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PREFACE

Nitrones or azomethine-N-oxides are important precursors for the
synthesis of several heterocyclic systems. They belong to the allyl anion
type 1,3-dipoles and possess unique structural features which make them
extraordinarily useful synthons. They behave as 1,3-dipoles in 1,3-
dipolar cycloaddition reactions and as electrophiles in reactions with
organometallic reagents. These are the two basic reactions given by
nitrones. Nitrones also act as ‘spin traps’ in which they react with short-
lived radicals to furnish stable nitroxide radicals which can be detected
and identified by electron paramagnetic resonance (EPR) spectroscopy.
Recently Sml, catalysed reductive cross-coupling reactions of nitrones
have gained significant interest in which the reactions are initiated by
single electron transfer (SET) to nitrones. Apart from these reactions,
nitrones are also known to participate in reactions which are initiated by
the nucleophilic attack of nitrone-oxygen. In our group, we have also
explored the nucleophilic character of nitrones through various reactions.
The results obtained enabled us to develop a novel two-step one-pot
strategy for quinolines and indoles - the heterocycles renowned for their
pharmacological applications, from nitrones and electron deficient
acetylenes. Using dibenzoylacetylene and phenylbenzoylacetylene as
dipolarophiles, we could introduce a desired functional group at a
predetermined position of the quinolines or indoles to be synthesised. In
this context, the thesis entitled “NUCLEOPHILIC ADDITION OF
NITRONES TO ELECTRON DEFICIENT ACETYLENES AND
RELATED STUDIES” portrays our attempt to expand the scope of our
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novel synthetic protocol using ester functionalised acetylenes: dimethyl
acetylenedicarboxylate (DMAD) and methyl propiolate.

The thesis is organised in to five chapters. The first chapter
briefly describes the different classes of reactions that nitrone
functionality can tolerate. The research problem is defined at the end of
this chapter. The second chapter describes the synthesis of different
nitrones used for the present study. The optimisation and expansion of
scope of the novel strategy towards quinoline synthesis is discussed in
the third chapter. The fourth chapter portrays the synthesis of indole-3-
carboxylates using the novel strategy. In the fifth chapter, the reaction of
N-(2,6-dimethylphenyl) and N-(2,4,6-trimethylphenyl)nitrones are
discussed. Here we also discuss the mechanistic reinvestigation of
Baldwin’s proposal in the isoxazoline-oxazoline rearrangement. The
major outcome of the work is given at the end of the thesis.

The structural formulae, schemes, tables and figures are
numbered chapter-wise since each chapter of the thesis is organized as an
independent unit. All new compounds (except two compounds reported
in fourth chapter) are fully characterised on the basis of spectral and
analytical data and single crystal X-ray analysis on representative
examples. Relevant references are included at the end of individual

chapters.
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CHAPTER 1
NITRONE: A VERSATILE SYNTHON

1.1. Abstract

Nitrones belong to a unique class of 1,3-dipoles which serve as important
building blocks in synthetic organic chemistry. In this chapter we briefly describe a few
classes of reactions in which nitrones assume different roles.

1.2. Introduction

Azomethine N-oxides, commonly known as Nitrones, belong to
the allyl anion type 1,3-dipoles and are generally used for the
construction of nitrogen and oxygen heterocycles (Figure 1.1)."® The
extensive use of nitrones in heterocyclic synthesis is due to the fact that
most of them are stable compounds and, unlike majority of other dipoles,
they do not require in situ formation. These 1,3-dipoles were first
prepared by Beckmann in 1894 and the name ‘nitrone’ was formulated

> since they show significant

by the shortening of ‘nitrogen-ketone’
similarity to carbonyl compounds in reaction with Grignard reagents,
oxidation of adjacent methyl group to carbonyl group using selenium

dioxide etc.®®

Figure 1.1




Chapter 1 Nitrone: a versatile synthon

The mesomeric effects that predominate in nitrones and ketones
clearly show that nitrone (a) behaves as an extended carbonyl function
(Figure 1.2).°

©
X X X
X @9 o O \ ) \® O
/CEN\ IC_N\: IC=O IC_O
Y R Y R Y Y
a b c d
Figure 1.2

Electronic structure of nitrones is influenced by various factors
like internal structural characteristics, change in polarity of the solvent,
formation of hydrogen bond, complexation, protonation etc.® On the
basis of theoretical studies, it has been established that the carbon-
nitrogen bond in nitrones has almost a pure double bond character while
that between N and O atoms has a partial double bond character. Based
on this, the zwitterionic structures (i) and (ii), have been proposed for

nitrones (Figure 1.3) with (i) as the predominant canonical form.*

\ 9 \..0°

C=N = C-

/ N\ /  \
i) (ii)

Figure 1.3

Nitrones are broadly classified into two categories: aldonitrones
and ketonitrones (Figure 1.4). In aldonitrones a proton is present on the
a-C, while in ketonitrones, the a-carbon is fully substituted with alkyl or

aryl groups.
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O.+.R
’H O‘N’R
/C\ I
R™H RCH
Aldonitrone Ketonitrone
Figure 1.4

Acyclic nitrones exhibit geometrical isomerism™** (E and Z
forms). This was first demonstrated by Semper et al. in 1918 for a-
phenyl-a-(4-methylphenyl)-N-methylnitrone  (Scheme 1.1).}* Dipole
moment studies have been used as a tool to distinguish between the E

6,15
: o :\< o

and Z —isomers.

C=N+ C:N:+
o Q
Z-isomer E-isomer

Scheme 1.1

1.3. Reactivity profile of nitrones

Unique structural features of nitrone described earlier enable this
dipole to exhibit broad spectrum of reactivity in various synthetic
processes. Among them the most important reactions are: i) 1,3-dipolar
cycloaddition reactions and ii) electrophilic addition reactions to

organometallic reagents. Nitrones also act as ‘spin traps’ in their reaction
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with short-lived radicals to furnish stable nitroxide radicals which can be
detected and identified by electron paramagnetic resonance (EPR)
spectroscopy. Recently Sml, catalysed pinacol-type reductive cross-
coupling reactions of nitrones initiated by single electron transfer (SET)
have gained significant interest. Apart from these, nitrones are also
known to participate in reactions as nucleophiles and in some cases, the
reactions are initiated by nucleophilic attack of nitrone-oxygen (Figure
1.5).

s B

REACTIVITY PROFILE
OF NITRONES—
[1,3-Dipolar cycloaddition}
A R R
Electrophilic additonJ o ~
[ P Ri_®0 ¢
0 R R
HO, R R‘M O R4 2 3 R, i
,N—éw — R——R Rs
R3 R, R/ R,
° R R
[ As spin traps ] 7Z=(
R4 0
- RSN
Single Electron Transfer 2 ,§3
mediated reductive cross-coupling
[As nucleophiles}

Figure 1.5

Each class of the above mentioned reactions is discussed briefly
in the following sessions. Attempts have been made to quote more
examples of reactions in which nitrones behave as a nucleophile, since it

is more relevant to the present investigation.
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1.3.1. 1,3-Dipolar cycloaddition reactions

1,3-Dipolar cycloaddition (DCA) reactions represent the thermal
cycloadditions between 1,3-dipoles and dipolarophiles (alkenes or
alkynes) to furnish five membered heterocyclic systems®'®%

1.6).

(Figure

Possible X, Y, Z combinations in 1,3-DCA

1,3-Dipole  X=v-7 N

Dipolarophile =—

X=RC, R,C, RyN, O
Y=N, NR, O
Z= RC, R,C, RN, RsN, O

Figure 1.6

1,3-Dipoles used in these reactions are classified into two
categories: (i) allyl-anion type, having a bent structure and (ii)
propargyl-allenyl anion type, possessing a linear structure (Figure 1.7).'

Nitrones belong to the allyl anion type 1,3-dipoles.

+ + + +

> \‘E;_> 5/b\\c a:b—‘(z ~— a=p=¢
Allyl anion type Propargyl/Allenyl anion type
Figure 1.7

Regarding the mechanism of 1,3-DCA, while Huisgen endorsed

the concerted mechanistic pathway,”*?® Firestone came up with a
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different proposal: a diradical - stepwise path way*? (Figure 1.8).
Although it started a raging controversy, the former mechanism proved
to be the only one which can adequately explain all the experimental
observations available at that time. Later in 1986, Huisgen reported the
first example of a two-stepl,3-DCA reaction involving a zwitterionic

26,27

intermediate. Following this, in 1990’s, Quast and Sauer

independently reported 1,3-dipolar cycloaddition reactions involving

zwitterionic intermediates.?®%°

a® ¢
Stepwise/radical Concerted pathway
pathway

oY
{a /
Ny

Figure 1.8

Nitrones undergo regioselective®®*1,3-DCA reactions with
alkenes to furnish isoxazolidines having up to three new chiral centres
(Scheme 1.2). The isoxazolines can be easily reduced to amino alcohols
retaining all the newly generated asymmetric centres, which serve as
building blocks for the synthesis of biologically important molecules.*
Frontier molecular orbital (FMO) interactions determine the selectivity of
reactions. When the dipolarophile is electron - deficient, the HOMO
(dipole) - LUMO (dipolarophile) interaction (Normal electron-demand)
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is dominant, while in the case of electron-rich dipolarophiles, it is the
LUMO (dipole) - HOMO (dipolarophile) interaction (Inverse electron—

demand), that assumes the pole position.®>3!

6 R ij‘ R4

+\N :< + R4 /\/ R4 —_— * ** Rs

R R? O~ R?
1 2 R'3

Scheme 1.2

Depending on the nature of substrates, Lewis acids influence
nitrone cycloaddition reactions in two different ways.** In normal
electron-demand reactions, the LUMO energy of the dipolarophile is
lowered by coordination with Lewis acids. This results in reduction of
the energy gap between the interacting FMO’s facilitating rate
acceleration (Figure 1.9).

Alkene Nitrone  Alkene-LA complex
LA
o @/06 O/
N

o~

A —

HOMO ﬁ— —H—

Figure 1.9
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In the case of inverse electron-demand reactions, the nitrone is
activated to undergo reaction with electron rich alkene. When nitrone is
coordinated to the Lewis acid, its LUMO energy is decreased and as a
result the energy gap between the two interacting FMQO’s is reduced. This

leads to rate enhancement (Figure 1.10).

Nitrone Alkene Nitrone-LA complex
LA
S
© 0
@0 orR W
o

HOMO ﬁ— —‘LF

Figure 1.10

The scope of 1,3-DCA reactions of nitrones have been greatly

35-39 40-46

expanded to other dipolarophiles such as allenes and

47-60

and alkynes

to intramolecular versions.
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1.3.2. Kinugasa reactions of nitrones

S-Lactams are compounds of considerable synthetic importance
since they are present in several antibiotics such as penicillins,
carbapenems, cephalosporins etc. They also serve as building blocks for
the synthesis of variety of natural products and drugs.®*®* For example,
[S-lactam is used as an intermediate in the synthesis of Taxol, a potent
anti-cancer drug.®® One of the most important strategies for the synthesis
of p-lactams that attained significant attention during the past few
decades is the Kinugasa reaction.

Kinugasa et al. in 1972, reported a facile route for the synthesis of
B-lactams by the reaction of copper(l) phenylacetylide with a,N —
diphenylnitrone in anhydrous pyridine under nitrogen atmosphere
(Scheme 1.3).%* Mild reaction conditions and the availability of wide
range of nitrones and alkynes are the major advantages of Kinugasa

reaction.

R

R! O Pyrldlne R :
Cu Ph+ ¥N
i
4 5 7
cis-B-| Iactam trans-p—lactam

Scheme 1.3
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A detailed investigation on the scope and limitation of this
reaction was done by Ding and Irwin in 1976. They reported that, under
the general experimental conditions, the cis and trans isomers of the
S-lactam were always obtained in different ratios, the former being the
major diastereomer in most cases.”® They have also proposed a
mechanism for the formation of p-lactam which suggests the
involvement of a highly strained intermediate containing a three-
membered oxaziridine and a four-membered azetidine (8) (Scheme
1.4). Improved versions of Kinugasa reaction such as the asymmetric
version, have been reported, with many of them offering high diastereo-

and enantioselectivity.®®

OH
L‘|_ /94 _L L
Ph—=—=—Cu—L L B el
‘\ Ph ) cuk Ph & GW Ph: °
) " L RQ:(QOL-Cu(OH)Ls If
—_— B ——
R\, .0 RLL DG PP\ RN
N AN H vRe H R
R? 32 7 8 6
5 R
Scheme 1.4

First example for intramolecular variant of Kinugasa reaction was
reported by Shintani and Fu in 2003.” Inspired by this, a novel route to
fS-lactam fused cyclic enediynes was successfully developed by Basak
and Pal in 2006.

10
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1.3.3. Nitrone as electrophile

Thanks to two key features, nitrones exhibit good electrophilic
character because: the highly polarised C=N bond and the presence of
reactive oxygen atom, which acts as an additional chelating centre
allowing the formation of five membered ring transition states in the
reactions with organometallic reagents.”®”® Nucleophilic addition of
organometallic reagents to the azomethine carbon of nitrones furnish
N,N-disubstituted hydroxylamines 12 (Scheme 1.5).

). 1 1 HO. _R!
0. -R LaMO. R' o HOy
SR N
R H R™OR2 R™ "R?
9 10 11 12
Scheme 1.5

This method serves as an efficient route for the synthesis of
primary amines since they can be easily obtained by the reduction of
hydroxylamines. A wide range of nitroxyl radicals have also been
synthesized using this strategy by the oxidation of hydroxyl amines under
mild conditions (Scheme 1.6).”*® The organometallic nucleophilic
additions of Grignard reagents, organolithium compounds including
heterocyclic systems, metal enolates etc., to nitrones have been
extensively reviewed.”**® |n 2005, Merino described the scope of this
reaction in the synthesis of biologically active molecules such as amino

acids, nucleosides etc., in a review article.”’

11
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Rl .0 RimMgxorRLi R OH [o R O
—N\ 94> R%—N‘ L, R%—N‘
R2 R3 R2 R3 R2 R3
13 14 15
[O]= O, and AgO, MnO,, PbO,

Scheme 1.6

Another important reaction to be considered under electrophilic
category is the perfluoroalkylation of nitrones. a,N-diarylnitrones react
with (trifluoromethyl)trimethylsilane (TMSCF;3) in the presence of
potassium tert-butoxide to form O-trimethylsilyl ethers of a-
(trifluoromethyl)hydroxylamines. The protecting group is removed by
acid treatment to give a-(trifluoromethyl)hydroxylamines (Scheme 1.7).
The reaction works well with diarylnitrones and f,y-unsaturated nitrones
but a-alkyl and N-alkyl nitrones fail to react.®*® Certain nitrones,
particularly those with strong electron-withdrawing groups on o-aryl
moiety undergo an elimination/addition sequence to generate «,o-

bis(trifluoromethyl)amines (Scheme 1.8).

! ' St FsC H
o Ar CHg)3CO K 3
Ar/C‘ﬁj + (CHy)SICF, (CHakCOK A /\c'\N,
o. THF, -30 to -20 °C o
16 7 18 2 si(CHy)s

rt | 1:1 HCI (aq) THF

Scheme 1.7

12
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| TMSCF, CF,

Cyfy-Ph (CH3);CO K FCo” "pn
\ - N
/©/ THF, -20 °C H
O,N -

OoN 23
Initial
trifluoromethylation Secondary _
trifluoromethylation
CF;
FsC-¢. _Ph  Elimination S-Ph
N —_—
O.
O2N Si(CH3)3 OzN
21 22

Scheme 1.8

1.3.4. Nitrone as Spin Traps

Spin trapping is a technique used to trap and identify the short-lived
radical intermediates.®®® Free radicals react with spin traps (ST) to form
persistent spin adducts (Scheme 1.9) ®* which are stable enough to be
detected and identified by electron spin resonance (ESR) spectroscopy.
Several oxygen-derived radicals which cannot be detected by ESR under

physiological conditions have been identified by this technique.®’

R+ ST— o R-ST
Scheme 1.9

Nitrones that are commonly used as spin traps include, a-phenyl-
N-tert-butylnitrone (PBN), 5,5-dimethyl-1-pyrroline-N-oxide(DMPO), 5-
tert-butoxycarbonyl-5-methyl-1-pyrroline-N-oxide (BMPO) etc., (Figure

13
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1.11). In the case of nitrone spin traps, the stable species formed is the

nitroxide radical such as 27 (Scheme 1.10).%

+/O H3C H3C
PhHC=N, o N >
C(CHg); ¢ N (HiClCOoL™ N
24 25 O 26 O
PBN DMPO BMPO
Figure 1.11

Scheme 1.10

One of the limitations of spin trapping technique is possibility of

alternative pathways leading to spin adducts. They can be generated by
other routes which do not involve R, the radical to be identified, thus
causing problems. In some cases the ST is first oxidised to its radical
cation (ST'™"), which then reacts with a nucleophile Nu to form a stable

spin adduct (Scheme 1.11).%* This phenomenon is known as “inverted
»» 92,98-101

spin trapping”.
+e
ST + Ox — ™ ST + Red
+e _ .
ST + Nu —— Nu-ST

Scheme 1.11
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1.3.5. Single electron transfer mediated reductive
cross-coupling reactions of nitrones

2 is an

Samarium(Il) iodide, also known as Kagan’s reagent,™
important one-electron reducing agent used in current organic synthesis.
Mild reaction conditions and high stereoselectivity are the peculiarities of
reactions promoted by Sml,. The range of transformations induced by
Sml, have been extensively reviewed."®*? One among the most
important reactions mediated by Sml, is the reductive cross-coupling
reaction to furnish carbon-carbon bond, which has become an impeccable
tool in the hands of synthetic organic chemists.!*®

In a pivotal communication, in 2002, Py and Vallee reported a
‘nitrone umpolung’ reaction in the synthesis of highly substituted a-N-
hydroxyaminoalcohols via Sml, mediated pinacol-type heterocoupling of
nitrones with aldehydes and ketones (Scheme 1.12)."* Here the nitrones
served as excellent radical acceptors and Sml, as a SET (single electron
transfer) agent. The reaction involves a chemoselective SET from Sml,
to the nitrone group in preference to the carbonyl group. Many aldehydes
and ketones tolerated this reaction and when both functionalities were
present, the coupling selectively occurred with aldehyde (Scheme 1.13).
Using prochiral substrates a mixture of diastereomers was formed. In this
communication the authors also reported an intramolecular variant of this

reaction producing cyclic a-N-hydroxyaminoalcohols (Scheme 1.14).
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Oo.+ _~,,-OH
NI/\Ph 0 Sml, (2equiv) PN N R,
B ——
R1J\R2 +R3JLR4 THF, -78 °C agﬁ\ﬁ
28 29 30 OH
Scheme 1.12
). . _OH
O‘Kj/\Pth Y Sml, (2equiv.) PR N
J THF, -78 °C
R N R A
o OH O
31 32 33
R=Ph; 80%
R=Et; 84%
Scheme 1.13
Me
Sml, (2 equiv.) .WOH
‘ G+ THF,-78°C,1h “N"Ph
“N”Ph 35 OH
MeM 98%
o 34 Me
’ Sml, (6 equiv.) . WOH
RTNTS
THF, -78 °C to RT ” Ph
36

Scheme 1.14

The mechanism involves the reduction of nitrones by Sml, to
furnish an a-aza-nucleophilic species (radical or anion) which then

couples with the carbonyl compounds (Scheme 1.15).
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0 ,fOS\',:J“‘,‘RfS
O_ + R5 Sm”'O\ ,R5 R1JJ\R2 /,’// J\
N7 1equiv Smiy N 39 o R3“Re
I, —— A
R3 R4 R3 R4 R1 R2
37 38 40
HO il “
\ Sm—O
HO N-R® H0 & N=R5 1equivSml, I”Sm—O\
— -~ -~ ‘0 N-R®
1 4 —K
R R2 RsR R1 R2 R3R4 R1>'_K 4
41 42 R2RR
43
Scheme 1.15

Another important finding came out in 2003, when the groups of
Py and Vallee®>!® and Skrydstrup'*’ independently reported the first
Sml, mediated intermolecular cross-coupling reactions of nitrones with
activated olefins (Schemes 1.16). Since then, several reports have
appeared on Sml, mediated cross-coupling reactions of nitrones with
activated olefins and carbonyl compounds, both in inter- and

intramolecular versions.*!%1%°

1 1
0GR i or  Smia H0 HO\N/R
@ | + X R
3k 2 /\g THF, 78°C _, R4~ _OR
RE R Rr2 Y
1 44 45 0
36-96%
19 examples
O_+,Bn HO. Bn
N R3 X Sml,, H,O N
(b) | + =X e

N
R3
R1)\R2 3 THF, -78 °C 31ng\\[rx
46 47 X= OR, NHR a8 O

34-70%
11 examples

Scheme 1.16
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1.3.6. Nitrone as nucleophile

1.3.6.1. Dimerisation of nitrones

The proton 4 to C=N*(O") bond is highly acidic in nitrones.**
This causes some non-cyclic nitrones such as C-propyl-N-phenylnitrone
to undergo aldol-type dimerisation spontaneously after its formation
[Scheme 1.17(a)].*****! However the spontaneous dimerisation*** is not
commonly observed in cyclic nitrones. For DMPO, strong base such as
triphenylmethylsodium was required to form aldol-type adduct [Scheme
1.17(b)].13°'133

%, Ph
H =N’ Ph
+ Ph H+ H) [0} H + N
(@) =N_ _ ~ — o]
H o} meh
N, - N
49 H o)

Scheme 1.17

18



Chapter 1 Nitrone: a versatile synthon

1.3.6.2. Asymmetric Nitrone-Aldol reaction

Jorgensen et al. reported the synthesis of functionalized p-
hydroxynitrones via a novel aldol-type reaction of nitrones bearing a-
hydrogen with activated carbonyl compounds. The reaction rate was not
improved by the use of Brensted and Lewis acids as catalysts. But the
use of cyclic secondary amines like pyrrolidine marked a significant
enhancement of reaction rate. By using optically active cyclic amines
like L-proline, an asymmetric version of this reaction was achieved with
up to 80% ee (Table 1.1).*

Bn\ﬁ,o_ . 0 N 54C02H Bn\ﬁ/o OH
| __He*
EtOQC)J\COQEt C%SﬁtEt
Entry R Nitrone Product \E(',ZI ]d ee [%0]
1 Me 55a 55a 55 76
2 Et 52b 55b 48 80
3 iPr 52c 55¢ 15 80
Table 1.1

In the first step nitrone 52a reacts with the catalyst 54 to furnish a
chiral enamine intermediate 57, which then undergoes aldol-type reaction
with the activated carbonyl compound followed by the elimination of the
catalyst to give the p-hydroxynitrone 55a (Scheme 1.18).
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N
9 HOOC
Bn.§-0 HooG L/ gnmon N

N

56 57 o

~

EtOOC 5,CO,Et

o
S
Bn.$-0 o, Bn.OH OH HooG CO,Et
| HOOC CO,Et BnNHOH N 7 COEt
CO,Et 7 CO,Et
CO,Et
COOH
55a 54 59
Scheme 1.18

A theoretical investigation of this mechanism was performed by
Arno et al. using density functional theory (DFT), and the results were in

reasonable agreement with the experimental findings.**

1.3.6.3. Reactions of nitrone ylides

The nitrone ylide/enolate is generated in situ when nitrones
bearing oxygenated functionalities like ester groups in the p-position,
reacts with a base (Scheme 1.19).2*°%" The nitrone dipole is then
converted to a different dipole (the ylide) which undergoes a nucleophilic
addition reaction in preference to the expected 1,3-DCA reaction.

R3N* N
RSN cooMme %» Ry SN">coome
0 + 0
. RsNH . .
Nitrone Nitrone ylide
Scheme 1.19
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A series of potential substrates for nitrone ylides have been
synthesised by Diaz-Martinez et al. in 2010.'* First, the aldimines were
synthesised by the treatment of the corresponding aldehydes with the
hydrochloride salt of glycinate, and these imines were then oxidised
using a catalytic amount of methyltrioxorhenium in presence of urea-

hydrogen peroxide complex (UHP), to yield the corresponding nitrones

in 65-92% yield (Scheme 1.20, Table 1.2).1*®

o 1) EtzN, CH,Cl,
HaN~"COOR' RL2h . ReSNTCOOR!
2) R?CHO, 24h 61
60 MeReOj3 (2 mol%)
UHP (3.0 equiv.)
MeOH, RT
R2/§§1/\COOR1
o
62a-I
Scheme 1.20
Entry Nitrone (62) R? R’ Time (h) Yield (%)
1 a Me Ph 12 88
2 b Me 4-MeOC¢H, 24 90
3 C Me 4-BI’C5H4 48 80
4 d Me  4-CIC¢H, 24 79
5 e Me 4-MeCgH, 48 85
6 f Me  4-PhCgH, 48 69
7 g Me 4-02NC6H4 48 80
8 h Me 4-NCCgH, 48 83
9 i Me  1-naphthyl 48 65
10 j Bn Ph 12 89
11 k Bn 4-MeOC¢H, 24 81
12 | Et Ph 16 92
Table 1.2
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Merino et al. reported the reaction of electron deficient alkenes
with a series of in situ generated nitrone ylides giving access towards all
cis-N-hydroxypyrrolidones in good yields with high diastereoselectivity.
After the preliminary investigation, two optimal conditions were found to
be the best for carrying out these reactions: (i) TEA, LiBr, DCM, -80 °C
and (ii) BuLi, THF, -80 °C (Tables 1.3, 1.4).*

MeOOC MeOOC
P Z>CooMe N
Ar \g COOMe  1ea Libr.DcM  Ar™ >\~ ~COOMe Af“"Q‘COOMe
S -80°C OH OH
63 64
Entry Ar 63:64 Yield
1 Ph 98:2 %8
> 4-MeCgHq 98:2 94
3 4-PhC4H, 80:20 75
4 4-MeOCgH, 98:2 92
Table 1.3
R R
A R g
PPN - =
Ph g COOMe  ea Ligr.ocm  Ph N TCOOMe " Ph“"Q‘COOMe
pt -80 °C OH (l)H
62a 65 66
Entry R 65:66 Yield
1 COOMe 98:2 98
2 COOBu 80:20 96
3 PhSO, >98:2 98
4 CN 90:10 96
Table 1.4
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Based on experimental evidences, a stepwise mechanism is
proposed which involves two sequential Michael addition reactions
(Scheme 1.21). Later, the authors reported a theoretical investigation of
the mechanism using density functional theory (DFT), which was found
to be in good agreement with the experimental findings, suggesting a
stepwise pathway.™*® A few more examples of such reactions have been

reported by the same authors. %4

og/\
D 5 MeO,C
MeOgg Michael (e} Mannich-type 2
+ addition | \ro j/ addition
O—» R OMe|— = RN~ CO,Me
+ Me N !
RTSNTS 5o OH
s
—o\\_h/o— Li 70
67 Li 69

Scheme 1.21

1.3.6.4. Reactions initiated by the nucleophilic attack
of nitrone-oxygen

In this section, a few reactions of nitrone nucleophiles that are
triggered by the initial nucleophilic attack of the nitrone-oxygen are
surveyed. In some cases, the nucleophilic attack is immediately followed
by a [3,3]-sigmatropic rearrangement which eventually leads to
unconventional products.

In the reaction of N-arylnitrones with electrophiles, regioselective
substitution at the ortho position of the N-aryl group is observed. This

was first reported by Liotta et al. in 1974 in the reaction of N-arylnitrones
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with oxalyl chloride.*** The chloroglyoxalate group was regioselectively
introduced at the ortho position of the N-aryl ring. The reaction proceeds
through a cyclic six-centered transition state generated by the initial
nucleophilic attack of the nitrone-oxygen on oxalyl chloride (Scheme
1.22).

0 =N 0COCOCI
ArHC=N coci, AT
\ |/ k-
e 7
S -HCl
a9
+0¥J\C|
ArHC=N) .0
\ |/
L R J
74
Scheme 1.22

N-Arylnitrones are known to react with ketimines to furnish
oxindole derivatives through a multistep process.***** Tsuge et al.
successfully isolated the 1:1 adduct 80, the hydrolysis of which furnished
oxindole 79, and subsequently explained the mechanism of the reaction.
It involves the initial formation of a zwitterion 77, which then undergoes
a sigmatropic rearrangement to furnish another zwitterion 78, followed

by a hydrogen transfer to give the stable 1:1 adduct 80 (Scheme 1.23).%*
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PhHC. .0 _N_
) SNy P 1, 7CHPh
00 { CMe, _
=N+ C=C=N-Ph ——= — N—Ph

75 76 77 ©

78

HiO' N=CHPh
o~ — HN—Ph
N

H

O
79 80

Scheme 1.23

Numerous reports are also available on N-arylnitrone-ketene
interactions giving rise to oxindole derivatives.***** In 2009, Duguet et
al. developed an asymmetric version of this reaction for the synthesis of
3-alkyl-3-aryloxindoles 86, by the reaction of N-phenylnitrone 81
bearing a stereo-directing group (derived from Garner’s aldehyde®***%)
with alkylarylketenes 82. The reaction marked high yield with excellent
enantioselectivity (up to 90% ee).™ Proposed mechanism for the
reaction involves initial nucleophilic attack of the nitrone on ketene
followed by a [3,3]-sigmatropic rearrangement which proceeds under the
influence of the stereo-directing group, and subsequent aromatization.
Imino acid 87, generated after aromatization undergoes hydrolysis to

furnish the enantioenriched oxindole derivative 86 (Scheme 1.24).
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Ar

R)\\\/\r - -

82 (0 R N o Ar R
O L5
' B “o
o] [3,3] :
©\+ O 1. THF, -78 °C, 3hr, N sl @ “N>L
| 2. NH,4ClI (aq.) )\/\ I
)\/\ H Boc
/N
\ﬁ Boc l 84

1

O

Z

Boc”

-]

O ,
0] CO,H
HN\ Hydrolysis 2
N and N
Boc g5 cyclization J\/\O
+ H e
/N

T ..|2
Pl
o
vs)]
o
© s}
N

9 examples
78-91% yield
up to 90% ee

Scheme 1.24

Yang and co-workers reported an efficient strategy for the
synthesis of C3-quarternary indolenines 92 by the reaction of «,f-
unsaturated N-arylketonitrones 88 with activated alkynes 89."° No
transition metal catalysts were used and the reaction described the
formation of up to two adjacent quaternary and tertiary stereocenters with
high diastereoselectivity. The generality of the reaction was successfully
established by using «,f-unsaturated N-arylketonitrones with or without
[-substituents and different activated alkynes.

The reaction proceeds through a stepwise process initiated by the
nucleophilic Michael attack of the oxygen atom of the nitrone on the




Chapter 1 Nitrone: a versatile synthon

activated alkyne. The resulting seven-membered heterocycle 91 then
undergoes eneamine hydrolysis to furnish compound 95. It then
undergoes a [3,3]-sigmatropic rearrangement, tautomerisation and
intramolecular condensation to furnish C3-quartenary indolenine 92
(Scheme 1.25).

CO,R R! R?
R~ RE T R! R? SN R
V\r + || Toluene \/\r N ~COR
B NS o |N o N 2 [/
R3MC O i 80°C N A | R
= T N-0~ “R*
88 89 ~
R= CO,Et, « 91
Hor Ph L/
H,O
5
WR! H SR
CO,R
.0
-HZO N \/IC02R
4 H 4
R R

95(R%= CH,COR?)

92

26 examples
22-78% yield

Scheme 1.25

Anderson and co-workers developed a novel strategy for the
synthesis of N-vinyl and N-aryl-a,f-unsaturated nitrones by the cross
coupling reaction of corresponding oximes with suitable boronic acids.
They have also demonstrated the fate of these nitrones in several
reactions.™"**®

In 2013, Anderson reported the conversion of «,f-unsaturated
nitrones 96 into a,p-epoxyketimines 97 by a copper-catalysed oxygen-

atom transfer reaction.™® The proposed mechanism involves the initial
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copper-catalysed attack of the nitrone oxygen at the styrenyl group to
furnish 99 which undergoes a subsequent N-O bond scission to give the
epoxyketimine (Scheme 1.26a). They have also demonstrated that the
epoxyketimines can be converted to tetrahydoquinolines by treating them
with BF3.Et,0 and NaBH, (Scheme 1.32Db).

CuClI (10 mol %) Ar'le

.-
AI’\K‘,O phen (12 mol %) JN
| A2
)\/A 2 MeCN, 80 °C R™ " r
Rlgg A" 97 \g
23 examples
[Cu] ] 82-99 % yield
(@)
— 1
AH\K(O) —_— Ar\ﬁfo Ar?
| =
R/K;\\T\Arz R o
98 \>"[cu] 99 [Cu]
I vl I oo
Tols 1. BF4.Et,0 Me \OH
| _ >
® V. R
Ph w/ 2. NaBH, NR
100 101a-b

101a: R= Ph, 78%
101b; R=3¥Apy,, 55%

Scheme 1.26

The authors also accomplished the synthesis of 1,4-eneamino
ketones 105 through the [3,3]-rearrangement of dialkenylhydroxylamines
104 generated from the reaction between N-alkenylnitrones 102 and
electron-deficient allenes 103.°° The generality of the reaction was
established with a series of N-alkenylnitrones and different allene
components (19 examples, 30-94% vyield). The proposed mechanism

involves an initial nucleophilic attack of the nitrone to allene forming the
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intermediate 104, which then undergoes a [3,3]-rearrangement to furnish
an azalenium intermediate 106. A subsequent proton transfer generates
the stable 1,4-enamino ketone 105.

Scope of the reaction was extended further, when the 1,4-
enaminoketone products were hydrolysed using p-toluenesulfonic acid
and water in ether to yield tetrasubstituted pyrrole derivatives 107 (4
examples, 66-85% yield) (Schemel.27).

R2 B R® o
o RZ. o)
1]\@,0 R3St _COOR!| | W
RN 103 ®0 OR*
I RN
Q O DCE, 40 °C [
-0
B 104
1[3,3]
R3
R2 ©

H
R1

N
TSOH, H20 \ / “coor®

2 3
Et,0 R? 7R

4 examples
66-85% yield

Scheme 1.27
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Anderson et al. also developed an efficient and selective synthesis
of two structurally distinct indole-based heterocycles, dihydrocarbazoles
111 and dihydropyridoindoles 112 from identical starting materials: N-
aryl-a, f-unsaturated nitrones 108 and electron-deficient allenes 109.'%°
The choice of solvent and additives played the crucial role in bringing
about two distinct reactions from the common intermediate. Both the
reactions marked high yield and high diastereoselectivity (Scheme 1.28).

R? R
) R’
SiO, X
——— LU
PhMe, 80 °C AN EWG
PhMe H 111
N
EWG;(E'\ ' or 0 35 examples
P iPrOAc y X EWG 46-91% vyield
e V3 (I -
_r o = -
X 2 | @/o N RZ S
N H R A LA o EWG
| 5 NT N7 oy A\
R1 7 R3 R H H ! P N
) (10 mol%) RS
108 R 110 — =
iPrOAc, 80 °C R? R2
112
30 examples
58-85% yield
Scheme 1.28

Burgess reagent is a versatile reagent extensively used in the
synthesis of natural products.’®*'®? Recently, Burgess reagent mediated
novel C-to-N migration reaction in nitrones was reported from our
group.*®® In this communication, by selecting suitable prototypes of aldo-

and ketonitrones, Sajitha et al. demonstrated that the C-to-N migration
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observed in this reaction is a general phenomenon. The proposed
mechanism involves a [3+2] annulation across a o-bond followed by

rearrangement involving C-to-N migration (Scheme 1.29).

%)NE% [ 0s_OCH; o
07
O N H3COJk|N Q

Ets o} ’ N

o 15170

114 115

Scheme 1.29

1.3.6.4.1. Beckmann-type rearrangement of nitrones

Nitrones are known to undergo thermal and photochemical
rearrangements to imides, oxaziridines etc.’®* In 1972, Barton and co-
workers reported a novel rearrangement of ketonitrones to amide using
p-toluenesulfonyl chloride in pyridine, in the conversion of some steroid
unsaturated ketones to the corresponding lactams (Scheme 1.30). They

termed this reaction as ‘a convenient alternative to the Beckmann
» 165,166

rearrangemet’.
HOH,COC HOH,coC_ H
HO /
- B
Ot 2
Me 116
Scheme 1.30
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In contrast to the Beckmann rearrangement of oximes, the
nitrone-amide rearrangement was not affected by the stereochemistry of
the nitrone ie. both syn and anti isomers rearranged to the same lactam
(Scheme 1.31).16>1¢8

TsCl o

— —_—
Me. TSO_ +) H TsO::
N7 N 4\ N

[

O 116 Me ... 118 I\l/Ie l 119
O e
H H\
0 / HO/@
Me 117 120 Me
Scheme 1.31

Later in 1988, Dhar et al. showed that chlorosulfonyl isocyanate
(CSI) can be effectively used for the conversion of nitrones to amides.
This was illustrated by the reaction of CSI with different nitrones derived

from cyclic conjugated ketones (Scheme 1.32).1%°
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Chapter 1
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—_—
Y
\,*\] /N
CISO,NCO bﬁ
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J@b

CISO,NCO
e

Scheme 1.32
Cekovic et al. in 2001, reported the synthesis of bicyclic -
lactone 130 and its stereocisomer 132 by the Beckmann rearrangement of

nitrones 129 and 131 respectively (Scheme 1.33).*"

O_\ +/

\
8I0) TsCl, Pyr, H;0, 0 °C T
o)

129 H DR 130
H
erc? TsCl, Pyr, H;0,0°C 2I
$ l
[T
-0
31/ R=CeHsCO | 132
Scheme 1.33
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1.3.6.4.2. Reaction of nitrones with cyclopropanes

Recently, [3+3] cycloaddition reactions of donor—acceptor
cyclopropanes with nitrones have been developed by several research
groups.}" These reactions are also designated as homo [3+2] dipolar
cycloaddition reactions.”® The first report appeared in 2003, in which
Young and Kerr described the synthesis of tetrahydro-1,2-oxazine
derivatives 135 by the reaction of nitrones with 1,1-cyclopropane
diesters, catalysed by Yb(OTf); (Scheme 1.34).1” The reaction was found
to be diastereoselective giving products in which the substituents at C-3
and C-6 bore a cis-relationship. Since the actual course of the reaction is
uncertain, the authors proposed three mechanistic possibilities: (i) a
stepwise attack of the nitrone oxygen on the cyclopropane followed by
the malonate attack on the resulting iminium ion; (ii) reaction of nitrone
with a 1,3-dipolar species generated by the ring opening of
cylclopropane; and (iii) the concerted cycloaddition of nitrone across the
cyclopropane o-bond (Scheme 1.35).

They have also developed a three-component version of this
reaction which involves the in situ formation of nitrones by the
condensation of aldehydes with hydroxylamines.'™ In 2004, Sibi et al.
reported the first enantioselective version of this reaction, using chiral
Lewis acid catalysis (Scheme 1.36).}"" Synthetic utility of this reaction
has been demonstrated by using it in the total synthesis of (+)-
Nakadomarin A, an uncommon alkaloid possessing a range of potential

bioactivities.*°
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10 examples
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Scheme 1.34
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The first intramolecular variant of this reaction was reported by
Dias and Kerr in 2009.®! Apart from Yb(OTf)s, Mgl,,'" ureas'® and
Ca(OTf),™® are also found to be efficient catalysts for carrying out
nitrone-cyclopropane reactions.

Recently, a formal [4+3] cycloaddition of nitrones with 1,1-
cyclobutane diesters has been developed.’®® The authors described the
enantioselective synthesis of 1,2-oxazepane derivatives 141 by the
reaction of nitrones 140 with cyclobutane-1,1-dicarboxylates 139,
catalysed by sterically hindered chiral SaBOX/Cu(Il) complex (Scheme
1.37). The ring opening of the cyclobutane by the nucleophilic attack of

nitrone is presumed to be the rate-determining step of this reaction.

CO,-M COZMe 0 (o)
e R0 CO,Me \ )
[ -coume i ® saeoxcuy ﬁR; SR
° . i

Ri H7 R PEM57C RGN 3 Pro a2 "
R
" 140 141 SaBOX
22 examples R=R'=3,5-Bu,CgHaCH,

up to 96% yield
up to 99/1dr and 97% ee

Scheme 1.37

1.3.6.4.3. Reaction of nitrones with electrophilic vinyl
carbene intermediates

Vinylcarbenoids, bearing electrophilic character at the vinylogous
position, have emerged as a very useful reagent for various
transformations (Scheme 1.46). Doyle and co-workers, in 2011,

developed a formal [3+3] cycloaddition reaction of nitrones with vinyl
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carbenes generated from TBS-protected enol diazoacetate, for the

synthesis of 3,6-dihydro-1,2-oxazines 149, catalysed by chiral

dirhodium(I1) carboxylates (Figure 1.12).1%°

A
B B
MLn ®  MLn
143 144 =
Figure 1.12

The reaction mechanism involves the initial formation of the
electrophilic vinyl carbene by the dirhodium carboxylate insertion and
loss of dinitrogen. The nucleophilic attack of the nitrone-oxygen at the y-
position of vinyl carbene followed by the intramolecular iminium
addition of the catalyst-activated vinyl ether, facilitated by stabilization
provided by the TBSO group, and the elimination of the catalyst forms

the cycloadduct 149 in a step-wise or concerted manner (Scheme 1.38).
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oTBs  Rhy(S-PTA),(146)

(2 mol%) TBS.o ™BS+ i
CO,Me i
—TBME @ CHOMe,  ©AS_CO,Me|
N N, ;
Rh2L4 Rh2L4 |:
147a 147b N
- ! o)
Ph_+ 0O i
N :: Me, N
148 l i
" H
R ! o)
oTBS TBS. i o
\_CO,Me TBS{OGD o coMe | i RE—RK
N |, Rholy A 2 L
O\r?l R CO,Me Ph. O Rhyl, : Rhy(S-PTA),
* = I
Ph 0\,\|,/ R . ° li 146
149 Ph R 151 :
12 examples 150 i
up to 96% yield,
93% ee
Scheme 1.38

A few more reports are available in the literature which deal with

the reaction of nitrones and enol diazoacetates giving 1,2-oxazines. 188

1.4. Definition of the current problem

In our group, we have independently developed an efficient and
facile route for the synthesis of highly substituted quinolones and indoles
by the reaction of nitrones with electron deficient acetylenes
(dibenzoylacetylene  and  benzoylphenylacetylene).'**'*°  Detailed
mechanistic study showed that hydrolysis of unconventional primary
adducts 158 and 163 formed by nucleophilic addition of nitrones to these

electron deficient acetylenes furnished quinolines 160 (Scheme 1.39) and
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indoles 168 (Scheme 1.40) respectively. Adducts 158 and 163 were
formed by the aza-Cope rearrangement of zwitterionic intermediates
which in turn were formed by the initial nucleophilic attack by the
nitrone-oxygen on electron deficient acetylenes that are excellent

191

Michael aceptors.”™" We could introduce substituents at predetermined

positions of the target molecules quite successfully.
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For the present study, we propose to further validate and
generalize the hypothesis of synthesising quinolines and indoles having
predetermined substitution pattern using ester functionalised acetylenes
(dimethyl acetylenedicarboxylate (DMAD) and methyl propiolate). The
reason for choosing ester group is that it is amenable for transformation
to other useful functionalities such as amide, aldehyde, nitrile etc., which
would presumably expand the scope of our strategy. So our primary goal
was to synthesise ester functionalised quinolines and indoles having
predefined substitution pattern. Since the ortho positions of the N-aryl

ring are active centers for the formation of quinolines'®, we also wanted
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to study the reactions between N-arylnitrones having both ortho positions
of N-aryl group blocked and DMAD. Furthermore, we propose to explore
the possibility of isolating intermediates such as isoxazolines, aziridines,
oxazolines proposed (but not isolated) by Baldwin et al. with a similar

nitrone.'%?

1.5. Objectives

% Synthesis of nitrone precursors.
¢+ Synthesis of a few quinoline derivatives.
¢+ Synthesis of a few indole-3-carboxylates.

% To study the reaction of N-(2,6-dimethylphenyl) and N-(2,4,6-
trimethylphenyl) nitrones with DMAD.
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CHAPTER 2

SYNTHESIS AND CHARACTERISATION OF NITRONE
PRECURSORS

2.1. Abstract

In this chapter, we describe the synthesis and characterisation of the nitrones
used for the present investigation.

2.2. Introduction

Nitrones serve as important intermediates in the synthesis of
complex molecules since, (i) they can provide a nitrogen atom in the
target molecule and (ii) they show excellent regio- and stereoselectivity
in reactions with olefins.*** For example, the total syntheses of (+)-
luciduline (5) and (-)-rosmarinecine (10) involve nitrone [3+2]
cycloaddition reaction as a key step (Scheme 2.1).'2'2 Consequently,
synthesis of a desired nitrone building block during the course of a total
synthesis process is crucial. Hence, development of new synthetic routes
as well as improvement of existing strategies for nitrone synthesis is

highly desirable.
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\ l 3 steps

CO,Et

OH 0 =

@ O O COEt [3+2]
b + —
0 () * eolold - —

- N

6 7 Os

[Total synthesis of (-)-rosmarinecine ] N OH
10
Scheme 2.1

2.3. General methods for nitrone synthesis

General synthetic routes to nitrones are mainly classified in to

two categories: (i) oxidative methods and (ii) nonoxidative methods.
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2.3.1. Oxidative methods

2.3.1.1. Oxidation of secondary amines

Oxidation of secondary amines is a direct and general method for
the synthesis of nitrones. The greater availability of amines makes this

one of the most attractive strategies. Different oxidants such as

415 dioxiranes,®  urea-hydrogen  peroxide (UHP)

19-23

oxaziridines,
complex,”*® hydrogen peroxide etc., in presence of metal catalytic
systems are generally used to bring about the transformations (Scheme
2.2)." A metal-free procedure for the synthesis of nitrones from
secondary amines was reported by Gella et al. in 2009.2* Here, oxone in a

biphasic basic medium was used as the single oxidant.

CH3Re0; (0.5%)
g @ Urea.H,0, ©/\f\]/\©
CH4OH Q
Scheme 2.2

2.3.1.2. Oxidation of imines

Imine oxidation by peroxy acids® or dimethyldioxirane”® gives
access to nitrones under certain specific conditions. Potassium
permanganate also brings about this transformation under phase transfer
conditions.?” One of the major drawbacks of imine oxidation is that,
oxaziridines are formed as the major product with most of the reagents.

In 2007, Soldaini et al. reported the first example of a high yielding,
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catalytic oxidation procedure for the chemoselective conversion of
imines to nitrones. The oxidation was performed with urea hydrogen
peroxide (UHP) in presence of catalytic amount of CH3ReQOj3 in methanol

at room temperature (Scheme 2.3).%

Urea.H,0,

RAN'R1 cat. CH3ReO3 R
_ =

13 MeOH

R

1O-Z+

14

22 examples
up to 98% yield

Scheme 2.3

2.3.1.3. Oxidation of N,N-disubstituted hydroxylamines

Oxidation of N,N-disubstituted hydroxylamines is one of the most
common methods used for the synthesis of both cyclic and acyclic
nitrones. Various metal salts as well as organic oxidants are used for this
purpose.’* Cicchi et al. developed a novel strategy for this conversion
using an environmentally friendly reagent, Bleach.®*® The same authors
developed another efficient methodology in 2001, where the oxidant used
was non-toxic Mn0O,.%” Recently, in 2015, Matassini et al. reported the
oxidation of N,N-disubstituted hydroxylamines to nitrones using
hypervalent iodine reagents. o-iodoxybenzoic acid (IBX), 16 is found to
be the best catalyst for the conversion. This strategy allows the synthesis

of aldonitrones from suitable hydroxylamines (Scheme 2.4).%
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QO

I/
\
CL
16

0
RONTR ————= RTSNR
OH dry CH,Cl, o)
15 RT, 2h 17
Scheme 2.4

2.3.1.4. Decarboxylative oxidation of N-alkyl-a-
aminoacids

Synthesis of nitrones by the catalytic oxidative decarboxylation of
N-alkyl-a-aminoacids was reported by Murahashi et al. in 1994.% In this
procedure, the aminoacid derivative was oxidised by hydrogen peroxide
in the presence of a tungstate catalyst, under phase transfer conditions
(Scheme 2.5).

COZH 2 H202, N82WO4 (Cat.) >
RN ——————— gingR
H Et,NCI (cat.), K,CO3 |
CH,Cl, - H,0 °
18 19
Scheme 2.5

2.3.2. Nonoxidative methods

2.3.2.1. Condensation of carbonyl compounds with
hydroxylamines

The condensation of carbonyl compounds with N-substituted
hydroxylamines is the mildest method for the synthesis of nitrones.* To

accommodate less stable hydroxylamines in this strategy, Chapoulaud
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et al. developed a one-pot strategy for the synthesis of N-alkyl and N-aryl
substituted aldonitrones using aldehydes and nitro compounds as
precursors. Here the hydroxylamines generated in situ by the reduction of
nitro compounds subsequently undergo condensation reaction with
aldehydes (Scheme 2.6).%

+ /6
@ @ Zn, AcOH N|
EtOH, RT H)\©
22

Scheme 2.6

2.3.2.2. From nitrosoarenes

Ketonitrones are successfully synthesised by the condensation
reaction between nitrosoarenes and diazo compounds (Scheme 2.7).*
Spontaneous evolution of nitrogen is the indication of the success of the

reaction. Nitrones are generated in good yields by this method.

(0]
>:N2 . ether >—N

R! | h
% 7N
R -|=

23 24 25 R

Scheme 2.7

Chavannavar et al. in 2014, described a chemoselective,

umpolung approach towards nitrone construction using phosphine-
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mediated addition of 1,2-dicarbonyls to nitrosoarenes.** The optimised
condition for conducting the reaction was found to be: P(NMe,); in THF
(-78 °C to RT). The generality of the reaction was established employing
structural diversity in both the substrates. The plausible mechanism
involves the formation of oxyphosphorane 27a which is in equilibrium
with zwitterionic phosphonium intermediate 27b. Subsequently, 27b
undergoes addition to nitrosoarene to furnish the intermediate 30, which

then rearranges to the nitrone 29 (Scheme 2.8).

(0] O PL P O_ o~
3 /
<, oomr 4P e
MeO 26R THF, -78 °C-RT — 1 Me027bR N_ 28
MeO 27aR Ar
—_ @ —_
Ar -0 Pla 0.
e Ao D
MeO,C~ "R MeO,C~ "R!
29 30
14 examples

44-86% yield

Scheme 2.8

2.3.2.3. From oximes

N-Functionalisation of oximes is an important method to
accomplish nitrone synthesis. Grigg et al. established the synthesis of
nitrones by the reaction of oximes with Michael-type acceptors (Scheme

2.9).%% They have successfully used other electrophiles like simple
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alkenes®, epoxides®, aziridines’’ etc., to expand the scope of the
method.

Michael-type
alkene VA

Scheme 2.9

In 2012, Anderson and co-workers reported a single step
synthesis of N-vinylnitrones via a copper-mediated coupling of
fluorenone oxime with vinyl boronic acids.*® Cu(OAc), was identified to
be the most effective copper salt after the optimisation studies. To
explore the scope of the method, the reaction was carried out with a
variety of vinyl boronic acids under the optimised condition. Both cyclic,
trans-monosubstituted and cis-disubstituted boronic acids produced N-
vinylnitrones in moderate to high yields when treated with fluorenone
oxime (Scheme 2.10). Later, the authors successfully synthesised N-aryl-
a,B-unsaturated nitrones using the same strategy. Here they employed the
cross coupling reaction of «,f-unsaturated oximes and aryl boronic acids
(Scheme 2.11).%°

60



Chapter 2 Synthesis and characterisation of nitrone precursors

R1
_.OH -
N (HO),B_ R! Cu(OAc) (2equiv.) O-f )\/Rz
| 2 . N
+ \[ Py (10 equw.} |
'O R2 NaySOy4 (8-9 equiv.) .
DCE, 18 h, 25°C Q O

34 35 air 36

_Et B _ Me ) Qn
O‘f\] X Et O\N O\N X Me O\’J\rl
| | | |
36a (61%) 36b (84%) 36¢ (60%)

36d, n=1 (74%)
36e, n=3 (78%)

36f (81%) 36g (72%)  36h, R=Ph (78%)  36j (68%)
36i, R=t-Bu (71%)

Y
=
>
=

H
O\N&n-Bu O\N&Et O\Kl X N-Bu Ar=p-X(CgHa)
|

| 36m, X=NO, (56%)
CYTN (XN (T smncron

36k (86%) 361 (57%) 360, X=CF3 (54%)
Scheme 2.10
=
_OH B(OH)2 cu(0Ac), (2 equiv.) x—(j\ ® o@

N N Py (10 equiv) NN

—_—
Ar1/K/\Ar2 | . . 1J\/\

37 38 /\X Na,SO, (8.5 equiv) Ar 29 A2

DCE, 25 °C, air
25 examples

31-81% yield

Scheme 2.11
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For the present investigation, we have selected different strategies
for the synthesis of target nitrones, based on availability of appropriate

precursors and reagents.

2.4. Results and discussion

To study the nucleophilic addition of nitrones to electron
deficient acetylenes, we synthesised thirteen ketonitrones and three
aldonitrones using reported procedures. Structure of nitrones synthesised
by us are collected in Figure 2.1.

40a- c 41a -c

42a-c 'y

x a)H, b) CHs, c)CI

s O s Qs

_N &

@ @ ”@C.

O O

* Figure 2.1
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2.4.1. Synthesis of N-(9H-fluoren-9-ylidene)arylamine
oxides (40a-c)

The nitrones were synthesised by the condensation reaction
between 9-diazofluorene and corresponding nitrosoarenes.** For the
synthesis of nitrone 40a, diazofluorene (49) and nitrosobenzene (50)
were reacted in diethyl ether at RT (Scheme 2.12). A vigorous reaction
took place with the evolution of nitrogen and the nitrone precipitated out
as a yellow solid. It was purified by recrystallization from ethanol and

characterised using spectral and analytical techniques.

= @

40a
Scheme 2.12
Diazofluorene (49) was prepared by the oxidation of fluorenone
hydrazone (52) with yellow HgO.**** For the synthesis of 52,
condensation reaction between 9-fluorenone (51) and hydrazine hydrate

in methanol under reflux condition was employed (Scheme 2.13).

O N,H,/MeOH

’ _NoHy/MeOH | NNH, HgO/KOH N,
O reflux

51

Scheme 2.13
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Required nitrosoarenes were synthesised by the oxidation of
corresponding arylamines using the procedure reported by Porta et al.*?
For the synthesis of nitrosobenzene (50), aniline (53) in cyclohexane was
oxidised by 30% H,O, in presence of cis-Mo(O)(acac), catalyst at room
temperature under aerobic conditions (Scheme 2.14). After 2h, the

reaction mixture was filtered and concentrated to yield solid mass of 50.

N
NH2 10, (30% wiwy ©
© cis-Mo(O),(acac),
Cyclohexane, RT
53 50
Scheme 2.14

Both the diazo and nitroso derivatives were identified by analysing
the mass data and these were used as such without further purification for

the nitrone forming condensation reactions.

2.4.2. Synthesis of N-(diphenylmethylene)arylamine
oxides (41a-c)

N-(Diphenylmethylene)arylamine oxides (41a-c) were synthesised
by the condensation reaction between diphenyldiazomethane (54) with
corresponding nitrosoarenes (Scheme 2.15a).** 54 was in turn
synthesised by the oxidation of benzophenone hydrazone with yellow
HgO (Scheme 2.15b).*
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EtO
+ N,

N2H4/EtOH HQO
Hz Hexane RT

Scheme 2.15

2.4.3. Synthesis of (Z)-N-benzylidenearylamine
oxides (42a-c)

(2)-N-Benzylidenearylamine oxides 42a-c were synthesised by the
one-pot strategy developed by Chapoulaud et al.** Here benzaldehyde
(57) reacts with hydroxylamines generated in situ by the reduction of

nitroarenes (58a-c) (Scheme 2.16).

© Zn, AcOH/EtOQﬁp
H >:<
58a -Cc 42a-c
X

[ X= a) H, b) CH3, c) CI]

Scheme 2.16
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2.4.4. Synthesis of N-(9-H-fluoren-9-ylidene)arylamine
oxides (43-49)

Nitrones 43-49 were synthesised by the oxidation of
corresponding imines with m-CPBA (m-chloroperbenzoic acid).?® In the
synthesis of nitrone 48, m-CPBA in methylene chloride was slowly
added to the solution of N-(9H-fluoren-9-ylidene)-2,6-dimethylaniline
(59) in DCM at 0-5 °C (Scheme 2.15). Nitrone 48 was separated by

recrystallizing the crude product from a 1:1 DCM/hexane mixture.

O m-CPBA/ DCM +/O
N e T -
ois!

Scheme 2.15

Imines were synthesized by the condensation reaction between 9-
fluorenone (51) and aryl amines in the presence of Lewis acid catalysts
like BF; etherate. For example, N-(9H-fluoren-9-ylidene)-2,6-
dimethylaniline (59) was prepared by refluxing a mixture of 9-fluorenone
(51) and 2,6-dimethylaniline (60) in toluene using a Dean-Stark
apparatus in presence of BF; etherate (Scheme 2.16). The pure imine
derivative was obtained by the recrystallisation of the crude product from

a 1:3 chloroform/ethanol mixture.
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Reflux

o LN W

Scheme 2.16

In some cases the crude product was subjected to column
chromatography (neutral alumina) using hexane/ethyl acetate solvent
system to get the pure imine. All the imine derivatives prepared were
identified using mass spectral data and were used immediately for the

oxidation step (Note: imines underwent slow degradation on standing).

2.5. Experimental section

2.5.1. General techniques

All reactions were carried out in oven dried glassware. Solvents
used for the experiments were distilled and dried by employing standard
protocols. All starting materials were purchased from Sigma-Aldrich,
Spectrochem Chemicals or from S. D. Fine Chemicals and were used
without further purification. Progress of the reactions were monitored
either by thin layer chromatography using dried and activated silica gel
TLC plates (aluminium sheets coated with silica gel, E. Merck) or, where
applicable, GC-MS. Visualization of TLC plates was done by exposure
to iodine vapours or UV lamp. Separation and purification of compounds
were done by column chromatography using silica gel (Spectrochem

Chemicals, 60-120 mesh). The products were further purified by
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recrystallization from appropriate solvent systems. Solvent eluted from
the column chromatography was concentrated using Heidolph, IKA or
Buchi rotary evaporators. Melting points were determined on a Neolab
melting point apparatus and are uncorrected. Infrared spectra were
recorded on Jasco4100 and ABB Bomem (MB Series) FT-IR
spectrometers. *H and *C NMR spectra were recorded on a 400 MHz
Bruker Avancelll FT-NMR spectrometer with tetramethylsilane (TMS)
as internal standard. Chemical shifts (d) are reported in parts per million
(ppm) downfield of TMS. Multiplicities are reported as follows: singlet
(s), doublet (d), doublet of doublets (dd), triplet (t), quartet (q), and
multiplet (m). Elemental analysis was performed using
ElementarSysteme (Vario EL I1l). Molecular mass was determined by
electron impact (EI) method using GC-MS (Agilent GC-7890A, Mass-
5975C) and fast atom bombardment (FAB) using JMS 600 JEOL mass

spectrometer.

2.5.2. Procedure for the synthesis of diazofluorene

Fluorenone hydrazone (30 mmol) was dissolved in diethylether
(150 mL). Anhydrous Na,SO4 (60 mmol) and methanol saturated with
KOH (3 mL) were added to the solution. Yellow HgO (84 mmol) was
then introduced to the reaction mixture in small portions. After the
addition was complete, the mixture was stirred for 2h at RT, filtered and
dried. The residue was extracted with diethyl ether. On evaporating off

ether, bright red crystals of diazofluorene separated out.
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2.5.3. Procedure for the synthesis of
diphenyldiazomethane

Benzophenone hydrazone (30 mmol) was dissolved in hexane
(150 mL). Anhydrous Na,SO,4 (60 mmol) and methanol saturated with
KOH (3 mL) were added to the solution. Yellow HgO (84 mmol) was
then introduced to the reaction mixture in small portions. After the
addition was complete, the mixture was stirred for 2h at RT, filtered and
concentrated to get a pink solution of diphenyldiazomethane which was

stored under low temperature for further use.

2.5.4. General procedure for the synthesis of
nitrosoarenes

The catalyst cis-Mo(O)(acac), (1 mmol) in cyclohexane (50 mL)
was stirred for about 10 min at room temperature under aerobic
condition. To the light orange suspension thus obtained, corresponding
aryl amine (10 mmol) and 30% H,0O, (50 mmol) were added in quick
succession. The reaction mixture was then stirred for another one hour
under aerobic condition. It was then filtered and dried over anhydrous
Na,SO,, concentrated and then kept in freezer to get a solid mass. This
was then allowed to melt at room temperature when pure nitroso

derivatives got precipitated out.
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2.5.5. General procedure for the synthesis of nitrones
from diazofluorene and nitrosoarenes

A mixture of 9-diazofluorene (10 mmol) and appropriate
nitrosoarenes (10 mmol) was stirred in dry diethyl ether (40 mL) for
about 1h. During the course of reaction, nitrogen was evolved, red colour
of the reaction mixture got disappeared and yellow precipitate of nitrone
was formed. This was then filtered, dried and recrystallized from ethanol.

2.5.6. General procedure for the synthesis of nitrones
from diphenyldiazomethane and nitrosoarenes

A concentrated solution of diphenyldiazomethane in hexane was
introduced drop wise to the solution of nitrosoarene (10 mmol) in dry
diethyl ether (40 mL) with vigorous stirring. Stirring continued for 1h
and additional amount of diphenyldiazomethane was added until the pink
colour persisted. The precipitate formed was filtered and washed with
hexane and dried. It was further purified by recrystallization from
ethanol.

2.5.7. General procedure for the synthesis of nitrones
from benzaldehyde and nitroarenes

To a stirred solution of benzaldehyde (1 mmol) in ethanol (10
mL, 95%), were introduced nitroarene (2 mmol) and Zn powder (3
mmol) under argon atmosphere at 0 °C. Glacial acetic acid (6 mmol) was

then added dropwise. Reaction temperature was either kept at 0 °C or
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raised to room temperature during the course of the reaction. The
progress of the reaction was monitored by TLC. The crude material
obtained after filtration on celite pad and evaporation, was purified by
column chromatography (silica gel, hexane/ethyl acetate solvent system)

to get the required aldonitrones.

2.5.8. General procedure for the synthesis of N-(9H-
fluoren-9-ylidene)arylamines

A mixture of fluorenone (10 mmol), amine (16 mmol) and BF3-
etherate (1 mL) in toluene (30 mL) was refluxed using a Dean-Stark
apparatus for about 2 h. The resulting solution was then concentrated and
cooled. The residue obtained was column chromatographed (neutral
alumina) using mixtures of hexane/ethyl acetate system to give N-(9H-
fluoren-9-ylidene)arylamines. The compound was further purified by

recrystallization from a 1:3 mixture of chloroform and ethanol.

2.5.9. General procedure for the synthesis of
N-(9H-fluoren-9-ylidene)arylamine oxides
m-CPBA (11 mmol) in DCM (5 mL) was added to a solution of

imine (10 mmol) in DCM (10 mL) at 0-5 °C, with stirring. After the

addition, the reaction mixture was then stirred for another 5h keeping the
temperature low. After the completion of the reaction, excess m-CPBA
was removed by filtration, and the filtrate was washed twice with

Na,CO; solution and finally with water. The organic layer was then

evaporated off and the residue obtained was recrystallized from a 1:1
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mixture of DCM/hexane to give N-(9H-fluoren-9-ylidene)arylamine
oxides in good yield.

2.5.10. Spectral and analytical data for significant
compounds

2.5.10.1. N-(9H-Fluoren-9-ylidene)aniline oxide (40a)

N-(9H-Fluoren-9-ylidene)aniline oxide was prepared by a
reported procedure (85% yield, mp 194 °C).*

2.5.10.2. N-(9H-Fluoren-9-ylidene)-4-methylaniline
oxide (40b)

N-(9H-Fluoren-9-ylidene)-4-methylaniline oxide was prepared by
a reported procedure (83% yield, mp 164 °C).**

2.5.10.3. 4-Chloro-N-(9H-fluoren-9-ylidene)aniline
oxide (40c)
4-Chloro-N-(9H-fluoren-9-ylidene)aniline oxide was prepared by
a known procedure (83% yield, mp 164 °C).>®

2.5.10.4. N-(Diphenylmethylene)aniline oxide (41a)

N-(Diphenylmethylene)aniline oxide was prepared by a reported
procedure (83% vyield, mp 164 °C).*

72



Chapter 2 Synthesis and characterisation of nitrone precursors

2.5.10.5. N-(Diphenylmethylene)-4-methylaniline
oxide (41b)

N-(Diphenylmethylene)-4-methylaniline oxide was prepared by a
known procedure (83% yield, mp 164 °C).>

2.5.10.6. 4-Chloro-N-(diphenylmethylene)aniline oxide
(41c)

4-Chloro-N-(diphenylmethylene)aniline oxide was prepared by a
known procedure (83% yield, mp 164 °C).*

2.5.10.7. (Z)-N-Benzylideneaniline oxide (42a)

(2)-N-Benzylideneaniline oxide was prepared by a reported
procedure (83% vyield, mp 164 °C).**3

2.5.10.8. (Z)-N-Benzylidene-4-methylaniline oxide
(42b)

(2)-N-Benzylidene-4-methylaniline oxide was prepared by a

reported procedure.*?

2.5.10.9. (Z)-N-Benzylidene-4-chloroaniline oxide
(42c¢)

(2)-N-Benzylidene-4-chloroaniline oxide was prepared by a

reported procedure.*%>3
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2.5.10.10. N-(9H-Fluoren-9-ylidene)-2-methylaniline

oxide (43)*

Yield: 83%; mp: 145 °C.

IR vmax (KBr): 1540 cm™ (C=N stretch),
1250 cm™ (N—O stretch).

'H NMR (CDCly): & 8.97-8.95 (m, 1H),
7.73-7.23 (m, 9H), 5.75 (d, J = 8Hz, 2H),
2.28 (s, 3H).

B3C NMR (CDCly): & 146.3, 139.2, 139.1,
132.0, 131.9, 131.7, 131.2, 130.6, 130.1,
129.2, 128.9, 127.8, 127.6, 127.2, 123.8,
123.2,120.2, 119.6, 16.4.

MS: m/z 285 (M"), 286 (M+1).

Elemental analysis calculated for

CyH1sNO: C: 84.19, H: 5.30, N: 4.91.
Found: C: 84.26, H: 5.22, N: 4.87.

2.5.10.11. N-(9H-Fluoren-9-ylidene)-3-methylaniline

oxide (44)

Yield: 80%; mp: 112 °C.

IR vmax (KBr): 1540 cm™ (C=N stretch),
1261 cm™ (N—O stretch).

'H NMR (CDCly): 6 8.92 (d, J = 7.2, 1H),
7.72 -7.23 (m, 9H), 6.94-6.90 (m, 1H), 5.95
(d, J =8 Hz, 1H), 2.46 (s, 3H).

3C NMR (CDCly): & 140.6, 139.3, 132.4,
131.1, 131.0, 129.9, 129.1, 128.9, 127.3,
127.1, 124.3, 124.0, 120.8, 120.2, 119.60.
21.4.

MS:m/z 285 (M"), 286 (M+1).

Elemental analysis calculated for
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CyHsNO: C: 84.19, H: 5.30, N: 4.91.
Found: C: 84.24, H: 5.29, N: 4.94.

2.5.10.12. 3-Chloro-N-(9-H-fluoren-9-ylidene)aniline

oxide (45)*

Yield: 79%; mp:123 °C.

IR vmax (KBr): 1538 cm™ (C=N stretch),
1256 cm™ (N—O stretch).

'H NMR (CDCly): & 8.90-8.88 (m, 1H),
7.72 -6.93 (m, 10H), 6.01(d, J = 8 Hz, 1H).
B3C NMR (CDCly): & 147.7, 146.0, 139.5,
139.2, 135.8, 132.2, 131.5, 131. 3, 130.63,
130.5, 129.5, 129.0, 127.4, 127.2, 124.5,
123.7,122.2,120.4, 119.7.

MS: m/z 305 (M"), 306 (M+1).

Elemental analysis calculated for
CoH1,CINO: C: 74.64, H: 3.96, N: 4.58.
Found: C: 74.58, H: 3.94, N: 4.56.

2.5.10.13. N-(9H-Fluoren-9-ylidene)naphthalen-1-
amine oxide (46)*

Yield: 79%; mp: 157 °C.

IR vmax (KBr): 1536 cm™ (C=N stretch),
1250 cm™ (N—O stretch).

'H NMR (CDCls): 8 9.09 (d, J = 8Hz, 1H),
7.14-7.99 (m, 12H), 6.69 (t, J = 8Hz, 1H),
5.52 (d, J = 8Hz, 1H).

3C NMR (CDCly): & 146.8, 143.5, 139.3,
134.6, 132.3, 131.4, 130.4, 130.3, 129.12,
129.0, 128.2, 128.1, 127.4, 127.4, 126.6,
125.6, 123.7, 122.4,121.2, 120.2, 119.7.
MS:m/z 321 (M*), 322 (M+1).
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Elemental analysis calculated for
C,3H1sNO: C: 85.96, H: 4.70, N: 4.36.
Found: C: 85.87, H: 4.68, N: 4.35.

2.5.7.14. N-(9H-Fluoren-9-ylidene)-2,6-dimethylaniline
oxide (47)

N-(9H-Fluoren-9-ylidene)-2,6-dimethylaniline oxide was
prepared by a known procedure (78% yield, mp 202 °C).>

2.5.10.15. N-(9H-Fluoren-9-ylidene)-2,4,6-

trimethylaniline oxide (48)
Yield: 79%; mp: 213 °C.

IR vmax (KBr): 1540cm™ (C=N stretch),
1256cm™ (N—O stretch).

'HNMR (CDCl): & 9.01-8.99 (m, 1H),
7.72-7.04 (m, 7H), 6.95-6.91 (m, 1H), 5.82
(d, J =8Hz, 1H), 2.40 (s, 3H), 2.18 (s, 6H).
B3C NMR (CDCly): & 145.8, 143.7, 139.5,
139.1, 131.9, 131.2, 131.0, 130.4, 129.9,
129.1, 128.8, 127.9, 127.2, 122.6, 120.17,
119.6, 21.3, 16.5.

MS: m/z 313 (M"), 314 (M+1).

Elemental analysis calculated for

CpHgNO: C: 84.31, H: 6.11, N: 4.47.
Found: C: 84.29, H: 6.09, N: 4.46.
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CHAPTER 3

SYNTHESIS AND CHARACTERISATION OF A FEW
QUINOLINE DERIVATIVES

3.1. Abstract

In this chapter we describe the synthesis of a few polysubstituted quinolines by the
reaction of various nitrones with activated acetylenes using the strategy developed in our lab.

3.2. Introduction

In this section a brief introduction to the synthesis of quinolines is
presented.
3.2.1. Quinolines

Quinoline, also termed as 1-azanaphthalene or benzo[b]pyridine
is an aromatic heterocycle constructed by fusing a benzene ring on to a

pyridine ring (Figure 3.1).%3

Figure 3.1

3.2.1.1. Applications of quinolines

Several quinoline derivatives are well known for their
pharmacological applications.**® For example, quinoline containing

molecules such as quinine, chloroquine, primaquine, mefloguine,
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amodiaquine etc. are used as antimalerial drugs. The other quinoline
derivatives with significant medicinal properties include ciprofloxazin
and ofloxacin, used as antimicrobial agents; camptothecin, used as

anticancer drug; saquinavir, used in HIV therapy etc.

HyCO

Ciprofloxazin

N~
H,N
X 2 © o N HO |
— N l P F
N ’ o ©O
0
HN™ O
~_OH

o NH N
F. COOH A( A
(\N N | Saquinavir T NG
/N\) O\)\CHS Meflosquine

Ofloxacin

Camptothecin

Figure 3.2
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Another important application of quinolines is in dye chemistry.
Several quinoline based dyes having diverse applications are known.
Examples include Quinoline Yellow SS, used in cosmetics; Quinoline
Yellow WS, used as a food additive; cyanine dyes, used as sensitizers in
photographic emulsions etc. Quinoline containing transition metal
complexes are renowned for their applications in targeted drug delivery
(eg. ferroquine), organic light emitting diodes (eg. Algs) etc.!™®
Quinoline derivatives also find applications as fungicides in agriculture
(eg. ethoxyquin and tebufloquin).

(SO3Na),
Cyanine dye Quinoline Yellow SS Quinoline Yellow WS X=1,2,3
~
ococH; M HN@\T
H5C);C CH 3-ri2 X X
et U ke )8
~
N7 CH, N° CHs ci N
F Ethoxyquin Ferroquine
Tebufloquin

Figure 3.3
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3.2.1.2. Methods for the synthesis of quinolines

Synthesis of quinoline core is generally achieved by using various
name reactions such as Skraup, Doebner-Miller, Combes, Friedlander
synthesis etc. In the first three cases, anilines lacking a C-2 substituent
serve as the precursor molecules while in the Friedlander synthesis, the
C-2 position of the aniline precursors are equipped with carbonyl groups.
Several reviews are available on quinoline synthesis.?*?® Recent
developments in quinoline synthesis is mainly concentrated on the
improvement of the well-established strategies using new catalysts,

milder conditions etc.?%?’

(i) Skraup synthesis

In Skraup synthesis, quinoline is formed by heating aniline with
glycerol and sulfuric acid in presence of an oxidising agent, nitrobenzene
for example (Scheme 3.1).% The reaction involves the conjugate addition

of acrolein (generated in situ by the dehydration of glycerol) to aniline.

OH . PhNH, Ho P
HOJVOH—H> NO 44>©
PhNO, o N
1 2 3 5 H
I
OH
CO
-
N7 Hy, -H,0 N
6 7 H
Scheme 3.1
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(ii) Doebner-Miller synthesis

This is a generalised version of Skraup synthesis where glycerol

is replaced by o, -unsaturated aldehydes such as 8 (Scheme 3.2).%

R o _H o
+ R0 ——— P
NH, N” R
8 9

4

Scheme 3.2

(iii) Combes synthesis

Combes synthesis involves the condensation of aniline with a 1,3-
diketone to furnish an enamine intermediate 11. Enamine 11 then
undergoes acid catalysed cyclodehydration to produce a quinoline

derivative (Scheme 3.3).%°

Me o Me
1) heat H* X
Ol "L O
NH, 0~ 'Me N~ Me N™ "Me
H 12
4 10 11

Scheme 3.3

(iv) Friedlander synthesis

It involves acid- or base- catalysed condensation of 2-amino-
substituted aromatic carbonyl compound 13 with an a-methyleneketone
14 followed by cyclodehydration (Scheme 3.4).*!
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3 acid, base
CfL f e L o
COR4

Scheme 3.4
Besides the general synthetic protocols, several elegant

approaches involving attempts to produce quinoline core from novel
substrates have also been documented in literature.?*** In one of such
methods, Abbiati et al. described the synthesis of isoxazolino[4,5-
c]quinoline system via a sequential 1,3-dipolar cycloaddition/annulation
reaction between N-methylnitrones and f-(2-aminophenyl)-a, -ynones.*
The reactions were carried out in toluene at 110 °C with 2 equiv. of the
nitrone components (Scheme 3.5). Compound 20, produced by 1,3-DCA
reaction between nitrone 18 and acetylene 17 undergoes intramolecular
condensation between amino and carbonyl groups to yield the quinoline

derivative (19) with the expulsion of water molecule.

(Me
O-N

R Me R! R3
R! = @N Toluene, 110 °C o
+
2 18

R2 19
R2 11 examples
43-87% yield

13.3] -H,0

Scheme 3.5
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Recently, we developed a novel nitrone mediated two-step one-
pot protocol for the synthesis of highly substituted quinolines (Scheme
3.6).>*% As a rule of the thumb, synthesis of nitrones can be understood
in terms of carbonyl and amine precursors providing the C- and N-
substituents respectively. In our quinoline synthesis, most of the atoms
present in the N-substituent of nitrone and the acetylene precursors are
retained in the quinoline product and the C-substituents on nitrones are
eliminated as the carbonyl precursors to nitrone (fluorenone in this case).
Recovered carbonyl precursors can be efficiently recycled for the
generation of a fresh batch of nitrones. Hence our method of quinoline
synthesis is highly atom efficient as well. When we employed
dibenzoylacetylene (24) as the acetylene component, quinoline product
28 had phenyl, hydroxyl and benzoyl substituents at the 2-, 3-, and 4-
positions respectively. Based on Scheme 3.6, it is clear that when other
acetylenes are used, a new set of substituents are introduced at the 2-, 3-,
and 4- positions of the quinoline product. Substituents at the 5-, 6-, 7-,
and 8- positions are decided by the substituents present on the N-aryl
group of nitrone precursor. Based on these leads, we explored the scope
of expanding synthetic potential of quinoline synthesis by using
appropriately substituted nitrones and different acetylenes. Since formal
1,3-dipolar cycloaddition is a competing side reaction, it is important to
unravel the roles of C-substituents on nitrone and nature of solvents in
deciding product selectivity and vyield. Thus optimization and
generalization of the novel nitrone synthesis developed by us warrant

further attention. In this chapter, we describe our attempts on
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optimisation and expansion of scope of the novel strategy towards

quinoline synthesis developed by us.

z

21

Q

[ o

v

O O N
—N X m-CPBA *N X PhOC—==—COPh
B
NH; 24
LI Y Y
X 22 e 23 z
Y

HO

o Ph HO b
NH, o} 0
X - 0] H2C204 _N _
Ph
Ph
(H)Y Y(H) O X Y(H)
27wy z

Y(H) COPh
Z X OH
(H)Y N
X
28
Scheme 3.6

3.3. Results and Discussion

In order to expand the scope of quinoline synthesis, we selected

dimethyl acetylenedicatrboxylate (DMAD) as the reactive acetylene. If

DMAD reacts with nitrones in the same way as dibenzoylacetylene

(DBA), substituents such as methoxy, hydroxyl, and carbomethoxy can
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be introduced at the 2-, 3- and 4- positions of the quinoline product.
Carbomethoxy group, in turn, can be easily converted to amide and

formyl groups under mild conditions.

3.3.1. Optimisation studies on the synthesis of
quinoline derivatives

As mentioned in Chapter 1, in the reaction between N-
arylnitrones and acetylenes, along with quinolines, products arising
through isoxazoline cycloadduct are also formed in varying amounts. In
order to improve quinoline yield, formation of isoxazoline should be
suppressed. When multiple pathways operate in parallel, changes in
substrate structure, reaction temperature, and solvent polarity should play
important roles in deciding the major product formed. We systematically
explored the role of these variables in deciding product selectivity and
yield. Earlier reports from our laboratory indicates negligible role for
reaction temperature. In the present investigation, we have explored roles
of solvent polarity and substrate structure in deciding the major product.
It is also important to identify the ideal nitrone substrate for quinoline
synthesis. The ‘ideal nitrone’ is one that is most easily and economically
accessed and gives quinoline as the major product on treatment with
activated acetylenes. Since C-substituents on nitrones are eliminated as
the corresponding carbonyl compounds, as long as N-aryl substituents are
identical, both aldonitrones and ketonitrones should yield identical
quinoline products. Hence, in principle, both aldonitrones and
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ketonitrones are suitable precursors for quinoline synthesis. A quick
review of methods available for nitrone synthesis reveals that
aldonitrones are more easily accessible. As part of optimization studies,
we explored the reaction of several N-aryl aldonitrones and ketonitrones
with DMAD. We examined the reaction of eight different N-arylnitrones
(Figure 3.4) with DMAD in different solvents.

}O @Q@

29a-c
) H, b) CH3, c) CI

sfRale @u b’

Figure 3.4

The quinoline derivatives produced by the reaction of these
nitrones with DMAD are collected in Figure 3.5. As shown in scheme
3.6, we could introduce substituents at the 6-, 7-, and 8- positions of the
quinoline by judiciously introducing substituents at appropriate positions
on N-aryl ring. Acetylene controlled substituents such as methoxy,
hydroxyl and carbomethoxy appeared at the 2-, 3-, and 4- positions of the
quinoline product.
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COOMe COOMe COOMe

~ ~ ~
N OMe N OMe N OMe
35a 35b 35¢

COOMe COOMe COOMe

T o
_ _ >
N OMe N OMe N OMe
35d 35e 35f

Figure 3.5

3.3.1.1. Role of substrate structure: nature of C-
substituents on nitrones

We examined the reaction of three N-arylnitrones having different
C-substituents with DMAD in acetonitrile under identical conditions
(Scheme 3.7). Nitrones selected include: N-(9H-fluoren-9-ylidene)aniline
oxide (29a), N-(diphenylmethylene)aniline oxide (30) and (Z)-N-
benzylideneaniline oxide (31). Unlike in the case of DBA, products
arising through formal cycloaddition were not formed when DMAD was
employed as the reactive acetylene. Yield of quinoline 35a formed with
nitrones 29a, 30 and 31 is given in Table 3.1. Based on results presented
in Table 3.1, it is clear that fluorenylnitrone 29a provides higher yield of
quinoline. Based on these results, we selected C-fluorenylidenenitrones
for further optimization studies. Aldonitrones, though easily accessible,

gave quinolines in low yields.
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CO,Me
\«OH

R1>_ +,O Cone1 .MeCN, reflux, 4h
N | 2.H,C,04/510, N” oMe
@ COo,Me DCM, RT, 1h 35a

29a, 30, 31 36

G
(29a) R', R2=1; (30)R'= R2=©

3
(31 R'= , R?=H

Scheme 3.7

Nitrone Quinoline 35a (%)

29a 75
30 70
31 8

Table 3.1

3.3.1.2. Role of solvents

In order to unravel the role of solvent polarity on product yield
and selectivity, we examine the reaction of fluorenylnitrone 29a with
DMAD in different solvents under identical conditions. In a typical run, a
1:1 mixture of nitrone and DMAD (1 mmol each) in appropriate solvents
(10 mL) was stirred magnetically under nitrogen atmosphere at room
temperature for 12 h. Solvent was removed under reduced pressure and

the residue was redissolved in dichloromethane (10 mL). Oxalic acid

92



Chapter 3 Synthesis and characterisation of a few quinoline derivatives

adsorbed on silica gel was added to this solution and the products formed
were separated by column chromatography over silica gel. In all the
cases, quinoline could be isolated along with unchanged starting
material. Yield of quinoline 35a, fluorenone 25 and unchanged 29a are
tabulated in Table 3.2. In general, polar solvents gave quinolone in
higher yields. Among polar solvents, acetonitrile was identified as the

best solvent for quinoline synthesis.

Unchanged

Quinoline  Fluorenone .0 995 (05

Solvent

35a (%) 25 (%)
Benzene 16 20 75
THF 52 55 40
Dichloromethane 55 58 38
Acetone 65 66 30
DMSO 68 69 26
Acetonitrile 75 78 18

Table 3.2

3.3.1.3. Role of temperature

Reaction between nitrone 29a and DMAD was carried out in
acetonitrile at room temperature, at reflux and at 40 °C. Changes in
reaction temperature did not influence product selectivity. However, rate
of product formation increased with reaction temperature. Best results

were obtained in refluxing acetonitrile.
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3.3.1.4. Role of substrate concentration.

We carried out the reaction between nitrone and DMAD at 1mM,
5 mM, 10 mM and 100 mM (saturation) concentration of substrates in
refluxing acetonitrile. Cleanest and fastest reaction was observed at 100
mM concentration and all further reactions were performed at this
concentration.

Based on optimization studies listed above, we selected the
following protocol for quinoline synthesis: reaction of a 1:1 mixture of
C-fluorenylidenenitrone and DMAD (100 mM in each substrate) in
acetonitrile at reflux for 4h.

3.3.2. Expanding the scope of quinoline synthesis

Based on previous reports from our laboratory, a generalized
scheme for quinoline synthesis involving a suitably substituted nitrone

and DMAD may be formulated as follows (Scheme 3.8):

HsCO,C—==—CO0,CH,
36 Y(H) CO,CHs
N z OH
O ) 1. MeCN, reflux, 4h A
) ———— _
+} 2. H,C,04/Si0
_N x 20204810, (H)Y N” “ocH,

DCM, RT, 1h X
37
Y
23

z

Scheme 3.8
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In principle, substituents present at the 2-position of the N-aryl
group of parent nitrone ends up at the 8-position of quinoline product.
Similarly, substituents present at the 4-position of the N-aryl group will
appear at the 6-position of the product. Substituents present at the 3-
position of the N-aryl group may end up at either the 5- or 7- position of
the quinoline product. In order to broaden the scope of our methodology,
we propose to introduce different substituents at predetermined positions

of the quinoline product.

3.3.2.1. Introduction of groups specifically at the 6-
position of quinolines

We selected three different nitrones 29a-c to achieve our goal of
introducing a group specifically at the 6-postion of quinolines (Scheme
3.9). When nitrone 29a was reacted with DMAD under optimized
reaction conditions, quinoline 35a was generated in good yields.

CO,Me
O +,6 COZMe1. MeCN, reflux, 4hx | SO
—N | 2. HyC,0,/Si0, NZ “OMe
O Q CO,Me DCM.RT, 1h 35amc
2000 25 70-75%

(X=a) H, b) CHs, ¢) CI)

Scheme 3.9

In the IR spectrum of 35a, the ester carbonyl was identified by
the peak at 1723 cm™ and the —OH group at 3299 cm™. In the 'H NMR
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spectrum (Figure 3.6), the singlet signal at 6 9.31 (D,O-exchangeable)
was assigned to the —OH proton. The six methoxy protons were
identified by the singlet signal at & 4.0. All the other four protons of 35a
appeared in the & 8.07- 7.27 range in the *H NMR spectrum. In the **C
NMR spectrum (Figure 3.7), the signals at 6 164.6 and 6 161.4 were
assigned to the ester carbonyl carbon and the C=N attached to the

methoxy group respectively.

COOMe

10 [319 ég@é’l [} 5 r;q 3 2 1 ppm

Figure 3.6 *H NMR spectrum of 35a

L |11H ’ l’ ,

T T T T T T T T T T T T T T T T 1
2‘10 2:30 1'90 150 1"70 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure 3.7 **C NMR spectrum of 35a

When nitrone 29b bearing a methyl group at the 4-position of the

N-aryl group was reacted with DMAD under optimized reaction
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condtions, quinoline 35b bearing a methyl substituent at the 6-position
was exclusively generated in good yields. In the *H NMR spectrum of
35b (Figure 3.8), the —OH group was identified by the singlet signal at
the 5 9.22. The methyl group was identified by the singlet signal at 6 2.47
(s, 3H) and the two methoxy groups were identified at 6 3.99 (s, 3H) and
§ 3.98 (s, 3H) in the *H NMR spectrum. The aromatic protons attached to
C-5, C-7 and C-8 were identified by the singlet at & 7.83, doublet of a
doublet at & 7.20 and doublet at 6 7.32 respectively. The presence of
signals at & 164.7 and & 161.3 in the **C spectrum of 35b confirmed the
presence of ester carbonyl and C=N attached to methoxy group

respectively (Figure 3.9).

T i

Figure 3.8 *H NMR spectrum of 35b
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ORI 11 6 SV U N
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210 200 190 180 170 160 150 140 130 120 110 100 90 BO 70 60 50 40 30 20 10 ppm

Figure 3.9 **C NMR spectrum of 35b

Similarly, when nitrone 29c bearing a chlorine at the 4-position of
the N-aryl group was reacted with DMAD under optimized reaction
condtions, quinoline 35c¢ bearing a chlorine substituent at the 6-position
was exclusively generated in yields comparable with those obtained for
35a,b. In the *H spectrum of 35c, the —OH group was identified by the
peak at § 9.22 and in the *3C spectrum, the ester carbonyl and C=N group
were identified by the signals at & 163.7 and & 161.0 (Figure 3.10 and
3.11).

COOMe

cl L OH J"
NZ “OMe e
80
TR
J ] |

Wohe a7

Figure 3.10 *H NMR spectrum of 35¢c

T T T T T
15 14 13 12 1
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200 190 180 170 160 150 140 130 120 110 100 90 80 70 6 50 4 3H 2 10 0 pm
Figure 3.11 *C NMR spectrum of 35¢

We could, thus, successfully introduce both inductively electron
withdrawing and electron releasing groups specifically at the 6-postion of

quinolines.

3.3.2.2. Introduction of a methyl group specifically at
the 8-position of quinolines

We carried out the reaction of N-(9H-fluoren-9-ylidene)-2-
methylaniline oxide (32) with DMAD in acetonitrile under reflux
condition for 4 h. Quinoline 35d bearing the methyl substituent at the 8-

position was formed as the only isolable product in high yields (Scheme

3.10).
CO,Me
B} CO,Me OH
O .0 771, MeCN, reflux, 4h A
—N + 2. H,C,0,/Si0, NZ “OMe
O CoMe DCM.RT, 1h
32 25 35d

2%

Scheme 3.10

Presence of -OH group in the quinoline derivative 35d was
indicated by the broad band at 3371 cm™ in the IR absorption spectrum,
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which was further confirmed by presence of a singlet (D,O-
exchangeable) at § 9.16 in the *H NMR spectrum. The -CHs group in the
compound appeared as a singlet at 6 2.46 and the two —OCH3; groups
were identified at § 3.92 and & 3.91 in the "H NMR spectrum. Other three
protons of 35d appeared in the & 7.81 to & 7.07 range in the ‘H NMR
spectrum (Figure 3.12). In the *C NMR spectrum, the ester carbonyl
carbon and the C=N group were assigned by the signals at 6 163.6 and

160.6 respectively (Figure 3.13).

COOMe
OH

N™ “OMe

T T T T T T
16 14 13 12 1 10

W A8

Figure 3.12 *H NMR spectrum of 35d

¥ s

|
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200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

Figure 3.13 *3C NMR spectrum of 35d
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3.3.2.3. Introduction of chlorine at 7- or 8-position of
quinolines

When we conducted the reaction of 3-chloro-N-(9H-fluoren-9-
ylidene)aniline oxide (33) with DMAD in acetonitrile under reflux
condition, we were expecting two isomeric quinoline derivatives 35e and
35g. But a single isomer bearing the chloro substituent at the 7-position
was exclusively generated in this reaction (Scheme 3.11). Generation of
35g was not evident even in the GC-MS analysis of the reaction mixture.

CO,Me Cl COMe
- CO,Me OH OH
O Ne "1, MeCN, reflux, 4h |\ . N
—N * Il 2. HyC,04/Si0; () N OMe N “OMe
O @CI CoMe DCM.RT.1h 35e 359
33 25 60% not formed

Scheme 3.11

Structure of 35e was assigned on the basis of spectral and
analytical data. The broad peak at 3303 cm™ was assigned to the —OH
group in the IR absorption spectrum of 35e. The ester carbonyl was
indicated by the peak at 1738 cm™. In the *H NMR spectrum of 35e, the
singlet signal at 6 9.18 was assigned to the —OH proton (Figure 3.14).
The protons attached to C-6 and C-8 appeared at 6 7.91 (d, J = 8.8Hz, 1H)
and o 7.37 (s, 1H) respectively. The proton attached to C-5 appeared as a
doublet at 6 7.18 (d, J = 8.8Hz, 1H) and the two methoxy groups appeared
as singlets at § 3.93 and & 3.92. The *H NMR spectrum obtained for 35e

is consistent with that expected for a 7-substituted quinoline. In the *C
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NMR spectrum of 35e, the ester carbonyl carbon was indicated by the
signal at 6 164.1 (Figure 3.15).

COOMe

Q\)\IOH
o~

Cl OMe
T

5

N
T T
4 3

————
' 39
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! |

T T T T T T T T T T
15 14 13 12 1 10 9 8 7 6

T
2

-

Figure 3.14 'H NMR spectrum of 35e
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Figure 3.15 *C NMR spectrum of 35e

3.3.2.4. Synthesis of benzo(h)quinoline derivative

Versatility of our quinoline synthesis protocol was further
demonstrated by near-quantitative generation of benzo(h)quinoline
derivative 35f by the reaction of N-(9H-fluoren-9-ylidene)naphthalen-1-
oxide (34) with DMAD (Scheme 3.12). The reaction was conducted in

acetonitrile under reflux followed by hydrolysis in the same pot. The
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benzo(h)quinoline was separated out along with fluorenone by silica gel

column chromatography.

_ COzMe
o . 1. MeCN, reflux, 4
—N l 2. HyC,0,/Si0,
O OO CoMe DCM,RT, 1h
34 25

Scheme 3.12

The —OH group and the ester carbonyl group were indicated by
the broad peak at 3356 cm™ and the sharp peak at 1732 cm™ respectively
in the IR spectrum of 35f. The —OH group was confirmed by the singlet
signal (D,O-exchangeable) at & 10.19 in the *H NMR spectrum (Figure
3.16). The signal at & 164.8 in the "*C NMR spectrum of 35f indicated
the ester carbonyl carbon (Figure 3.17).

COOMe

A\l 1 1 1 T 1 1 1 L L T

% 14 13 122 1 1 9 8 7 ]

s
i em

Figure 3.16 *H NMR spectrum of 35f
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T T T T T

T 1 T T T T T 1 T T 1 T 1 I 1 T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure 3.17 *C NMR spectrum of 35f

3.4. Experimental section

3.4.1. General techniques

The general techniques employed are described in Chapter 2 of

this thesis.

3.4.2. Optimization studies.

In all experiments, 1:1 mixture of respective nitrones and
dimethylacetylenedicarboxylate (DMAD) in suitable solvents was
stirred under different condition for 4-12h. Different substrates,
solvents, concentration, reaction time and reaction temperature were
used and optimal conditions were used in individual runs. Workup of
the reaction mixture involved: removal of solvent under reduced
pressure, redissolving the residue in minimal amount of
dichloromethane, treatment with oxalic acid adsorbed on silica gel and

separation and purification of products by column chromatography.
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3.4.3. Optimized general procedure for one-pot
synthesis of quinoline derivatives.

In all reactions, a 1:1 mixture (1 mmol each) of respective
nitrones and dimethyl acetylenedicarboxylate (DMAD) in 10 mL of
acetonitrile was stirred under reflux for 4 h. After the complete
consumption of starting materials, solvent was evaporated off and the
residue was redissolved in dichloromethane (10 mL) in the same flask.
Oxalic acid (1 mmol) adsorbed on silica gel (1 g) was added to the same
pot and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, solvent was removed and the products were
isolated by column chromatography over silica gel using mixtures of
hexane and ethyl acetate as eluents. In all reactions, fluorenone was
formed as a by-product in yields comparable to those cited for
quinolines. Optimal consumption of starting materials was achieved by

recycling fluorenone.
3.4.3. Spectral and analytical data of significant
Compounds

3.4.3.1 Quinoline 35a  Off-white solid, 75%.
mp: 130-132 °C.

COOMe
_oH IRVmax (KBP): 3299, 2952, 2853, 1723,
N oMo 1631, 1614, 1526, 1333, 1172, 1089, 763

cm™,

'H NMR (400 MHz, CDCls): 69.31 (br s,
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1H), 8.06 (d, J = 8.4 Hz, 1H), 7.27-7.45
(m, 3H), 4.0 (s, 6H).
C NMR (100 MHz, CDCly): § 164.6,
161.4, 134.8, 128.1, 126.9, 126.0, 122.8,
122.6,112.0,111.9,52.7,51.8.
MS: m/z 233 (M"), 234 (M+1).
Elemental  analysis  calculated  for
Ci,H11NO4: C: 61.81, H: 4.76, N: 6.02.
Found: C: 61.76, H: 4.73, N: 5.94,

3.4.3.2. Quinoline 35b  vgjow solid, 75%.

mp: 135-137 °C.

IRVmax (KBr): 3294, 2946, 2553, 1717,
1691, 1592, 1380, 1256, 1182, 1063,
773 cm™

'H NMR (400 MHz, CDCl,): 69.22 (br
s, 1H), 7.83 (s, 1H), 7.32 (d, J = 8.8 Hz,

COOMe
\\-OH 1H), 7.20 (dd, J = 8.8, 1.2 Hz, 1.6Hz,
N7 OMe 1H), 3.99 (s, 3H), 3.98 (s, 3H), 2.47 (s,

3H).

3C NMR (100 MHz, CDCly): 6 164.7,
161.3, 133.2, 132.2, 127.9, 127.2, 122.0,
111.5,52.6,51.8, 21.6.

MS: m/z 247 (M"), 248 (M+1).
Elemental analysis calculated for
Ci3H13NO,: C: 63.17, H: 5.31, N: 5.69.
Found: C: 63.22, H: 5.33, N: 5.73.
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3.4.3.3. Quinoline 35¢  Dark yellow solid, 70%.
mp: 155-158 °C.
IRV (KBF): 3330, 2982, 2853, 1701,

COOMe 1675, 1588, 1526, 1448, 1274, 1110,
cl oM 997, 768 cm™.
N~ oMe 'H NMR (400 MHz, CDCl5): §9.22 (br

s, 1H), 8.00 (s, 1H), 7.30 (d, J = 8.8Hz,
1H), 7.26 (dd, J = 8.8, 2Hz, 1H), 3.93 (s,
3H), 3.92 (s, 3H).

3C NMR (100 MHz, CDCl,): 6 163.7,
161.0, 133.0, 131.3, 129.4, 128.6, 127.8,
126.6, 122.4,113.0, 111.4,52.9, 51.9.
MS: m/z 267 (M"), 268 (M+1).
Elemental analysis calculated for
Ci,H1,oCINO,: C: 53.84, H: 3.77, N:
5.28. Found: C: 53.89, H: 3.78, N: 5.28.

3.4.3.4. Quinoline 35d  Yellow solid, 72%.
mp: 140-143 °C.

cooMe IRVmax (KBr): 3371, 2937, 1753, 1686,
S, 1588, 1453, 1339, 1287, 1240, 1095,
N OMe 804 cm™.

'H NMR (400 MHz, CDCl;): 69.16 (br
s, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.07-
7.13 (m, 2H), 3.92 (s, 3H), 3.91 (s, 3H),
2.46 (s, 3H).
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3C NMR (100 MHz, CDCls): 6 163.6,
160.6, 133.6, 126.7, 125.5, 121.8, 120.2,
119.3,111.4,51.7,50.8, 15.5.
MS: m/z 247 (M"), 248 (M+1).
Elemental analysis calculated for
Ci3H13NO,: C: 63.14, H: 5.31, N: 5.66.
Found: C: 63.19, H: 5.38, N: 5.71.
3.4.3.5. Quinoline 35e¢  Dark yellow solid, 60%.
mp: 160-162 °C.
IRV (KBr): 3303, 2941, 2853, 1738,
1681, 1588, 1380, 1250, 1105, 814, 695
cm™,
'H NMR (400 MHz, CDCls): 69.18 (br
s, 1H), 7.91 (d, J = 8.8Hz, 1H), 7.37 (s,
. 1H), 7.16-7.19 (d, J = 8.8Hz, 1H), 3.93
. OH (s, 3H), 3.92 (s, 3H).
ol NZ ~OMe C NMR (100 MHz, CDCls): ¢ 164.1,
161.0, 134.9, 132.1, 128.7, 125.4,
124.0, 123.7, 112.1, 111.6, 90.3, 52.8,
52.0.
MS: m/z 267 (M"), 268 (M+1).
Elemental analysis calculated for
C12H1oCINO4: C: 53.87, H: 3.79, N:
5.24. Found: C: 53.80, H: 3.73, N: 5.19.
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3.4.3.6. Quinoline 35f

COOMe

O X OH
—
N~ "OMe

Brown solid, 70%.

mp: 180-182 °C.

IRvmax (KBr): 3356, 2946, 2848, 1732,
1649, 1603, 1448, 1240, 1053, 737 cm™.
'H NMR (400 MHz, CDCls): ¢ 10.19
(br, s, 1H), 8.16 (d, J = 8Hz, 1H), 8.0 (d,
J =9.2Hz, 1H), 7.92 (d, J = 7.2Hz, 1H),
7.54-7.63 (m, 3H), 4.02 (s, 3H), 4.01 (s,
3H).

3C NMR (100 MHz, CDCl,): 6 164.8,
161.7,132.0, 131.1, 128.9, 126.3, 126.1,
125.8,123.8, 123.7, 121.3, 120.7, 120.5,
113.7,52.7, 52.0.

MS: m/z 283 (M"), 284 (M+1).
Elemental analysis calculated for
CisH13NO,: C: 67.87, H: 4.65, N: 4.95.
Found: C: 67.93, H: 4.69, N: 5.04.
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CHAPTER 4

SYNTHESIS AND CHARACTERISATION OF A FEW
INDOLE-3-CARBOXYLATES

4.1. Abstract

In this chapter we describe the synthesis of a few indole derivatives by the reaction of

various nitrones with monodactivated acetylenes using the strategy developed in our lab.

4.2. Introduction

In this section a brief introduction to the synthesis of indoles is

presented.

4.2.1. Indoles

Indole unit, consisting of a benzene ring fused to a pyrrole system
is found in many naturally occurring compounds having physiological
activities. Prototypical example is tryptophan, an essential amino acid
needed for maintaining nitrogen balance and biosynthesis of
neurotransmitter serotonin®, which is believed to provide ‘mood balance’
(Figure 4.1).

NH,
5 4 3 CO,H NH,
ss Mo aes
6 N N N
7 HI H H
Indole Tryptophan Serotonin

Figure 4.1
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Many naturally occurring as well as synthetic indole-containing
compounds have profound medicinal applications.”** An important class
is ‘triptans’ used for the treatment of migraine. They include sumatriptan,
rizatriptan, zolmitriptan, frovatriptan etc. Other examples of indole-based
drugs include indomethacin, used for the treatment of rheumatoid
arthritis; ondasetron, used in the treatment of vomiting caused by
chemotherapy; fluvastatin, used for the treatment of cardiovascular
disease etc., (Figure 4.2). Indole derivatives also find application in dye

industry, perfume industry, agriculture etc.®

N—
o~
II N/ HN \ N/ ’)l \ /
- \/,, N N \=N N
H
H . .
N
Zolmitriptan Rizatriptan
Sumatnptan »—N
N \)

0]
Ondasetron | N COH
N\ N HyCO
N | B
N

Frovatrlpta 0

Cl Indomethacin

Figure 4.2
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4.2.1.1. General strategies for indole synthesis

One of the pioneering as well as the most renowned procedure is
the Fischer synthesis.'®*’ This involves the conversion of arylhydrazones
to indoles in the presence of Brgnsted or Lewis acid catalysts (Scheme
4.1). Subsequently numerous strategies were developed for the synthesis
of this versatile heterocycle. Over the past twenty years, several review

articles on indole synthesis have appeared in literature.’®?

R Ri
1 R R H R,
iy @ bt ® &0
NH ' &
NH o H
3 +
" |¥
H R4
Ry
NHg

-NH;

»TZ /§>\;U
Py
N

o T

Scheme 4.1

In 2011 Taber et al. published a review article with a view to
categorise the existing methodologies for indole synthesis in a systematic
manner.?® They assembled the strategies for indole synthesis into nine
groups. The nine classes as well as the well-known reactions associated
with each class are depicted in Figure 4.3.
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Type 9
Kanematsu

Hemetsberger

N

Buchwald

NH,

Type 5

Sundberg Type 6

Madelung

Figure 4.3

Taber classified indole synthesis strategies to nine different types
based on how the ‘last bond’ is formed. While type 1 and type 3 focus
on forming a bond to an unsubstituted aromatic carbon (Scheme 4.2),
type 2 and type 4 discuss the bond formation to a substituted aromatic
carbon (Scheme 4.3).
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(a) Type 1: Fischer synthesis'”
R

@ S G
NH o N

4

b) Type 3: Hemetsberger synthesis®°

CO,Et
\ CO,Et

Scheme 4.2

(a) Type 2: Mori synthesis?’
CO,Me CO,Me
©:Br/% Pd cat. ©\/\§
B —
TMEDA N
10 11%0
> KXo

b) Type 4: Buchwald synthesis®?

HCOQNHZ
Br Pd cat. Pd/C

12 14 F’h

Scheme 4.3

In the type 5 classification, the last step is the C-N bond
formation. Sundberg indole synthesis®® (Scheme 4.4a), and Julia indole

synthesis® (Scheme 4.4b) belong to this category.

117



Chapter 4 Synthesis and characterisation of a few indole-3-carboxylates

MeO 1. socl, MeO N
(b) _Ss
NH, 2. =\ N"0

lA
o
Meo\©\/\> Meoms
N NH;
I}

21 22

Scheme 4.4

The type 6 class involves the formation of C-C bond as the last
step. The famous Madelung indole synthesis comes under this category,
in which N-(alkylphenyl)alkanamides and related compounds are
converted to indoles in presence of a strong base (Scheme 4.5a).% In
2009, Doyle et al. reported an alternate route involving the Lewis acid
catalysed indole synthesis via intramolecular nucleophilic attack of

phenyldiazoacetates to iminium ions (Scheme 4.5b).%

\ R?
R! CH,R? Rl
\@[ O 3n-BuLi AN R3
@ N)JH\R3 N
23 H 24
COzMe
co
2 zn(0TH), \_gr
(b) N2 N
N“RR H
s N 26
Scheme 4.5
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The type 7 category includes the synthesis of indoles from
cycloalkanes®’ (Scheme 4.6a) whereas in type 8, the reactions involving
construction of benzene ring fused onto the existing pyrrole system, are
included (Scheme 4.6b).*®

(a) Type 7: Nenitzescu strategy
~” “NHBn
P 0
o 0% H NH,
(a resin-bound HO

enamine) N

TFA N

B

e 29

(b) Type 8: van Leusen strategy

Ph o)
Ts NC (o] —
| Ph~//_\\—/<
31 ]\
o N
32 H
30 DDQ
o)
Ph
N
N
H
33

Scheme 4.6

In the type 9 category, the simultaneous construction of both
rings of indole is included. This strategy was pioneered by Kanematsu et
al. in 1986 (Scheme 4.7).394
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1. CH,=0/CuBr A\
CI Ar /Per H jl\
O

2. DDQ Ar 97>0
ﬂ‘ C'Q
35

H

Scheme 4.7

A few examples for indole synthesis employing nitrones as
precursor molecules have already been reviewed in Chapter 1 of this
thesis. In the present work, we describe another nitrone-mediated
synthesis of indole derivatives using the strategy developed in our lab
(Scheme 4.8). Our method fits into type 5 indole synthesis formulated by
Taber. Methyl propiolate and methyl phenylpropiolate were used for the
present study intending to synthesise ester functionalised indoles. Indole
synthesis described herein bears close resemblance to quinoline synthesis
reported in Chapter 3 of this thesis. Our motivation behind indole
synthesis reported herein is also similar to that for quinoline synthesis
described in Chapter 3. Finding optimized reaction conditions,
introduction of ester functionality at the 3-position, and selective
introduction of desired functional groups at a particular position are
common themes for both Chapter 3 and Chapter 4. Since optimization
studies are described in Chapter 3, the same are not described in this
chapter. For indole synthesis, as in the case of quinoline synthesis,
reaction of N-aryl-C-fluorenylnitrone with acetylenic esters at 100 mM

concentration in refluxing acetonitrile for 4h was identified as the most
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appropriate condition. Synthesis of various indole targets were achieved
in excellent yields under these conditions.

B
Y(H) =0
V4
o ________ ey
(Y)H N
X H

Scheme 4.8

4.3. Results and Discussion

Various nitrones used in this study are listed in Figure 4.4.
Though nitrones 40 and 41 also gave the corresponding indoles in good
yields, we found fluorenylnitrones as better substrates for indole

synthesis. Hence 40 and 41 were eliminated at the optimization stage

3h o %}

39a- c 40a- c 41a-c 'y

{X a) H, b) CH3, ¢) CI

Fh- Fh. 8o

Figure 4.4
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Since one of our primary goals was to introduce an ester

functionality at the 3-position, we employed two acetylenic esters viz.

methyl propiolate and methyl phenylpropiolate. Structure of indoles

synthesized by us are given in Figure 4.5. Though methyl propiolate gave

expected indoles 46-54 in excellent yield, methyl phenylpropilate

behaved differently. In the reaction with 39a, methyl phenylpropiolate

gave 2-hydroxy-3-benzoylindole (55) instead of the expected methyl 2-

phenylindole-3-carboxylate (56) (vide infra). Hence we did not use

methyl phenylpropiolate for further investigations.

COOMe

COOMe COOMe COOMe COOMe
cl
\ N\ N\ N
N N N N
46 H a7 H 48 H 49
COOMe cooMe  C  cooMe
YO o
N N N
50 51 H 52 H

COOMe

55

COOMe o
oy L0
N N\ A\
o N H O OH O O
H N N
53 54 H 56

Figure 4.5

4.3.1. Expanding the scope of Indole synthesis

Reaction between N-fluorenylidene-N-arylnitrones and methyl

propiolate provides indoles with a carbomethoxy substituent at the 3-

position. Scope of indole synthesis is further enhanced by introduction of
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substituents selectively at the 4-, 5-, 6-, and 7- positions of indoles.

Herein, we describe our attempts in this direction.

4.3.1.1. Introduction of substituent specifically at the
5- position of Indoles

We carried out the reaction of nitrones 39a-c having different
substituents at the 4-position of N-aryl group with methyl propiolate (57)
(1:1 molar ratio) in acetonitrile under reflux condition. After the reaction
was complete, solvent was removed and hydrolysis of the products was
done in dichloromethane at room temperature, using oxalic acid adsorbed
on silica gel. The products were isolated by column chromatography over

silica gel using hexane/ethyl acetate mixture.

M
O . COzMe X Fo:Me
1@

1. MeCN reflux, 4h

2 H,C,04/510, N
DCM, RT, 1h
39a 46-48

80-84%

(X=a)H, b) CHj, ¢) CI)

Scheme 4.9

In the reaction of N-(9H-fluoren-9-ylidene)aniline oxide (39a)
with methyl propiolate (57), indole 46 was obtained in excellent yield.
Structure of 46 was ascertained on the basis of spectral and analytical

data. In the IR spectrum of 46, the ester carbonyl appeared at 1664 cm™
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and the —NH group at 3229 cm™. In the *H NMR spectrum (Figure 4.6),
the singlet signals at 6 8.66 and 6 3.86 indicated the —NH proton and

—CH3 protons respectively. The five aromatic protons appeared in the &
7.17-8.14 region in the *H NMR spectrum. In the *C NMR spectrum
(Figure 4.7), the signal at & 166.5 was assigned to the ester carbonyl

carbon.

H Llid_ , ik
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3
Figure 4.6 *H NMR spectrum of 46
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Figure 4.7 **C NMR spectrum of 46

In continuation, we examined the reaction of N-(9H-fluoren-9-
ylidene)-4-methylaniline oxide (39b) with methyl propiolate. As
expected, indole 47 having a methyl substituent at the 6- position was

generated as the only product. Similarly, reaction between 4-chloro-N-
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(9H-fluoren-9-ylidene)aniline oxide (39c) and methyl propiolate gave
indole 48 having a chloro substituent at the 6- position. Indoles 47 and 48
were identified by comparing their physical and spectral data with those
reported in literature.**? As in the case with quinolines reported in
Chapter 3, we could successfully introduce different groups at the 6-

position of indoles as well.

4.3.1.2. Introduction of methyl group specifically at the
7- position of indoles

For the synthesis of 7-methylindole derivative 49, we conducted
the reaction of N-(9H-fluoren-9-ylidene)-2-methylaniline oxide (42) with
methyl propiolate (57) (Scheme 4.10). After completion of the reaction,
solvent was removed and the residue was hydrolyzed using oxalic acid
adsorbed on silica gel in dichloromethane. Indole 49 was isolated by

column chromatography over silica gel.

O CO,Me
.0 COMe 1 Mecn, reflux, 4h N
e SR vy
2. H20204/S|02 H
O @ H DCM, RT, 1h Me
42 57 49
82 %
Scheme 4.10

The peaks at 1697 cm™ and 3289 cm™ in the IR spectrum of 49

correspond to the ester carbonyl and —NH group respectively. In the
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'H NMR spectrum (Figure 4.8), the —~NH proton appeared as a singlet at
d 8.62. The methoxy and methyl protons appeared at 6 3.84 and ¢ 2.42
respectively. The singlet at & 7.82 was assigned to the proton attached to
C-2. The doublet signals at 6 7.94 and 6 6.98 were assigned to protons
attached to C-4 and C-6 respectively. The proton at C-5 appeared as a
triplet at & 7.11. The *C NMR spectrum of 49 (Figure 4.9) showed
signals at 6 164.8, 134.7, 129.7, 124.4, 122.7, 121.2, 119.6, 118.2, 108.2,
50.0 and 15.5. Of these, the signal at 6 164.8 was assigned to the ester
carbonyl carbon. The methyl and methoxy carbons were indicated by the
signals at 6 15.5 and 6 50.0 respectively.

|
o OMe
[: | \;
N
H
e |
5@5

1 ppm

15 “ 13 12 1" 10

-~ -

Wad

Figure 4.8 *H NMR spectrum of 49

Figure 4.9 *C NMR spectrum of 49
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4.3.1.3. Introduction of substituents at 4- and 6-
positions of indoles

For the synthesis of indole derivatives with substituents either at
4- or 6- positions we conducted the hydrolysis of the products obtained
by the reaction of nitrones bearing meta substituent with methyl
propiolate. This is illustrated by the reaction of N-(9H-fluoren-9-
ylidene)-3-methylaniline oxide (43) with methyl propiolate (57) (Scheme
4.11). After the hydrolysis we obtained a 3:1 mixture of 4- and 6-methyl
substituted indole derivatives 50 and 51. The structures of these isomers

were established on the basis of spectral and analytical data.

Me  co,Me CO,Me

O . CO,Me
N’O +H 1. MeCN, reflux, 4h +/®
._ 2. H,C,0,/Si0, H Me ”
H DCM, RT, 1h
M 3 y
O 43 G © 57 50 >

63 % 21 %

Scheme 4.11

In the *H NMR spectrum of 50 (Figure 4.10), the singlet signals
at 6 8.64, 5 3.88 and & 2.88 were assigned to —NH proton, methoxy
protons and methyl protons respectively. The singlet at 6 7.94 and the
doublet at & 7.05 were assigned to protons attached to C-2 and C-5
respectively. The protons at C-6 and C-7 were indicated by triplet signals
at 6 7.17 and & 7.26 respectively.
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Figure 4.10 *H NMR spectrum of 50
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The 'H NMR spectrum of 51 (Figure 4.11) contained singlet
signals at 6 8.41, 6 3.91 and & 2.47 are attributable to the -NH, methoxy
and methyl protons. The singlet signals at 6 7.85 and &6 7.20 were
assigned to the protons attached to C-2 and C-7 respectively. The doublet
signals at & 8.06 and & 7.09 were assigned to the protons at C-4 and C-5

o)
OMe
| N
N
H

81807978 777675747372 ppm
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Figure 4.11 *H NMR spectrum of 51

respectively.

1" 13 12 " 10
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Existence of the isomers in a 3:1 ratio was indicated by GC-MS
analysis of the reaction mixture (Figure 4.12).

Me  co,Me CO.Me

Qo Iy
N
HMe

50 51
major minor

2 € 902 min: L

"

.nnssssaii?[i 8#38%23%8!'

-

Figure 4.12 GC-MS spectrum of the mixture of 50 and 51
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Similarly, in the reaction of 3-chloro-N-(9H-fluoren-9-
ylidene)aniline oxide (44) with methyl propiolate (57), 4- and 6-
substituted indole derivatives 52 and 53 were formed. Though we could

not separate these compounds in pure form, GC-MS analysis of the
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mixture showed the existence of these compounds in 3:1 ratio (Figure
4.13). The results obtained in the reaction between N-(9H-fluoren-9-
ylidene)-3-methylaniline oxide (43) and methyl propiolate, prompted us

to assign 4-substituted indole 52 as the major isomer.

Cl co,Me CO;Me

gsiien
N
N H

52 53
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Figure 4.13 GC-MS spectrum of the mixture of 52 and 53
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4.3.1.3.1. Proposed mechanism for the formation of 4-
and 6- substituted indoles

Mechanism for the generation of 4- and 6-substituted indoles is
demonstrated in Scheme 4.12 by taking the reaction between 43 and
methyl propiolate (57) as an illustrative example. The zwitterionic
intermediate formed by the reaction of nitrone 43 with methyl propiolate
has two possible orientations, 58a and 58b. Due to van der Waals
repulsion, 58b is the less favoured and hence less populated rotamer.
Both rotamers undergo aza-Cope rearrangement followed by
aromatisation to furnish adducts 60b and 65b. These adducts then
undergo hydrolysis, with the expulsion of fluorenone to generate the
corresponding indole derivatives 50 and 51. Based on the spectral and
analytical measurements, indole derivative 50, generated from the major

rotamer 58a, is identified as the major product.
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4.3.1.4. Synthesis of benzo|[g]indole derivative 54

In order to further broaden the scope of the novel indole synthesis
protocol, we attempted synthesis of a benzo[g]indole derivative. We
conducted the ‘one-pot, addition followed by hydrolysis’ strategy for the
synthesis of bezo[g]indole derivative 54, using N-(9H-fluoren-9-
ylidene)naphthalene-1-oxide (45) and methyl propiolate (57) as

precursors (Scheme 4.13). The product was isolated after column
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chromatography over silica gel, along with fluorenone in near-

quantitative amounts.

(0]
OMe

O 5 COMe \ieCN, reflux, 4h N
+ _— >

—N l 2. HyC,0,/Si0, | N

DL TR O

45 57 54

89%

Scheme 4.13

In the IR spectrum of 54, the ester carbonyl was indicated by the

peak at 1598 cm™. In the 'H NMR spectrum (Figure 4.14), the —NH
proton was assigned at 6 9.67. The ester carbonyl carbon was assigned by

the signal at & 162.4 in *C NMR spectrum (Figure 4.15).

ONe

T T T T T T T T T T T
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Figure 4.14 *H NMR spectrum of benzo[g]indole 54
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Figure 4.15 *C NMR spectrum of benzo[g]indole 54

4.3.1.5. Reaction of N-fluorenylidene-N-phenylnitrone
(39a) with methyl phenylpropiolate (68)

In the reaction of N-(9H-fluoren-9-ylidene)aniline oxide (39a)
with methyl phenylpropiolate (68), based on our earlier experience with
methyl propiolate (57), we were expecting the formation of indole-3-
carboxylate 56. Contrary to our expectation, the reaction took a different

course leading to another product identified as indole 55.

COOMe

COOMe 1. ACN, reflux, 4h \ / O A\ O
2. HyC,04-510,, /\ N
I DCM, RT,1h H
56
Ph
68
() *5
o - i
@\ 1. ACN, reflux, 4h OH (0]
39a - /
2. H,C,0,-Si0, O 0 O \_on
DCM, RT, 1h N g
H H
55a 55b
82%
Scheme 4.14
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Structure of indole 55 was arrived at on the basis of spectral and
analytical data. In the IR spectrum of 55 carbonyl stretching frequency
was observed at 1659 cm™. In the *H NMR spectrum (Figure 4.16), the
signal at & 8.87 (D,O-exchangeable) corresponds to —NH proton.
Aromatic protons appeared in the & 6.86-7.81 region. Interestingly, signal
corresponding to the methyl group was missing here indicating further
transformation of the ester functionality. In the *C NMR spectrum
(Figure 4.17), two signals corresponding to carbonyl carbons are
observed at 6 173.7 and 6 171.8. It appears that 55 is existing in solution
as an equilibrium mixture of tautomers 55a and 55b.

F

U 1 T T T T T

14 13 12 11 10 5 4 3 2 1 ppm

H f T*W ﬁ A

Figure 4.16 *H NMR spectrum of 55

-
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Figure 4.17 *C NMR spectrum of 55
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Structure of 55 was further confirmed from X-ray diffraction
studies (Figure 4.18). It appears that, in the solid state, the compound

exists exclusively as tautomer 55a.

Figure 4.18 ORTEP diagram of molecular structure of 55

Mechanism for the generation of 55 is understood in terms of the
pathways indicted in Scheme 4.15. The zwitterionic intermediate 69 is
generated through Michael type addition of nitrone (39a) to methyl
phenylpropiolate (68). It then undergoes an aza-Cope rearrangement to
furnish 71b, which upon hydrolysis, with the expulsion of fluorenone
(61), generates anilinoketoester 73. Compound 73 has two potential sites
for intramolecular attack by the amine nucleophile: the ester-carbonyl
and the keto-carbonyl. Attack on ketocarbonyl will produce the expected
indole 56 (see inset in Scheme 4.15), while attack on ester carbonyl will
lead to the generation of 55. It appears that intramolecular nucleophilic
substitution leading to cyclization with loss of methoxy group is the

preferred pathway here.
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4.3.2. Summary

We have successfully expanded the scope of the ‘simple and
highly atom-efficient strategy for the synthesis of highly substituted
indole derivatives’ developed in our lab, by the reaction of N-(9H-
fluoren-9-ylidene)arylamine oxides with methyl propiolate and methyl
phenylpropiolate (Scheme 4.16).
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Scheme 4.16

Based on the current results we could deduce the merits and limitations

of this novel strategy as follows:

Q) This strategy allows introducing a desired substituent at a
predetermined position.

(i) The substituents at C-2 and C-3 positions solely depend up
on the dipolarophiles used. However the substituent at the
C-3 position, by default, should be an electron withdrawing
group. In some cases it is not possible to predict the C-2 and
C-3 substituents.
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(iii)  Itis not possible to introduce substituents exclusively at C-4
and C-6 positions — a mixture of C4- and C-6 substituted

indoles are generated.

4.4. Experimental section

4.4.1. General techniques

Described in Chapter 2 of this thesis.

4.4.2. General procedure for the one-pot synthesis of
indole derivatives.

In all reactions, a 1:1 mixture (1 mmol each) of nitrone and
acetylene in 10 mL of acetonitrile was stirred under reflux for 4 h. After
the complete consumption of starting materials, solvent was evaporated
off and the residue was redissolved in dichloromethane (10 mL) in the
same flask. Oxalic acid (1 mmol) adsorbed on silica gel (1 g) was added
to the same pot and the mixture was stirred at room temperature for 1 h.
After the completion of the reaction, solvent was removed and the
products were isolated by column chromatography over silica gel using
mixtures of hexane and ethyl acetate as eluents. In all reactions,
fluorenone was formed as a by-product in yields comparable to those
cited for indoles. Optimal consumption of starting materials was

achieved by recycling fluorenone.

139



Chapter 4 Synthesis and characterisation of a few indole-3-carboxylates

4.4.3. Spectral and analytical data of significant
Compounds

4.4.3.1.Indole 46 Off-white solid***, 84%.
mp: 145-147 °C.
IR (KBr): 3229, 3005, 2936, 1664,
1525, 1440, 1201, 739 cm™.
'H NMR (400 MHz, CDCly): & 8.66 (br

% ome s, 1H), 7.17-8.14 (5H), 3.86 (s, 3H).
©|\/§ ¥C NMR (100 MHz, CDCly): & 184.4,
N 136.1, 131.1, 125.8, 123.2, 122.1, 121.5,
111.6, 51.2.

MS: m/z 175 (M), 176 (M+1).
Elemental analysis calculated for
C1oHgNO,: C: 68.54, H: 5.19, N: 8.01.
Found: C: 68.49, H: 5.14, N: 8.03.

4.4.3.2. Indole 47 Pale yellow solid*"*, 84%.
mp: 163-164 °C.
IR (KBr): 3242, 2920, 2848, 1671,
1531, 1448, 1359, 1152, 731 cm™.
O\ onte '"H NMR (400 MHz, CDCls): 6 8.52 (br
\@ s, 1H), 7.91 (s, 1H), 7.79 (s, 1H), 7.21
(d, J = 8.4 Hz, 1H), 7.02 (dd, J; = 1.6
Hz, J, = 8.4 Hz, 1H), 3.85 (s, 3H), 2.42

(s, 3H).
3C NMR (100 MHz, CDCl,): 6 164.7,

Iz _
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4.4.3.3. Indole 48

o)

OMe
Cl
|

Iz _

4.4.3.4. Indole 49

133.4,130.6, 129.9, 125.1, 123.8, 120.2,
110.1, 107.3, 49.9, 20.5.

MS: m/z 189 (M"), 190 (M+1).
Elemental analysis calculated for
CuiH11NO,: C: 69.84, H: 5.85, N: 7.41.
Found: C: 69.88, H: 5.87, N: 7.44.

Yellow solid, 80%.

mp: 190-195 °C.

IR (KBr): 3304, 2946, 1675, 1592,
1531, 1448, 1385, 1198, 892, 768 cm™.
'H NMR (400 MHz, CDCls): ¢ 8.67 (br
s, 1H), 8.16 (s, 1H), 7.92 (s, 1H), 7.32
(d, J =8.8 Hz, 1H), 7.23 (dd, J = 2, 8.8
Hz, 1H), 3.93 (s, 3H).

3C NMR (100 MHz, CDCls): ¢ 165.1,
134.4,132.0, 128.1, 126.9, 123.7, 121.2,
112.5, 108.8, 51.2.

MS: m/z 209 (M"), 210 (M+1).
Elemental analysis calculated for
CioHsCINO,: C: 57.31, H: 3.86, N:
6.67. Found: 57.29, H: 3.85, N: 6.68.

Pale yellow solid**®, 82%.

mp: 161-163 °C.

IR (KBr): 3289, 3019, 2952, 1697,
1614, 1531, 1442, 1318, 1204, 1131,

141



Chapter 4

Synthesis and characterisation of a few indole-3-carboxylates

OMe

Iz _

4.4.3.5. Indole 50

OMe
| ;

Iz _

783, 711 cm™.

'H NMR (400 MHz, CDCls): 6 8.62 (br
s, 1H), 7.94 (d, J = 8 Hz, 1H), 7.83 (s,
1H), 7.11 (t, J = 8 Hz, 1H), 6.98 (d, J =
7.2 Hz, 1H), 3.84 (s, 3H), 2.42 (s, 3H).
3C NMR (100 MHz, CDCl,): 6 164.8,
134.7,129.7, 124.4, 122.7, 121.2, 119.6,
118.2, 108.2, 50.0, 15.5.

MS: m/z 189 (M"), 190 (M+1).
Elemental analysis calculated for
C1iH11NO,: C: 69.83, H: 5.86, N: 7.40.
Found: C: 69.77, H: 5.80, N: 7.43.

Off-white solid*, 63%.

mp: 160-163 °C.

IR (KBr): 3289, 2920, 2853, 1673,
1614, 1514, 1442, 1406, 1354, 1178,
1053 cm™.

'H NMR (400 MHz, CDCl,): 6 8.64 (br
s, 1H), 7.94 (s, 1H), 7.26 (t, J = 6.4 Hz,
1H), 7.17 (t, J = 6.4 Hz, 1H), 7.05 (d, J
= 5.6 Hz, 1H), 3.87 (s, 3H), 2.87 (s,
3H).

3C NMR (100 MHz, CDCl,): 6 165.2,
136.9, 132.5, 131.9, 124.5, 124.0, 123.4,
109.7, 109.2, 51.1, 30.9.

MS: m/z 189 (M*), 190 (M+1).
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Elemental analysis calculated for

C11H11NO,: C: 69.85, H: 5.85, N: 7.41.

Found: C: 69.89, H: 5.87, N: 7.44.

4.4.3.6.Indole 51 Off-white solid*, 21%.

mp: 158-161 °C.

IR (KBr): 3247, 2920, 1675, 1540,

1437, 1364, 1198, 1147, 1043 cm™.

'H NMR (400 MHz, CDCls): 68.41 (br

s, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.85 (s,
0 1H), 7.20 (s, 1H) 7.09 (d, J = 8Hz, 1H),

OMe
ﬁ§ 3.91 (s, 3H), 2.47 (s, 3H).
3C NMR (100 MHz, CDCl5): ¢ 162.0,

142.0,141.1, 134.1, 133.4, 130.3, 123.8,
121.2,111.3,51.0, 21.63.

MS: m/z 189 (M"), 190 (M+1).
Elemental analysis calculated for
C11H11NOy: C: 69.83, H: 5.85, N: 7.40.
Found: C: 69.75, H: 5.80, N: 7.36.

Iz _

4.4.3.7. Pale brown solid***", 89%.
Benzo[g]indole 54 mp: 202-205 °C.
IR (KBr): 3346, 2937, 2853, 1598,
O ome 1406, 1376, 1115, 1074, 991 cm™.
| { 'H NMR (400 MHz, CDCls): 6 9.67 (br
O N s, 1H), 8.10 (d, J = 8 Hz, 1H), 7.91 (d, J

= 7.6 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H),
7.32-7.60 (m, 4H), 3.98 (s, 3H).
3C NMR (100 MHz, CDCls): 6 162.4,
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132.7, 132.0, 129.0, 126.1, 125.7, 125.5,
123.8, 122.2, 121.8, 121.26, 120.3,
110.2, 52.0.

MS: m/z 225 (M"), 226 (M+1).
Elemental analysis calculated for
CuH1iNO,: C: 74.65, H: 4.92, N: 6.23.
Found: C: 74.61, H: 4.88, N: 6.20.

4.4.3.8.Indole 55 Off-white solid®, 82%.
mp: 179-180 °C.
IR (KBr): 3184, 3048, 1659, 1617,
1459, 1310, 1200, 964 cm™.
'H NMR (400 MHz, CDCl,): 6 8.87 (br

O s, 1H), 7.52-7.81 (5H), 6.86-7.17 (m,

o 4H).
O o 3C NMR (100 MHz, CDCl): ¢ 173.7,
N 171.8, 136.4, 134.1, 131.5, 128.7, 128.4,

126.0, 122.1, 121.9, 120.0, 110.3, 101.8.
MS: m/z 237 (M"), 238 (M+1).
Elemental analysis calculated for
CisH11NOy: C: 75.94, H: 4.67, N: 5.90.
Found: C: 75.88, H: 4.63, N: 5.87.

144



Chapter 4 Synthesis and characterisation of a few indole-3-carboxylates

4.5 References

1.
2.

10.
11.

12.

13.

14.

15.

16.

17.
18.

Berger, M.; Gray, J.A.; Roth, B.L. Annu. Rev. Med. 2009, 60, 355.
Sundberg, R. J. The Chemistry of Indoles; Academic Press: New York,
1970.

Sugden, J. K.; Yoloye, T. O. Pharm. Acta Helv. 1978, 53, 65.

Sundberg, R. J. Indoles; Ed.; Academic Press: London, 1996.

Rahman, A.; Basha, A. Indole Alkaloids; Harwood Academic:
Amsterdam, 1998, 141.

Gupta, R. R. Heterocyclic Chemistry; Vol. 2; Springer: New York, 1999,
2,193.

Horton, D. A.; Bourne, G. T.; Smythe, M. L. Chem. Rev. 2003, 103, 893.
Somei, M.; Yamada, F. Nat. Prod. Rep. 2004, 21, 278.

Somei, M.; Yamada F. Nat. Prod. Rep. 2005, 22, 73.

Kawasaki, T.; Higuchi, K. Nat. Prod. Rep. 2007, 24, 843.
Kochanowska-Karamyan, A. J.; Hamann, M. T. Chem. Rev. 2010, 110,
4489.

Gribble, G. W. Heterocyclic Scaffolds Il: Reactions and Applications of
Indoles (Topics in Heterocyclic Chemistry), Springer, 2010, 26.

Biswal, S.; Sahoo, U.; Sethy, S.; Kumar, H. K. S.; Banerjee, M. Asian J.
Pharm. Clin. Res. 2012, 5, 1.

Kaushik, N. K.; Kaushik, N.; Attri, P.; Kumar, N.; Kim, C. H.; Verma, A.
K.; Choi, E. H. Molecules 2013, 18, 6620.

Barden, T. C. Top. Heterocycl. Chem. 2011, 26, 31.

Fischer, E.; Jourdan, F. Ber. Dtsch. Chem. Ges. 1883, 16, 2241.
Robinson, B. Chem. Rev. 1969, 69, 227.

Gribble, G. W.; Contemp. Org. Synth. 1994, 1, 145.

145


http://www.springer.com/series/7081

Chapter 4 Synthesis and characterisation of a few indole-3-carboxylates

19.
20.
21.
22.
23.
24,
25.
26.

27.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.

38.
39.

40.

Gilchrist, T. L. J. Chem. Soc., Perkin Trans. 1, 1999, 2849.

Gribble, G. W. J. Chem. Soc., Perkin Trans. 1 2000, 1045.

Gribble, G. W. Pure Appl. Chem. 2003, 75, 1417.

Humphrey, G. R.; Kuethe, J. T. Chem. Rev. 2006, 106, 2875.

Kruger, K.; Tillack, A.; Beller, M. Adv. Synth. Catal. 2008, 350, 2153.
Russel, J. S.; Pelkey, E. T. Prog. Heterocycl. Chem. 2009, 20, 122.

Patil, S. A.; Patil, R.; Miller, D. D. Curr. Med. Chem. 2009, 16, 2531.
Palmisano, G.; Penoni, A.; Sisti, M.; Tibiletti, F.; Tollari, S.; Nicholas, K.
M. Curr. Org. Chem. 2010, 14, 2409.

Cacchi, S.; Fabrizi, G.; Goggiamani, A. Org. Biomol. Chem. 2011, 9, 641.
Patil, S. A.; Patil, R.; Miller, D. D. Curr. Med. Chem. 2011, 18, 615.
Taber, D. F.; Tirunaharai, P. V. Tetrahedron, 2011, 67, 7195.

MacLeod, J. K.; Monahan, L. C. Tetrahedron Lett. 1988, 29, 391.

Mori, M.; Chiba, K.; Ban, Y. Tetrahedron Lett. 1977, 18, 1037.

Aoki, K.; Peat, A. J.; Buchwald, S. L. J. Am. Chem. Soc. 1998, 120, 3068.
Sundberg, R. J.; Lin, L.-S.; Blackburn, D. E. J. Heterocycl. Chem. 1969,
6 441.

Baudin, J.-B.; Julia, S. A. Tetrahedron Lett. 1986, 27, 837.

Houlihan, W. J.; Parrino, V. A.; Uike, Y. J. Org. Chem. 1981, 46, 4511.
Zhou, L.; Doyle, M. P. J. Org. Chem. 2009, 74, 9222.

Ketcha, D. M.; Wilson, L. J.; Portlock, D. E. Tetrahedron Lett. 2000, 41,
6253.

Moskal, J.; van Leusen, A. M. J. Org. Chem. 1986, 51, 4131.

Hayakawa, K.; Yasukouchi, T.; Kanematsu, K. Tetrahedron Lett. 1986,
27, 1837.

Hayakawa, K.; Yasukouchi, T.; Kanematsu, K. Tetrahedron Lett. 1987,
28, 5895.

146


http://pubs.rsc.org/en/journals/journal/p1

Chapter 4 Synthesis and characterisation of a few indole-3-carboxylates

41.

42.
43.

44,

45.

46.

47.
48.

Hopkins, C. R.; Czekaj, M.; Kaye, S. S.; Gao, Z.; Pribish, J.; Pauls, H.;
Liang, G.; Sides, K.; Cramer, D.; Cairns, J.; Luo, Y.; Lim, H-K_; Vaz, R,;
Rebello, S.; Maignan, S.; Dupuy, A.; Mathieue, M.; Levella, J. Bioorg.
Med. Chem. Lett. 2005, 15, 2734.

Yamazaki, K.; Nakamura, Y.; Kondo, Y. J. Org. Chem. 2003, 68, 6011.
Ji, X.; Huang, H.; Wu, W.; Li, X.,; Jiang, H. J. Org. Chem. 2013, 78,
11155.

Satoshi Hirano, S.; Akai, R.; Shinoda, Y.; Nakatsuka, S-i. Heterocycles
1995, 41, 255.

Mongel, A.; Palopl, J.; Ramirez, C.; Font, M.; Fernandez-A. E. Eur. J.
Med. Chem. 1991, 26, 179.

Mitchell, G.; Rees, C. W. J. Chem. Soc. Chem. Commun. 1986, 399.
Mitchell, G.; Rees, C. W. J. Chem. Soc. Perkin. Trans. 1987, 413.
Natarajan, R.; Rappai, J. P.; Unnikrishnan, P. A.; Radhamani, S.;
Prathapan, S. Synlett 2015, 26, 2467.

147






CHAPTER 5

REACTION OF N-(2,6-DIMETHYLPHENYL) AND N-(2,4,6-
TRIMETHYLPHENYL)NITRONES WITH DMAD

5.1. Abstract

In this chapter we describe the reaction of N-(2,6-dimethylphenyl) and N-(2,4,6-
trimethylphenyl)-C-fluorenylidenenitrones with DMAD. Our aim is to revisit the mechanism
of isoxazoline-oxazoline rearrangement proposed by Baldwin et al. in the reaction of a similar
nitrone with DMAD.

5.2. Introduction

Nucleophilic addition of N-arylnitrones to electron deficient
acetylenes followed by [3,3]-sigmatropic shift involving the ortho-
position of the N-aryl substituent lie at the core of novel indole and
quinoline synthesis discovered by us.' Since formal dipolar addition to
give the corresponding isoxazolines is a competing reaction for nitrones,
improving product selectivity towards quinolines and indoles is key to
improving the utility of our method. Our attempts to maximize the yield
of the aforementioned heterocycles are described in previous chapters of
this thesis. Since the ortho-positions are involved in the ensuing
sigmatropic rearrangement, blocking the key ortho-positions of the N-
aryl substituent can drive the reaction to other directions. In this chapter
we describe our investigations on a N-arylnitrones bearing methyl
substituents at the 2,6- and 2,4,6-positions. Mechanistic studies on our

novel two-step one-pot strategy for quinolines and indoles have revealed
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that at least one of the ortho positions should be free in the N-phenyl ring
of the nitrone precursors to facilitate the cyclisation process leading to
the target molecules. So we decided to carry out reactions of nitrones
bearing substituents at both ortho positions with DMAD so that we
would possibly be able to isolate isoxazolines or related systems which
were not obtained in earlier cases. Earlier reports suggest that
isoxazolines are unstable and hence undergo facile in situ rearrangement
to the corresponding oxazolines or products derived thereof. Baldwin et
al. in 1968, proposed a mechanism for isoxazoline-oxazoline
rearrangement in the reaction of N-(2,4,6-trimethylphenyl)-C-
methylenenitrone with DMAD.?® By using similar nitrones with C-
fluorenyl counterpart, we wanted to check whether it would be possible

to isolate any of the intermediates proposed by Baldwin.

5.2.1. Baldwin’s proposal and related literature

Baldwin et al. in a pivotal communication, described the
rearrangement of isoxazoline to oxazoline in the reaction of nitrone 1
with DMAD (2). The initially isolated acylaziridine intermediate 4
under thermal condition (toluene, reflux) rearranged to the oxazoline 7
via a zwitterionic intermediate (azomethine ylide 8). Oxazoline 7 was not
isolated; apparently it readly got hydrolysed to an eneamine 6 along with
formaldehyde (5). Isolation of the eneamine 6 was considered as an
indirect evidence for the existence of oxazoline 7 (Scheme 5.1).

Ironically, though the mechanism is proposed for isoxazoline to

150



Chapter 5 Reaction of N-(2,6-dimethylphenyl) and N-(2,4,6-trimethylphenyl)nitrones with DMAD

oxazoline rearrangememt, neither of these could be isoalted and their
formation is postulated on the basis of situational evidence. Reactions
similar to these transformations were later reported by El-Din* and

Romeo.’

MeO,C. CO,Me CO,Me

HoCs g, -0 CO,Me z—<— S MCOZMe

el S U e O
COzMe

-
N
[
w ::
L
'S
-

Scheme 5.1

Rearrangement of isoxazoline to oxazoline was initiated by the
cleavage of N-O bond having low thermochemical stability which was
furthur weakened by the N-aryl substitution. On the other hand, N-
alkylisoxazolines are stable and could be isolated in high yields.® For the
ring opening of isoxazolines, two possibilities viz. a concerted pathway’
and the homolytic cleavage of the N-O bond at the rate limiting step,®°
have been proposed.' Isolation of the intermediates in isoxazoline-
acylaziridine-azomethine ylide sequence is often difficult since
secondary interactions usually lead to a number of products such as

pyrroles (15),29%%%° 2 3-dihydrooxazoles (14),® piperazines (16)% etc.
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(Scheme 5.2).*° Georgiev et al. in 1990, reported an additional proof for
this reaction sequence by isolating acylaziridine from a nitrone-DMAD
reaction (Scheme 5.3).*! Recently a microwave assisted rearrangement of
isoxazolines to cis-acylaziridines was reported by Vrancken and
Campagne.®® Eberbach et al. in 2003, reported the access to isolable
azomethine ylides by the photochemical transformation of 2,3-
dihydroisoxazoles.*® The reactivity profile of isoxazoline, aziridine

derivatives, and azomethine ylides have been reviewed recently. ™33
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N
\ toluene toluene N-Me
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\

Me MeOZC o COzMe
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Scheme 5.3
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Jones et al. in 2015 reported a base catalysed rearrangement of 3-
aryltetrahydrobenzisoxazoles to 2-aryltetrahydrobenzoxazoles.®* Initial
step in this conversion is the Boulton—Katritzky ring transposition®’*
forming 22. It then undergoes a Neber rearrangement™ to produce an
aziridine intermediate 23 which is expected to be in equilibrium with a
nitrile ylide 24. Finally, 24 rearranges to the oxazole system (Scheme

5.4).

Cs,CO; ° R
THF, reflux N R
. HO Y
O

R1
R4 9 examples
2 28-87% yield
* R3Boulton Katritzky ) 2R =
.\ l rearrangement R
o) R
NI
0N R oH C 5
S
507
2 4 (0] QQI(\QQ’ R4
R s R &2 R3  Nitrile ylide
2 R \&k 24
HO
R1
23

Scheme 5.4
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5.3. Results and discussion

We have selected two fluorenylidene nitrones 25 and 26 for the
present study (Figure 5.1). Nitrones 25 and 26 were prepared by the

procedures described in Chapter 2 of this thesis.

5y oY
Figure 5.1

5.3.1. Reaction of N-(9H-fluoren-9-ylidene)-2,6-
dimethylaniline oxide with DMAD

Reaction of N-(9H-fluoren-9-ylidene)-2,6-dimethylaniline oxide
(25) with DMAD (27) was conducted in acetonitrile under reflux
condition. When the starting materials were completely consumed, the
reaction mixture was concentrated and subjected to column
chromatography over silica gel. We obtained three products and on
analysing CHN and mass data, two of them were identified as 1:1
adducts of nitrone and DMAD and the remaining one as a 1:2 adduct
(one equivalent of nitrone is added to two equivalents of DMAD)
(Scheme 5.5).

Structure of 1:2 adduct obtained as the first fraction from column
chromatography {20-30% (EtOAc/hexane)} was arrived at on the basis

of spectral data. In the IR spectrum, the ester carbonyl group appeared at
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1698 cm.™ In the *C NMR spectrum (Figure 5.4) the peaks at & 166.8,
166.5, 165.2, 164.1 and 163.6 indicated three different ester carbonyls
and the -C=N group. Appearance of two singlets at 6 1.87 (3H) and 6
1.24 (3H) in the *H NMR spectrum (Figure 5.3) indicated the presence of

two methyl groups in different environments, which was further
confirmed by the peaks at & 24.0 and & 14.7 in the **C NMR spectrum.
Presence of four methoxy groups was indicated by the singlets at 6 3.84
(3H), 6 3.70 (6H), and 6 3.06 (3H) respectively in the '"H NMR spectrum.
Presence of quaternary carbon atoms and the methoxy carbons was
indicated by the peaks at 6 80.8, 55.3, 52.7, 52.4, 52.0, 51.8 and 49.5 in
the *C NMR spectrum. Presence of a -CH group was indicated by the
signal at & 4.40 (dd, J = 1.6, 6.4 Hz, 1H) in the *H NMR spectrum. On
the basis of all the spectral data, we propose the structure 28 (Figure 5.2)
for the 1:2 adduct. It may be mentioned here that earlier investigators
from our lab had isolated a similar 1:2 adduct in the reaction between

nitrone 25 and dibenzoylacetylene.*

Figure 5.2
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Figure 5.3 *H NMR spectrum of 28
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Figure 5.4 **C NMR spectrum of 28

Among the two 1:1 adducts, the major dipolar species was
obtained as the second fraction from column chromatography {50-80%
(EtOAc/hexane)}. The peak at 1678 cm™ in the IR spectrum indicated
the presence of ester carbonyl. *C NMR spectrum (Figure 5.7) revealed
different carbonyl environments in the compound by the peaks at o
170.6, 168.0, 164.1 and 162.5. Presence of two methyl groups was
indicated by the signal at & 2.27 (s, 6H) in the *H NMR spectrum (Figure
5.6) and confirmed by the peak at & 18.1 in the **C NMR spectrum. It is
interesting to note that unlike in the case of 28, the two methyl groups are

chemical shift equivalent in the case of 29. The methoxy groups were
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identified by the singlet signals at & 3.88 and o 3.52, and all the
remaining protons were observed in the 6 7.50 to & 7.06 region. Based on
the spectral and analytical data, we assigned the structure 29 for the
mentioned adduct which was further confirmed by single crystal XRD

analysis (Figure 5.5).

Figure 5.5 ORTEP diagram of 29

ﬂﬁ%}\gl 6 5 }@3 @2 1

Figure 5.6 *H NMR spectrum of 29
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Figure 5.7 *C NMR spectrum of 29

A highly polar and dark-coloured (red) 1:1 adduct eluted out as
the third fraction from the column chromatography {10% (MeOH-
EtOAc)}. Presence of ester group in this compound was indicated by the
peak at 1687 cm™ in the IR spectrum. The *C NMR spectrum (Figure
5.10) showed the presence of different carbonyl environments by signals
at 6 179.4, 169.1, 168.5 and 166.8. Presence of two methyl groups was
indicated by the signals at 6 1.98 (s, 3H) and 6 1.78 (s, 3H) in the 'H
NMR spectrum (Figure 5.9) and confirmed by the signal at & 18.0 in the
3C NMR spectrum. Signals at & 3.71 (3H) and 3.26 (3H) in the ‘*H NMR
spectrum indicated the presence of two methoxy groups which was
further corroborated by signals at & 51.7 and 49.9 in the *C NMR
spectrum. All the remaining protons appeared in the 6 8.70 to 6 7.16
region { 68.70 (d, J = 8.4 Hz, 2H), 8.64 (d, J =8 Hz, 1H), 8.05 (t, J = 7.6
Hz, 1H), 7.74-7.81 (m, 2H), 7.59 (t, J = 8.8 Hz, 1H), 7.31 (t, J = 7.6 Hz,
1H), 7.16-7.24 (m, 3H)} in the *H NMR spectrum. Based on the spectral
and analytical data, structure 30 was assigned for this highly polar 1:1

adduct. The structure was finally established from single crystal XRD
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analysis (Figure 5.8). It may be noted that two possible canonical forms
contribute to the structure of 30 (Scheme 5.6).

Figure 5.8 ORTEP diagram of 30
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Figure 5.9 *H NMR spectrum of 30
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Figure 5.10 *C NMR spectrum of 30

Overall reaction between 25 and 27 is given in Scheme 5.5.

Scheme 5.5

5.3.2. Proposed mechanism for the formation of the
products 28, 29 and 30

In a recent article, we had described compelling evidence in
favour of a two-step mechanism to account for the formation of
isoxazolines in the reaction between nitrones and electron deficient
acetylenes.® Similarly, initial nucleophilic addition step is invoked as the
first step in the reaction between nitrone 25 and DMAD. When the two
ortho positions of the N-phenyl ring are blocked by methyl groups, out of

the two rotamers of the zwitterionic intermediate (31a and 31b), we
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observed the product formation only from 31b. Blocking of both the
ortho positions in 31a disfavoured [3,3]-sigmatropic rearrangement. On
the other hand rotomer 31b undergoes intramolecular cyclisation to
produce isoxazoline intermediate 33, which readily rearranges to an
aziridine intermediate 35. Subsequently, 35 undergoes [3,3] sigmatropic
rearrangement to generate a ring enlarged species 34 whereas its ring
opening leads to the formation of dipolar species 29. Compound 34
reacts with an additional molecule of DMAD in a Diels- Alder addition
manner to give the 1:2 adduct 28. The dipolar species 30 is generated
from the rearrangement of 34 involving a C-N aryl migration (Scheme
5.6). Here we could observe an interesting dichotomous behaviour of the
two ortho methyl substituents on the N-aryl group: with rotamer 31a they
block the [3,3] sigmatropic rearrangement while with the aziridine
intermediate 35, they do not. It is possible that the presence of ortho
substituents alter the geometry of 31a; in this case the N-aryl substituent
is disposed orthogonal to the rest of the molecule whereby a [3,3]
sigmatropic shift is rendered unviable. Though direct structural evidence
for orthogonal disposition of the N-aryl substituent is unavailable,
reported structure of the imine: N-(9H-fluoren-9-ylidene)-4-
methoxyaniline (36), clearly indicates orthogonal positioning (68.08° to
be precise) of the N-aryl substituent with respect to the fluorenyl residue
(Figure 5.11).* With 35, the geometry is such that a rare [3,3]
sigmatropic shift involving an aziridine ring, a carbonyl group and an
aryl group is facilitated. Though Cope rearrangement of

divninylcyclpropanes to the corresponding cycloheptadienes is well
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documented in literature,** we could not find reported examples on Cope
rearrangement in 2-arylaziridinylketones similar to 35.* Mechanism for
the rearrangement of 35 to 34 and failure of 31a to undergo [3,3] shift
were further investigated by geometry optimization studies and
theoretical analysis of transition state geometry as described in the

following section.
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Figure 5.11 ORTEP diagram of 36

5.3.3. The geometry optimization study of
intermediates 34 and 35

The geometry of the aziridine intermediate 35 and the ring
enlarged product obtained by the [3,3] sigmatropic rearrangement (34)
were optimized with Density Functional Theory (DFT) using B3LYP
exchange correlation functional***> and 6-31G(d) basis set. The
stationary points are characterized by frequency analysis. The transition
state was predicted using QST3 method and verified using frequency
analysis and contains one imaginary frequency. The optimised geometry
of 34, 35 and that of the transition state A involved in the rearrangement
of 35 to 34 are collected in Figure 5.12. Optimized geometry of 35
clearly indicates the positioning of the three two-electron components
viz. aziridine ring, aryl substituent and the carbonyl group in a geometry

suitable for the evolution of a chair-like transition state amenable for
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[3,3]sigmatropic  shifts. Geometry optimization studies revealed
orthogonal disposition of the N-aryl substituent in intermediate 31a and a

proper transition state geometry for its rearrangement to 32 could not be
generated.

Optimised geometry of 35 Optimised geometry of 34

*‘i:{ >

Optimised geometry of the Colour codes
transition state A

@—o
@ —N
d—c
JC—)>H

Figure 5.12
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5.3.4. Reaction of N-(9H-fluoren-9-ylidene)-2,4,6-
trimethylaniline oxide with DMAD

In continuation, we examined the reaction of a related N-aryl
nitrone with DMAD. Reaction of N-(9H-fluoren-9-ylidene)-2,4,6-
trimethylaniline oxide (26) with DMAD (27) furnished two 1:1 adducts
and a 1:2 adduct (Scheme 5.7). All the products were analogous to the
corresponding products obtained from the reaction of N-(9H-fluoren-9-
ylidene)-2,6-dimethylaniline oxide (25) with DMAD and the reaction
marked similar product distribution. By comparing the spectral and
analytical data of the analogous compounds obtained from 25, we
assigned the structure 38 and 39 for the 1:1 adducts and structure 37 for
the 1:2 adduct.

O ; COOMe O
+0 MeCN
E—

Scheme 5.7

5.3.5. Baldwin’'s mechanism revisited - isolation of
intermediates involved

As discussed in the introduction, Baldwin et al. put forth a

mechanism for 4-isoxazline-4-oxazoline rearrangement in the reaction of
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N-(2,4,6-trimethylphenyl)nitrone with DMAD.' Though they could
successfully isolate the aziridine intermediate, other intermediates along
with the molecules of interest, ie. isoxazoline and oxazoline, were not
isolated, but their existence was presumed through situational evidences.
In our case also we could not identify the isoxazoline as well as
oxazoline, instead we could isolate dipolar species 29 and 38 analogous
to the intermediate 8 in the Baldwin’s scheme. We could isolate
additional products {two 1:1 adducts (30 and 39) and two 1:2 adducts (28
and 37)} which could be generated through an aziridine intermediate. We
have direct evidence for the generation of zwitterionic intermediates such
as 29(isolated) and indirect evidence for the involvement of aziridine
intermediate {as evidenced by isolation of products generated
(presumably) thereof}. Our findings can hence be regarded as additional
support for Baldwin’s mechanism. The outcome of our work is shown in

Table 5.1.
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Zwitterionic
intermediate

Intermediates | Baldwin’s Our findings
work
Isolated Not isolated
MeO.C CO,Me
MO o 1.133]
N N
Aziridine g 2. DMAD, 4+2
intermediate
4 H[&al X
E = CO,Me
X=H, Me
Not isolated Isolated
[S) ©
0]

E = CO,Me
X=H (29), Me (38)

Table 5.1
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5.4. Experimental section

5.4.1. General techniques

Described in Chapter 2 of this thesis.

5.4.2. General procedure for nitrone-DMAD reaction

A 1:1 mixture (100 mmol each) of respective nitrones and
dimethylacetylenedicarboxylate (DMAD) in acetonitrile was stirred
under reflux for 24 h. Solvent was evaporated off and the residue was
column chromatographed over silica gel using mixtures of hexane and
ethyl acetate. In both cases, small amount of nitrone precursor (~5%)
remained unchanged and the last fraction eluted out with 10% methanol-

ethyl acetate mixture.

5.4.3. Spectral and analytical data of significant
compounds

5.4.3.1.1:2 adduct 28  Off-white solid, 5%.

mp: 152 °C (d).

IR (KBr): 3053 cm™ (=CH stretch),
1698 cm™ (C=0 stretch).

'"H NMR (400 MHz, CDCl3): 6 7.69
(9, J = 7.7 Hz, 2H), 7.35-7.40 (m, 2H),
7.21-7.30 (m, 4H), 6.66 (t, J = 6.8 Hz,
1H), 6.21 (dd, J = 1.6, 6.4 Hz, 1H),
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4.40 (dd, J = 1.6, 6.4Hz, 1H), 3.84 (s,
3H), 3.70 (s, 6H), 3.06 (s, 3H), 1.87 (5,
3H), 1.24 (s, 3H).
3C NMR (100 MHz, CDCls): ¢ 166.8,
166.5, 165.2, 164.1, 163.6, 150.0,
149.5, 1455, 145.0, 1415, 140.1,
137.0, 134.8, 134.7, 19.1, 128.5, 128.1,
127.3, 125.1, 124.7, 120.2, 119.7, 80.8,
55.3,53.7,52.0, 51.8, 49.5, 24.0, 14.7.
MS: m/z 583 (M"), 584 (M+1).
Elemental analysis calculated for
Cs3HgNOg: C: 67.92, H: 5.01, N: 2.40.
Found: C: 67.97, H: 5.03, N: 2.43.
5.4.3.2.1:1 adduct 29  Dark blue solid, 65%.

mp: 222-224 °C.
IR(KBr): 3052 cm™ (=CH stretch), 1678
cm™ (C=0 stretch).
'H NMR (400 MHz, CDCls): § 7.06-

MeQ 7.50 (m, 9H), 3.88 (s, 3H), 3.52 (s, 3H),

_ =0
O O&Me 2.27 (s, 6H).
+ (0]

[ = , BC NMR (100 MHz, CDCL,): 6 170.6,

O 168.0, 164.1, 162.5, 140.8, 134.6, 132.8,
130.2, 129.8, 127.5, 120.6, 106.6, 52.0,
50.7, 18.1.
MS: m/z441 (M"), 442 (M+1).
Elemental analysis calculated for
C,7H,3NOs: C: 73.46, H: 5.25, N: 3.17.
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Found: C: 73.39, H: 5.21, N: 3.15.

5.4.3.3. 1:1 adduct 30 Dark red solid, 20%.

mp: 226-228 °C.

IR(KBr): 3062 cm™ (=CH stretch), 1687

cm™ (C=0 stretch).

'H NMR (400 MHz, CDCls): 6 8.70 (d,

J = 8.4 Hz, 2H), 8.64 (d, J = 8 Hz, 1H),

8.05 (t, J = 7.6 Hz, 1H), 7.74-7.81 (m,

2H), 7.59 (t, J = 8.8 Hz, 1H), 7.31 (t, J =

7.6 Hz, 1H), 7.16-7.24 (m, 3H), 3.71 (s,

3H), 3.26 (s, 3H), 1.98 (s, 3H), 1.78 (s,

3H).

3C NMR (100 MHz, CDCly): 6 179.4,

169.1, 168.5, 166.8, 137.5, 136.4, 135.6,

135.4, 133.9, 130.9, 130.0, 129.9, 128.7,

1275, 125.1, 123.8, 122.0, 51.7, 49.9,

18.0.

MS: m/z 441 (M"), 442 (M+1).

Elemental analysis calculated for

Co,sHsNOs: C: 73.46, H: 5.25, N: 3.17.

Found: C: 73.51, H: 5.27, N: 3.19.

5.4.3.4.1:2 adduct 37  Off-white solid, 5%.

mp: 155 °C (d).

IR(KBr): 3052 cm™ (=CH stretch), 1692

cm™ (C=0 stretch).

'H NMR (400 MHz, CDCIl5): 647.68 (t,

J = 8Hz, 2H), 7.34-7.39 (m, 2H), 7.19-
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7.30 (m, 4H), 5.75 (s, 1H), 4.14 (s, 1H),
3.83 (s, 3H), 3.70 (s, 6H), 3.06 (s, 3H),
2.05 (s, 3H), 1.88 (s, 3H), 1.19 (s, 3H).
3C NMR (100 MHz, CDCls): 6167.0,
166.7, 165.2, 164.1, 163.7, 150.3, 150.1,
145.4,145.2, 144.7,141.5, 140.1, 134.7,
129.6, 129.0, 128.4, 128.2, 128.1, 127.3,
125.1, 124.7, 120.2, 119.6, 80.9, 54.6,
52.7,52.4,52.0,51.8, 22.5, 20.8, 14.8.
MS: m/z 597 (M"), 598 (M+1).
Elemental analysis calculated for
CssH3:NOg: C: 68.33, H: 5.23, N: 2.34.
Found: C: 68.31, H: 5.19, N: 2.27.

5.4.3.5.1:1 adduct 38 Dark blue solid, 70%.
mp: 224-226 °C.
IR(KBr): 3056 cm™ (=CH stretch), 1685
cm™ (C=0 stretch).
'H NMR (400 MHz, CDCls): 6 6.96-

MeQ Y 7.49 (m, 8H), 3.87 (s, 3H), 3.53 (s, 3H),

O '0{\:40“46 2.36 (s, 3H), 2.22 (s, 6H).
—+N C NMR (100 MHz, CDCly): § 17.8,
O {% 168.0, 164.2, 162.8, 143.3, 140.3,
138.4, 135.3, 134.5, 132.8, 130.5,
129.3, 127.5, 120.6, 106.8, 52.0, 50.8,

21.2, 18.0.
MS: m/z 455 (M), 456 (M+1).
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5.4.3.6.1:1 adduct 39

Elemental analysis calculated for
CasH2sNOs: C: 73.83, H: 5.53, N: 3.08.
Found: C: 73.87, H: 5.56, N: 3.11.

Dark red solid, 15%.

mp: 230-232 °C.

IR(KBr): 3065 cm™ (=CH stretch), 1691
cm™ (C=0 stretch).

'"H NMR (400 MHz, CDCls): 6 8.78 (t,
J=8Hz 2H), 8.71 (d, J = 8.4 Hz, 1H),
8.13 (t, J = 7.6 Hz, 1H), 7.80-7.89 (m,
2H), 7.65 (t, J = 7.8 Hz, 1H), 7.21-7.24
(m, 2H), 3.80 (s, 3H), 3.34 (s, 3H), 2.39
(s, 3H), 2.09 (s, 6H).

BC NMR (100 MHz, CDCly): 6 179.2,
169.6, 168.6, 167.0, 140.1, 136.3, 135.8,
135.4, 133.9, 130.8, 130.4, 130.0, 128.7,
125.0, 123.7, 122.0, 120.0, 51.7, 49.9,
21.2,18.0.

MS: m/z 455 (M"), 456 (M+1).
Elemental analysis calculated for
CsH2sNOs: C: 73.83, H: 5.53, N: 3.08.
Found: C: 73.88, H: 5.54, N: 3.12.
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OUTCOME

EXPANDING THE SCOPE OF THE NOVEL STRATEGY
DEVELOPED IN-HOUSE FOR THE SYNTHESIS OF
QUINOLINES AND INDOLES

As mentioned in the introduction of this thesis, our primary goal
was to synthesise ester functionalised quinolines and indoles having
predetermined substitution pattern. In order to validate the novel
synthetic strategy, we have employed several N-arylnitrones and two
ester functionalised acetylenes (DMAD and methyl propiolate). Detailed
optimisation studies on the novel protocol was done in the synthesis of
quinolines and the optimised condition turned out to be: reaction of a 1:1
mixture of C-fluorenylidenenitrone and DMAD (100 mM in each
substrate) in acetonitrile at reflux for 4h; the same is applicable for indole
synthesis using methyl propiolate as well.

We have successfully used our novel synthetic strategy in the
synthesis of six quinoline derivatives and nine indole derivatives. In the
quinoline synthesis, using DMAD, we could introduce a carbomethoxy
group at the 4-position and substituents were introduced at 5-, 6-, 7- and
8- positions in a predetermined fashion by the choice of N-aryl
substituents in the nitrone. Similarly, we have synthesised indole-3-
carboxylates with pre-defined substituents at 4-, 5-, 6- and 7- positions
by the reaction of different N-arylnitrones with methyl propiolate.
However, using methyl phenylpropiolate in indole synthesis, contrary to
our expectation, the reaction took a different course leading to an

unexpected product. The product formation could be attributed to the




QOutcome Expanding tne scope of the novel strategy developed in-housefor the synthesis of quinolones and indoles

preferential intramolecular nucleophilic attack on to the ester carbonyl
followed by the loss of methoxy group.

Since our strategy for quinolines and indoles requires at least one
of the ortho positions in the N-phenyl ring of the nitrone to be free of
substitution, we examined the reactions of N-(2,6-dimethylphenyl) and
N-(2,4,6-trimethylphenyl)nitrones with DMAD to explore other reaction
possibilities. By conducting these reactions we presumed to revisit the
isoxazoline-oxazoline rearrangement proposed by Baldwin et al. with a
similar nitrone. From the results obtained from these reactions, we could
draw supportive evidences for Baldwin’s proposal. We have direct
evidence for the generation of zwitterionic intermediates involved in the
mechanism and indirect evidence for the involvement of aziridine
intermediate by isolating compounds generated thereof.

In summary, our findings reveal an attractive strategy for the
synthesis of highly substituted quinolines and indoles. We have also
contributed towards unravelling the mechanistic underpinnings of

nitrone-acetylene reactions.
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