyum-1-yl)acetyl)quinolinium-

8-olate chloride2k which was washed with dichloromethane. The yiedd W1 %

(1.300 g).

Color . Light yellow
M.p. : 134-135C
IR (Nujol): v (cm?) : 3392, 1724
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2.2. Synthesis of starting compounds of azomethiydides and their

cycloadducts

2.2.1. Synthesis of unsubstituted pyridinium chlode (3a)

ol
- 2
\_/ S N—CH,
Cl /
H,C

(3a)

2-Chloro-N,N-dimethylacetamidie (1.510 g, 0.012 mol, 1.300 mL) was added to
pyridine 1b (0.982 g, 0.012 mol, 1.000 mL) and the mixture weyst at 20 °C for 3
h. The mixture pyridinium chlorid@awas obtained. The precipitate was washed

with diethyl ether. The yield was 98 % (2.440 Q).

M.p. : 82-84 °C
Color : White
IR (Nujol): v (cri™) : 1658, 1639, 1585
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2.2.2. Synthesis of 3-cyanopyridinium chloride (3b)

CN
O
@
/ \N‘CH2
— C|e /N'CH3
CH;

(3b)

2-Chloro-N,N-dimethylacetamidbe (1.167 g, 0.009 mol, 1.000 mL) was added to 3-
cyanopyridinéelf (1.000 g, 0.009 mol, 0.086 mL) and the mixture kest at 20 °C
for 1 week. The precipitated 3-cyanopyridinium clde 3b was filtered off. The

precipitate was washed with diethyl ether. Thedyigas 55 % (1.200 g).

M.p. :77-79 °C
Color : Light yellow to light pink
IR (Nujol): v (crm™®) : 2251, 1662, 1635, 1581

2.2.3. Synthesis of 4-cyanopyridinium chloride (3c)

o ol
- 2
\_/ ©  N—CH,

Cl
H4C

(3¢c)
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2-Chloro-N,N-dimethylacetamidee (1.477 g, 0.012 mol, 1.250 mL) was added to 4-
cyanopyridinelg (1.000 g, 0.009 mol, 0.086 mL) and the mixture wegt at 20 °C
for 3 days. The precipitated 4-cyanopyridinium cidle 3c was filtered off. The

precipitate was washed with diethyl ether. Thedyighs 40 % (0.800g).

M.p. :212-213°C
Color : White to light pink
IR (Nujol): v (cmi?) : 1654, 1647, 1566

2.2.4. Synthesis of 4-dimethylaminopyridinium chloide (3d)

e N
’ \N‘CS—C/H \CH
/ \ / 2 3
HsC CIe
(3d)

2-Chloro-N,N-dimethylacetamidee (0.497 g, 0.0041 mol, 0.420 mL) was added to
4-Dimethylaminopyridinelh (0.500 g, 0.0041 mol) and the mixture was ke 0at
°C for 1 day. The precipitated 4-dimethylaminopiridm chloride3d was filtered

off. The precipitate was washed with diethyl etAdre yield was 82 % (0.815 g).

M.p. : 262-264 °C
Color : White to light green
IR (Nujol): v (crm™®) : 1654, 1560, 1498
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2.2.5. Synthesis of unsubstituted pyridinium ylidé4a)

Cre<
N'—CH—/<
\ e N-CHj

®
CH,
(4a)

Azomethine ylidetawas prepared in situ by adding (0.252 g, 0.0025 €h850 mL)

triethylamine to pyridinium chlorid8a (0.500 g, 0.0025 mol) in 5 mL CHLI

2.2.6. Synthesis of 3-cyanopyridinium ylide (4b) of4b’)

CN
Ored e
\ N—CH‘< \ N—-CH
£ © N-CH £ ©  N-cH
CHj NC CH3
(4b) (4b"

Azomethine ylidetb, 4b’ was prepared in situ by adding (0.224 g, 0.002E mo
0.300mL) triethylamine to 3-cyanopyridinium chlcgi@b (0.500 g, 0.0022 mol) in

10 mL CHCG.
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2.2.7. Synthesis of 4-cyanopyridinium ylide (4c)

_ 0
NC@N’—CH—{
\ © N—CHs

®
H4C
(4c)

Azomethine ylidelc was prepared in situ by adding (0.224 g, 0.002E @800 mL)
triethylamine to 4-cyanopyridinium chloride (0.500 g, 0.0022 mol) in 10 mL

CHCls.

2.2.8. Synthesis of 4-dimethylaminopyridinium ylidg4d)

0 CHy
H,C — N
\N N—CH  CH
AR 3
(4d)

Azomethine ylidetd was prepared in situ by adding (0.207 g, 0.0020 th286
mL) triethylamine to 4-dimethylaminopyridinium chide 3d (0.500 g, 0.0021 mol)

in 10 mL CHC4.
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2.2.9. Reaction of unsubstituted pyridinium ylide vith dimethyl
acetylenedicarboxylate (DMAD)

CH
ks

Hic—N o

ZZN N\ O

0
o\
(5a)

Dimethyl acetylenedicarboxylate (0.405 g, 0.0029, @50 mL) was added to
azomethine ylidda ( prepared by using 0.5008gq and 0.350 mL triethylamine in 5
mL CHCl) and the mixture was stirred 1 day at room tempesaThe solvent was
removed under vacuum and the product dimethyl wthylcarbamoyl)indolizine-
1,2-dicarboxylatéa was separated by preparative t.l.c. ( silica gel;
Dichloromethane-Ethyl acetate 9:1). Elution withy¢tacetate gave a light blue

liquid product (52%, 0,4000).

M.p. : Not specified (Product was oily)
Ry : 0.35 (EtOAc)
IR (Neat):v (cm™®) : 1732, 1701, 1627

'"H NMR (8n, 400 MHz, CDCJ)  : 8.13-8.09 (2dJ =7.2, 9.2 Hz, 2H), 7.10-7.06
(dd,J=1.2, 6.8 Hz, 1H), 6.77-6.74 (= 1.2, 6.8 Hz, 1H), 3.84 (s, 3H), 3.82 (s,
3H), 3.00 (s, 6H)

13C NMR (¢, 100 MHz, CDCY)  :164.1, 162.7, 161.0, 135.0, 124.6, 123.2,

120.9, 119.2, 113.1, 101.3, 95.1, 51.4, 50.4, 35.8
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2.2.10. Reaction of unsubstituted pyridinium ylidewith diethyl
acetylenedicarboxylate (DEAD)

FHs
HaC N _o

/N \
A -

o

(5b)
Diethyl acetylenedicarboxylate (0.480 g, 0.0028,Ma450 mL) was added to
azomethine ylidéda (prepared by using 0.5003g and 0.350 mL triethylamine in 5
mL CHCl) and the mixture was stirred 1 day at room tempegaThe solvent was
removed under vacuum ant the product diethyl 3-édlrylcarbamoyl)indolizine-1,2-
dicarboxylatebb was seperated by preparative thin layer chromapdur (silica gel,
Ethyl acetate). Elution with ethyl acetate gavigaidl light yellow to green product

(44%, 0.360g).

M.p. : Not specified (Product was oily)
Rs : 0.35 (Ethyl acetate)
IR (Neat):v (cm™) 1735, 1701, 1635

'H NMR (34, 400 MHz, CDC{)  :8.13-8.11 (dJ = 8.8 Hz, 2H), 7.1-7.06 (dd,=
6.8, 9.6 Hz, 1H), 6.77-6.73 (1,= 1.2, 6.8 Hz, 1H), 4.32-4.26 (m, 4H), 3.00 (s)6H
1.33-1.27 (m, 6H)

13C NMR @c, 100 MHz, CDC))  : 163.6, 162.4, 161.2, 134.9, 124.6, 123.1,
121.3,119.2, 113.0, 101.6, 95.1, 60.3, 59.0, 3894, 13.1
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2.2.11. Reaction of 3-cyanopyridinium ylide with dinethyl

acetylenedicarboxylate (DMAD)

/CHs /CH3
Hic—N o Hsc—N o
NC
P y— N o—
0 NC 0
o\ o\
(5¢) (5¢")

Dimethyl acetylenedicarboxylate ( 0.440 g, 0.0034,10.380 mL) was added to
azomethine yliddb ( prepared by using 0.7003tp and 0.430 mL triethylamine in
10 mL CHC}) and the mixture was stirred 2 days at room teatpee. The solvent
was removed under vacuum and the product dimetioybfo-3-
(dimethylcarbamoyl)indolizine-1,2-dicarboxyldie was seperated by preparative
thin layer chromatography (silica gel; Ethyl acetetexane 2:1). Elution with ethyl

acetate gave a yellow product (10%, 0.070g).

M.p. : Not specified (Product was oily)
R : 0.72 (EtOAC)
IR (Neat):v (cm™) : 2235, 1728, 1703, 1633

'H NMR (31, 400 MHz, CDC{)  : 8.66 (s, 1H), 8.21-8.18 (d,= 9.6 Hz, 1H),

7.16-7.13 (ddJ = 1.4, 9.2 Hz 1H), 3.86 (s, 3H), 3.85 (s, 3H).33(6, 6H)
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13C NMR (¢, 100 MHz, CDCJ)  :163.1, 161.8, 159.8, 133.9, 131.3, 122.7,

122.2,120.2, 114.8, 103.9, 99.6, 95.1, 51.7, 5860

2.2.12. Reaction of 3-cyanopyridinium ylide with @ethyl acetylenedicarboxylate

(DEAD)
o o
Hic—N o H,c—N o
NC o) 0
77NN 77NN
N N
0—\ 0—
0 NC 0
¢ &
(5d) (5d")

Diethyl acetylenedicarboxylate (0.376 g, 0.0022,d@50 mL) was added to
azomethine yliddb ( prepared by using 0.5003p and 0.300 mL triethylamine in
10 mL CHCS) and the mixture was stirred 4 days at room teatpeg. The solvent
was removed under vacuum and the product dietltylaro-3-
(dimethylcarbamoyl)indolizine-1,2-dicarboxylabe was seperated by preparative
thin layer chromatography ( silica gel; Dichlorotmate-Ethyl acetate 9:1). Elution

with ethyl acetate gave a yellow product (16%, 8)12

M.p. : Not specified (Product was oily)
R : 0.72 (EtOAC)
IR (Neat):v (cm™) : 2233, 1735, 1701, 1639
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'H NMR (31, 400 MHz, CDC{)  : 8.65 (s, 1H), 8.22-8.19 (dd= 1.2, 10.4 Hz,
1H), 7.15-7.12 (ddj = 1.4, 10.8 Hz, 1H), 4.34-4.28 (m, 4H), 3.03 (s),6H34-1.28

(m, 6H)

13C NMR (¢, 100 MHz, CDCY)  :162.4, 161.2, 159.7, 133.6, 130.9, 122.7,

121.7, 119.9, 118.5, 114.6, 103.9, 94.8, 60.5,,55b3, 13.0, 12.8

2.2.13. Reaction of 4-cyanopyridinium ylide with dinethyl
acetylenedicarboxylate (DMAD)

o
Hac—N

/N\

-
NC X Oo—

(5e)

Dimethyl acetylenedicarboxylate ( 0.319 g, 0.002#,1@.270 mL) was added to
azomethine yliddc ( prepared by using 0.5008g and 0.300 mL triethylamine in 10
mL CHCl) and the mixture was stirred 1 day at room tempegaThe solvent was
removed under vacuum and the product dimethyl vayax
(dimethylcarbamoyl)indolizine-1,2-dicarboxyldie was separated by preparative
thin layer chromatography (silica gel; Dichloroimete-Ethyl acetate 9:1). Elution

with ethyl acetate gave a brown product (39%, 0g288 neddles.

M.p. : 178-180 °C

Rs : 0.42 ( Dichloromethane-Ethyl acetate 9:1)
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IR (Nujol): v (cmi%) : 2220, 1735, 1720, 1635

Elemental Analysis :58.98 % C, 4.79 % H, 12.48I%d heoretical

value: 58.36 % C, 4.59 % H, 12.76 % N)

'H NMR (31, 400 MHz, CDC{)  : 8.52 (s, 1H), 8.20-8.18 (d,= 7.6 Hz, 1H),

6.87-6.85 (ddJ = 1.8, 7.6 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 3H),13(6, 6H)

13C NMR (¢, 100 MHz, CDCJ)  : 163.0, 161.6, 159.8, 149.6, 131.9, 125.6,

122.1, 120.6, 116.1, 112.6, 106.0, 95.0, 51.7,,555D

2.2.14. Reaction of 4-cyanopyridinium ylide with dethyl acetylenedicarboxylate

(DEAD)

(5f)

Diethyl acetylenedicarboxylate (0.376 g, 0.0022,Md@50 mL) was added to
azomethine yliddc ( prepared by using 0.5008g and 0.300 mL triethylamine in 10
mL CHCl) and the mixture was stirred 1 day at room tempegaThe solvent was
removed under vacuum and the product diethyl 7-@y&n
(dimethylcarbamoyl)indolizine-1,2-dicarboxyléiéwas separated by preparative
thin layer chromatography (silica gel; Dichloromeatle-Ethyl acetate 9:1). Elution

with Ethyl acetate gave a light blue liquid prod(28%, 0.224q9).
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M.p. : Not specified (Product was oily)
Rs : 0.42 ( Dichloromethane-Ethyl acetate 9:1)
IR (Neat):v (cm™®) : 2227, 1728, 1705, 1635

'H NMR (31, 400 MHz, CDC{)  : 8.51 (s, 1H), 8.18-8.16 (dd= 1.2, 7.2 Hz,
1H), 6.86-6.83 (ddj = 1.8, 7.6 Hz, 1H), 4.35-4.28 (m, 4H), 3.00 (s)1H35-1.28

(m, 6H)

13C NMR (¢, 100 MHz, CDCJ)  :162.7, 161.6, 160.2, 132.2, 126.2, 125.5,

122.6, 120.8, 116.5, 112.8, 106.1, 95.4, 61.0,,6M(8, 36.1, 13.5, 13.3
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3. RESULT&DISCUSSION

This work covers the investigation of the preparatnd rearrangement of 8-
hydroxyquinoline derivatives and also the synthesisew carbamoyl substituted

indolizines via 1,3-dipolar cycloaddition reactiasfsazomethine ylides.

In the first part of the study the preparation ag@rangement of 8-hydroxyquinoline
derivatives were studied. 8-Hydroxyquinoline frother quinoline derivatives of the
ring nitrogen with the hydroxyl groups in showsaigh so many concessions

because of special relations. This relation braigsut lots of reason in our reactions

due to the fact that it shows keto-enol tautomerism

Reaction between 8-hydroxyquinolibta and chloroacetyl chloridéd give the
product of 8-(2-chloroacetoxy)quinolinium chloride at higher yield2crearranged
to 2d after one week. This rearrangement can be unaerstdlowing the IR
spectrum. Ir2c IR spectrum, it is possible to see ester grouy86 cnt and its IR
spectra supports the structure2ofon the other hand i2d IR spectrum did not
support ta2c spectra because of the amide groups to be seeadnsf ester groups.
This peak at 1643 cisteer us towards introspection in point of shiftaarbonyl
group on the nitrogen atom. Hence, it can be thbafiR spectra supports the
structure oRd. Also, it can be clearly seen absorbtions for bygll groups ¥

(nujol) (O-H) 3331 crif], amide groupy (nujol) (C=0) 1631 crl]. If pyridine adds

directly to the product a2c, it will give the producg.
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Pyridine is added to the prodd in the same way will create prod&tt which is
based on differences in melting points and IR spauight be th&h product can be
supported. If the product @t is neutralized with triethylamine or sodium
bicarbonate2e structure can obtain which is liquid yellow to gnecolor gives an
absorbtion at 1782ct It is not seen any N-H peak around 3500-3000 tmat can
prove the neutralization is succesfully achivethis way, but the produ@e sojourn
only one day in that structure before the rearrarege to the2f structure. In this
manner the produ@f can be obtained only waiting one day without dang
procedure. Thef structure is supported by the IR absorbtion fordangroup

(nujol) (C=0) 1643 cnl] and melting point. The produ@f is more decisive thake
and therefore pyridine added to @fein order to obtain the produgk which shows
keto-enol tautomerism. It is in a state of equilibh with 2| structure. Therefore,
cycloaddition reaction was tried with the more &adtructure2k without using
triethylamine as a base for ylide preparation bseai to be potential dipole and the
dimethyl acetylenedicarboxylate as a dipolaraplvilg,the reaction was failed
because of not seeing any evident spot in theldlygr spectroscopy following the
reaction in the course of two weeks. The cycloaalditeaction was tried with only
acetylenic dipolaraphiles such as dimethyl acegderarboxylate because of the fact
that they were expected to show great reactiviyatds dipoles apart from the other

olefinic dipolaraphiles.

The rearrangements are more clearly seen in trerseii.14.
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Scheme 1. 1Rearrangement of the 8-hydroxyquinoline derivative
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The second part of the study includes synthesezoimethine ylides and their
cycloadducts. The 1,3-dipolar cycloaddition of aetimme ylides has emerged as a
popular way of constructing heterocycles owingsdcigh synthetic efficiency and
often high stereoselectivity [124]. Azomethine gisdhave traditionally been
generated bearing various stabilizing substitusath as aryl groups, esters, and
cyano groups. However, the formation of azomethlites without such stabilizing

groups has proved far more difficult [125].

Pyridine was mixed with 2-chloro-N,N-dimethylacetdmto yield the pyridinium
chloride sal8a. Removing a proton from methylene group by usirehylamine as
a base gave the corresponding unsubstituted azomastide 4ain CHCk.
Pyridinium ylides such as 3-cyanopyridinium ylidle, 4-cyanopyridinum yliddc,

and 4-dimethylaminopyridinium ylidéd prepared in the same procedure. (Scheme

1.15)
R4 o R4 0 /
— — N
_ @} \
+  Cl
| )
(3a)
R1 R2
N(CH,CH3); | CHCI3
— N
@}
4c H CN R24<\\://\N o) \
4d H N(CHs),

(4a)

Scheme 1. 19 he schematic representation of the synthesigahathine ylide 4a
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R1 O /
DS e D
R—\ N6 + = —
©]

0] o—
(4a)
R4 R2 Dipolaraphile
5a H H DMAD
5b H H DEAD

5¢ CN H DMAD

5§ CN H  DEAD

5¢ H CN  DMAD

(5a)

56 H CN DEAD

Scheme 1. 1@ he schematic representation of the synthesigabadduct 5a

The IR spectrum dBa, shows an amide group [(nujol) (C=0) 1658 cil], an imine
stretching band ¥ (nujol) (C=N) 1639 crl], and an aromatic stretching band |

(nujol) (C=C) 1585 cri]. (Figure 1.19)
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Figure 1. 19The IR spectrum of unsubstituted pyridinium ctderBa (In Nujol)

The intermolecular 1,3-dipolar cycloaddition reantis particularly valuable in
indolizine synthesis, being a simple two step pssceélowever, the reaction suffers
from low yields and regioselectivity problems whersymmetrical, highly
functionalized or sterically hindered acetylenesused as substrates [94]. Another
drawback is the fact that the pyridinium salt imtediates are highly hygroscopic,

and are usually unstable [126].

Pyridinium ylides 4a, 4b and 4c were preparedtun $sing triethylamine as a base
which reacting with acetylenic and olefinic dip@pghiles in chloroform to produce
indolizines. The yields had moderate to low valbased on the base and solvent

which were used in the reaction conditions.
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For the indolizine synthesis the best method eparation of pyridinium ylides can
be using KCOsas a base instead of;Mtbased on the literature related with
indolizine synthesis [120,127]. Attempts were madenprove the yields by
conducting the reactions in different bases sudbtsé pyridine, NaOH, NaHC®
However, the yields over than using®O; were not observed when the other bases
were tried. The same approximation could be madé#solvent. When the
solvents are compared with each other, DMF can dre isuitable than CHgwith

the particular consideration of increasing yield.

Acetylenic dipolaraphiles which are dimethyl acetgdicarboxylate and diethyl
acetylenedicarboxylate were found to be more reat¢hian olefinic dipolaraphiles
such as diphenyl acetylene, phenyl acetylene amd acetate. In this study, dipoles
show reactivity with DMAD and DEAD at room tempared in CHC} not to
necessitate increasing temperature. In view ofrateflipolaraphiles, these three
dipolaraphiles do not show any reactivity towargmtes whether the temperature
increased or not. In this study, four types of giyrium ylides were prepared from
pyridine, 3-cyanopyridine, 4-cyanopyridine and fdthylaminopyridine.
Pyridinium ylide and 4-cyanopyridinium ylide arensyetrical. In so far as 3-
cyanopyridinium ylide is non-symmetrical, it is eqbed to get two regioisomer
from the reaction, but only one regioisomer camlogracterized on account of the

fact that the other regioisomer is generated aftieification [128].
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CH CH
;3 I3

HoC N HoC N
NC
N A O N A O
0 NC 0
o N\ o\
Regioisomer 5c¢ Regioisomer 5¢’

Hence, the other regioisom&e’ could not be obtained because of the fact that it
was not be stable and silica gel used in prepa&tiv layer chromatography which
behaved as a catalyst forming an obstacle by walysafjgregating the regioisomer
into intermediates. Thereby, only one regioisobeand5d could be obtained from
the 3-cyanopyridinium ylide in lower yield and tb#her regioisomesc’ and5d’
could not be obtained for characterization owinghedisaggregation. Try as we
might, 2-cyanopyridinium chloride could not be paegd in no way due to the steric

hinderance.

4-dimethylaminopyridinium chlorid8d was prepared in higher yield, but it has the
features that attracts moisture like the otherdagiuim chloride salts. Its resonance
effect is to create a barrier to generate a pyiudiylide as a dipole for 1,3-dipolar
cycloaddition reactions. Therefore, any stable @gdtiuct was not obtained reacting
with acetylenic dipolarophiles such as dimethyltglemedicarboxylate and diethyl

acetylenedicarboxylate which are described asdivea
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Scheme 1. 1A representation of 4-dimethylaminopyridinium @ity resonance

structures.
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3.1. Characterization of Cycloadducts

3.1.1. Characterization of dimethyl 3-(dimethylcarlamoyl)indolizine-1,2-

dicarboxylate (5a)

The cycloadduchais supported by the IR absorbtions dgfi-unsaturated ester
groups [v (neat) (C=0) 1732 and 1701 ¢frand an amide group [neat) (C=0)

1627 cn].(Figure 1.20)
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Figure 1. 20The IR Spectrum of 5a
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The'H NMR spectrum oba shows us structure 5a includes six types of psotom
their expansions, coupling constants and their atedraehifts support structure 5a is
true. Firstly, théH NMR spectrum of 5a shows two doublets which iatés two
protons H and Hycentered at 8.10 and 8.12 ppm, respectivelycddples only with
Hp (Jab= 9.2 Hz) and K couples only with K (J: = 7.2 Hz). It couldn’t be seen long
range coupling in the spectrum With Hc or Hyq with Hy. In that position, it is
possible to say {rhas higher ppm value than k that H; is near to more
electronegative nitrogen atom. Thereforg.cdmes firstly in low field but on the
other hand, Elcomes in high field comparad tq.HH, makes coupling firstly kand
H. which gives doublet of doublets centered at 7 08 flp r.=6.8 Hz) and makes
long range coupling with (J,q =1.2 Hz). Hcentered at 6.75 ppm which couples
with Hy, and H; for triplet (3»..0=6.8 Hz) and makes long range coupling with(#,
=1.2 Hz). H protons give two singlets centered at 3.84 ppn3kband 3.82 ppm
for 3H in the methylene groups bonded to oxygemaaod comes in low field
compared to Hoecause of the electron withdrawing substitue@€OR. H

protons give a singlet centered at 3.00 ppm wharhes in high field compared to
He protons because of bonded to nitrogen which isdésgronegative atom than

oxygen. (Figure 1.21)
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Figure 1. 21The'H NMR Spectrum of 5a

a0 8.0 70

Figure 1. 22Expanded (9.0-6.0 ppmif NMR Spectrum of 5a
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Figure 1. 23Expanded (4.0-0.0 ppmi NMR Spectrum of 5a

According to thé*C NMR spectrum o5a, there are fourteen carbon atoms related
to the structure. ThE® C NMR spectrum shows signals fo, Earbon atom at 164.1
ppm, G carbon atom at 162.7 ppm; €arbon atom at 161.0 ppm. These three carbon
atoms belong to the carbonyl carbon atom in thecgire supporting the three
carbonyl group in the structure. The @rbon atom show a signal at 135.0 ppg, C
carbon atom at 124.6 ppmg €arbon atom at 123.2 ppmj, €arbon atom at 120.9

ppm, Gcarbon atom at 119.2 ppm, €arbon atom at 113.1 ppm, €&rbon atom at
101.3 ppm and arbon atom at 95.1 ppm. These eight carbon afmmesthe
bridgehead aromatic structure of indolizine. Thec&bon atom at 51.4 ppm and C

carbon atom at 50.4 ppm.
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These two carbons belong to the methylene grougcadi to the ester group. The C
carbon atoms at 35.8 ppm which are the methyl grdwgmded to nitrogen gives the

same signal because of the environment.

Thanks ta**C NMR spectrum of 5a, we can say clearly to be peopup thésa

cycloadduct. (Figure 1.24)
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Figure 1. 24The®C NMR Spectrum of 5a
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3.1.2. Characterization of diethyl 7-cyano-3-(dimétylcarbamoyl)indolizine-1,2-

dicarboxylate (5f)

The cycloadduchf is supported by the IR absorbtions dgfi-unsaturated ester
groups [v (neat) (C=0) 1728 and 1705 ¢inan amide groupy (neat) (C=0) 1635

cm’] and a nitrile bandy (neat) (&N) 2227 cni]. (Figure 1.25)
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Figure 1. 25The IR Spectrum of 5f
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The'H NMR Spectrum obf shows one singlet for 4proton centered at 8.51 ppm.
The H. proton gives doublet of doublet making vicinal ctiug with Hyp (Jp= 7.2

Hz) which is centered at 8.17 ppm and long rangplaog with H, (k= 1.2 Hz)
which are para position to each other. Thgkbton centered at 6.84 ppm gives a
doublet of doublet coupling withd J,c=7.6 Hz) and also makes long range
coupling with H, ( b= 1.8 Hz) which are meta position in the indoliziimgy. The
positions of the protons in the heterocyclic aramedmpound indicates why
coupling constant of,dis higher thany. Using the coupling constants values and
chemical shifts originated from substituents eBantthe indolizine ring, these three
protons are placed correctly. The ptotons centered at 4.32 ppm give multiplet
coupling with H on the other hand:Hbrotons give a singlet centered at 3.00 ppm.
Hecouples with H giving multiplet in'H NMR spectrum centered at 1.31 ppm.
Thanks to'H NMR spectrum, the protons are characterized stipgcthe structure

5f is true for the cycloadduct. (Figure 1.26)
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Figure 1. 27Expanded (9.0 -8.0 ppmji NMR Spectrum of 5f
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Figure 1. 29Expanded (5.0-4.0 ppmi NMR Spectrum of 5f
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Figure 1. 31Expanded (1.5-1.0 ppmii NMR Spectrum of 5f
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The'H NMR spectroscopy is a quantitative method foinesting certain nuclei
while *C NMR spectroscopy gives information about the carskeleton. The most
important difference between the proton and cadpattra of the magnetic
susceptibility of carbon and chemical setting @& #igarcity value. When looking at
3C NMR spectrum, eighteen carbon atoms are cleady §oth the 5f cycloadduct
and the spectrum. This spectrum shows signals feaon atom at 162.7 ppm;C
carbon atom at 161.6 ppm;darbon atom at 160.2 ppm; &rbon atom at 132.2
ppm, G, carbon atom at 126.2 ppm, €arbon atom at 125.5 ppmy €arbon atom at
122.6 ppm, Ccarbon atom at 120.8 ppm, €arbon atom at 116.5 ppme €arbon
atom at 112.8 ppm, g&arbon atom at 106.1 ppm, €arbon atom at 95.4 ppm; C
carbon atom at 61.0 ppm,, €arbon atom at 60.0 ppmy €arbon atom at 40.3 ppm,
Cicarbon atom at 36.1 ppmg €arbon atom at 13.5 ppm and &rbon atom at 13.3
ppm. Accordingly, we can propose that ieycloadduct is supported by
spectroscopic method 81C NMR spectrum in addition to IR artl NMR

Spectrum. (Figure 1.32)
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Figure 1. 32The™C NMR Spectrum of 5f

13C atoms chemical shifts are more sensitive fithatoms to substituents which are
place off- andy-positions. Therefore, various formulas have bemretbped based
on the principle of substituent effects to gathererparticipants in order to calculate

13C chemical shifts [129-131].

Sc=-23+Y 7 for sp carbons

85c=1233 4 z"+Y z* +Y S for sp carbons

0c = 1285+ 7 for benzene

0c =166 +> z+ E for ester carbonyl carbons
0c=165+> z + N for carboxylic amides
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According to the above equation some calculatiawetbeen made and the

approximated values have been found in ppm

S = Steric correction
E = Substituents effects for esters
N = Substituents effect for amides
dcs . Co =-23H 1z

= -2.3 + Za-CHy+ Z p- 0+ Zy-COR

=-23+9.1+10.1-3.0

= 13.9 ppm (observed 13.5 ppm)
dcr cn =-23+) z

= -2.3+ ZaCH;+Z -0+ Zy-COR

=-23+9.1+49+3

= 58.8 ppm (observed 60.0 ppm)
Oce = 1285+ z

1285+ Z-cN+Zo-H

128.5-16.0

= 112.5 ppm (observed 112.8 ppm)
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SleCp = 166 +Z Zi+E

= 166 +Z-cH,+ E

= 166+11-14

= 163 ppm (observed 162.1 ppm)

dck i = -23+)z

= -2.3+Za-NCO+ZpB-N-

= -23+22.0+18.0

= 37.7 ppm (observed 38.2 ppm)

Sca = 12854 7

= 1285+ 2Z-H+Zo-C-N-+Zo-N+Zm-H+

= Zm-N-+Zp-H

= 1285+ 35-15.7+0.8

= 117.1 ppm (observed 116.5 ppm)
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128.5 4 z

o
@]
O

11

1285+ 2Z-N-c+Zo-H+Zm-H+Zm-CH+Zp-N-

128.5-16.0-11.8

98.9 ppm (observed 95.3 ppm)

128.5 4 z

N
O
o

I

1285+ 2Z-H+Zo-C-N-+Zo-H+Zm-H+Zm-N-+

Zp-CH

1285+35+08+7.0

125.8 ppm (observed 125.5 ppm)

Scd 128.5 4 7

1285+ Z2-H+Zo-H+Zo-N-+Zm-C-N+Zm-CH +

Zp-COOR

128.5+ 0.7 -16.5+10.2

122.5 ppm (observed 122.6 ppm)
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=1233 z*+Y z* +Y S

=1233+Zu-cHh+ Zo-N-+Zd —COOR

=123.3+10.6-154+14.0

= 132.8 ppm (observed 132.2 ppm)

=12338 z*+Y z* +Y S

=123.3+ Z-COOR+ Zo —~N-+ Z o — COOR

123.3+6.3-29.2+6.3

106.7 ppm ( observed 106.1 ppm)

= 12338 z°+Yz* +Y S

123.3 + Zu—COOR+ Z4a —RCON-+ Zo —=C-N-+ Za—CH;

123.3+6.3-29.2 +14.2 + 10.6

125.2 ppm (observed 126.2 ppm)

=165+ z + N

=165+ Z-cH; + N

=165 -1.5-1.5

=162 ppm ( observed 160.2 ppm)
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3.1.3. Characterization of diethyl 6-cyano-3-(dimétylcarbamoyl)indolizine-1,2-

dicarboxylate (5d)

The cycloadduchkd is supported by the IR absorbtions dg-unsaturated ester
groups [v (neat) (C=0) 1735 and 1701 ¢inan amide groupy (neat) (C=0) 1639

cm’] and a nitrile bandy (neat) (&N) 2233 cni]. (Figure 1.33)

=
2
|

= &
v e e b Ly gy

o

LA L L L S S B EN S L B B B B B L L L B S L B S B B
2600 3200 2800 2400 2000 1200 1600 1400 1200 1zm

&
=

Figure 1. 33The IR Spectrum of 5d
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The'H NMR spectrum o6d shows us the structure 5d includes six types atbpis
which are H, Hp, He, Hg, He and H. TheH NMR spectrum of cycloadduct 5d shows
one singlet which indicates:ldentered at 8.65.and H, protons show doublet of
doublets centered at 8.20 ppm and 7.13 ppymréton only make vicinal coupling
with Hyp (Jar= 10.4 Hz). The vicinal coupling can have valuess0-z depending
mainly on the dihedral angle which is known as Kiaspelationship. When the
dihedral angle between two vicinal protons is riar 180, the coupling constant
will be relatively large. It is based on the thesationship, we can say clearly that the
dihedral angle between the protons are nea?.teoroton and g proton are ortho
position in the aromatic ring and therefore we explee coupling constant values
between the 6-10 Hz.Hbroton also makes long range coupling with(k= 1.2

Hz) which are para position in the indolizine rif.proton shows doublet of
doublets coupling with k( J= 10.8 Hz) and long range coupling with H,= 1.4
Hz) which are ortho position in the indolizine rintherefore gl is higher thana}
because of the position of the protons in the atimmiag. Similarly, in condensed
polynuclear aromatic compounds and heterocyclicpmmads the magnitude of the
coupling constants between protons in the aromiaticreflects the relative position
of the coupled protons.Hprotons show multiplet that centered at 4.31 pgm.
protons bonded to nitrogen atom give a singleteredtat 3.03 ppm due to the same
environment. |Hprotons give multiplet centered at 1.31 couplinthvd,.

Accordingly, we can say th&t NMR supports th&d cycloadduct.(Figure 1.34)
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Figure 1. 39Expanded (1.5-1.0 ppmi NMR Spectrum of 5d
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According to thé*C NMR spectrum o5d, there are seventeen carbon atoms related
to the structure. ThE C NMR spectrums shows signals foy @bon atom at 162.4
ppm, G carbon atom at 161.2 ppm;, €rbon atom at 159.7 ppm. These three carbon
atoms indicate that the structure includes threleargyl groups. The &arbon atom
shows a signal at 133.6 ppm, €arbon atom at 130.9 ppmg €arbon atom at 123.7
ppm, G carbon atom at 121.7 ppm;, €arbon atom at 119.9 ppm,&rbon atom at
118.5 ppm, €carbon atom at 114.6 ppmgy Carbon atom at 103.9 ppm ang C

carbon atom at 94.8 ppm. These nine carbon atodisailes the structure of

inolizine ring. The*C NMR spectrums continues to give signals fec@bon atom

at 60.5 ppm, & carbon atom at 59.3 ppmy €arbon atom at 35.8 ppm; €arbon

atom at 12.9 ppm and,Carbon atom at 12.78 ppm. These five carbon atoms
complete the number of carbon atoms to give thestre 5d. Thereby, we can
propose that thBd cycloadduct is supported by spectroscopic methdd®NMR

spectrum in addition to IR arlti NMR Spectrum. (Figure 1.40)
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Figure 1. 40The**C NMR Spectrum of 5d
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3.2. Molecular Orbital Considerations

The computational methods, both AM1 and PM3, wesed to get the related
data on the frontier molecular orbital energies il coefficients of substituted an
unsubstituted ylides and dipolarophiles. Theseutalions were carried out using

HyperChem 7.0 program package.

Table 1 shows the HOMO and LUMO energies of theeg and
dipolarophiles. The additional data were also giwerthe coefficients of the atoms
on the reactive sites for them. Table 2 show thaive energy differences of the

frontier molecular orbitals.

Both methods, AM1 and PM3, reveal that accordanthé unsubstituted
ylide p-dimethylamino pyridine ylide denoted as ingvthe electron donating group,
was found to have higher HOMO and LUMO energiesti@nother hand, the ylides
having electron withdrawing groups such as 3-CN4@N substituted ones, had
lower HOMO and LUMO energies with respect to unsitited pyridine ylide. Of
course, that is a general tendency of both electomrating and electron withdrawing
groups raising and decreasing the HOMO and LUMOges. But the lowering
effect of the electron withdrawing groups on theM©O seems to be somewhat more
than that on the HOMO(see table 2). Another evidesaen by means of these
calculations was that the PM3 calculations gavemowering effect on the LUMO
and HOMO energies of the pDMA pyridine ylide, tiathe electron donating

substituted one.
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The situation was somewhat complex for dipolargshwhen PM3
calculations were considered. There were an ingrg&dfect of AM1 and PM3 on
the HOMO and LUMO energies of DMAD, DEAD, and VAuBthere can be seen a

decreasing effect on the LUMO and HOMO of PA andADP
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Table 1The FMO data of the ylides and dipolarophiles

AM1 | HOMO | LUMO PM3 | HOMO [ LUMO

Py. ylide Py. ylide

Eigenvalue | -7.64844 | -0.43669 | Eigenvalue | -8.01551 -0.46955

Pz C 6 -0.70272 | -0.36378 |Pz C 6 -0.67653 -0.31574

Pz C 8 0.36818 -0.19451 |Pz C 8 0.35879 -0.05602

3CN Py. ylide 3CN Py. ylide

Eigenvalue | -7.98000 | -1.02031 | Eigenvalue | -8.35773 -1.14332

Pz C 6 0.69527 0.28743 |Pz C 6 -0.66418 -0.20185

Pz C 8 -0.37840 | -0.13373 |Pz C 8 0.36590 0.26681

Pz C 12 -0.36480 0.48151 | Pz C 12 0.36657 -0.47771

4CN Py. ylide ACN Py. ylide

Eigenvalue | -8.05176 | -1.10656 | Eigenvalue | -8.40787 -1.13985

Pz C 6 -0.66653 0.40408 [Pz C 6 0.64239 -0.36575

Pz C 8 0.37852 0.18505 [Pz C 8 -0.36316 -0.15156

4DMA Py.ylide 4DMA Py.ylide

Eigenvalue | -7.05672 | -0.19726 | Eigenvalue | -7.69965 -0.49415

Pz C 6 -0.68783 | -0.29750 [Pz C 6 -0.63363 0.27956

Pz C 8 0.29547 -0.09772 |Pz C 8 0.30824 0.03928

DEAD DEAD

Eigenvalue | -11.61997 | -0.78318 | Eigenvalue| -11.58975 | -0.63158

Pz C 1 -0.04460 0.47303 [Pz C 1 0.00579 0.46065

Pz C 2 -0.05255 | -0.48084 |Pz C 2 0.00786 -0.46983

DMAD DMAD

Eigenvalue | -11.96085 | -0.92905 | Eigenvalue | -11.82864 | -0.77047

Pz C 1 0.00058 -0.47941 |Pz C 1 0.00000 -0.47075

Pz C 2 -0.00035 0.47942 Pz C 2 0.00000 0.47067
(NHOMO) (NHOMO)

Eigenvalue | -11.96340 Eigenvalue | -11.85073

Pz C 1 0.00411 Pz C 1 0.11624

Pz C 2 0.00413 Pz C 2 0.11577

PA PA

Eigenvalue | -9.28994 0.00092 | Eigenvalue | -9.39638 | -0.080092

Pz C1 0.40602 0.35932 [Pz C 1 -0.38847 0.35362

Pz C 2 0.24803 -0.20857 | Pz C 2 -0.23501 -0.20511

DPA DPA

Eigenvalue | -8.75060 | -0.44438 | Eigenvalue | -8.89559 -0.51165

Pz C 1 -0.35288 0.32292 [Pz C 1 -0.34224 0.31919

Pz C 2 -0.35288 | -0.32292 |Pz C 2 -0.34224 -0.31919

VA VA

Eigenvalue | -10.03781 | 0.56444 | Eigenvalue | -10.03643 | 0.52026

Pz C 1 -0.66989 | -0.50969 [Pz C 1 -0.66881 0.51439

Pz C 2 -0.54080 0.46734 |Pz C 2 -0.53519 -0.47997

The unit of HOMO and LUMO is eV.
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Table 2The relative energies of the HOMO and LUMO orlsitedlculated by AM1

and PM3(*PM3 calculations)

0.564440.52026)*

VA
0.00092-0.080092)*
PA
-0.19726-0.47978)*
pDMA Py.ylide
-0.4369080.46955)*
Py.ylide
-0.44438).51165)*
DPA
_-0.783%80.63152)*
DEAD
-0.92901.77047)*
DMAD
-1.01956-1.14332)*
3CN Py.ylide
-1.10659-1.13985)*
ACN Py.ylide
LUMO
HOMO
-7.0567%9-7.69438)*
pDMA Py.ylide
-7.648268.01551)*
Py.ylide
-7.980008.35773)*
3CN Py.ylide
-8.05176-8.40787)*
4CN Py.ylide
-8.750608.89559)*
DPA
-9.289949.39638)*
PA
-10.03781-10.0643)*
VA
-11.6199711.58975)*
DEAD
-11.9634(011.85073)*
DMAD
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There are two regioisomeric cases for 3CN substitpyridine ylide as being
unsymmetrical dipole (see figure 1.41). As figuré2lindicates two regioisomers
there can be obtained for symmetrical dipolaroghifenong them the experimental

findings favored the regioisomers Il

0 NC
N \/ N/
OMe(Et) OMe(EY)
OMe(Et) OMe(EY)
regioisomer | regioisomer Il

Figure 1. 42Possible regioisomers

According to Sustmann’s equatidr82] below the prediction of which
regioisomer would predominantly form from the igietion between the HOMO of

one reactant and theLUMO of the other would be iptess

OMO~ LUMO HOMOA~ LUMON2 2 LUMO ~ HOMO LUMO ~ HOMO\2 2
2(GHOMOCLUMO  GHOMOG, LUMOY2, 2 o(GHUMOCHOMO 4 GLUMO G HOMO)2
AE = e S
HOMO LUMO HOMO LUMO
|-?Iide - Edipolarophile Edipolarophile - Eylide
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In this equation, Gand G are the MO coeficients of the interaction sitesé and
C; and G are the MO coefficients of the interaction sitéthe second at the level of

the frontier MO’s.

The other feature of the these reactions is tiet tian be either HOM&oie-

LUMO gipotarophile OF LUMOyipoier HOMQgipolarophilecontrolled. If the data of table 1 is
carefully analyzed the reactions are easily sedr@ tdOMQipole LUMO gipolarophile
controlled. The first part of the equation gives MOyipole- LUMO gipolarophile
contribution and the second part is due to the LUM@HOMOipolarophile

contribution.

AML1 type calculations indicate that there is ngagro contribution of the
second part. At the PM3 type calculations the ségamt make relatively less
contribution to the total energy measuring theditdon state stabilization during the
bond formation process. The larger valué\Bfmeans that the reaction is more

ready.

Using the values of AM1 method, as the predictbthe regioisomers of
3CN substituted pyridine ylide we calculatedE/y* values for only DMAD. The
AER? value for regioisomer I, formed from C6-C8 intefa sites, is 0.07515 and
for regioisomer 11, formed from C6-C12 interactisites(see figure 1.42), theEfy?
value is 0.07317. That means AM1 method favorddhmation of the regioisomer I.
But the same equation using PM3 method led to taxgé? value for the
regioisomer Il having 0.063717 over that of thesepmer | that is 0.062605. We
concluded that PM3 method would be a better one AL on the basis of

experimental findings.

97



We obtained cycloadducts only from dipolarophD®AD and DEAD with
unsubstituted and 3CN and 4CN substituted pyrigliinkes due to lower energy
diffferences between their LUMO and HOMO's respedlif that is the usual case if
their energies are compared Among them the unsutestipyridine ylide was found
to be more reactive due to lower HOMO ylide-LUM®aarophile energy gap. But
overall energy gap analysis pDMA pyridine yliderssgo be somewhat more
reactive because its HOMO level in energy is clésehe LUMO levels of the
dipolarophiles than over the others. But it is fo@xperimentally to be less reactive
than that of the other ylides. The reason can bengio the second resonance
structure of it(see figure 1.41) in which the dpalppearance of the desired positions

C6 and C8 would be lost.

However we can conclude that FMO approach appedrs a relatively
powerful tool to predict the course of the cyclo#éidd reactions. Theoretical studies

and experimental findings are in well accord wislcle other.
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4. CONCLUSIONS

The following main topics can be deduced from #tigly.

= Preparation and rearrangement of the 8-hydroxydjumaderivatives were
studied and there was not obtained any stable agldiact related with 8-

hydroxyquinoline derivatives.

= Four types of pyridinium chlorides were preparedrbying pyridine, 3 and
4-CN cyano substituted pyridines and 4-dimethylansabstituted pyridine
with 2-chloro-N,N-dimethylacetamide at room temperas moderate to

higher yields.

=  Four types of azomethine ylides were prepared fpgndinium chloridesn

situ using triethylamine as a base in chloroform.

» These azomethine ylides were tested with varioefnit and acetylenic

dipolaraphiles.

» The azomethine ylides, except 4-dimethylamino pyed/lide, showed
reactivity for 1,3-dipolar cycloaddition reactiowith acetylenic
dipolaraphiles dimethyl acetylenedicarboxylate dradhyl

acetylenedicarboxylate at room temperature.
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The azomethine ylides failed to give any cycloaddavith olefinic
dipolaraphiles which are diphenyl acetylene, phaagtylene and vinyl

acetate whether temperature were used or not withna-dependent.

The unsubstituted and 4-cyano substituted pyridimides showed

symmetrical properties giving only one type of oadduct.

The 3-cyano substituted ylide showed unsymmetpoaperties giving two
types of regioisomer based on the unsymmetricatikgasites, but only one

type of regioisomer could be obtained for charaza¢ion in very low yield.

Six new carbamoyl substituted indolizines were gaized via 1,3-dipolar
cycloaddition reactions of azomethine ylides withosing any catalyst such

as KCO; for dehydrogenation forms of the cycloadducts.

The structures of cycloadducts were characterigenidans of IR'H NMR

and**C NMR spectra.
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Figure 1. 70The®*C NMR Spectrum of 5e
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Figure 1. 71The IR Spectrum of 3d
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