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PREFACE

Polysubstituted aromatic and heteroaromatic compounds have been the
synthetic targets of chemists since an early period. An important approach for
the synthesis of these type of compounds involve application of annelation
methods, that is; construction of cyclic compounds from open chain
precursors. This approach is well applicable for heteroaromatic annelation
method for the synthesis of benzoheterocycles. The importance of
benzoheterocycles in natural product chemistry as well as pharmacology is the
driving force for developing new efficient methods for their construction
which, became a part of the on going research programme.

e thesis consists of four chapters.

Chapter I consists of two parts. The first part contains a general»
introduction oh aromalic and heteroaromatic annelation reactions. The second
part gives a brief outline of the present investigation.

The second chapter deals with the synthesis of bénzo[a]quinol_izines by
‘the reaction of 6,7-dihydro-3,4-dimethoxy-1-methylisoquinoline with B-
oxodithioates in the presence of triethylamine.

The third chapter deals with the synthesis of substituted Indazolone
derivatives involving in situ generation of pyrazolo-3,4-dienolate as diene

reacting with various dienophiles.



The fourth chapter of this thesis deals with the Dakin type oxidation

ssing boric acid and hydrogen peroxide in presence of sulphuric acid for the
?:a nversion of aromatic aldehydes and ketones to phenols. ‘

Chapters 2, 3 and 4 are framed with an introduction, followed by results
and discussion, conclusion and experimental section. The entire
documentation in this thesis is supported by appropriate references at the end
each chapter. The references of the published work of the present

investigation are cited in the respective chapters.
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CHAPTER-I

w MATIC AND HETEROAROMATIC ANNELATION: A BRIEF

i TRODUCTION

The invention of efficient methods for the synthesis of substituted
omatic compounds has been the interest of chemists since the time of the
arliest synthetic organic investigations in the 19" century. Classical
pproaches to substituted aromatic compounds e;(ploited readily available
ene derivatives and relied on electrophilic and nucleophilic substitution
zactions. In recent .years, directed metalation reactions have joined the
lassical substitution methods as another means for the introduction of

abstituents onto preexisting aromatic rings.

A second approach to highly substituted aromatic compounds involves
e application of annelation methods in which the aromatic system is

ssembled from acyclic precursors’ and the substitution pattern of the aromatic
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s, is governed by the functionalities and the structure of the starting
lerials. Annelation strategies enjoy several advantages over substitution
ategies, especially when applied to the preparation of highly substituted
iget molecules. It provides access to substitution patterns that cannot be
sily obtained by the classical electrophilic and nucleophilic aromatic
bstitutions and also facilitates the efficient assembly of highly substituted
omatics that would require long, multistep routes using classical substitution

iethodology.

The most commonly employed synthetic strategies for the construction of
romatic compounds from open chain precursors are methods based on Diels-Alyder
is‘try2 and condensation of 1,3-carbonyl compounds with appropriate 3-
al én fragments.! A number of approaches have been developed on the basis
f carbonyl condensation reactions for the synthesis of benzene derivaﬁves
their condensed analogs™. Recently few other methods have been
leveloped which include use bf Fisher vinyl carbenes’, ring expansion of
clobutenones® and cycloaddition of quinodimethane intermediates’. In our
laboratory, a new method has been developed for the construction of aromatic
compounds starting from open chain precursors.® This strategy consists of
[3+3] annelation approach involving use of a-oxoketene dithioacetals (as 3-
carbon 1,3-electrophilic species). Therefore, it is considered appropriate to

give a brief introduction to a-oxoketene dithioacetals at this juncture.



The a-oxoketene dithioacetals’ of general formula 1 are among the

simplest synthetic intermediates in organic synthesis which can be
onveniently prepared from any active methylene compound by treatment

base, carbon disulfide followed by alkylation. They have been recognized

s useful building blocks in many synthetic operations.

. However, the chemistry of these intermediates remained

13-16 prepared these compounds in

; explored, until Thuillier and co-workers
igh yields in one pot reaction by reacting the active methylene ketones with
carbon disulfide in the presence of sodium amylate followed by alkylation.
Later on several modifications in the reaction conditions have ‘been made for

obtaining higher yields of a-oxoketene dithioacetals.'’!

The oxoketene dithioacetals can be visualized as masked B-ketoesters
in which the ester functionality is manifested as a ketene dithioacetal moiety.
Alternatively, they may be considered as a,B-unsaturated ketones containing a

highly functionalized B-carbon. The a-oxoketene dithioacetals have been
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wn to be excellent three carbon fragments possessing 1,3-electrophilic
entres with differing electrophilic properties. These intermediates possess
T_.m iderable potential in the stereo- and regioselective construction of bonds
;.er by a 1,2;nucleophilic addition to carbonyl group or 1,4-conjugate
_v dition to the B-carbon of the enone system. They are primary precursors for

e corresponding O,S-, N,S- and N,N-acetals.’

As a part of systematic study on various reactivity profiles of o-
xoketene dithioacetals,” it was shown in our laboratory that these a-
sxoketene dithioacetals undergo sodium borohydride reduction in 1,2-fashion
'; give the corresponding carbinol acetal 2. These carbinol acetals are shown
o undergo smooth methanolysis in the presence of borontrifluoride-etherate to
afford o,B-unsaturated methyl esters 5 in good yields®* (Scheme-1). The
overall transformation can be viewed as homologation of active methylene

ketones at the o -position involving a 1,3-carbonyl transposition.

Methylmagnesium iodide was shown to react with o-oxoketene

afforded the corresponding B-methyl-a,B-unsaturated esters 6. The course of

addition of higher alkyl Grignard reagents (R = Et, n-Pr, n-Bu) to a-oxoketene
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dithioacetals followed a sequential 1,4- and 1,2-addition pattern to afford
arbinols 4 which are shown to afford o,B-unsaturated ketones 7 after

subsequent hydrolysis in the presence of BF3.Et,0% (Scheme-1).

Allyl magnesium bromide was also reacted with 1 to give the
,rresponding carbinol gcetal 8 in high yields*. Intgrestingly when these
carbinol acetals were treated with BF;.Et,0 in reﬂuxiﬁg benzene, they
‘derwent cycloaromatization to afford methylthio substitutéd aromatics 9

instead of the observed carbonyl transposition (Scheme-2)*,
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Thus, a new [3+3] aromatic annelation methodology via a-oxoketene
,'oacetals was discovered in our laboratory and this protocol has emerged
;:m area of great synthetic potential. This new [3+3] aromatic annelation
ethodology has been extensively inyestigated to establish its; general
) A'licability. The method is a major discovery involving highly functionalized
sen chain precursors to afford appropriately substituted aromatics in a simple
w0 step sequenée. The reaction was found to be general with a large number
f o-oxoketene dithioacetals derived from both cyclic, acyclic ketones as well
s equally large number of allylic anions making its synthetic scope unlimited.
this method was extremely versatile when extended to methyl allyl
esium bromide, crotyl magnesium bromide and propargyl magnesium

romide to afford the substituted benzoannelated products8’25.

Subsequently
method of aromatic annelation was extended to naphthoannelation. This
nsformation was achieved by reacting benzyl magnesium chloride with .-
xoketene dithioacetals to afford the intermediate carbinols which on
eatment with BF;.EO yielded the corresponding naphthalene derivatives
fi ough benzene ring participation®®. Similarly o-xylyl lithium, m-xylyl
,:u ium?’ and methoxy substituted benzyl magnesium chlorides®® were reacted

with o-oxoketene dithioacetals followed by BF;.Et,O-assisted cyclization to

afford the corresponding substituted naphthalenes (scheme-3).
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When a- and -naphthylmethylmagnesium halides were reacted with

b

-oxoketene dithioacetals it afforded after cycloaromatization, the

responding phenanthrenes and polycondensed aromatic compounds®

MgCl
oy Ul
BFs/ELO/A OO R2-7
Cofls SMe
o 16

SMe

1

BF3/ ELO /A
CsHe

Scheme-4

The versatility of this aromatic annelation methodology was further
demonstrated by applying this strategy for the construction of aromlatic ring
over the preconstructed heterocyclic molecules. Thus the reaction of 5-
lithiomethyl-3-methylisoxazole, 6-lithiomethyl-1,3-dimethylpyrimidine,  3-

lithiomethyl-2-methyl-1-phenyl-5-pyrazolone and 2-picoline with o-oxo-



tene dithioacetals yielded the corresponding benzisoxazoles,
azolines®', indazolones®* and quinolizinium salts®® respectively. Recently,
Jan elatedcarbazoles®,  [blannelated  carbazoles®®, indoles®®  and
azothiophenes®’ have been achieved by extending this aromatic annelation

10dology (Scheme-5).

The classical synthetic approaches for benzoheterocycles usually
volve elaboration of a heterocyclic ring onto an appropriately substituted
enzene ring. However, the aromatic annelation strategy of building
tionalized benzene ring onto preconstructed heterocycles resulted in the
elopment of new synthetic methodology for target molecules which are

herwise difficult to achieve by classical approaches.

It is apparent from the above examples, that the method of aromatic and
teroaromatic annelation is not only applicable for the synthesis of condensed
romatics but this new strategy has been found to be highly successful for the
onstruction of aromatic ring over the preconstructed heterocyclic molecules
roviding a new synthetic dimension to the entire chemistry of

enzoheterocyclic compounds and their condensed variants.
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he work preSented in this thesis

In the present investigation it was proposed to develop a new efficient
sthod for the synthesis of benzoquinolizines utilizing the heteroaromatic
nnelation methodology developed in our laboratory. Thus, we have takén
-dihydro-6,7-dimethoxy-1-methylisoquinoline 26 as the azaallyl
ponent and reacted with various B-oxodithioates 27 to afford benzo[a]
uinolizines 28 which forms the basic skeleton of various‘ isoquinoline
f;loids. The scope and limitations of this work is discussed in chapter 2

Scheme-6).

HaCO NEL, H3CO
H3CO 2N o S H3CO IN 25
: CHj 'R)J\(U\SMe A R
26 R )
27 28 N
Scheme-6

The third chapter deals with the in situ generation of heterocyclic o-
quinodimethane intermediate 31 from 4-formyl-2,3-dimethyl-1-phenyl
azolin-5-one 30 and its reaction with various dienophiles to give a wide

ange of regiospecifically substituted and condensed indazolones 32

12
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The fourth chapter deals with the Dakin type oxidation using boric acid
id hydrogen peroxide in presence of sulphuric acid for the conversion of

romatic aldehydes and ketones to phenols (Scheme-8).
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